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Organization of H8S/2338 Series, H8S/2328 Series,
H85/2318 Series Hardware Manual

The H8S/2338 Series, H8S/2328 Series, H8S/2318 Series Hardware Manual describes the
operation of on-chip functions common to the H8S/2338 Series, H8S/2328 Series, and H85/2318
Series, in particular, and gives a detailed description of the related registers. Information specific
toindividual products, including pin arrangement, 1/0 ports, MCU operating modes (memory
maps), interrupt vectors, bus control, and electrical characteristics, can be found in the Reference
Manual for the relevant product.
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Preface

The H85/2338 Series, H85/2328 Series, and H85/2318 Series are series of high-performance
microcontrollers with a 32-bit H8S/2000 CPU core, and a set of on-chip supporting functions
required for system configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen 16-bit
genera registers with a 32-bit internal configuration, and a concise and optimized instruction set.
The CPU can handle a 16-Mbyte linear address space (architecturally 4 Gbytes). Programs based
on the high-level language C can also be run efficiently.

The address spaceis divided into eight areas. The data bus width and access states can be selected
for each of these areas, and various kinds of memory can be connected fast and easily.

Single-power-supply flash memory (F-ZTAT™) and mask ROM versions are available, providing
aquick and flexible response to conditions from ramp-up through full-scale volume production,
even for applications with frequently changing specifications.

On-chip supporting functions include a 16-bit timer pulse unit (TPU), programmable pulse
generator (PPG), 8-bit timer, watchdog timer (WDT), serial communication interface (SCI), A/D
converter, D/A converter, and 1/O ports.

In addition, an on-chip DMA controller (DMAC) and data transfer controller (DTC) are provided,
enabling high-speed data transfer without CPU intervention.

Use of the H8S/2338 Series, H8S/2328 Series, and H85/2318 Series enables easy implementation
of compact, high-performance systems capable of processing large volumes of data.

This manual describes the hardware of the H8S/2338 Series, H8S/2328 Series, and H85/2318
Series, covering features, specifications, registers and operation. It should be used in conjunction
with the H8S/2338 Series Reference Manual, H85/2328 Series Reference Manual, and H85/2318
Series Reference Manual which contain information relating to the H8S/2338 Series and
H8S/2328 Series hardware—including specifications and register descriptions—required for
system design.

Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a detailed description of
the instruction set and programming-related information.
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Section 1 Overview

1.1 Overview

The H85/2338 Series, H85/2328 Series, and H8S/2318 Series are series of microcomputers
(MCUs:. microcomputer units), built around the H8S/2000 CPU, employing Hitachi's proprietary
architecture, and equipped with supporting functions on-chip.

The H85/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip supporting functions required for system configuration include DMA controller (DMAC)
and data transfer controller (DTC) bus masters, ROM and RAM memory, a 16-bit timer-pulse unit
(TPU), programmable pulse generator (PPG), 8-bit timer, watchdog timer (WDT), seria
communication interface (SCI), A/D converter, D/A converter, and 1/0 ports.

A high-functionality bus controller is aso provided, enabling fast and easy connection of DRAM
and other kinds of memory.

Single-power-supply flash memory (F-ZTAT™*) and mask ROM versions are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications. ROM is connected to
the CPU via a 16-bit data bus, enabling both byte and word data to be accessed in one state.
Instruction fetching is thus speeded up, and processing speed increased.

The features of the H8S/2338 Series, H8S/2328 Series, and H8S/2318 Series are shown in table
1-1.

Notee * F-ZTAT isatrademark of Hitachi, Ltd.
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Tablel-1 Overview

Item Specification

CPU * General-register machine

O Sixteen 16-bit general registers (also usable as sixteen 8-hit registers
or eight 32-bit registers)

« High-speed operation suitable for realtime control
O Maximum clock rate: 20 MHz (25 MHz version in planning stage)
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 50 ns (at 20 MHz operation)
16 x 16-bit register-register multiply: 1000 ns (at 20 MHz operation)
32 + 16-bit register-register divide: 1000 ns (at 20 MHz operation)
« Instruction set suitable for high-speed operation
O Sixty-five basic instructions
O 8/16/32-bit move/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions
e CPU operating mode
O Advanced mode: 16-Mbyte address space

Bus controller « Address space divided into 8 areas, with bus specifications settable
independently for each area

« Chip select output possible for each area

« Choice of 8-bit or 16-bit access space for each area

« 2-state or 3-state access space can be designated for each area

* Number of program wait states can be set for each area

e Burst ROM directly connectable

e Maximum 8-Mbyte DRAM directly connectable (or use of interval timer

possible)
« External bus release function
DMA controller « Choice of short address mode or full address mode
(DMAC) e 4 channels in short address mode

e 2channels in full address mode

« Transfer possible in repeat mode, block transfer mode, etc.
« Single address mode transfer possible

e Can be activated by internal interrupt

Data transfer * Can be activated by internal interrupt or software
controller (DTC) « Multiple transfers or multiple types of transfer possible for one activation
source

e Transfer possible in repeat mode, block transfer mode, etc.
* Request can be sent to CPU for interrupt that activated DTC
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Table1-1

Iltem

Overview (cont)

Specification

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer
Pulse 1/0O processing capability for up to 16 pins
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit timer,
2 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI),
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits
Input: 8 or 12 channels

High-speed conversion: 6.7 us minimum conversion time
(at 20 MHz operation)

Single or scan mode selectable
Sample-and-hold circuit

A/D conversion can be activated by external trigger or timer trigger

D/A converter

Resolution: 8 bits
Output: 2 to 4 channels

Memory

Flash memory, mask ROM
High-speed static RAM

Interrupt controller

Eight priority levels settable

Power-down state

Medium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode
Variable clock division ratio

HITACHI



Table1-1

Iltem

Overview (cont)

Specification

Operating modes ~ *

Eight MCU operating modes (F-ZTAT version)

External Data Bus

CPU

Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
0 — — — — —
1
2
3
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
5 expansion mode 8 bits 16 bits
6 On-chip ROM enabled Enabled 8 bits 16 bits

expansion mode

7 Single-chip mode — —
8 J— — — — —
9
10 Advanced Boot mode Enabled 8 bits 16 bits
11 — —
12 — — — — —
13
14 Advanced User program mode Enabled 8 bits 16 bits
15 — —
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Table1l-1 Overview (cont)

Item Specification

Operating modes ¢ Four MCU operating modes (ROMless and mask ROM versions)
External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
0 — — — _ —
1
2
3

4* Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode

5* On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —
Note: * The ROMIless version can use Mode 4 and 5.
Clock pulse *  Built-in duty correction circuit

generator
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Section 2 Exception Handling

21 Overview

211 Exception Handling Typesand Priority

Astable 2-1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 2-1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority. Trap instruction exceptions
are accepted at all timesin the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SY SCR.

Table2-1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES
pin, or when the watchdog timer overflows.

Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued**

Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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212 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as
follows:

1. The program counter (PC), condition code register (CCR), and extend register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.

213 Exception Vector Table

The exception sources are classified as shown in figure 2-1. Different vector addresses are
assigned to different exception sources.

Table 2-2 lists the exception sources and their vector addresses.

* Reset

» Trace
Exception External interrupts: NMI, IRQ7 to IRQO

sources INrTupts < |nternal interrupts: interrupts from on-chip
supporting modules

 Trap instruction

Figure2-1 Exception Sources

In modes 6 and 7, the on-chip ROM available for use after a power-on reset is the 64-kbyte area
comprising addresses H'000000 to H'00FFFF. Care is required when setting vector addresses. In
this case, clearing the EAE bit in BCRL enables the 256-kbyte* area comprising addresses
H'000000 to H'03FFFF to be used.

Note: * Depends on the model. See the relevant reference manual for details.
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Table2-2 Exception Vector Table

Vector Address**

Exception Source Vector Number Advanced Mode
Power-on reset 0 H'0000 to H'0003
Reserved 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Reserved for system use 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*? 24 H'0060 to H'0063

O O
91 H'016C to H'016F

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 3.3.3, Interrupt Exception Vector
Table.
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2.2 Reset

221 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the H8S/2338 Series, H8S5/2328 Series, or
H8S/2318 Series chip entersthe reset state. A reset initializes the internal state of the CPU and the
registers of on-chip supporting modules. Immediately after areset, interrupt control mode O is set.

Reset exception handling begins when the RES pin changes from low to high.
A reset can also be caused by watchdog timer overflow. For details see section 10, Watchdog

Timer.

222 Reset Sequence

The H85/2338 Series, H85/2328 Series, or H8S/2318 Series chip enters the reset state when the
RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 20 states.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows:

1. Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bitis cleared to 0 in EXR, and the | bitisset to 1 in EXR and CCR.

2. The reset exception vector addressis read and transferred to the PC, and program execution
starts from the address indicated by the PC.

Figure 2-2 shows an example of the reset sequence.

10
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Internal Prefetch of first

Vectorfetch o ocessing  program instruction

AWR, LWR | . High | |
D15 o Dy ‘ (@) (@) — ©)

(1), (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2), (4) Start address (contents of reset exception vector address)

5) Start address ((5) = (2), (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure2-2 Reset Sequence (Mode 4)

223 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and

CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,

including NMI, are disabled immediately after areset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that thisinstruction initializes

the stack pointer (example: MOV.L #xx:32, SP).

224 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCR isinitialized to H'3FFF and all modules except the DMAC and DTC

enter module stop mode. Consequently, on-chip supporting module registers cannot be read or

written to. Register reading and writing is enabled when module stop mode is exited.

HITACHI
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2.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 3,
Interrupt Controller.

If the T bitin EXR isset to 1, trace modeis activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace modeis canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 2-3 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retainsits value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table2-3 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend
1. Settol

0: Clearedto 0
—: Retains value prior to execution.

12
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24 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
52 internal sources in the on-chip supporting modules. Figure 2-3 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
refresh timer, 16-bit timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI),
datatransfer controller (DTC), DMA controller (DMAC), and A/D converter. Each interrupt
source has a separate vector address.

NMI isthe highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 3, Interrupt Controller.

External NMI (1)
interrupts IRQ7 to IRQO (8)"3

Interrupts WDT"1 (1)
Refresh timer"2 (1)
TPU (26)

8-bit timer (6)

SCI (12)

DTC (1)

DMAC (4)

A/D converter (1)

Internal
interrupts”™3

Notes: Numbers in parentheses are the numbers of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt request
at each counter overflow.
2. When the refresh timer is used as an interval timer, it generates an interrupt request at
each compare match.
3. The number of external interrupts and the modules provided on-chip differ from model
to model; see the reference manual for the relevant model for details.

Figure2-3 Interrupt Sourcesand Number of Interrupts

13
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2.5 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 2-4 shows the status of CCR and EXR after execution of trap instruction exception
handling.

Table2-4 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend
1: Settol

0: Clearedto O
—: Retains value prior to execution.
2.6 Stack Status after Exception Handling

Figure 2-4 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC -------- f------- PC ---------
,,,,,,,, (24bits) - - L _.__(24bits)._______]

\/\ \/\

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure2-4 Stack Statusafter Exception Handling (Advanced M odes)

14
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27 Notes on Use of the Stack

When accessing word data or longword data, the H8S5/2338 Series, H85/2328 Series, and
H8S/2318 Series assume that the lowest address bit is 0. The stack should always be accessed by
word transfer instruction or longword transfer instruction, and the value of the stack pointer (SP,
ER7) should always be kept even. Use the following instructions to save registers:

PUSHW Rr  (or MV.WR1, @SP)
PUSHL ER1 (or MV.L ERn, @SP)

Use the following instructions to restore registers:

PCP. W Rn (or MOV. W@P+, Rn)
PCP. L ERM  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 2-5 shows an example of what
happens when the SP value is odd.

CCR SP-» RIL H'FFFEFA

SP - H'FFFEFB
PC PC H'FFFEFC

H'FFFEFD

SP—

TRAP instruction executed MOV.B R1L, @-ER7
—_— —

SP setto HFFFEFF  Data saved above SP Contents of CCR lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced
mode.

Figure2-5 Operation when SP Valueis Odd

15
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Section 3 Interrupt Controller

3.1 Overview

311 Features

The H8S/2338 Series, H8S/2328 Series, and H85/2318 Series control interrupts by means of an
interrupt controller. The interrupt controller has the following features. This chapter assumes the
maximum number of interrupt sources available in these series—nine external interrupts and 52
internal interrupts. The number of interrupt sources differs from model to model; see the reference
manual for the relevant model for details.

* Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR)

* Priorities settable with IPRs
O Interrupt priority registers (IPRs) are provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI
O NMI isassigned the highest priority level of 8, and can be accepted at al times

* Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine

* Nine external interrupt pins
O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO

« DTC and DMAC control
0 DTCand DMAC* activation is controlled by means of interrupts

Note: * Some models do not have an on-chip DMAC; see the reference manual for the relevant
model for details.

17
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312 Block Diagram

A block diagram of the interrupt controller is shown in Figure 3-1.

CPU

| CCR

| EXR

INTM1 INTMO
SYSCR}
NMIEG ; L
NMI input = NMI input unit > Interrupt
request
IRQ input IRQ input unit I Vector
ISR
number
ISCR ﬁ Priority
determination
. |
Internal interrupt
request | 12t0 10
SWDTEND to TEI
Interrupt controller
Legend
ISCR . IRQ sense control register
IER : IRQ enable register
ISR : IRQ status register
IPR . Interrupt priority register

SYSCR : System control register

18

Figure3-1 Block Diagram of Interrupt Controller
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313 Pin Configuration

Table 3-1 summarizes the pins of the interrupt controller.

Table3-1 Interrupt Controller Pins

Name

Symbol

I/10

Function

Nonmaskable interrupt

Input

Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt
requests 7to O

IRQ7 to IRQO Input

Maskable external interrupts; rising, falling, or

both edges, or level sensing, can be selected

314 Register Configuration

Table 3-2 summarizes the registers of the interrupt controller.

Table3-2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address**
System control register SYSCR R/W H'01 H'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR RI(W)*? H'00 H'FF2F
Interrupt priority register A IPRA R/W H'77 H'FEC4
Interrupt priority register B IPRB R/W H'77 H'FEC5
Interrupt priority register C IPRC R/W H77 H'FEC6
Interrupt priority register D IPRD R/W H'77 H'FEC7
Interrupt priority register E IPRE R/W H'77 H'FEC8
Interrupt priority register F IPRF R/W H77 H'FEC9
Interrupt priority register G IPRG R/W H'77 H'FECA
Interrupt priority register H IPRH R/W H77 H'FECB
Interrupt priority register | IPRI R/W H77 H'FECC
Interrupt priority register J IPRJ R/W H'77 H'FECD
Interrupt priority register K IPRK R/W H'77 H'FECE
Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
19
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3.2 Register Descriptions

321 System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

\ — \ — \ INTM1 \ INTMO \ NMIEG \ LWROD‘ IRQPAS‘ RAME \
Initial value : 0 0 0 0 0 0 0 1
RIW . RIW — RW RW RW RW RW  RW

SYSCR is an 8-hit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only hits 5 to 3 are described here; for details of the other bits, see the MCU Operating Modes
section in the reference manual for the relevant model.

SYSCRisinitialized to H'01 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM1, INTMO): These hits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NM|I Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input

Bit 1—IRQ Input Pin Select (IRQPAS): Selects switching of the pins that can be used for input
of IRQ4 to IRQ7. IRQ4 to IRQ7 input is always performed from one of the ports.

Some models do not have an IRQPAS bit, and in those that do, the pins that can be used for IRQ4
to IRQ7 input differ from model to model; see the reference manual for the relevant model for
details.

20
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322 Interrupt Priority Registers A toK (IPRA to | PRK)

Bit L7 6 5 4 3 2 1 0

. — | IPR6| IPRS | IPRA& | — | IPR2 | IPRL | IPRO |
Initial value : 0 1 1 1 0 1 1 1
RIW S RW  RW  RW — RW  RW  RW

The IPR registers are eleven 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between | PR settings and interrupt sourcesis shown in table 3-3.
The IPR registers set apriority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by areset and in hardware standby mode.
Bits 7 and 3—Reserved: Read-only bits, alwaysread as 0.

Table3-3 Correspondence between Interrupt Sourcesand | PR Settings

Bits

Register 6to 4 2t0 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD Watchdog timer Refresh timer
IPRE —* A/D converter
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ DMAC SCl channel 0
IPRK SCI channel 1 SCI channel 2

Note: * Reserved bits.

21
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As shown in table 3-3, multiple interrupts are assigned to one IPR. Setting a value in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level O, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registersis selected. Thisinterrupt level isthen compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request isissued to
the CPU.

323 IRQ Enable Register (IER)

Bit L7 6 5 4 3 2 1 0

\ IRQ7E \ IRQ6E \ IRQ5E \ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ]
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled

(n=7100)
22
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324 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH
Bit . 15 14 13 12 11 10 9 8
IRQ7SCB|IRQ7SCAIRQ6SCB IRQBSCAIRQ5SCB|IRQ5SCAIRQ4SCB IRQ4SCA
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW  RW RW  RW RW  RW RIW
ISCRL
Bit : 7 6 5 4 3 2 1 0
MRstCBMRstCAhRstCBMRQZSCAhRleCBMRleCAMRQOSCBMRQOSC&
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW  RW RW  RW RW  RW RIW

ISCR (composed of ISCRH and ISCRL) is a 16-bit readable/writable register that selectsrising
edge, falling edge, or both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

ISCRisinitialized to H'0000 by areset and in hardware standby mode.

Bits15t0 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO0 Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15t0 0
IRQ7SCB to IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(Initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input
1 Interrupt request generated at both falling and rising edges of

IRQ7 to IRQO input

23
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325 IRQ Status Register (ISR)

Bit L7 6 5 4 3 2 1 0

\ IRQ7F \ IRQGF‘ IRQ5F \ IRQ4F‘ IRQ3F ‘ IRQZF‘ IRQ1F ‘ IRQOF’
Initial value : 0 0 0 0 0 0 0 0
RIW ©ORIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIW)* RIW)* RIW)*

Note: * Only 0 can be written, to clear the flag.

ISR is an 8-hit readable/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

ISRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These hitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n
IRQNF  Description

0 [Clearing conditions] (Initial value)
¢ Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnF flag
¢ When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
« When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA = 1)

« When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTCis cleared to O

1 [Setting conditions]

«  When IRQn input goes low when low-level detection is set (IRQNSCB = IRQnNSCA =
0)

«  When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

» When arising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

» When a falling or rising edge occurs in TRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=7100)
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3.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (52
sources).

331 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQ0. NMI and IRQ7 to IRQO can be used to
restore the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series chip from software standby
mode. (IRQ7 to IRQ3 can be designated for use as software standby mode clearing sources by
setting the IRQ37S bitin SBYCRto 1.)

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the status of the CPU interrupt mask bits. The NMIEG bit in SY SCR can be used to
select whether an interrupt is requested at arising edge or afaling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ71toIRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pins
IRQ7 to IRQO. Interrupts IRQ7 to IRQO have the following features:

» Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

« Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

» Theinterrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to
0 by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 3-2.

IRQNE

IRQNSCA, IRQNSCB
¢ IRQNF

}—m IRQnN interrupt
> Edge/level
detection circuit S Q

request
IRQn input >R

Clear signal

Note: n: 7to 0

Figure3-2 Block Diagram of InterruptsIRQ7to IRQO
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Figure 3-3 shows the timing of setting |RQNF.

o | L4 L L L LI |

IRQnN
input pin

IRQNF |

Figure3-3 Timing of Setting IRQnF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. Therefore, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR bit to 0 and use the pin as an I/O pin for another function. The pinsthat can
be used for IRQ4 to IRQ7 interrupt input can be switched by means of the IRQPAS bit in SY SCR.
The switched pins differ from model to model; see the reference manual for the relevant model for
details.

332 Internal Interrupts
There are 52 sources for internal interrupts from on-chip supporting modul es.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to 1
for aparticular interrupt source, an interrupt request is issued to the interrupt controller.

e Theinterrupt priority level can be set by means of IPR.

e The DMAC and DTC can be activated by a TPU, SCI, or other interrupt request. When the
DMAC or DTC is activated by an interrupt, the interrupt control mode and interrupt mask bits
have no effect.

333 Interrupt Exception Vector Table

Table 3-4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of 1PR. The situation when two or more modules
are set to the same priority, and priorities within amodule, are fixed as shown in table 3-4.
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Table3-4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of
Interrupt Vector Vector
Interrupt Source Source Number  Address* IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRA6to4 A
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to O
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
SWDTEND (software-activated DTC 24 H'0060 IPRC2to 0
data transfer end)
WOQOVI (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer
CMI (compare match) Refresh 26 H'0068 IPRD2to 0
controller
Reserved — 27 H'006C IPREG to 4
ADI (A/D conversion end) A/ID 28 H'0070 IPRE2to O
Reserved — 29 H'0074
30 H'0078
31 H'007C
TGIOA (TGROA input capture/ TPU 32 H'0080 IPRF6 to 4
compare match) channel 0
TGIOB (TGROB input capture/ 33 H'0084
compare maitch)
TGIOC (TGROC input capture/ 34 H'0088
compare match)
TGIOD (TGROD input capture/ 35 H'008C
compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C Low
Note: * Lower 16 bits of the start address.
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Table3-4 Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address* IPR Priority
TGI1A (TGR1A input capture/ TPU 40 H'00A0 IPRF2t0 0 High
compare match) channel 1 A
TGI1B (TGR1B input capture/ 41 H'00A4
compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input capture/ TPU 44 H'00BO IPRG6 to 4
compare match) channel 2
TGI2B (TGR2B input capture/ 45 H'00B4
compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
TGI3A (TGR3A input capture/ TPU 48 H'00CO IPRG2t0o 0
compare match) channel 3
TGI3B (TGR3B input capture/ 49 H'00C4
compare match)
TGI3C (TGR3C input capture/ 50 H'00C8
compare match)
TGI3D (TGR3D input capture/ 51 H'00CC
compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved — 53 H'00D4

54 H'00D8
55 H'00DC

TGI4A (TGRA4A input capture/ TPU 56 H'00EO IPRHG6 to 4
compare match) channel 4
TGI4B (TGR4B input capture/ 57 H'00E4
compare match)
TCIl4V (overflow 4) 58 H'O0ES8
TCIl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input capture/ TPU 60 H'00FO0 IPRH2t0 0
compare match) channel 5
TGI5B (TGR5B input capture/ 61 H'00F4
compare match)
TCI5V (overflow 5) 62 H'O0F8
TCI5U (underflow 5) 63 H'00FC Low

Note: * Lower 16 bits of the start address.
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Table3-4 Interrupt Sources, Vector Addresses, and Interrupt Priorities (cont)

Origin of
Interrupt Vector Vector

Interrupt Source Source Number  Address* IPR Priority
CMIAO (compare match AQ) 8-bittimer 64 H'0100 IPRI6 to 4 High
CMIBO (compare match BO) channel0 g5 H'0104 A
OVIO0 (overflow 0) 66 H'0108
Reserved — 67 H'010C
CMIA1 (compare match Al) 8-bit timer 68 H'0110 IPRI2to O
CMIB1 (compare match B1) channel1 g9 H'0114
OVI1 (overflow 1) 70 H'0118
Reserved — 71 H'011C
DENDOA (channel O/channel 0OA DMAC 72 H'0120 IPRJ6 to 4
transfer end)
DENDOB (channel 0B transfer 73 H'0124
end)
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer 75 H'012C
end)
Reserved — 76 H'0130

77 H'0134

78 H'0138

79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXIO (reception completed 0) channel0 g1 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channel1  gg H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2to O
RXI2 (reception completed 2) channel 2 gg H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C Low

Notes: Interrupt sources differ from model to model; see the reference manual for the relevant
model for details.

* Lower 16 bits of the start address.
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34 Interrupt Operation

34.1 Interrupt Control Modesand Interrupt Operation

Interrupt operations in the H8S/2338 Series, H8S/2328 Series, and H8S/2318 Series differ
depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 3-5 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in PR, and the masking state indicated
by the | bit in the CPU’s CCR, and bits12to 10 in EXR.

Table3-5 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — I Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 3-4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0

!

!

Interrupt
acceptance
control
Interrupt source —
8-level
E— mask control

— Default priority > Vector number

determination

f

IPR

Interrupt control mode 2

?

12to 10

Figure3-4 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control: Ininterrupt control mode O, interrupt acceptance is controlled by

thel bitin CCR.

Table 3-6 shows the interrupts selected in each interrupt control mode.

Table3-6 InterruptsSelected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode I

Selected Interrupts

0 0 All interrupts
1 NMI interrupts
2 * All interrupts

HITACHI

* . Don't care
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8-Level Control: Ininterrupt control mode 2, 8-level mask level determination is performed for
the selected interrupts in interrupt acceptance control according to the interrupt priority level
(IPR).

Theinterrupt source selected is the interrupt with the highest priority level, and whose priority
level setin IPR is higher than the mask level.

Table3-7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10)

Default Priority Determination: When an interrupt is selected by 8-level contral, its priority is
determined and a vector number is generated.

If the same value is set for I PR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default prioritiesis selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 3-8 shows operations and control signal functionsin each interrupt control mode.

Table3-8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt
Interrupt Acceptance
Control Setting Control 8-Level Control Default Priority T
Mode INTM1 INTMO | 12to 10 IPR Determination (Trace)
0 0 0 O M X — —*2 O —
2 1 0 X —t O M PR O T
Legend

O : Interrupt operation control performed
X : No operation. (All interrupts enabled)
IM : Used as interrupt mask bit
PR : Sets priority.
— : Not used.
*1 - Set to 1 when interrupt is accepted.
*2 - Keep the initial setting.
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34.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | hit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1.

Figure 3-5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

[2] Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the
bitisset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, thel bitin CCRisset to 1. Thismasks all interrupts except NMI.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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1

Program execution state

Y

No
Interrupt generated?

Yes

Hold pending

| Save PC and CCR |

Y

| |

Y

| Read vector address |

1

|Branch to interrupt handling routine|

Figure3-5 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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34.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 3-6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 3-4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

[6] TheT bitin EXR iscleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Figure3-6 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 2
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344 Interrupt Exception Handling Sequence

Figure 3-7 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure3-7 Interrupt Exception Handling
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345 Interrupt Response Times

The H85/2338 Series, H85/2328 Series, and H8S/2318 Series are capable of fast word transfer
instruction to on-chip memory, and the program areais provided in on-chip ROM and the stack
areain on-chip RAM, enabling high-speed processing.

Table 3-9 shows interrupt response times—the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 3-9 are explained in table 3-10.

Table3-9 Interrupt Response Times

Advanced Mode

No. Item INTM1=0 INTM1=1
Interrupt priority determination** 3 3

2 Number of wait states until executing 1to 19+2-S, 1to0 19+2-S,
instruction ends*?

3 PC, CCR, EXR stack save 2S5 3-S¢

4 Vector fetch 2:S, 2:S,

5 Instruction fetch*? 2-S, 2:S,

6 Internal processing** 2 2

Total (using on-chip memory) 12 to 32 1310 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table3-10 Number of Statesin Interrupt Handling Routine Execution

Object of Access

External Device

8-Bit Bus 16-Bit Bus

Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation Sy
Legend
m : Number of wait states in an external device access.
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3.5 Usage Notes

351 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if aninterrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if thereis an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared.

Figure 3-8 shows an example in which the TGIEA bit in the TPU’s TIERO register is cleared to 0.

TIERO write cycle by CPU TGIOA exception handling

address bus

Internal >< TIERO address ><

Internal
write signal

TGIEA

TGFA

TGIOA
interrupt signal

Figure 3-8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
theinterrupt is masked.
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352 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NM1 are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

353 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

354 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
caseis the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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3.6 DTC and DMAC Activation by Interrupt

3.6.1 Overview

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available. Some models do not have an on-chip DMAC; see the reference manual for the relevant
model.

1. Interrupt request to CPU

2. Activation request to DTC

3. Activation request to DMAC

4. Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC or DMAC, see section 6,
Data Transfer Controller, and section 5, DMA Controller.

3.6.2 Block Diagram

Figure 3-9 shows a block diagram of the DTC, DMAC, and interrupt controller.

DMAC
© —
5 g
‘» 2
Qo 2
] I
o Q@
| 5 ° L
Interrupt DTC activation
— request vector
| request  |selection [ nuc:nber
circuit
IRQ ™
interrupt ﬂ Select
signal .
g Clear signal Control logic bTC
] Interrupt source DTCER
On-chip clear signal Clear signal
supporting —
module
DTVECR
SWDTE _
clear signal CPU interrupt
request vector
inafti number
Determ_ln:_;\tlon of CPU
priority .
Interrupt controller 1210 10

Figure3-9 Interrupt Control for DTC and DMAC
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3.6.3 Operation
Theinterrupt controller has three main functionsin DTC and DMAC control.

Selection of Interrupt Source: With the DMAC, the activation sourceisinput directly to each
channel. The activation source for each DMAC channel is selected with bits DTF3 to DTFO in
DMACR. Whether the selected activation source is to be managed by the DMAC can be selected
with the DTA bit of DMABCR. When the DTA bit is set to 1, the interrupt source constituting that
DMAC activation source isnot a DTC activation source or CPU interrupt source.

For interrupt sources other than interrupts managed by the DMAC, it is possible to select DTC
activation request or CPU interrupt request with the DTCE bit of DTCEA to DTCEF inthe DTC.

After aDTC datatransfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC has performed the specified number of datatransfers and the transfer counter value
is zero, the DTCE hit is cleared to 0 and an interrupt request is sent to the CPU after the DTC data
transfer.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 5.6, Interrupts, and
section 6.3.3, DTC Vector Table, for the respective priorities.

With the DMAC, the activation source isinput directly to each channel.

Operation Order: If the same interrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

If the same interrupt is selected as a DMAC activation source and a DTC activation source or CPU
interrupt source, operations are performed for them independently according to their respective
operating statuses and bus mastership priorities.

Table 3-11 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTA bit of DMABCR in the DMAC, the DTCE bit of DTCEA to DTCEF in
the DTC, and the DISEL bit of MRB inthe DTC.
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Table3-11 Interrupt Source Selection and Clearing Control

Settings

DMAC DTC Interrupt Source Selection/Clearing Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * O X O

1 0 O O X

1 O O @)

1 * * O X X
Legend
O : The relevant interrupt is used. Interrupt source clearing is performed.

(The CPU should clear the source flag in the interrupt handling routine.)
O : The relevant interrupt is used. The interrupt source is not cleared.

x

* . Don't care

The relevant interrupt cannot be used.

Usage Note: SCI and A/D converter interrupt sources are cleared when the DMAC or DTC reads
or writes to the prescribed register, and are not dependent upon the DTA bit or DISEL bit.
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Section 4 Bus Controller

4.1 Overview

The H8S5/2338 Series, H8S/2328 Series, and H8S/2318 Series have a built-in bus controller (BSC)
that manages the external address space divided into eight areas. The bus specifications, such as
bus width and number of access states, can be set independently for each area, enabling multiple
memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU, DMA controller (DMAC), and data transfer controller (DTC).

This section describes the bus controller with the maximum series specifications; see the reference
manual for the relevant model for details of functions.

411 Features
The features of the bus controller are listed below.

» Manages external address space in area units
O In advanced mode, manages the external space as 8 areas of 2 Mbytes
O Bus specifications can be set independently for each area
0 DRAM/burst ROM interfaces can be set

» Basic businterface
0 Chip select (CSO to CS7) can be output for areas 0 to 7
O 8-bit access or 16-bit access can be selected for each area
O 2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area

* DRAM interface

DRAM interface can be set for areas 2 to 5 (in advanced mode)
Row address/column address multiplexed output (8/9/10 bits)
2-CAS access method

Burst operation (fast page mode)

Tr cycleinsertion to secure RAS precharging time

Choice of CAS-before-RAS refreshing or self-refreshing

Ooo0oo0oogogo

* Burst ROM interface
O Burst ROM interface can be set for area 0
O Choice of 1- or 2-state burst access

45
HITACHI



46

Idle cycle insertion
O Anidlecyclecan beinserted in case of an external read cycle between different areas

O Anidlecycle can beinserted when an external read cycleisimmediately followed by an
external write cycle

Write buffer functions
O External write cycle and internal access can be executed in parallel
0O DMAC single address mode and internal access can be executed in parallel

Bus arbitration function
O Includes abus arhiter that arbitrates bus mastership among the CPU, DMAC, and DTC

Other features
O Refresh counter (refresh timer) can be used as an interval timer
O External bus release function
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Block Diagram

Figure 4-1 shows a block diagram of the bus controller.

CS0 to CS7

Area decoder

Q

Internal
address bus

Internal control

signals

— Bus mode signal

Internal data bus

ABWCR
External bus control signals ASTCR
BCRH
BCRL
BREQ ————————™
BACK =~ Bus
BREQO +———— controller
WAT L Wait
controller WCRH
WCRL
DRAM MCR
controller
External DRAM DRAMCR
signals
RTCNT
RTCOR
Bus arbiter

[-~—— CPU bus request signal

[~~—— DTC bus request signal

~—— DMAC bus request signal
— CPU bus acknowledge signal
— DTC bus acknowledge signal
— DMAC bus acknowledge signal

Figure4-1 Block Diagram of Bus Controller
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413 Pin Configuration

Table 4-1 summarizes the pins of the bus controller. The pins used for output of the various
signals differ from model to model; see the reference manual for the relevant model for details.

Table4-1 BusController Pins

Name Symbol /O Function

Address strobe AS Output  Strobe signal indicating that address output
on address bus is enabled.

Read RD Output  Strobe signal indicating that external space
is being read.

High write/write enable HWR Output  Strobe signal indicating that external space
is to be written, and upper half (D, to Dy) of
data bus is enabled.
2-CAS DRAM write enable signal.

Low write LWR Output  Strobe signal indicating that external space
is to be written, and lower half (D, to D,) of
data bus is enabled.

Chip select 0 CSo Output  Strobe signal indicating that area 0 is
selected.

Chip select 1 CS1 Output  Strobe signal indicating that area 1 is
selected.

Chip select 2/row address CS2 Output  Strobe signal indicating that area 2 is

strobe 2 selected.

DRAM row address strobe signal when
area 2 is in DRAM space.

Chip select 3/row address CS3 Output  Strobe signal indicating that area 3 is

strobe 3 selected.

DRAM row address strobe signal when
area 3 is in DRAM space.

Chip select 4/row address CS4 Output  Strobe signal indicating that area 4 is

strobe 4 selected.

DRAM row address strobe signal when
area 4 is in DRAM space.

Chip select 5/row address CS5 Output  Strobe signal indicating that area 5 is

strobe 5 selected.

DRAM row address strobe signal when
area 5 is in DRAM space.

Chip select 6 CS6 Output  Strobe signal indicating that area 6 is
selected.

Chip select 7 CS7 Output  Strobe signal indicating that area 7 is
selected.
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Table4-1 BusController Pins(cont)

Name Symbol 1/0 Function

Upper column address strobe CAS Output  2-CAS DRAM upper column address strobe
signal.

Lower column strobe LCAS Output DRAM lower column address strobe signal.

Wait WAIT Input Wait request signal when accessing
external 3-state access space.

Bus request BREQ Input Request signal that releases bus to
external device.

Bus request acknowledge BACK  Output Acknowledge signal indicating that bus has
been released.

Bus request output BREQO Output External bus request signal used when

internal bus master accesses external
space when external bus is released.

414 Register Configuration

Table 4-2 summarizes the registers of the bus controller.

Table4-2 BusController Registers

Initial Value
Reset
Name Abbreviation RIW Address**
Bus width control register ABWCR R/W H'FF/H'00** H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'3C H'FED5
Memory control register MCR R/W H'00 H'FED6
DRAM control register DRAMCR R/W H'00 H'FED7
Refresh timer counter RTCNT R/W H'00 H'FED8
Refresh time constant register RTCOR R/W H'FF H'FED9

Notes: 1. Lower 16 bits of the address.

2. Determined by the MCU operating mode.
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4.2 Register Descriptions

421 BusWidth Control Register (ABWCR)

Bit L7 6 5 4 3 2 1 0
\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABW3 \ ABW2 ‘ ABW1 ‘ ABWO \

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW  RW RIW
Mode 4

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW  RW  RW RW  RW RIW

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersis fixed regardless of the settingsin ABWCR.

After areset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5 to 7,* and
to H'00 in mode 4. Itisnot initialized in software standby mode.

Notee * Modes6 and 7 are not provided in the ROMless version.

Bits 7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select whether the
corresponding areaisto be designated for 8-bit access or 16-hit access.

Bitn
ABWn Description
0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access
(n=71to00)
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422 Access State Control Register (ASTCR)

Bit L7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO |
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

ASTCR isan 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7to ASTQ): These bits select whether the
corresponding areaisto be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bitn
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=71t00)
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423 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-hit readable/writabl e registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal /O registers.

WCRH and WCRL are initialized to H'FF by areset and in hardware standby mode. They are not
initialized in software standby mode.

WCRH
Bit : 7 6 5 4 3 2 1 0
\ W71 \ W70 \ W61 \ W60 ‘ W51 ‘ W50 ‘ wa1 ‘ W40 ]
Initial value : 1 1 1 1 1 1 1 1
RIW . RIW RW  RW RW  R/W RW  RW RIW

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external spaceis accessed whilethe AST7 bit in ASTCR is set
to 1.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of
program wait states when area 6 in external space is accessed while the AST6 bitin ASTCR is set
to L.

Bit 5 Bit 4
w61l W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed
(Initial value)
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Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These hits select the number of
program wait states when area 5 in external space is accessed while the AST5 bitin ASTCR is set
to 1.

Bit 3 Bit 2
W51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external spaceis accessed whilethe AST4 bit in ASTCR is set
to 1.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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WCRL

Bit L7 6 5 4 3 2 1 0
| wal | W30 | W21 | w20 | Wil | W10 | WOl | W00 |

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW  RW

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external spaceis accessed while the AST3 bit in ASTCR is set
to 1.

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These hits select the number of
program wait states when area 2 in external space is accessed while the AST2 bitin ASTCR is set
to L.

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed
(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bitin ASTCR is set
to 1.

Bit 3 Bit 2
w11 W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external spaceis accessed whilethe ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
w01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area O is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
424 Bus Control Register H (BCRH)
Bit : 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTS1 BRSTSO| RMTS2| RMTS1| RMTSO
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-hit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for areas 2 to 5 and area 0.

BCRH isinitialized to H'DO by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—Ildle Cyclelnsert 1 (1CISL1): Selects whether or not one idle cycle stateis to be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Ildle Cyclelnsert 0 (ICIS0): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM interface
area.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface area (Initial value)
1 Area 0 is burst ROM interface area

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)
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Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits2to 0—RAM Type Select (RMTS2 to RMTS0): These bits select the memory interface for
areas 2 to 5 in advanced mode.

When DRAM spaceis selected, the relevant areais designated as a DRAM interface area.

Bit 2 Bit 1 Bit 0 Description
RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal space
1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space
1 — — —

Note: The LCAS pin is used for the LCAS signal on the 2-CAS DRAM interface. If it is wished to
use BREQO output and WAIT input when using the LCAS signal, use with another pin can
be specified by means of the WAITPS and BREQOPS bits in PFCR2. Switching of these
pins differs from model to model; see the reference manual for the relevant model for
details.

425 Bus Control Register L (BCRL)

Bit L7 6 5 4 3 2 1 0

\ BRLE ‘BREQOE‘ EAE ‘ — ‘ DDS ‘ — ] WDBE ] WAITE‘
Initial value : 0 0 1 1 1 1 0 0
RIW . RW RW RW RW RW RW RW  RW

BCRL is an 8-hit readable/writable register that performs selection of the external bus-released
state protocol, DMAC single address transfer, enabling or disabling of the write data buffer
function, and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'3C by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release is disabled. BREQ, BACK, and BREQO pins can be used as I/O
ports (Initial value)

1 External bus release is enabled

Bit 6—BREQO Pin Enable (BREQOE): Outputs asignal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus rel ease state, when an internal bus
master performs an external space access, or when arefresh request is generated.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO pin can be used as 1/O port (Initial value)
1 BREQO output enabled

Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'03FFFF** are
to be internal addresses or externa addresses.

Bit 5

rDescription

0 Addresses H'010000 to H'03FFFF** are in on-chip ROM

1 Addresses H'010000 to H'03FFFF** are external addresses (external expansion mode)

or a reserved area*? (single-chip mode) (Initial value)

Notes: 1. The on-chip ROM area differs from model to model; see the reference manual for the
relevant model for details.

2. Reserved areas should not be accessed.
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Bit 4—Reserved

Bit 3—DACK Timing Select (DDS): Selects the DMAC single address transfer bus timing for
the DRAM interface.

Bit 3
DDS Description
0 When DMAC single address transfer is performed in DRAM space, full access is
always executed
DACK signal goes low from T, or T, cycle
1 Burst access is possible when DMAC single address transfer is performed in DRAM
space
DACK signal goes low from T, or T, cycle (Initial value)
Bit 2—Reserved

Bit 1—Write Data Buffer Enable (WDBE): Selects whether or not the write buffer functionis
used for an external write cycle or DMAC single address cycle.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as /O port (Initial value)
1 Wait input by WAIT pin enabled
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42,6 Memory Control Register (MCR)

Bit .7 6 5 4 3 2 1 0

| TPC | BE | RCDM | - | MXCL | MXCO | RLW1 | RLWO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

MCR is an 8-bit readable/writable register that selects the DRAM strobe control method, number
of precharge cycles, access mode, address multiplexing shift size, and the number of wait states
inserted during refreshing, when areas 2 to 5 are designated as DRAM interface areas.

MCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—TP Cycle Control (TPC): Selects whether a 1-state or 2-state precharge cycle (T;) isto be
used when areas 2 to 5 designated as DRAM space are accessed.

Bit 7

TPC Description

0 1-state precharge cycle is inserted (Initial value)
1 2-state precharge cycle is inserted

Bit 6—Burst Access Enable (BE): Selects enabling or disabling of burst accessto areas2t0 5
designated as DRAM space. DRAM space burst access is performed in fast page mode.

Bit 6

BE Description

0 Burst disabled (always full access) (Initial value)
1 For DRAM space access, access in fast page mode

Bit 5—RAS Down Mode (RCDM): When areas 2 to 5 are designated as DRAM space and access
to DRAM isinterrupted, RCDM selects whether the next DRAM access is waited for with the
RAS signal held low (RAS down mode), or the RAS signal isdriven high again (RAS up mode).

Bit 5

RCDM Description

0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected
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Bit 4—Reserved

Bits 3 and 2—M ultiplex Shift Count 1 and 0 (MXC1, MXCO0): These bits select the size of the
shift to the lower half of the row address in row address/column address multiplexing for the
DRAM interface. In burst operation on the DRAM interface, these bits also select the row address
to be used for comparison.

Bit 3 Bit 2
MXC1 MXCO Description
0 0 8-bit shift (Initial value)

* When 8-bit access space is designated: Row address A, to A, used
for comparison

* When 16-bit access space is designated: Row address A, to A, used

for comparison
1 9-bit shift

* When 8-bit access space is designated: Row address A,, to A, used
for comparison

¢ When 16-bit access space is designated: Row address A,, to A,, used
for comparison

1 0 10-bit shift

e When 8-bit access space is designated: Row address A, to A, used

for comparison

e When 16-bit access space is designated: Row address A, to A,; used
for comparison

Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1, RLWO0): These bits select the
number of wait statesto beinserted in aDRAM interface CAS-before-RAS refresh cycle. This
setting is used for all areas designated as DRAM space. Wait input by the WAIT pin is disabled.

Bit 1 Bit 0

RLW1 RLWO Description

0 0 No wait state inserted (Initial value)
1 1 wait state inserted

1 0 2 wait states inserted
1 3 wait states inserted
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427 DRAM Control Register (DRAMCR)

Bit .7 6 5 4 3 2 1 0

| RFSHE| RCW | RMODE| CMF | CMIE | CKS2 | CKS1 | CKsoO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DRAMCR is an 8-hit readable/writable register that selects the DRAM refresh mode and refresh
counter clock, and controls the refresh timer.

DRAMCR isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Refresh Control (RFSHE): Selects whether or not refresh control is performed. When
refresh control is not performed, the refresh timer can be used as an interval timer.

Bit 7

RFSHE Description

0 Refresh control is not performed (Initial value)
1 Refresh control is performed

Bit 6—RAS-CAS Wait (RCW): Controls wait state insertion in DRAM interface CAS-before-
RAS refreshing.

Bit 6

RCW Description

0 Wait state insertion in CAS-before-RAS refreshing disabled (Initial value)
RAS falls in T, cycle

1 One wait state inserted in CAS-before-RAS refreshing

RAS falls in Ty, cycle

Bit 5—Refresh Mode (RMODE): When refresh control is performed (RFSHE = 1), selects
whether or not self-refresh control is performed in software standby mode.

Bit 5

RMODE Description

0 Self-refreshing is not performed in software standby mode (Initial value)
1 Self-refreshing is performed in software standby mode

Bit 4—Compare Match Flag (CMF): Status flag that indicates a match between the values of
RTCNT and RTCOR.

When refresh control is performed (RFSHE = 1), 1 should be written to the CMF bit when writing
to DRAMCR.
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Bit 4

CMF Description
0 [Clearing condition]
Cleared by reading the CMF flag when CMF = 1, then writing 0 to the CMF flag
(Initial value)
1 [Setting condition]

Set when RTCNT = RTCOR

Bit 3—Compare Match Interrupt Enable (CMIE): Enables or disables interrupt requests (CMI)
by the CMF flag when the CMF flagin DRAMCR isset to 1.

When refresh control is performed (RFSHE = 1), the CMIE bit is always cleared to 0.

Bit 3

CMIE Description

0 Interrupt request (CMI) by CMF flag disabled (Initial value)
1 Interrupt request (CMI) by CMF flag enabled

Bits 2 to 0—Refresh Counter Clock Select (CK S2 to CK S0): These bits select the clock to be
input to RTCNT from among 7 internal clocks obtained by dividing the system clock (@). When
the input clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description
0 0 0 Count operation disabled (Initial value)
1 Count uses @/2
1 0 Count uses 2/8
1 Count uses /32
1 0 0 Count uses /128
1 Count uses /512
1 0 Count uses 2/2048
1 Count uses 9/4096

428 Refresh Timer Counter (RTCNT)

Bit : 7 6 5 4 3 2 1 0
| | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
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RTCNT is an 8-hit readable/writable up-counter.
RTCNT counts up using the internal clock selected by bits CKS2 to CKS0 in DRAMCR.

When RTCNT matches RTCOR (compare match), the CMF flagin DRAMCR isset to 1 and
RTCNT iscleared to H'00. If the RFSHE bit in DRAMCR is set to 1 at thistime, arefresh cycleis
started. Also, if the CMIE bit in DRAMCR is set to 1, a compare match interrupt (CMI) is
generated.

RTCNT isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

429 Refresh Time Constant Register (RTCOR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-hit readable/writable register that sets the period for compare match operations
with RTCNT.

The values of RTCOR and RTCNT are constantly compared, and if they match, the CMF flag in
DRAMCRissetto 1 and RTCNT is cleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in
software standby mode.

4.3 Overview of Bus Control

431 Area Partitioning

In advanced mode, the bus controller partitions the 16-Mbyte address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external spacein area units. Figure 4-2 shows an
outline of the memory map.

Chip select signals (CS0 to CS7) can be output for each area.

64
HITACHI



H'000000

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H7FFFFF
H'800000

H'OFFFFF
H'A00000

HBFFFFF
H'C00000

H'DFFFFF
H'E00000

Area 0
(2 Mbytes)

Area 1
(2 Mbytes)

Area 2
(2 Mbytes)

Area 3
(2 Mbytes)

Area 4
(2 Mbytes)

Area 5
(2 Mbytes)

Area 6
(2 Mbytes)

HFFFFFEF

Area 7
(2 Mbytes)

Advanced mode

Figure4-2 Overview of Area Partitioning
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432 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal /O registers are
fixed, and are not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 hits can be selected with ABWCR. An area for which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as al6-bit access space.

If al areas are designated for 8-bit access, 8-bit bus mode is set; if any areais designated for 16-bit
access, 16-bit bus modeis set. When the burst ROM interface is designated, 16-bit bus modeis
always set.

Number of Access States: Two or three access states can be selected with ASTCR. An areafor
which 2-state access is selected functions as a 2-state access space, and an area for which 3-state
access is selected functions as a 3-state access space.

With the DRAM interface and burst ROM interface, the number of access states may be
determined without regard to ASTCR.

When 2-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL .
From 0O to 3 program wait states can be selected.

Table 4-3 shows the bus specifications for each basic bus interface area.
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Table4-3 Bus Specificationsfor Each Area (Basic Bus I nterface)

WCRH, WCRL Bus Specifications (Basic Bus Interface)
ABWCR  ASTCR Program Wait
ABWn ASTn wnl Wno Bus Width Access States States

0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 3 0
1 1
1 0 2
1 3

433 Memory Interfaces

The H85/2338 Series, H85/2328 Series, and H85/2318 Series memory interfaces comprise abasic
bus interface that allows direct connection of ROM, SRAM, and so on; a DRAM interface that
allows direct connection of DRAM; and aburst ROM interface that allows direct connection of
burst ROM. The interface can be selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space, an areafor
which the DRAM interface is designated functions as DRAM space, and an area for which the
burst ROM interface is designated functions as burst ROM space.
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434 Advanced Mode

Theinitial state of each areais basic bus interface, 3-state access space. Theinitial buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (4.4, 4.5, and 4.7) should be referred to for
further details.

Area 0: Area 0 includes on-chip ROM*, and in ROM-disabled expansion mode, all of area0is
external space. In the ROM-enabled expansion mode, the space excluding on-chip ROM* is
external space.

When area 0 external space is accessed, the CSO signal can be outpui.

Either basic bus interface or burst ROM interface can be selected for area 0.

Note: * Only appliesto versions with ROM.

Areas 1 and 6: In external expansion mode, al of area 1 and area 6 is external space.

When area 1 and 6 external space is accessed, the CS1 and CS6 pin signal's respectively can be
output.

Only the basic businterface can be used for areas 1 and 6.
Areas2to5: In externa expansion mode, all of area2 to area 5 is external space.
When area 2 to 5 external space is accessed, signals CS2 to CS5 can be output.

Basic businterface or DRAM interface can be selected for areas 2 to 5. With the DRAM interface,
signals CS2 to CS5 are used asRAS signals.

Area 7: Area7 includes the on-chip RAM and internal /O registers. In external expansion mode,
the space excluding the on-chip RAM and internal 1/0 registersis external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

When area 7 external space is accessed, the CS7 signal can be outpt.

Only the basic businterface can be used for the area 7 memory interface.
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435 Chip Select Signals

The H85/2338 Series, H8S/2328 Series, and H8S/2318 Series can output chip select signals (CSO
to CS7) to areas 0 to 7, the signal being driven low when the corresponding external space areais
accessed.

Figure 4-3 shows an example of CSn (n = 0to 7) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CSO pin is placed in the output state after a power-on reset.
Pins CS1 to CS7 are placed in the input state after a power-on reset, and so the corresponding
DDR bits should be set to 1 when outputting signals CS1 to CS7.

In the ROM-enabled expansion mode, pins CS0 to CS7 are al placed in the input state after a
power-on reset, and so the corresponding DDR bits should be set to 1 when outputting signals CSO
to CS7.

For details, see the Reference Manual, 1/0O Ports section.

When areas 2 to 5 are desighated as DRAM space, outputs CS2 to CS5 are used asRAS signals.

3 Bus cycle :
3 T, T, T,
o L]
Address bus ‘X Area n external address ‘X
CSn

Figure4-3 CSn Signal Output Timing(n=0to7)
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4.4 Basic BusInterface

441 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see table 4-
3).

442 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D5 to Dg) or lower data bus (D; to D) is used according to the bus specifications
for the area being accessed (8-bit access space or 16-bit access space) and the data size.

8-Bit Access Space: Figure 4-4 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D45 to Dg) is always used for accesses. The amount of
data that can be accessed at one timeis one byte: aword transfer instruction is performed as two
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 Dg, D7 Do

Byte size [0 0

Word si 7lstbuscycle | : : : : : : :
ord size | 2ndbuscycle [ , ., |

[ 1stbus cycle

Longword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

Figure4-4 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space: Figure 4-5 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D, to Dg) and lower data bus (D, to D,) are used
for accesses. The amount of data that can be accessed at one time is one byte or one word, and a
longword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper databus isused for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
P15 Dg D7 Do,

Byte size  « Even address [T ]

Byte size » Odd address [0

Word size I

Longword 1st bus cycle
Size 2nd bus cycle

Figure4-5 Access Sizes and Data Alignment Control (16-Bit Access Space)
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443 Valid Strobes

Table 4-4 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

Table4-4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (D5 to Dy) (D, to D)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-z
Odd LWR Hi-Z Valid
Word  Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Note: Hi-Z: High impedance
Invalid: Input state; input value is ignored.
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4.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 4-6 shows the bus timing for an 8-hit 2-state access space.
When an 8-hit access space is accessed, the upper half (D5 to Dg) of the data busis used.

The LWR pinisfixed high. Wait states cannot be inserted.

Ei Bus cycle 4*

T, i Ty

Address bus ix |

Read Dl5 to Dg

D7 to DO

I
=
Es)

Write

.
~

D15 to D8 ‘l—< 3 Valid

D+ to Dg

Note: n=0to 7

Figure4-6 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 4-7 shows the bus timing for an 8-bit 3-state access space.
When an 8-hit access space is accessed, the upper half (D, to D) of the data busis used.

The LWR pin isfixed high. Wait states can be inserted.

- Bus cycle -

T

Address bus

e

CSn

Read D5 to Dg

D7 to DO

Write

C
(e}

Valid

D; to Dy ; i

High impedance

Note: n=0to 7

Figure4-7 BusTimingfor 8-Bit 3-State Access Space

74
HITACHI




16-Bit 2-State Access Space: Figures 4-8 to 4-10 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D5 to Dg) of the data busis used
for the even address, and the lower half (D, to D) for the odd address.

Wait states cannot be inserted.

+———— Buscycle ———————™

i T1 i T, j
. | e
Address bus >< ><:
Con — —
C i
wm —
Read Dj5to Dg { valid % —

D7 to Dy : ‘ { Invalid 1)—

AWR ! :

Write 1 ; 1
Dys5to Dg —< ! Valid >7

| 'High impedance |

D7 to DO : : 9 P 3

Note: n=0to 7

Figure4-8 BusTiming for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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-————— Buscycle ——————————

T

Address bus >< ><:
@ _l l_
1
. -

Read D15 to DB

‘ { invalid | —
D, to Dy ‘ { valid '}—

OwWR High

I
By}

LWR

Write

D15 to D8

Dy to Dg H ' Valid >7

Note: n=0to 7

Figure4-9 BusTimingfor 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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Figure4-10 BusTimingfor 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 4-11 to 4-13 show bus timings for a 16-bit 3-state access
space. When a 16-bit access spaceis accessed , the upper half (D5 to Dg) of the data busis used
for the even address, and the lower half (D, to D) for the odd address.

Wait states can be inserted.

r Bus cycle >
| Ty ! T2 : T3 |

Read D5 to Dg : i : < Valid 3 >—
Dy to Dy ‘ : ; { Invalid | }—

AWR | | |

LWR i . High : |

Write : : : :
D;5to Dg H : valid >—

3 : High impedance 1 :

D7 to Dg : ; g P ' |

Note: n=0to 7

Figure4-11 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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T3

Bus cycle
T2

Address bus

Write

Note: n=0to7

Figure4-12 BusTiming for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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T3

Bus cycle
T2

Ty

T T
T T
> >
k] o
T T
> >
T 2 B B 9 9
— = I - - —
9 iy 3 a
a a
ki g
2 =

Address bus

Note: n=0to7

Figure4-13 BusTimingfor 16-Bit 3-State Access Space (3) (Word Access)
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445 Wait Control

When accessing external space, the H8S/2338 Series, H85/2328 Series, and H85/2318 Series can
extend the bus cycle by inserting one or more wait states (T,,). There are two ways of inserting
walit states: program wait insertion and pin wait insertion using the WAIT pin.

Program Wait Insertion: From 0 to 3 wait states can be inserted automatically betweenthe T,
state and T, state on an individual area basis in 3-state access space, according to the settings of
WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the
WALIT pin. When external space is accessed in this state, program wait insertion isfirst carried out
according to the settings in WCRH and WCRL. Then, if the WAIT pin islow at the falling edge
of ginthelast T, or T,, state, aT,, state isinserted. If the WAIT pinisheld low, T,, states are
inserted until it goes high.

Thisis useful when inserting four or more T,, states, or when changing the number of T,, states for
different external devices.

The WAITE hit setting appliesto all areas. With some models the pin that can be used for wait
input can be switched by means of the WAITPS hit; see the reference manual for the relevant
model to check the availability of this function.

81
HITACHI



Figure 4-14 shows an example of wait state insertion timing.

By program wait By WAIT pin

Tl T2 Tw Tw Tw T3
= .
= |
A
WAIT
Address bus :>< ><i
AS

> |
Read
Data bus < Read data >—
HWR, LWR
Write
Data bus 4< Write data >>

Note: | indicates the timing of WAIT pin sampling.

Figure4-14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT
input disabled.
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45 DRAM Interface

451 Overview

When the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series chip isin advanced mode,
external space areas 2 to 5 can be designated as DRAM space, and DRAM interfacing performed.
With the DRAM interface, DRAM can be directly connected to the chip. A DRAM space of 2, 4,
or 8 Mbytes can be set by means of bits RMTS2 to RMTS0 in BCRH. Burst operation is also
possible, using fast page mode.

452 Setting DRAM Space

Areas 2to 5 are designated as DRAM space by setting bits RMTS2 to RMTS0 in BCRH. The
relation between the settings of bits RMTS2 to RMTS0 and DRAM space is shown in table 4-5.
Possible DRAM space settings are: one area (area 2), two areas (areas 2 and 3), and four areas
(areas 210 5).

Table4-5 Settingsof BitsRMTS2to RMTS0 and Corresponding DRAM Spaces

RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space

453 Address Multiplexing

With DRAM space, the row address and column address are multiplexed. In address multiplexing,
the size of the shift of the row addressis selected with bits MXC1 and MXCO in MCR. Table 4-6
shows the relation between the settings of MXC1 and MXCO0 and the shift size.

Table4-6 Address Multiplexing Settings by Bits MXC1 and MXCO

MCR Shift Address Pins
MXC1 MXCO Size A t0ALAL AL A Ay Ay A, Ay AL AL AL A A A
Row 0 0 8 bits ALt0AL Ay Ay A A, A A A A AL AL Ay Ay A
address 1 9 blts A23 to A13 A12 AZO A19 A18 A17 A16 A15 A14 A13 AlZ All AlD A9
1 0 10bits Axto A AL, AL Ay Ay A A, A A AL AL AL, AL A
1 Settng — @ @@0|0- - — — — — — — — — — — —
prohibited
Column — — — A t0AL A, AL A Ay Ay A, A, AL AL A, AL A A
address
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454 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM spaceis set to 1, that areais
designated as 8-bit DRAM space; if the hit is cleared to 0, the areais designated as 16-bit DRAM
space. In 16-bit DRAM space, x16-bit configuration DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D5 to Dg, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D,5 to D,, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 4.4.2, Data
Size and Data Alignment.

455 PinsUsed for DRAM Interface

Table 4-7 shows the pins used for DRAM interfacing and their functions.
Table4-7 DRAM Interface Pins

With DRAM

Pin Setting Name I/O Function

HWR WE Write enable Output When 2-CAS system is set,
write enable for DRAM space
access

LCAS LCAS Lower column address strobe Output Lower column address strobe
for 16-bit DRAM space access

CSs2 RAS2 Row address strobe 2 Output Row address strobe when
area 2 is designated as DRAM
space

CS3 RASS3 Row address strobe 3 Output Row address strobe when
area 3 is designated as DRAM
space

CS4 RAS4 Row address strobe 4 Output Row address strobe when
area 4 is designated as DRAM
space

CS5 RAS5 Row address strobe 5 Output Row address strobe when
area 5 is designated as DRAM
space

CAS UCAS Upper column address strobe Output Upper column address strobe
for DRAM space access

WAIT WAIT Wait Input  Wait request signal

A,t10A, A,t0A, Address pins Output Row address/column address
multiplexed output

D,;to D, D,;to D, Data pins I/O Data input/output pins
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45.6 Basic Timing

Figure 4-15 shows the basic access timing for DRAM space. The basic DRAM accesstiming is 4
states. Unlike the basic bus interface, the corresponding bitsin ASTCR control only enabling or
disabling of wait insertion, and do not affect the number of access states. When the corresponding
bitin ASTCR is cleared to 0, wait states cannot be inserted in the DRAM access cycle.

The 4 states of the basic timing consist of one T, (precharge cycle) state, one T, (row address
output cycle), and two T, (column address output cycle) states, T, and T,.

CSn (RAS) |

HWR (WE) |
Read
DistoDg | }

HWR (WE)
Write

D15 to DO

Assto Ay >< Row >< Column

Note: n=2to5

Figure4-15 Basic Access Timing
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457 Prechar ge State Control

When DRAM is accessed, an RAS precharging time must be secured. With the H8S/2338 Series,
H85/2328 Series, and H85/2318 Series, one T, state is always inserted when DRAM spaceis
accessed. This can be changed to two T, states by setting the TPC bitinMCR to 1. Set the
appropriate number of T, cycles according to the DRAM connected and the operating frequency
of the H8S/2338 Series, H85/2328 Series, or H8S/2318 Series chip. Figure 4-16 shows the timing
when two T, states are inserted.

Whenthe TCP bitisset to 1, two T, states are also used for refresh cycles.

i Tpl i Tp2 i T i T i Teo i

00 I O e O e e B e

Ayzto Ag :;X i ;X Row §>< Column i ><:

s | -
L
Read | ‘ ‘ ‘ ‘ |
D500y | f——— | | —_F
wAee [
Write ‘ ‘ ‘ ‘ ‘ ‘
e f——————— -

Note: n=2t05

Figure4-16 Timing with 2-State Precharge Cycle
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45.8 Wait Control

There are two ways of inserting wait statesin a DRAM access cycle: program wait insertion and
pin wait insertion using the WAIT pin.

Program Wait I nsertion: When the bit in ASTCR corresponding to an area designated as DRAM
spaceisset to 1, from 0 to 3 wait states can be inserted automatically between the T, stateand T,
state, according to the settings of WCRH and WCRL.

Pin Wait Insertion: When the WAITE bit in BCRH is set to 1, wait input by means of the WAIT
pin isenabled regardless of the setting of the AST bit in ASTCR. When DRAM space is accessed
in this state, a program wait isfirst inserted. If the WAIT pin islow at the falling edge of gin the
last T, or T, state, another T,, stateisinserted. If the WAITpinisheld low, T,, states are inserted
until it goes high. The wait input pin differs from model to model; see the reference manual for the
relevant model for details.

Figure 4-17 shows an example of wait state insertion timing.
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By program wait By WAIT pin

| Tp | Tr Tcl Tw TW Tc2 |
™ = = = = ™
WAIT*
Address bus :>< >< >< >[
CSn (RAS)
CAS
Read
Data bus { Read data >—
CAS r
Write
Data bus < Write data >>

Notes: 1 indicates the timing of WAIT pin sampling.
n=2to5

The pin that can be used for wait input, and the setting conditions, differ from model to model;

see the reference manual for the relevant model for details.

Figure4-17 Example of Wait State Insertion Timing
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45.9 Byte Access Control

When DRAM with a x16 configuration is connected, the 2-CAS system can be used for the
control signals required for byte access.

Figure 4-18 shows the control timing in the 2-CAS system, and figure 4-19 shows an example of
2-CAS type DRAM connection.

A23 to Ao ix

Csn (FAS) |

Note: n=2to5

Figure4-18 2-CAS System Control Timing (Upper Byte Write Access)
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or H8S/2318 Series
(Address shift size set to 9 bits)

H8S/2338 Series, H8S/2328 Series,

2-CAS type 4-Mbit DRAM
256-kbyte x 16-bit configuration
9-bit column address

CS (RAS)
CAS
LCAS
HWR (WE)

Ag

D15 to Do

EE SN

Y

RAS

Y

UCAS
LCAS

Y

WE

Ag Row address
input: Ag to Ag

Column address

input: Ag to Ag

90

Figure4-19 Example of 2-CASDRAM Connection
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4510 Burst Operation

With DRAM, in addition to full access (normal access) in which datais accessed by outputting a
row address for each access, afast page mode is also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access of
data by ssmply changing the column address after the row address has been output. Burst access
can be selected by setting the BE bitin MCR to 1.

Burst Access (Fast Page M ode) Operation Timing: Figure 4-20 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the CAS signal and
column address output cycles (two states) continue as long as the row addressis the same for
consecutive access cycles. The row address used for the comparison is set with bits MXC1 and
MXCOin MCR.

Tcl Tc2

I e s s O o B
A23toA0:3X XROW

Column 1 X Column 2 X:

-

C5n (RAS)
CAS,[CAS _|
FWR (WE) | 3 i §
Read : : : :
D150 Dg j i { 1) {1 F

HWR (WE) |
Write |

Dy to Dy :\/

Note: n=2to5

Figure4-20 Operation Timingin Fast Page M ode

The bus cycle can also be extended in burst access by inserting wait states. The wait state insertion
method and timing are the same as for full access. For details, see section 4.5.8, Wait Control.
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RAS Down Mode and RAS Up Mode: Even when burst operation is selected, it may happen that
accessto DRAM spaceis not continuous, but isinterrupted by access to another space. In this
case, if the RAS signal is held low during the access to the other space, burst operation can be
resumed when the same row address in DRAM space is accessed again.

* RASdown mode

To select RAS down mode, set the RCDM bit in MCR to 1. If accessto DRAM spaceis
interrupted and another space is accessed, the RAS signal is held low during the access to the
other space, and burst accessis performed if the row address of the next DRAM space access
isthe same as the row address of the previous DRAM space access. Figure 4-21 shows an
example of thetiming in RAS down mode.

Note, however, that the RAS signal will go high if arefresh operation interrupts RAS down
mode.

External space
DRAM access access DRAM access

LT T Ty T T T, 0 Ty Ty

Az to A ;)(

N R

.
.

CSn (RAS) |
CAS,[CAS |
m | | | |

Note: n=2t05

Figure4-21 Example of Operation Timingin RAS Down Mode
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RAS up mode

To select RAS up mode, clear the RCDM hit in MCR to 0. Each time access to DRAM space
isinterrupted and another space is accessed, the RAS signal goes high again. Burst operation is
only performed if DRAM space is continuous. Figure 4-22 shows an example of the timing in
RAS up mode.

In the case of burst ROM space access, the RAS signal is not restored to the high level.

External space

! DRAM access ! DRAM access ! access !
T T Ty T 0 Ty T 0 Ty T,

P J r
mone e
Csn (RAS) | : : : ! : : !

CAS,[CAS | |
DtoD. ) | | Y AR AR | |
BLEEe ) ! ! b\ L/ b\ L/ ! :

Note: n=2to5

Figure4-22 Example of Operation Timingin RASUp Mode
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4511 Refresh Control

The H85/2338 Series, H85/2328 Series, and H85/2318 Series are provided with a DRAM refresh
control function. Either of two refreshing methods can be selected: CAS-before-RAS (CBR)
refreshing, or self-refreshing.

CAS-before-RAS (CBR) Refreshing: To select CBR refreshing, set the RFSHE bit in DRAMCR
to 1, and clear the RMODE hit to 0.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in
DRAMCR, and when the count matches the value set in RTCOR (compare match), refresh control
is performed. At the sametime, RTCNT isreset and starts counting again from H'00. Refreshing
isthus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKS0. Set avauein
RTCOR and bits CKS2 to CK S0 that will meet the refreshing interval specification for the DRAM
used.

When bits CKS2 to CKS0 are set, RTCNT starts counting up. RTCNT and RTCOR settings
should therefore be completed before setting bits CKS2 to CKS0.

Do not clear the CMF flag when refresh control is being performed (RFSHE = 1).

RTCNT operation is shown in figure 4-23, compare match timing in figure 4-24, and CBR refresh
timing in figure 4-25.

Access to other normal space can be performed during the CBR refresh interval.

Refresh request |_| |_| |_| |_| |_|

Figure4-23 RTCNT Operation
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RTCNT N >< H'00

RTCOR N

Refresh request signal
and CMF hit setting signal

Figure4-24 Compare Match Timing

osFAS) | ]

CAS, LCAS

Figure4-25 CBR Refresh Timing

When the RCW hit is set to 1, RAS signal output is delayed by one cycle. The width of the RAS
signal should be adjusted with bits RLW1 and RLWO. These bits are only enabled in refresh
operations.

HITACHI




Figure 4-26 shows the timing when the RCW bit is set to 1.

i TRp i TRr i TRcl | TRW ! TRc2

CSn (RAS) J
CAS, LCAS

Figure4-26 CBR Refresh Timing (When RCW =1, RLW1=0,RLWO0=1)

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as akind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the DRAM.

To select self-refreshing, set the RFSHE bit and RMODE bit in DRAMCR to 1. Then, when a
SLEEP instruction is executed to enter software standby mode, the CAS and RAS signals are
output and DRAM enters self-refresh mode, as shown in figure 4-27.

When software standby mode is exited, the RMODE bit is cleared to 0 and self-refresh mode is
cleared.

When switching to software standby mode, if thereis a CBR refresh request, CBR refreshing is
executed before self-refresh mode is entered.

Software
3 Trp ﬂ: Trer ‘ | | standby i TRe3 ‘

S e 1 s s e O B e T
wew T, |
CAs,[CAS | | ! |

I ; (( I
FWR (WE) ‘ (

High

Note:n=2t05

Figure4-27 Self-Refresh Timing
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4.6 DMAC Single Address Mode and DRAM Interface

When burst mode is selected with the DRAM interface, the DACK output timing can be selected
with the DDS bit. When DRAM space is accessed in DMAC single address mode at the same
time, this bit selects whether or not burst accessisto be performed.

4.6.1 When DDS=1

Burst access is performed by determining the address only, irrespective of the bus master. The
DACK output goes low from the T, state in the case of the DRAM interface.

Figure 4-28 shows the DACK output timing for the DRAM interface when DDS = 1.

a

-
Az to Ay :X
CSn (RAS) |

CAS (UCAS) J
LCAS (LCAS) — | | l—l |
HWR (WE) _| | | | |
Read | ‘ ‘ ‘ |
o0y _ (-
HWR (WE) ‘ ‘ ‘ | ‘
Write | 3 3 | i
DistoDy ) j —{ —
DACK | | | | |

Figure4-28 DACK Output Timing when DDS =1 (Example of DRAM Access)
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4.6.2 When DDS=0

When DRAM space is accessed in DMAC single address mode, full access (normal access) is
always performed. The DACK output goes low from the T, state in the case of the DRAM
interface.

In modes other than DMAC single address mode, burst access can be used when accessing DRAM
space.

Figure 4-29 shows the DACK output timing for the DRAM interface when DDS = 0.

a

-
Az t0 Ay :X
CSn (RAS) |

CAS (UCAS)
LCAS (LCAS)

HWR (WE) |
Read ‘ !

HWR (WE) S D
Write

Figure4-29 DACK Output Timing when DDS = 0 (Example of DRAM Access)
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4.7 Burst ROM Interface

471 Overview

With the H8S/2338 Series, H8S/2328 Series, and H8S/2318 Series, external space area 0 can be
designated as burst ROM space, and burst ROM interfacing can be performed. The burst ROM
space interface enables 16-bit configuration ROM with burst access capability to be accessed at
high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

47.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTSL1 bit in BCRH. Wait states cannot be inserted. When area O is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO0 bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 wordsis performed.

The basic access timing for burst ROM spaceis shown in figures 4-30 (@) and (b). The timing
shown in figure 4-30 (a) is for the case where the AST0 and BRSTS1 hits are both set to 1, and
that in figure 4-30 (b) is for the case where both these bits are cleared to 0.
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Full access Burst access

T, ‘ T, ‘ T3 T ‘ T, T, ‘ T,
I I I I
]
\/
Address bus >< Only lower ad/d\ress changed
CSo r
AS
RD

Data bus —< Read data >—< Read data >—< Read data >‘

Figure4-30 (a) Example of Burst ROM Access Timing (When ASTO=BRSTS1=1)

100
HITACHI




Full access Burst access

T Tz T Ty

: ( \/ } :
Address bus ><On|y lower ad/d\ress changed

Data bus 4< Read data ><Read data><Read data>i

Figure4-30 (b) Exampleof Burst ROM Access Timing (When ASTO =BRSTS1 = 0)

47.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 4.4.5, Wait

Control.

Wait states cannot be inserted in a burst cycle.
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4.8 Idle Cycle

481 Operation

When the H8S/2338 Series, H8S/2328 Series, or H85/2318 Series chip accesses external space, it
caninsert a1-state idle cycle (T,) between bus cyclesin the following two cases: (1) when read
accesses in different areas occur consecutively, and (2) when awrite cycle occurs immediately
after aread cycle. By inserting an idle cycleit is possible, for example, to avoid data collisions
between ROM, with along output floating time, and high-speed memory, 1/0 interfaces, and so
on.

Consecutive Readsin Different Areas: If consecutive reads in different areas occur while the
ICIS1 bitin BCRH isset to 1, anidle cycleisinserted at the start of the second read cycle. Thisis
enabled in advanced mode.

Figure 4-31 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), an idle cycleis not inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycleisinserted,
and adata collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Address bus j b X: Address bus j bt

\ (
CS (area A) CS (area A)
CS (area B) | CS (area B)

o gy I e N

Data bus | §- Data bus ; ; )—( ;>—

e

' ' Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (ICIS1 =1 (initial value))

Figure4-31 Exampleof Idle Cycle Operation (1)
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Write after Read: If an external write occurs after an external read while the ICIS0O bit in BCRH
issetto 1, anidle cycleisinserted at the start of the write cycle.

Figure 4-32 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read datafrom ROM and
the CPU write data. In (b), an idle cycleisinserted, and adata collision is prevented.

, BuscycleA  Buscycle B , BuscycleA  BuscycleB
| LET P | LT P | | T, T, T3 | T T |

o [ LI LT LI LT L o [ LT LT L LT LT L

Address bus j X X: Address bus j X 9(:
CS (area A) | CS (area A) |

CS (areaB) | CS(areaB) | ‘

RD | | RD | |
HWR | | | HWR | |

Data bus | —§. Data bus |

Data

Long output collision

floating time

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (ICISO =1 (initial value))

Figure4-32 Exampleof Idle Cycle Operation (2)
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Relationship between Chip Select (CS) Signal and Read (RD) Signal: Depending on the
system’ s load conditions, the RD signal may lag behind the CS signal. An exampleis shown in
figure 4.33.

In this case, with the setting for no idle cycle insertion (@), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS
signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

Buscycle A Buscycle B , BuscycleA  Buscycle B

Address bus j( X X: Address bus j ‘X X:

CS (area A) ! CS (area A)

CS(areaB) | CS (area B) i | |—,_

] I o 3 3

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (ICIS1 = 1 (initial value))

Figure4.33 Relationship between Chip Select (CS) and Read (RD)

Usage Notes: When DRAM spaceis accessed, the ICISO and ICIS1 bit settings are disabled. In
the case of consecutive reads between different areas, for example, if the second accessisa

DRAM access, only a T, cycleisinserted, and aT, cycleisnot. Thetiming in this case is shown in
figure 4-34.

However, in burst access in RAS down mode these settings are enabled, and an idle cycleis
inserted. Thetiming in this caseis shown in figures 4-35 (a) and (b).
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% External read % DRAM space read 4H
PTq To T3 Ty T, Ter  Teo |
@

Address bus :X X X ><
L I p I
Data bus { ‘ } { )

Figure4-34 Example of DRAM Access after External Read

Address :X X X X X X:

RD

RAS

CAS, LCAS

Data bus

Idle cycle

Figure4-35(a) Exampleof Idle Cycle Operation in RAS Down Mode (ICIS1=1)
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RD I |
— | | | |
CAS, LCAS |_ |_|_

| — ‘
Data bus — ) ﬂ

Idle cycle

Figure4-35(b) Example of Idle Cycle Operation in RAS Down Mode (ICISO=1)

482 Pin Statesin Idle Cycle
Table 4-8 shows the pin statesin an idle cycle.

Table4-8 Pin Statesin IdleCycle

Pins Pin State

A, 0 A, Contents of next bus cycle
D, to D, High impedance

CSn High*

CAS High

AS High

RD High

HWR High

LWR High

DACKn High

Note: * Remains low in DRAM space RAS down mode or a refresh cycle.
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49 Write Data Buffer Function

The H8S/2338 Series, H8S/2328 Series, and H85/2318 Series have a write data buffer functionin
the external data bus. Using the write data buffer function enables external writesand DMA single
address mode transfers to be executed in parallel with internal accesses. The write data buffer
function is made available by setting the WDBE bit in BCRL to 1. Some models do not support
the write data buffer function; see the reference manual for the relevant model for details.

Figure 4-36 shows an example of the timing when the write data buffer function is used. When
thisfunction is used, if an external write or DMA single address mode transfer continues for 2
states or longer, and there is an internal access next, only an external write is executed in the first
state, but from the next state onward an internal access (on-chip memory or internal 1/0 register
read/write) is executed in parallel with the external write rather than waiting until it ends.

On-chip memory read Internal I/O register read

External write cycle

Ty T, Tw Tw T3

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

Ayz to Ay >< External address ‘
CSn
External
space < | !
write ! R
HWR, LWR ! ;
D;5 to Dy H >—

Figure4-36 Example of Timing when Write Data Buffer Function is Used
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410 BusRedease

4.10.1 Overview

The H85/2338 Series, H85/2328 Series, or H8S/2318 Series chip can release the external busin
response to a bus request from an external device. In the external bus released state, the internal
bus master continuesto operate as long as there is no external access.

If an internal bus master wants to make an external access in the external bus released state, or if a
refresh request is generated, it can issue a bus request off-chip. The pin used for this bus request
output (BREQO) differs from model to model; see the reference manual for the relevant model for
details.

410.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the chip. When the
BREQ pinissampled, at the prescribed timing the BACK pin isdriven low, and the address bus,
data bus, and bus control signals are placed in the high-impedance state, establishing the external
bus released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped. Even if arefresh request is generated in the external bus released state, refresh control is
deferred until the external bus master drops the bus request.

If the BREQOE bhit in BCRL is set to 1, when an internal bus master wants to make an external
access in the external bus released state, or when arefresh request is generated, the BREQO pinis
driven low and arequest can be made off-chip to drop the bus request.

When the BREQ pinisdriven high, the BACK pinisdriven high at the prescribed timing and the
external bus released state is terminated.

If an external bus release request and external access occur simultaneously, the order of priority is
asfollows:

(High) External bus release > Interna bus master external access (Low)

If arefresh request and external bus release request occur simultaneously, the order of priority is
asfollows:

(High) Refresh > External bus release (Low)
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Asarefresh and an external access by an internal bus master can be executed simultaneously,
there is no relative order of priority for these two operations.

4.10.3 Pin Statesin External Bus Released State
Table 4-9 shows the pin states in the external bus released state.

Table4-9 Pin Statesin Bus Released State

Pins Pin State

A, t0A, High impedance
D, to D, High impedance
CSn High impedance
CAS High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
DACKn High
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410.4 Transition Timing

Figure 4-37 shows the timing for transition to the bus released state.

CPU
CPU cycle External bus released state cycle

InlinlininiuliininEE

High impedaﬁce /—*

Address bus >< Address ) i ‘ ‘
High impedance

Data bus | ! : | | i
B ‘ ‘ ‘ High impedanice ‘/ ‘

AS : ! ‘ ‘ | |

- : : High impedance :/ :

RD ‘ I : ‘ | |

: High impedaﬁce

HWR, LWR ; | 3 3 3 |
BREQ | i s s / s s
BACK i -
BREQO" fMinimumi \ /

. 1state ! ! ‘ ‘ |

-~ l | | |

[1] 2] 3] [4] (5] (6]

[1] Low level of BREQ pin is sampled at rise of T, state.

[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.

[3] BREQ pin state is still sampled in external bus released state.

[4] High level of BREQ pin is sampled.

[5] BACK pin is driven high, ending bus release cycle.

[6] BREQO signal goes high 1.5 clocks after BACK signal goes high.

Note: * Output only when BREQOE is set to 1.

Figure4-37 BusReleased State Transition Timing
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4105 Usage Note

Do not set MSTPCR to H'FFFF or H'EFFF, since the external bus release function will halt if a
transition is made to sleep mode when either of these settings has been made.

411 BusArbitration

4111 Overview

The H8S/2338 Series, H8S/2328 Series, and H85/2318 Series have a bus arbiter that arbitrates bus
master operations.

There are three bus masters, the CPU, DTC, and DMAC, which perform read/write operations
when they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus regquest acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

4112 Operation

The bus arbiter detects the bus masters' bus request signals, and if the busis requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(High) DMAC > DTC > CPU (Low)

Aninternal bus access by an internal bus master, external bus release, and refreshing, can be
executed in parallel.

In the event of simultaneous external bus rel ease request, refresh request, and internal bus master
external access request generation, the order of priority is asfollows:

(High) Refresh > External bus release (Low)
(High) External bus release > Interna bus master external access (Low)

Asarefresh and an externa access by an internal bus master can be executed simultaneously,
there is no relative order of priority for these two operations.
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4113 BusTransfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if abus request is received from the DTC or
DMAC, the bus arbiter transfers the bus to the bus master that issued the request. The timing for
transfer of the busis asfollows:

« Thebusistransferred at a break between bus cycles. However, if abus cycle is executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations. See Appendix A-5, Bus States During Instruction Execution, for timings at
which the busis not transferred.

« If the CPU isin sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), a single data transfer, or aregister information write (3 states).

DMAC: The DMAC sends the bus arbiter areguest for the bus when an activation request is
generated.

In the case of an external request in short address mode or normal mode, and in cycle steal mode,
the DMAC releases the bus after a single transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst mode, after
completion of atransfer.

4114 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. The RD signal and
the DRAM interface RAS and CAS signals remain low until the end of the external bus cycle.
Therefore, when external bus release is performed, the RD, RAS, and CAS signals may change
from the low level to the high-impedance state.

412 Resetsand the Bus Controller

In areset, the H8S/2338 Series, H85/2328 Series, or H8S/2318 Series chip, including the bus
controller, enters the reset state at that point, and any executing bus cycle is discontinued.
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5.1

Section5 DMA Controller

Overview

The H8S5/2338 Series, H8S/2328 Series, and H85/2318 Series have a built-in DMA controller
(DMAC) which can carry out data transfer on up to 4 channels.

511

Features

The features of the DMAC are listed below.

» Choice of short address mode or full address mode
Short address mode

O
g
O

O

U
O

Maximum of 4 channels can be used
Choice of dual address mode or single address mode

In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 bits and the other as16 bits

In single address mode, transfer source or transfer destination address only is specified as
24 bits

In single address mode, transfer can be performed in one bus cycle

Choice of sequential mode, idle mode, or repeat mode for dual address mode and single
address mode

Full address mode

O
g
O

Maximum of 2 channels can be used
Transfer source and transfer destination address specified as 24 bits
Choice of normal mode or block transfer mode

» 16-Mbyte address space can be specified directly

» Byteor word can be set as the transfer unit

« Activation sources: internal interrupt, external request, auto-request (depending on transfer
mode)

ad
g

O

O

Six 16-hit timer-pulse unit (TPU) compare match/input capture interrupts

Serial communication interface (SCI0, SCI1) transmission complete interrupt, reception
complete interrupt

A/D converter conversion end interrupt
External request
Auto-request
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* Module stop mode can be set

O Theinitia setting enables DMAC registers to be accessed. DMAC operation is halted by
setting modul e stop mode

51.2 Block Diagram

A block diagram of the DMAC is shown in figure 5-1.

Internal address bus

Internal interrupts

TGIOA — — Address buffer }<
TGIIA —»
TGI2A  ——»|
TGI3A - Processor
TGI4A — =
TGI5A  —» 3 MAROA
TXIO ——»] E
RXIO  —m ol E IOAROA "
TXI1 . Control logic 3|5 ETCROA 3
RXI1 — - S gl o
ADI g8 MAROB s
External pins - |C]E IOAROB 2
DREQD — 8 3
DREQT — »| DMAWER 6 ETCROB 2
TENDO = DMATCR 3 MAR1A
TEND1 —=— T
DACKO | DMACROA LR IOARIA
| ©
DA_CK1I  — DMACROB £l5 ETCR1A
Interrupt signals S m |
DENDOA DMACR1A 52 MAR1B
DENDOB ~—— DMACR1B c IOAR1B
©
NI = | DMABCR 5 ETCR1B
| Data buffer |

0

Internal data bus

Legend

DMAWER : DMA write enable register

DMATCR : DMA terminal control register

DMABCR : DMA band control register (for all channels)
DMACR : DMA control register

MAR : Memory address register
I0AR : I/0O address register
ETCR : Execute transfer count register

Figure5-1 Block Diagram of DMAC

114
HITACHI




513

Overview of Functions

Tables 5-1 (1) and (2) summarize DMAC functionsin short address mode and full address mode,
respectively.

Table5-1 (1) Overview of DMAC Functions (Short Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode e TPUchannel0to 24/16 16/24
+ Sequential mode 5 compare
O 1-byte or 1-word transfer match/input
executed for one transfer request capture A interrupt
0 Memory address » SCI transmission
incremented/decremented by 1 complete interrupt
or2 * SCl reception
O 1 to 65536 transfers complete interrupt
« Idle mode * A/D converter
0 1-byte or 1-word transfer Fonversion end
executed for one transfer request Interrupt
O Memory address fixed » External request
0 1to 65536 transfers
* Repeat mode
O 1-byte or 1-word transfer
executed for one transfer request
0 Memory address incremented/
decremented by 1 or 2
O After specified number of
transfers (1 to 256), initial state is
restored and operation continues
Single address mode » External request 24/DACK DACK/24

1-byte or 1-word transfer executed

for one transfer request

Transfer in 1 bus cycle using DACK
pin in place of address specifying 1/0

Specifiable for sequential, idle, and

repeat modes

HITACHI
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Table5-1(2) Overview of DMAC Functions (Full Address M ode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination

« Normal mode « Auto-request 24 24
Auto-request
O Transfer request retained
internally
O Transfers continue for the
specified number of times (1 to
65536)
O Choice of burst or cycle steal
transfer

External request » External request
O 1-byte or 1-word transfer

executed for one transfer request
0 1to 65536 transfers

» Block transfer mode e« TPUchannelOto 24 24
O Specified block size transfer 5 compare
executed for one transfer request ~ match/input
O 1to 65536 transfers capture A interrupt

SCI transmission
complete interrupt

[0 Either source or destination
specifiable as block area

O Block size: 1 to 256 bytes or * SClreception
words complete interrupt

« External request

* A/D converter
conversion end
interrupt
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514 Pin Configuration

Table 5-2 summarizes the DMAC pins. The pins used for output of the various signals differ from
model to model; see the reference manual for the relevant model for details.

In short address mode, external request transfer, single address transfer, and transfer end output
are not performed for channel A.

The DMA transfer acknowledge function is used in channel B single address mode in short
address mode.

When the DREQ pin is used, do not designate the corresponding port for output.

With regard to the DACK pins, setting single address transfer automatically sets the corresponding
port to output, functioning asa DACK pin.

With regard to the TEND pins, whether or not the corresponding port is used asa TEND pin can
be specified by means of aregister setting.

Table5-2 DMAC Pins

Channel  Pin Name Symbol 1/0 Function
0 DMA request 0 DREQO Input DMAC channel 0 external
request

DMA transfer acknowledge 0 DACKO Output DMAC channel 0 single address
transfer acknowledge

DMA transfer end 0 TENDO Output DMAC channel 0 transfer end
1 DMA request 1 DREQ1 Input DMAC channel 1 external
request

DMA transfer acknowledge 1 DACK1 Output DMAC channel 1 single address
transfer acknowledge

DMA transfer end 1 TEND1 Output DMAC channel 1 transfer end
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515 Register Configuration
Table 5-3 summarizes the DMAC registers.

Table5-3 DMAC Registers

Channel Name Abbreviation R/W {;1;"”&; Address* Bus Width
0 Memory address register OA  MAROA R/W Undefined H'FEEO 16 bits
I/O address register 0A IOAROA R/W Undefined H'FEE4 16 bits
Transfer count register OA ETCROA R/W Undefined H'FEE6 16 bits
Memory address register 0B MAROB R/W Undefined H'FEE8 16 bits
I/O address register OB IOAROB R/W Undefined H'FEEC 16 bits
Transfer count register OB ETCROB R/W Undefined H'FEEE 16 bits
1 Memory address register 1A MAR1A R/W Undefined H'FEFO 16 bits
I/O address register 1A IOAR1A R/W Undefined H'FEF4 16 bits
Transfer count register 1A ETCR1A R/W Undefined H'FEF6 16 bits
Memory address register 1B MAR1B R/W Undefined HFEF8 16 bits
I/O address register 1B IOAR1B R/W Undefined H'FEFC 16 bits
Transfer count register 1B ETCR1B R/W Undefined H'FEFE 16 bits
0,1 DMA write enable register DMAWER R/W H'00 H'FFO0 8 bits
DMA terminal control register DMATCR R/W H'00 H'FFO1 8 bits
DMA control register 0A DMACROA R/W H'00 H'FF02 16 bits
DMA control register 0B DMACROB R/W H'00 H'FF03 16 bits
DMA control register 1A DMACR1A R/W H'00 H'FFO4 16 bits
DMA control register 1B DMACR1B R/W H'00 H'FFO5 16 bits
DMA band control register DMABCR R/W  H'0000 H'FF06 16 bits
Module stop control register MSTPCR R/W  H'3FFF H'FF3C 8 bits

Note: * Lower 16 bits of the address.
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5.2 Register Descriptions (1) (Short Address Mode)

Short address mode transfer can be performed for channels A and B independently.

Short address mode transfer is specified for each channel by clearing the FAE bitin DMABCR to

0, as shown in table 5-4. Short address mode or full address mode can be selected for channels 1
and 0 independently by means of bits FAE1 and FAEOQ.

Table5-4 Short AddressMode and Full Address Mode (For 1 Channel: Example of

Channel 0)

FAEO Description

0

Short address mode specified (channels A and B operate independently)

MAROA

-«—— Specifies transfer source/transfer destination address

IOAROA

-«—— Specifies transfer destination/transfer source address

ETCROA

-«—— Specifies number of transfers

DMACROA

-«—— Specifies transfer size, mode, activation source, etc.

MAROB
IOAROB
ETCROB

‘Channel 0B ‘ ‘Channel 0A ‘

-4— Specifies transfer source/transfer destination address
-4— Specifies transfer destination/transfer source address
-4—— Specifies number of transfers

‘DMACROB

-4— Specifies transfer size, mode, activation source, etc.

MAROA
MAROB

IOAROA
IOAROB
ETCROA
ETCROB
DMACROADMACRO0B

Channel 0

Full address mode specified (channels A and B operate in combination)

-«— Specifies transfer source address
-«—— Specifies transfer destination address
-«—— Not used

-«— Not used

-4— Specifies number of transfers

-4—— Specifies number of transfers (used in block transfer
mode only)

-4— Specifies transfer size, mode, activation source, etc.
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521 Memory Address Registers (MAR)

Bit 031 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
e e e e e e e B R R R R R
Initial value: 0 0 0O O 0 0 0 O * * * * * * * *
R/W I - - - — — — — — RWRMWR/WR/W RW R/W R/W R/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
war o
|n|t|a| Value * * * * * * * * * * * * * * * *
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

MAR is a32-hit readable/writable register that specifies the transfer source address or destination
address.

The upper 8 bits of MAR are reserved: they are always read as 0, and cannot be modified.

Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bitin DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated. For details, see section 5.2.4, DMA Control
Register (DMACR).

MAR isnot initialized by areset or in standby mode.
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522 I/0O Address Register (I0OAR)

Bit . 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o x| [ [ L ]
nitial value: % * ¥ * % * % + x x + x * x * =
RIW . RIW R/W RIW RW RIW R/W RIW RIW RIW R/W RIW RIW RIW RW RIW RIW
*: Undefined

IOAR is a 16-bit readable/writable register that specifies the lower 16 bits of the transfer source
address or destination address. The upper 8 bits of the transfer address are automatically set to
H'FF.

Whether IOAR functions as the source address register or as the destination address register can
be selected by means of the DTDIR bit in DMACR.

IOAR isinvalid in single address mode.

IOAR is not incremented or decremented each time atransfer is executed, so the address specified
by IOAR isfixed.

IOAR isnot initialized by areset or in standby mode.

523 Execute Transfer Count Register (ETCR)

ETCR isa 16-bit readable/writable register that specifies the number of transfers. The setting of
thisregister is different for sequential mode and idle mode on the one hand, and for repeat mode
on the other.

Sequential Mode and Idle Mode

Transfer Counter (ETCR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Lt PP PP PP

Initial value :  * * *  x * * * * * * % * * * %
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/W R/W
*: Undefined

In sequential mode and idle mode, ETCR functions as a 16-hit transfer counter (with a count range
of 1to 65536). ETCR is decremented by 1 each time atransfer is performed, and when the count
reaches H'0000, the DTE bit in DMABCR iscleared, and transfer ends.

121
HITACHI



Repeat Mode

Transfer Number Storage (ETCRH)

Bit : 15 14 13 12 11 10 9 8

| | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Transfer Counter (ETCRL)

Bit : 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

In repeat mode, ETCR functions as transfer counter ETCRL (with a count range of 1 to 256) and
transfer number storage register ETCRH. ETCRL is decremented by 1 each time atransfer is
performed, and when the count reaches H'00, ETCRL is loaded with the value in ETCRH. At this
point, MAR is automatically restored to the value it had when the count was started. The DTE bit
in DMABCR is not cleared, and so transfers can be performed repeatedly until the DTE bit is
cleared by the user.

ETCRisnot initialized by areset or in standby mode.

524 DMA Control Register (DMACR)

Bit L7 6 5 4 3 2 1 0

| DTSZ | DTID5 | RPE | DTDIR | DTF3 | DTF2 | DTFL | DTFO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMACR is an 8-bit readable/writable register that controls the operation of each DMAC channel.

DMACR isinitialized to H'00 by areset, and in standby mode.
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Bit 7—Data Transfer Size (DT SZ): Selects the size of datato be transferred at one time.

Bit 7

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 6—Data Transfer Increment/Decrement (DTID): Selectsincrementing or decrementing of
MAR after every data transfer in sequential mode or repeat mode.

Inidle mode, MAR is neither incremented nor decremented.

Bit 6

DTID Description

0 MAR is incremented after a data transfer (Initial value)
« When DTSZ =0, MAR is incremented by 1 after a transfer
« When DTSZ = 1, MAR is incremented by 2 after a transfer

1 MAR is decremented after a data transfer

 When DTSZ =0, MAR is decremented by 1 after a transfer
e When DTSZ =1, MAR is decremented by 2 after a transfer

Bit 5—Repeat Enable (RPE): Used in combination with the DTIE bit in DMABCR to select the
mode (sequential, idle, or repeat) in which transfer isto be performed.

Bit 5 DMABCR

RPE DTIE Description

0 0 Transfer in sequential mode (no transfer end interrupt) (Initial value)
1 Transfer in sequential mode (with transfer end interrupt)

1 0 Transfer in repeat mode (no transfer end interrupt)
1 Transfer in idle mode (with transfer end interrupt)

For details of operation in sequential, idle, and repeat mode, see section 5.5.2, Sequential Mode,
section 5.5.3, Idle Mode, and section 5.5.4, Repeat Mode.

Bit 4—Data Transfer Direction (DTDIR): Used in combination with the SAE bitin DMABCR
to specify the data transfer direction (source or destination). The function of this bit is therefore
different in dual address mode and single address mode.
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DMABCR Bit4

SAE DTDIR Description
0 0 Transfer with MAR as source address and IOAR as destination
address (Initial value)
1 Transfer with IOAR as source address and MAR as destination address
1 0 Transfer with MAR as source address and DACK pin as write strobe
1 Transfer with DACK pin as read strobe and MAR as destination address

Bits3to 0—Data Transfer Factor (DTF3to DTFO): These bits select the data transfer factor
(activation source). There are some differences in activation sources for channel A and for channel
B.

Channel A

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 —
1 J—
1 0 0 Activated by SCI channel 0 transmission complete interrupt
1 Activated by SCI channel 0 reception complete interrupt
1 0 Activated by SCI channel 1 transmission complete interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
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Channel B

Bit 3 Bit 2 Bit 1 Bit 0

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input*
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel O transmission complete interrupt
1 Activated by SCI channel 0 reception complete interrupt
1 0 Activated by SCI channel 1 transmission complete interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 R

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 5.5.13, DMAC Multi-Channel Operation.
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525 DMA Band Control Register (DMABCR)

DMABCRH
Bit . 15 14 13 12 11 10 9 8
\ FAE1 \ FAEQ \ SAE1 \ SAEO ‘ DTALB ‘ DTAlA‘ DTAOB ‘ DTAOA’
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW  RW RW  RW RW  RW RIW
DMABCRL
Bit : 7 6 5 4 3 2 1 0
\ DTE1B \ DTElA‘ DTEOB \ DTEOA‘ DTIElB‘ DTIElA‘ DTIEOB‘ DTIEOA’
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW  RW RW  RIW RW  RW RIW

DMABCR isa16-hit readable/writable register that controls the operation of each DMAC
channel.

DMABCR isinitiaized to H'0000 by areset, and in hardware standby mode.

Bit 15—Full Address Enable 1 (FAE1): Specifies whether channel 1 isto be used in short
address mode or full address mode.

In short address mode, channels 1A and 1B can be used as independent channels.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEQ): Specifies whether channel 0 isto be used in short
address mode or full address mode.

In short address mode, channels OA and OB can be used as independent channels.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode
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Bit 13—Single Address Enable 1 (SAEL): Specifies whether channel 1B isto be used for
transfer in dual address mode or single address mode.

Thisbitisinvaid in full address mode.

Bit 13

SAE1 Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Bit 12—Single Address Enable 0 (SAEOQ): Specifies whether channel OB isto be used for
transfer in dual address mode or single address mode.

Thishitisinvalidin full address mode.

Bit 12

SAEO Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Bits 11 to 8—Data Transfer Acknowledge (DTA): These hits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
Setting.

When DTE =1 and DTA =1, theinternal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA =1, theinternal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When DTE =1 and DTA =0, theinternal interrupt source selected by the data transfer factor
setting is not cleared when atransfer is performed, and can issue an interrupt request to the CPU
or DTCin parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA hit setting.

Bit 11—Data Transfer Acknowledge 1B (DTA1B): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1B data transfer
factor setting.
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Bit 11
DTA1B Description

0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 10—Data Transfer Acknowledge 1A (DTA1A): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1A datatransfer
factor setting.

Bit 10
DTA1A Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge OB (DTAOB): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel OB data transfer
factor setting.

Bit 9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 8—Data Transfer Acknowledge OA (DTAOA): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel OA data transfer
factor setting.

Bit 8
DTAOA Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 7 to 4—Data Transfer Enable (DTE): When DTE = 0, datatransfer is disabled and the
activation source selected by the data transfer factor setting isignored. If the activation source is
an internal interrupt, an interrupt request is issued to the CPU or DTC. If the DTIE bitissetto 1
when DTE = 0, the DMAC regards this as indicating the end of atransfer, and issues a transfer
end interrupt request to the CPU or DTC.
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The conditions for the DTE bit being cleared to 0 are as follows:

*  When initidlization is performed
»  When the specified number of transfers have been completed in atransfer mode other than
repeat mode

»  When Oiswritten to the DTE hit to forcibly abort the transfer, or for asimilar reason

When DTE = 1, datatransfer is enabled and the DMAC waits for areguest by the activation
source selected by the data transfer factor setting. When arequest isissued by the activation
source, DMA transfer is executed.

The condition for the DTE bit being set to 1 isasfollows:
*  When 1iswritten to the DTE bit after the DTE bitisread asO

Bit 7—Data Transfer Enable 1B (DTE1B): Enables or disables data transfer on channel 1B.

Bit 7

DTE1B Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 6—Data Transfer Enable 1A (DTE1A): Enables or disables data transfer on channel 1A.

Bit 6

DTE1A Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Enable 0B (DTEOB): Enables or disables data transfer on channel 0B.

Bit 5

DTEOB Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable OA (DTEOA): Enables or disables data transfer on channel OA.

Bit 4

DTEOA Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled
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Bits 3to 0—Data Transfer End Interrupt Enable (DTIE): These bits enable or disable an
interrupt to the CPU or DTC when transfer ends. If the DTIE bit is set to 1 when DTE = 0, the
DMAC regards this as indicating the end of atransfer, and issues atransfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIE bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1B
transfer end interrupt.

Bit 3

DTIE1B Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1A
transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel 0B
transfer end interrupt.

Bit 1

DTIEOB Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable OA (DTIEQOA): Enables or disables the channel 0A
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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5.3 Register Descriptions (2) (Full Address Mode)

Full address mode transfer is performed with channels A and B together. For details of full address
mode setting, see table 5-4.

531 Memory Address Register (MAR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

==L T [T [ [ T[]

REE
Initial value: 0 0 0O O 0 0 0O O * * * * * * * *

=[-

R/W - - - — — — — — RWR/MWR/WR/W RW R/W R/W R/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L rrrrr Pl
|n|t|a| Value * * * * * * * * * * * * * * * *
R/W : R/IW R/W R/W R/W R/W R/W R/W R/W R/IW RIW RIW RIW RIW RIW RIW R/IW
*: Undefined

MAR is a32-hit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bits of MARH are
reserved: they are always read as 0, and cannot be modified.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
source or destination memory address can be updated automatically. For details, see section 5.3.4,
DMA Control Register (DMACR).

MAR isnot initialized by areset or in standby mode.

532  1/0 AddressRegister (IOAR)

IOAR isnot used in full address transfer.
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533 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The function of
this register is different in norma mode and in block transfer mode.

ETCRisnot initialized by areset or in standby mode.
Normal Mode
ETCRA

Transfer Counter

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
HEEEEEEEEEENEEE.

Initial value :  * * * % * * * % * * * % * * * %
R/W © RIW R/W R/W R/W R/W R/IW R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/IW
*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each
time atransfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not used
at thistime.

ETCRB
ETCRB is not used in norma mode.
Block Transfer Mode

ETCRA

Block Size Storage (ETCRAH)

Bit : 15 14 13 12 11 10 9 8

| | I N R R
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Block Size Counter (ETCRAL)

Bit : 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined
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ETCRB

Block Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L rrrrr PPl

Inltlal Value * * * * * * * * * * * * * * * *
R/W ;. R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW RIW R/W RIW RIW RIW R/IW
*: Undefined

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holds the
block size. ETCRAL is decremented each time a 1-byte or 1-word transfer is performed, and when
the count reaches H'00, ETCRAL is loaded with the value in ETCRAH. So by setting the block
sizein ETCRAH and ETCRAL, it is possible to repeatedly transfer blocks consisting of any
desired number of bytes or words.

ETCRB functionsin block transfer mode, as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time a block is transferred, and transfer ends when the count reaches
H'0000.

534 DMA Control Register (DMACR)

DMACR is a16-bit readable/writable register that controls the operation of each DMAC channel.
In full address mode, DMACRA and DMACRB have different functions.

DMACR isinitialized to H'0000 by areset, and in hardware standby mode.

DMACRA
Bit .15 14 13 12 11 10 9 8
\ DTSZ \ SAID \ SAIDE ‘BLKDIR‘ BLKE ‘ — ] — ] — \
Initial value : 0 0 0 0 0 0 0 0
RIW - RW RW  RW RW  RW RW  RW RIW
DMACRB
Bit : 7 6 5 4 3 2 1 0
\ — \ DAID ‘ DAIDE ‘ — ‘ DTF3 ‘ DTF2 ] DTF1 ] DTFO \
Initial value : 0 0 0 0 0 0 0 0
RIW - RIW RW  RW RW  RW RW  RW RIW
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Bit 15—Data Transfer Size (DTSZ): Selectsthe size of datato be transferred at one time.

Bit 15

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 14—Sour ce Address | ncrement/Decr ement (SAID)

Bit 13—Source Address | ncrement/Decr ement Enable (SAIDE): These bits specify whether
source address register MARA isto be incremented, decremented, or |eft unchanged, when data
transfer is performed.

Bit 14 Bit 13
SAID SAIDE Description
0 0 MARA is fixed (Initial value)
1 MARA is incremented after a data transfer
¢ When DTSZ = 0, MARA is incremented by 1 after a transfer
¢ When DTSZ =1, MARA is incremented by 2 after a transfer
1 0 MARA is fixed
1 MARA is decremented after a data transfer

< When DTSZ = 0, MARA is decremented by 1 after a transfer
¢ When DTSZ =1, MARA is decremented by 2 after a transfer

Bit 12—Block Direction (BLKDIR)

Bit 11—Block Enable (BLKE): These bits specify whether normal mode or block transfer mode
isto be used. If block transfer mode is specified, the BLKDIR bit specifies whether the source side
or the destination side is to be the block area.

Bit 12 Bit 11

BLKDIR BLKE Description

0 0 Transfer in normal mode (Initial value)
1 Transfer in block transfer mode, destination side is block area

1 0 Transfer in normal mode
1 Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see section 5.5, Operation.

134
HITACHI



Bits 10 to 7—Reserved: Can be read or written to.

Bit 6—Destination Address I ncrement/Decrement (DAID)

Bit 5—Destination Address | ncrement/Decrement Enable (DAIDE): These bits specify
whether destination address register MARB isto be incremented, decremented, or left unchanged,
when datatransfer is performed.

Bit 6 Bit 5
DAID DAIDE Description
0 0 MARSB is fixed (Initial value)
1 MARB is incremented after a data transfer
e When DTSZ = 0, MARB is incremented by 1 after a transfer
¢ When DTSZ =1, MARB is incremented by 2 after a transfer
1 0 MARSB is fixed
1 MARB is decremented after a data transfer

e When DTSZ = 0, MARB is decremented by 1 after a transfer
¢ When DTSZ =1, MARB is decremented by 2 after a transfer

Bit 4—Reserved: Can beread or written to.

Bits 3to 0—Data Transfer Factor (DTF3to DTFO0): These bits select the data transfer factor
(activation source). The factors that can be specified differ between norma mode and block
transfer mode.

¢ Normal Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 —
1 0 Activated by DREQ pin falling edge input
1 Activated by DREQ pin low-level input
1 0 * —
1 0 Auto-request (cycle steal)
1 Auto-request (burst)
1 * * * _
*: Don't care
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¢ Block Transfer Mode

Bit 3 Bit 2 Bit 1 Bit 0

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input*
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel O transmission complete interrupt
1 Activated by SCI channel O reception complete interrupt
1 0 Activated by SCI channel 1 transmission complete interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 J—

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 5.5.13, DMAC Multi-Channel Operation.
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535 DMA Band Control Register (DMABCR)

DMABCRH
Bit . 15 14 13 12 11 10 9 8
\ FAE1 \ FAEO ‘ — ‘ — ‘ DTAL ‘ — ] DTAO ] — \
Initial value : 0 0 0 0 0 0 0 0
RIW - RIW RW  RW RW  RW RW  RW RIW
DMABCRL
Bit : 7 6 5 4 3 2 1 0
: \ DTMEl‘ DTE1 ‘ DTMEO‘ DTEO ‘ DTIElB‘ DTIElA’ DTIEOB’ DTIEOA‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW  RW RW  RW RW  RW RIW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCR isinitialized to H'0000 by areset, and in hardware standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 isto be used in short
address mode or full address mode.

In full address mode, channels 1A and 1B are used together as a single channel.

Bit 15

FAE1l Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEOQ): Specifies whether channel 0 isto be used in short
address mode or full address mode.

In full address mode, channels OA and OB are used together as a single channel.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode
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Bits 13 and 12—Reserved: Can be read or written to.

Bits 11 and 9—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA =1, theinterna interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, theinternal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When DTE = 1 and DTA =0, theinternal interrupt source selected by the data transfer factor
setting is not cleared when atransfer is performed, and can issue an interrupt request to the CPU
or DTCin parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA bit setting.

The state of the DTME bit does not affect the above operations.

Bit 11—Data Transfer Acknowledge 1 (DTA1): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1 data transfer factor
Setting.

Bit 11
DTA1l Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge O (DTAOQ): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 0 data transfer factor
setting.

Bit 9
DTAO Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bits 10 and 8—Reserved: Can be read or written to.

Bits 7 and 5—Data Transfer Master Enable (DTME): Together with the DTE bit, these bits
control enabling or disabling of datatransfer on the relevant channel. When both the DTME bit
and the DTE bit are set to 1, transfer is enabled for the channel.

If the relevant channel isin the middle of a burst mode transfer when an NMI interrupt is
generated, the DTME hit is cleared, the transfer isinterrupted, and bus mastership passes to the
CPU. When the DTME bhit is subsequently set to 1 again, the interrupted transfer is resumed. In
block transfer mode, however, the DTME bit is not cleared by an NMI interrupt, and transfer is
not interrupted.

The conditions for the DTME bit being cleared to O are as follows:

e Wheninitidization is performed
*  When NMI isinput in burst mode
*  When O iswritten to the DTME bit

The condition for DTME being set to 1 isasfollows:
*  When 1liswrittento DTME after DTME isread as0

Bit 7—Data Transfer Master Enable 1 (DTMEL): Enables or disables data transfer on channel
1.

Bit 7

DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMl interrupt  (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Master Enable 0 (DTMEOQ): Enables or disables data transfer on channel
0.

Bit 5

DTMEO Description

0 Data transfer disabled. In normal mode, cleared to 0 by an NMl interrupt (Initial value)
1 Data transfer enabled
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Bits 6 and 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting isignored. If the activation source is
an internal interrupt, an interrupt request isissued to the CPU or DTC. If the DTIE bitissetto 1
when DTE = 0, the DMAC regards this as indicating the end of atransfer, and issues a transfer
end interrupt request to the CPU.

The conditions for the DTE bit being cleared to O are as follows:

e Wheninitidization is performed
*  When the specified number of transfers have been completed
e When 0iswritten to the DTE bit to forcibly abort the transfer, or for asimilar reason

When DTE = 1 and DTME = 1, datatransfer is enabled and the DMAC waits for arequest by the
activation source selected by the data transfer factor setting. When arequest isissued by the
activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:
e When 1iswritten to the DTE bit after the DTE bitisread asO

Bit 6—Data Transfer Enable 1 (DTEL): Enables or disables data transfer on channel 1.

Bit 6

DTE1l Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable 0 (DTEO): Enables or disables data transfer on channel 0.

Bit 4

DTEO Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits 3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an
interrupt to the CPU or DTC when transfer isinterrupted. If the DTIEB hit is set to 1 when
DTME = 0, the DMAC regards this asindicating a break in the transfer, and issues a transfer
break interrupt request to the CPU or DTC.

A transfer break interrupt can be canceled either by clearing the DTIEB bit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the DTME bit to 1.
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Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1
transfer break interrupt.

Bit 3

DTIE1B Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel 0
transfer break interrupt.

Bit 1

DTIEOB Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bits 2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable
an interrupt to the CPU or DTC when transfer ends. If the DTIEA bit is set to 1 when DTE =0,
the DMAC regards this asindicating the end of atransfer, and issues atransfer end interrupt
request to the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA hit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1
transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable OA (DTIEOA): Enables or disables the channel 0
transfer end interrupt.

Bit 0
DTIEOA Description
0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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54 Register Descriptions (3)

54.1 DMA Write Enable Register (DMAWER)

The DMAC can activate the DTC with atransfer end interrupt, rewrite the channel on which the
transfer ended using a DTC chain transfer, and reactivate the DTC. DMAWER applies restrictions
so that specific bits of DMACR for the specific channel, and also DMATCR and DMABCR, can
be changed to prevent inadvertent rewriting of registers other than those for the channel

concerned. The restrictions applied by DMAWER are valid for the DTC.

Figure 5-2 shows the transfer areas for activating the DTC with a channel OA transfer end
interrupt, and reactivating channel OA. The address register and count register areais re-set by the
first DTC transfer, then the control register areais re-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bitsin DMAWER to prevent
modification of the contents of the other channels.

First transfer area MAROA

IOAROA

ETCROA

MAROB

I0OAROB

ETCROB

MARI1A

DTC

IOAR1A

ETCR1A

MAR1B

I0AR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACROB

DMACRI1A DMACR1B

Second transfer area
using chain transfer

DMABCR

Figure5-2 Areasfor Register Re-Setting by DTC (Example: Channel 0A)
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Bit L7 6 5 4 3 2 1 0

- — | — | — | — | wemB | weia| weoB | WEOA |
Initial value : 0 0 0 0 0 0 0 0
RIW S _ — — RW RW RW  RW

DMAWER is an 8-bit readabl e/writable register that controls enabling or disabling of writesto
DMACR, DMABCR, and DMATCR by the DTC.

DMAWER isinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 4—Reserved: Read-only bits, alwaysread as 0.

Bit 3—Write Enable 1B (WE1B): Enables or disables writesto all bitsin DMACR1B, bits 11, 7,
and 3in DMABCR, and bit 5in DMATCR, by the DTC.

Bit 3

WE1B Description

0 Writes to all bits in DMACRI1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are disabled (Initial value)

1 Writes to all bits in DMACRI1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are enabled

Bit 2—Write Enable 1A (WE1A): Enables or disableswritesto all bitsin DMACR1A, and bits
10, 6, and 2 in DMABCR, by the DTC.

Bit 2
WE1A Description
0 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are enabled

Bit 1—Write Enable OB (WEOB): Enables or disables writesto al bitsin DMACROB, bits 9, 5,
and 1in DMABCR, and hit 4in DMATCR, by the DTC.

Bit 1
WEOB Description
0 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are disabled (Initial value)
1 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are enabled
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Bit 0—Write Enable OA (WEOA): Enables or disables writesto all bitsin DMACROA, and bits
8,4,and 0in DMABCR, by the DTC.

Bit O
WEOA Description
0 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are enabled

Writes by the DTC to bits 15 to 12 (FAE and SAE) in DMABCR are invalid regardless of the
DMAWER settings. These bits should be changed, if necessary, by CPU processing.

Inwritesby the DTC to bits 7to 4 (DTE) in DMABCR, 1 can be written without first reading O.
To reactivate a channel set to full address mode, write 1 to both Write Enable A and Write Enable
B for the channel to be reactivated.

MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When
modifying these registers, the channel for which the modification is to be made should be halted.

54.2 DMA Terminal Control Register (DMATCR)

Bit : 7 6 5 4 3 2 1 0
o~ — |me 0] — | — | - | — |

Initial value : 0 0 0 0 0 0 0 0

R/W : — — R/W R/W — — _ _

DMATCR is an 8-hit readable/writable register that controls enabling or disabling of DMAC
transfer end pin output. A port can be set for output automatically, and atransfer end signal output,
by setting the appropriate bit.

DMATCR sinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 and 6—Reserved: Read-only bits, awaysread as 0.

Bit 5—Transfer End Enable 1 (TEEL): Enables or disables transfer end pin 1 (TEND1) output.

Bit 5

TEE1 Description

0 TEND1 pin output disabled (Initial value)
1 TEND?1 pin output enabled
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Bit 4—Transfer End Enable O (TEEOQ): Enables or disables transfer end pin 0 (TENDO) output.

Bit 4

TEEO Description

0 TENDO pin output disabled (Initial value)
1 TENDO pin output enabled

The TEND pins are assigned only to channel B in short address mode.

The transfer end signal indicates the transfer cyclein which the transfer counter reached 0,
regardless of the transfer source. An exception is block transfer mode, in which the transfer end
signal indicates the transfer cycle in which the block counter reached 0.

Bits 3 to 0—Reserved: Read-only bits, alwaysread as 0.

54.3 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

PP

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP15 bit in MSTPCR is set to 1, the DMAC operation stops at the end of the bus
cycle and atransition is made to module stop mode. For details, see section 19.5, Module Stop
Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 15—Module Stop (M STP15): Specifiesthe DMAC module stop mode.

Bits 15
MSTP15  Description
0 DMAC module stop mode cleared (Initial value)
1 DMAC module stop mode set
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55 Operation

551 Transfer Modes
Table 5-5 lists the DMAC modes.
Table5-5 DMAC Transfer Modes

Transfer Mode

Transfer Source

Remarks

Short Dual (1) Sequential e TPUchannel0to5 « Up to 4 channels can
address address mode compare match/input operate independently
mode mode (2) Idle mode capture A interrupt » External request
(3) Repeat mode e SCI transmission applies to channel B
complete interrupt only
e SCI reception ¢ Single address mode
complete interrupt applies to channel B
« AID converter only
conversion end ¢ Modes (1), (2), and (3)
interrupt can also be specified
« External request for single address
mode
(4) Single address mode
Full (5) Normal mode « External request + Max. 2-channel
address «  Auto-request operation, combining
mode channels A and B
(6) Block transfer mode « TPUchannelOto5 .« Withauto-request,
compare match/input burst mode transfer or
capture A interrupt cycle steal transfer
¢ SCI transmission can be selected
complete interrupt
¢ SCI reception
complete interrupt
e A/D converter
conversion end
interrupt
e External request
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Operation in each mode is summarized below.

Sequential Mode: In response to asingle transfer request, the specified number of transfers are
carried out, one byte or oneword at atime. Aninterrupt request can be sent to the CPU or DTC
when the specified number of transfers have been completed. One address is specified as 24 bits,
and the other as 16 hits. The transfer direction is programmable.

Idle Mode: In response to asingle transfer request, the specified number of transfers are carried
out, one byte or one word at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 hits. The transfer source address and transfer destination address are fixed. The transfer
direction is programmable.

Repeat Mode: In response to a single transfer request, the specified number of transfers are
carried out, one byte or one word at a time. When the specified number of transfers have been
completed, the addresses and transfer counter are restored to their original settings, and operation
is continued. No interrupt request is sent to the CPU or DTC. One address is specified as 24 hits,
and the other as 16 hits. The transfer direction is programmable.

Single Address Mode: In response to a single transfer request, the specified number of transfers
are carried out between external memory and an external device, one byte or one word at atime.
Unlike dual address mode, source and destination accesses are performed in parallel. Therefore,
either the source or the destination is an external device which can be accessed with a strobe a one,
using the DACK pin. One address is specified as 24 bits, and for the other, the pin is set
automatically. The transfer direction is programmable.

Sequential mode, idle mode, and repeat mode can a so be specified for single address mode.
Normal Mode

* Auto-request
By means of register settings only, the DMAC is activated, and transfer continues until the
specified number of transfers have been completed. An interrupt request can be sent to the
CPU or DTC when transfer is completed. Both addresses are specified as 24 hits.

O Cycle steal mode
The busis released to another bus master after each byte or word transfer.

O Burst mode

O Thebusisheld and transfer continued until the specified number of transfers have been
compl eted.

e Externa request

In response to a single transfer request, the specified number of transfers are carried out, one

byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the

specified number of transfers have been completed. Both addresses are specified as 24 bits.
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Block Transfer Mode: In responseto asingle transfer request, a block transfer of the specified
block sizeis carried out. Thisis repeated the specified number of times, once each timethereisa
transfer request. At the end of each single block transfer, one address isrestored to its original
setting. An interrupt request can be sent to the CPU or DTC when the specified number of block
transfers have been completed. Both addresses are specified as 24 hits.

55.2 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode,
MAR is updated after each byte or word transfer in response to a single transfer request, and thisis
executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 5-6 summarizes register functions in sequential mode.

Table5-6 Register Functionsin Sequential Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 0 Source Destination Start address of Incremented/
| \ MAR | | address address transfer destination decremented every
register register or transfer source  transfer
23 15 0 Destination Source Start address of Fixed
| H'EE | I0AR | address address transfer source or
register register transfer destination
15 . 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend

MAR : Memory address register
IOAR : /O address register

ETCR : Execute transfer count register
DTDIR : Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred.

|OAR specifiesthe lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

Figure 5-3 illustrates operation in sequential mode.

/\/ /\/

Address T — - I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend
Address T=L
Y Address B =L + (=1)DTID . (2DTSZ . (N-1))
Where : L =Value setin MAR
N = Value setin ETCR

Address B —m

/\/

Figure5-3 Operation in Sequential M ode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.
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Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
reguests, SCI transmission compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

Figure 5-4 shows an example of the setting procedure for sequential mode.

» Clear the FAE bit to O to select short address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

. ) [1] Set each bitin DMABCRH.
Sequential mode setting

Set DMABCRH (1] [2] Set the transfer source address and transfer

destination address in MAR and IOAR.

[3] Set the number of transfers in ETCR.

Set transfer source
and transfer destination | [2] [4] Set each bitin DMACR.
addresses « Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
decremented with the DTID bit.
» Clear the RPE bit to 0 to select sequential

Set number of transfers | [3] mode.
» Specify the transfer direction with the DTDIR
bit.
¢ Select the activation source with bits DTF3 to
Set DMACR [4] DTFO.

[5] Read the DTE bitin DMABCRL as 0.

[6] Seteach bitin DMABCRL.

» Specify enabling or disabling of transfer end
Read DMABCRL (5] interrupts with the DTIE bit.
e Set the DTE bit to 1 to enable transfer.

Set DMABCRL [6]

Y

( Sequential mode >

Figure5-4 Example of Sequential Mode Setting Procedure
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5.5.3 Idle Mode

Idle mode can be specified by setting the RPE bit and DTIE bitin DMACR to 1. In idle mode, one
byte or word is transferred in response to a single transfer request, and thisis executed the number

of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified

by the DTDIR bit in DMACR.

Table 5-7 summarizes register functions in idle mode.

Table5-7 Register Functionsin Idle Mode
Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . Source Destination Start address of Fixed
| . MAR address address transfer destination
register register or transfer source
23 15 Destination Source Start address of Fixed
| H'FF | I0AR address address transfer source or
register register transfer destination
15 . Transfer counter Number of transfers Decremented every
| ETCR transfer; transfer
ends when count
reaches H'0000
Legend

MAR : Memory address register

IOAR : I/O address register

ETCR : Execute transfer count register
DTDIR : Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is

neither incremented nor decremented each time a byte or word is transferred.

IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of

H'FF.
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Figure 5-5 illustrates operation in idle mode.

/\/ /\/

MAR — --+— OAR
/\/ /\/

1 byte or word transfer performed in
response to 1 transfer request

Figure5-5 Operationinldle Mode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit is set to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
reguests, SCI transmission compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

When the DMAC is used in single address mode, only channel B can be set.
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Figure 5-6 shows an example of the setting procedure for idle mode.

C Idle mode setting )

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

¢

( Idle mode >

(1]

(2]

(3]

(4]

5]

(6]

(1]

(2]

(3]
[4]

5]
(6]

Set each bit in DMABCRH.

¢ Clear the FAE bit to 0 to select short address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and IOAR.

Set the number of transfers in ETCR.

Set each bit in DMACR.

« Set the transfer data size with the DTSZ bit.

« Specify whether MAR is to be incremented or
decremented with the DTID bit.

« Setthe RPE bitto 1.

« Specify the transfer direction with the DTDIR
bit.

« Select the activation source with bits DTF3 to
DTFO.

Read the DTE bit in DMABCRL as 0.

Set each bit in DMABCRL.
¢ Setthe DTIE bitto 1.
¢ Setthe DTE bit to 1 to enable transfer.

Figure5-6 Example of Idle M ode Setting Procedure
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554 Repeat Mode

Repeat mode can be specified by setting the RPE bit in DMACR to 1, and clearing the DTIE hit to
0. In repeat mode, MAR is updated after each byte or word transfer in response to a single transfer
reguest, and this is executed the number of times specified in ETCR. On completion of the
specified number of transfers, MAR and ETCRL are automatically restored to their original
settings and operation continues.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 5-8 summarizes register functionsin repeat mode.

Table5-8 Register Functionsin Repeat M ode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
' MAR ! address address transfer destination decremented every

register register or transfer source  transfer. Initial
setting is restored
when value reaches

H'0000
23 15 0 Destination Source Start address of Fixed
| H'EE | |10AR | address address transfer source or
register register transfer destination
7 0 Holds number of Number of transfers Fixed
ETCRH | transfers
Transfer counter Number of transfers Decremented every
7Y o transfer. Loaded with

ETCRL ETCRH value when

count reaches H'00

Legend

MAR : Memory address register
IOAR : I/O address register

ETCR : Execute transfer count register
DTDIR : Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred.

|OAR specifiesthe lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

The number of transfersis specified as 8 bits by ETCRH and ETCRL. The maximum number of
transfers, when H'00 is set in both ETCRH and ETCRL, is 256.

In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number
of transfers. ETCRL is decremented by 1 each time atransfer is executed, and when its value
reaches H'00, it is loaded with the valuein ETCRH. At the same time, the value set in MAR is
restored in accordance with the values of the DTSZ and DTID bitsin DMACR. The MAR
restoration operation is as shown below.

MAR = MAR —(-1)°™P. 2°T2 . ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit is cleared. To end the transfer operation,
therefore, the DTE hit should be cleared to 0. A transfer end interrupt request is not sent to the
CPU or DTC.

By setting the DTE bit to 1 again after it has been cleared, the operation can be restarted from the
transfer after that terminated when the DTE bit was cleared.
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Figure 5-7 illustrates operation in repeat mode.

/\/ /\/

Address T — = - I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend
Address T=L
Y Address B =L + (~1)DTID . (2DTSZ . (N—1))
Where : L =Value setin MAR
N = Value set in ETCR

Address B ——m»|

/\_/

Figure5-7 Operation in Repeat mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
reguests, SCI transmission compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.
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Figure 5-8 shows an example of the setting procedure for repeat mode.

< Repeat mode setting>

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

( Repeat mode )

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

(3]

[4]

[5]
[6]

Set each bit in DMABCRH.

Clear the FAE bit to O to select short address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and I0AR.

Set the number of transfers in both ETCRH and
ETCRL.

Set each bit in DMACR.

Set the transfer data size with the DTSZ bit.
Specify whether MAR is to be incremented or
decremented with the DTID bit.

Set the RPE bit to 1.

Specify the transfer direction with the DTDIR
bit.

Select the activation source with bits DTF3 to
DTFO.

Read the DTE bit in DMABCRL as 0.

Set each bit in DMABCRL.

Clear the DTIE bit to 0.
Set the DTE bit to 1 to enable transfer.

Figure5-8 Example of Repeat Mode Setting Procedure
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555 Single Address Mode

Single address mode can only be specified for channel B. This mode can be specified by setting
the SAE bitin DMABCR to 1 in short address mode.

One address is specified by MAR, and the other is set automatically to the data transfer
acknowledge pin (DACK). The transfer direction can be specified by the DTDIR bit in DMACR.

Table 5-9 summarizes register functionsin single address mode.

Table59 Register Functionsin Single Address Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of *
. MAR | address address transfer destination
register register or transfer source
DACK pin Write Read (Set automatically ~ Strobe for external
strobe strobe by SAE bit; IOAR is device
invalid)
15 0 Transfer counter Number of transfers *

ETCR

Legend

MAR : Memory address register
IOAR : I/O address register

ETCR : Execute transfer register
DTDIR : Data transfer direction bit
DACK : Data transfer acknowledge

Note: * See the operation descriptions in sections 5.5.2, Sequential Mode, 5.5.3, Idle Mode, and
5.5.4, Repeat Mode.

MAR specifies the start address of the transfer source or transfer destination as 24 bits.

IOAR isinvalid; in its place the strobe for external devices (DACK) is output.
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Figure 5-9 illustrates operation in single address mode (when sequential mode is specified).

Address T —m|

Y

Address B ——m»|

/\/

/\/

> | - o

1 byte or word transfer performed in
response to 1 transfer request

Legend
Address T =L
Address B =L + (-1)PTID. (2DTSZ . (N-1))
Where : L = Value setin MAR
N = Value set in ETCR

Figure5-9 Operation in Single Address Mode (When Sequential M ode is Specified)
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Figure 5-10 shows an example of the setting procedure for single address mode (when sequential
mode is specified).

( Single address ) [1] Seteach bitin DMABCRH.
mode setting + Clear the FAE bit to O to select short address
mode.
e Set the SAE bit to 1 to select single address
mode.
Set DMABCRH 11 » Specify enabling or disabling of internal

interrupt clearing with the DTA bit.

[2] Set the transfer source address/transfer
destination address in MAR.

Set transfer source and

transfer destination [2] [3] Set the number of transfers in ETCR.
addresses

[4] Seteach bit in DMACR.
« Set the transfer data size with the DTSZ bit.
« Specify whether MAR is to be incremented or
Set number of transfers | [3] decremented with the DTID bit.
¢ Clear the RPE bit to 0 to select sequential
mode.
« Specify the transfer direction with the DTDIR
bit.
« Select the activation source with bits DTF3 to
DTFO.

Set DMACR [4]

[5] Read the DTE bitin DMABCRL as 0.

Read DMABCRL [5] [6] Seteach bitin DMABCRL.

» Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

» Setthe DTE bit to 1 to enable transfer.

Set DMABCRL (6]

Y

(Single address mode )

Figure5-10 Example of Single Address M ode Setting Procedur e (When Sequential Modeis
Specified)
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5.5.6 Normal Mode

In normal mode, transfer is performed with channels A and B used in combination. Normal mode
can be specified by setting the FAE bit in DMABCR to 1 and clearing the BLKE bitin DMACRA
to 0.

In normal mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and this is executed the number of times specified in ETCRA. The transfer sourceis
specified by MARA, and the transfer destination by MARB.

Table 5-10 summarizes register functionsin normal mode.

Table5-10 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 0 Source address  Start address of Incremented/decremented
| . MARA | register transfer source every transfer, or fixed

23 . . 0 Destination Start address of Incremented/decremented
| \ MARB | address register transfer destination every transfer, or fixed

15

. Transfer counter Number of transfers Decremented every
| ETCRA

transfer; transfer ends
when count reaches
H'0000

—— O

Legend

MARA : Memory address register A
MARB : Memory address register B
ETCRA : Execute transfer count register A

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

The number of transfersis specified by ETCRA as 16 bits. ETCRA is decremented each time a
transfer is performed, and when its value reaches H'0000 the DTE bit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCRA, is 65,536.
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Figure 5-11 illustrates operation in normal mode.

/\/ /\/

Address Tao —m Transfer > -a— Address Tg

Y Y

Address Bao —m —a— Address Bg

/\/ /\/

Legend
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N—1))
Address Bg = Lg + DAIDE - (-1)PAID . (2DTSZ . (N-1))
Where : La = Value set in MARA

Lg = Value set in MARB

N =Value setin ETCRA

Figure5-11 Operation in Normal Mode
Transfer requests (activation sources) are external requests and auto-requests.

With auto-request, the DMAC is only activated by register setting, and the specified number of
transfers are performed automatically. With auto-request, cycle steal mode or burst mode can be
selected. In cycle steal mode, the busis released to another bus master each time atransfer is
performed. In burst mode, the busis held continuously until transfer ends.
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For setting details, see section 5.3.4, DMA Control Register (DMACR).

Figure 5-12 shows an example of the setting procedure for normal mode.

< Normal mode setting >

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

C Normal mode )

(1]

(2]

(3]

(4]

(5]

(6]

[1] Set each bit in DMABCRH.

Set the FAE bit to 1 to select full address
mode.

Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address in MARA, and
the transfer destination address in MARB.

[3] Setthe number of transfers in ETCRA.

[4] Set each bitin DMACRA and DMACRB.

Set the transfer data size with the DTSZ bit.
Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

Clear the BLKE bit to 0 to select normal
mode.

Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

Select the activation source with bits DTF3 to
DTFO.

[5] Read DTE =0 and DTME = 0 in DMABCRL.

[6] Set each bitin DMABCRL.

Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure5-12 Example of Normal Mode Setting Procedure
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55.7 Block Transfer Mode

In block transfer mode, transfer is performed with channels A and B used in combination. Block
transfer mode can be specified by setting the FAE bitin DMABCR and the BLKE bit in
DMACRA to 1.

In block transfer mode, atransfer of the specified block sizeis carried out in response to asingle
transfer request, and thisis executed the specified number of times. The transfer sourceis
specified by MARA, and the transfer destination by MARB. Either the transfer source or the
transfer destination can be selected as a block area (an area composed of a number of bytes or
words).

Table 5-11 summarizes register functions in block transfer mode.

Table5-11 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 . . 0 Source address  Start address of Incremented/decremented
| . MARA | register transfer source every transfer, or fixed
23 . . 0 Destination Start address of Incremented/decremented
| \ MARB | address register transfer destination every transfer, or fixed
7 0 Holds block Block size Fixed
ETCRAH| size
Block size Block size Decremented every
7 Y 0 counter transfer; ETCRH value
ETCRAL copied when count reaches
H'00
15 . 0 Block transfer Number of block Decremented every block
| ETCRB | counter transfers transfer; transfer ends
when count reaches
H'0000

Legend

MARA : Memory address register A
MARB : Memory address register B
ETCRA : Execute transfer count register A
ETCRB : Execute transfer count register B

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.
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Whether ablock is to be designated for MARA or for MARB is specified by the BLKDIR bit in

DMACRA.

To specify the number of transfers, if M isthe size of one block (where M = 1 to 256) and N
transfers are to be performed (where N = 1 to 65,536), M is set in both ETCRAH and ETCRAL,

and N in ETCRB.

Figure 5-13 illustrates operation in block transfer mode when MARB is designated as a block area.

T~

Address Ty —m=

1st block

Consecutive transfer
of M bytes or words
_ | is performed in
response to one
request

2nd block

Nth block

\j

Address By —m=

/\/

Legend
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (-=1)SAID . (2DTSZ . (M:N-1))
Address Bg = Lg + DAIDE - (=1)PAID . (2DTSZ . (N-1))
Where : La = Value setin MARA

Lg = Value setin MARB

N =Value setin ETCRB

M = Value setin ETCRAH and ETCRAL

/\/

Block area

/\/

~a— Address Tg

)

-4 Address Bg

Figure5-13 Operation in Block Transfer Mode (BLKDIR =0)
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Figure 5-14 illustrates operation in block transfer mode when MARA is designated as a block

area.

Address Ta —m=

Address Bo —m

Legend

Address Ta = La
Address Tg = Lp

T~

Block area

Consecutive transfer [

of M bytes or words
is performed in
response to one
request

Address Ba = La + SAIDE - (-1)SAID . (2DTSZ . (N-1))

Address Bg = Lg + DAIDE - (—=1)PAID . (2DTSZ . (M-N-1))

Where : La = Value setin MARA
Lg = Value setin MARB
N =Value setin ETCRB
M =Value setin ETCRAH and ETCRAL

/\_/

1st block

~— Address Ty

2nd block

Nth block

Y

--— Address By

Figure5-14 Operation in Block Transfer Mode (BLKDIR = 1)
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ETCRAL isdecremented by 1 each time a byte or word transfer is performed. In responseto a
single transfer request, burst transfer is performed until the value in ETCRAL reaches H'00.
ETCRAL isthen loaded with the value in ETCRAH. At thistime, the value in the MAR register
for which a block designation has been given by the BLKDIR bit in DMACRA isrestored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bitsin DMACR.

ETCRB is decremented by 1 after every block transfer, and when the count reaches H'0000 the
DTE bit is cleared and transfer ends. If the DTIE bit is set to 1 at this point, an interrupt request is
sent to the CPU or DTC.

Figure 5-15 shows the operation flow in block transfer mode.
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Start
(DTE =DTME =1)

| Read address specified by MARA |
\

| MARA=MARA+SAIDE(~1)SAID.2DTSZ |
\

| Write to address specified by MARB |

\
| MARB=MARB+DAIDE-(~1)DAID .2DTSZ |

\
ETCRAL=ETCRAL-1

ETCRAL=H'00 No

Yes
Release bus

| ETCRAL=ETCRAH |

BLKDIR=0 No

Yes

| MARB=MARB-DAIDE-(~1)PAID.2DTSZ.ETCRAH |
]

Y

| MARA=MARA—SAIDE-(~1)SAID.2DTSZ. ETCRAH |

-
|

ETCRB=ETCRB-1

No

ETCRB=H'0000

Clear DTE bitto 0
to end transfer

Figure5-15 Operation Flow in Block Transfer Mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
reguests, SCI transmission compl ete and reception complete interrupts, and TPU channel 0to 5
compare match/input capture A interrupts.
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For details, see section 5.3.4, DMA Control Register (DMACR).

Figure 5-16 shows an example of the setting procedure for block transfer mode.

Block t
mode setting

ransfer

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number

of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

\

/

< Block transfer mode >

(1]

(2]

(3]

[4]

(5]

(6]

[1] Set each bitin DMABCRH.
« Set the FAE bit to 1 to select full address
mode.
« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address in MARA, and
the transfer destination address in MARB.

[3] Set the block size in both ETCRAH and
ETCRAL. Set the number of transfers in
ETCRB.

[4] Set each bitin DMACRA and DMACRB.

« Set the transfer data size with the DTSZ bit.
» Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and

SAIDE bits.

¢ Set the BLKE bit to 1 to select block transfer
mode.

« Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bit.

« Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

¢ Select the activation source with bits DTF3 to
DTFO.

[5] Read DTE =0 and DTME =0 in DMABCRL.

[6] Set each bitin DMABCRL.
« Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.
¢ Set both the DTME bit and the DTE bitto 1 to
enable transfer.

Figure5-16 Exampleof Block Transfer Mode Setting Procedure
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5.5.8 DMAC Activation Sources

DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The
activation sources that can be specified depend on the transfer mode and the channel, as shown in
table 5-12.

Table5-12 DMAC Activation Sources

Short Address Mode Full Address Mode

Block
Channels Channels Normal Transfer
Activation Source OA and 1A OB and 1B Mode Mode

Internal ADI X

O

Interrupts TXI0

RXI0

TXI1

RXI1

TGIOA

TGI1A

TGI2A

TGI3A

TGI4A

TGI5A

External DREQ pin falling edge input

Requests  BREQ pin low-level input

X|X|X10/0]0|0|0]|00|0|0|0
X000 ]0]0]0|O0|0]|O00|0|0|0
X|O|0|0]0]0]0|O0|O0|O00|0|0|0

OlOIO x| x| x| x|x|x|x|x|x|x

Auto-request

Legend
(O: Can be specified
X : Cannot be specified

Activation by Internal Interrupt: An interrupt request selected asa DMAC activation source
can be sent simultaneously to the CPU and DTC. For details, see section 3, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the
interrupt controller. Consequently, interrupt controller priority settings are irrelevant.

If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used as a
DTC activation source (DTA = 1), the interrupt source flag is cleared automatically by the DMA
transfer. With ADI, TXI, and RXI interrupts, however, the interrupt source flag is not cleared
unless the prescribed register is accessed in aDMA transfer. If the same interrupt is used as an
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activation source for more than one channel, the interrupt request flag is cleared when the highest-
priority channel is activated first. Transfer requests for other channels are held pending in the
DMAC, and activation is carried out in order of priority.

When DTE = 0, such as after completion of atransfer, a request from the selected activation
sourceis not sent to the DMAC, regardless of the DTA bit. In this case, the relevant interrupt
request is sent to the CPU or DTC.

In case of overlap with a CPU interrupt source or DTC activation source (DTA = 0), the interrupt
request flag is not cleared by the DMAC.

Activation by External Request: If an external request (DREQ pin) is specified as an activation
source, the relevant port should be set to input mode in advance.

Level sensing or edge sensing can be used for external requests.

External request operation in normal mode (short address mode or full address mode) is described
below.

When edge sensing is selected, a 1-byte or 1-word transfer is executed each time a high-to-low
transition is detected on the DREQ pin. The next transfer may not be performed if the next edge is
input before transfer is compl eted.

When level sensing is selected, the DMAC stands by for atransfer request while the DREQ pinis
held high. While the DREQ pin is held low, transfers continue in succession, with the bus being
released each time a byte or word is transferred. If the DREQ pin goes high in the middle of a
transfer, the transfer isinterrupted and the DMAC stands by for a transfer request.

Activation by Auto-Request: Auto-request activation is performed by register setting only, and
transfer continues to the end.

With auto-request activation, cycle steal mode or burst mode can be selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is
transferred. DMA and CPU cycles usually alternate.

In burst mode, the DMAC keeps possession of the bus until the end of the transfer, and transfer is
performed continuously.

Single Address Mode: The DMAC can operate in dual address mode in which read cycles and
write cycles are separate cycles, or single address mode in which read and write cycles are
executed in parallel.

In dual address mode, transfer is performed with the source address and destination address
specified separately.
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In single address mode, on the other hand, transfer is performed between external spacein which
either the transfer source or the transfer destination is specified by an address, and an external
device for which selection is performed by means of the DACK strobe, without regard to the
address. Figure 5-16 shows the data bus in single address mode.

RD -
HWR, LWR g
External
Az to A Address bus memory
oo (Read)
H8S/2338 Series, }
H8S/2328 Series, or | [ —— >
H8S/2318 Series o o (Write)
1ER
Dy5 to Do IR
(high impedance) 8l
e —— — External
device
DACK -

Figure5-17 DataBusin Single Address Mode

When using the DMAC for single address mode reading, transfer is performed from external
memory to the external device, and the DACK pin functions as awrite strobe for the external
device. When using the DMAC for single address mode writing, transfer is performed from the
external device to external memory, and the DACK pin functions as a read strobe for the external
device. Since thereis no directional control for the external device, one or other of the above
single directions should be used.

Bus cycles in single address mode are in accordance with the settings of the bus controller for the
external memory area. On the external device side, DACK is output in synchronization with the
address strobe. For details of bus cycles, see section 5.5.11, DMAC Bus Cycles (Single Address
Mode).

Do not specify internal space for transfer addresses in single address mode.
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55.9 Basic DMAC Bus Cycles

An example of the basic DMAC bus cycletiming is shown in figure 5-18. In this example, word-
sizetransfer is performed from 16-bit , 2-state access space to 8-bit, 3-state access space. When
the busis transferred from the CPU to the DMAC, a source address read and destination address
write are performed. The busis not released in response to another bus request, etc., between
these read and write operations. Aswith CPU cycles, DMA cycles conform to the bus controller
settings.

CPU cycle DMAC cycle (1-word transfer) | CPU cycle

Ty T Ty T2 Tz T1 T2 T3

| address | Destination address |

Address bus X D( X X

RD

FWR 3
CWR

Figure5-18 Example of DMA Transfer Bus Timing

The address is not output to the external address busin an access to on-chip memory or an internal
1/O register.
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55.10 DMAC BusCycles(Dual Address Mode)

Short Address Mode: Figure 5-19 shows atransfer example in which TEND output is enabled
and byte-size short address mode transfer (sequential/idle/repeat mode) is performed from external
8-hit, 2-state access space to internal 1/0 space.

DMA DMA DMA DMA DMA DMA DMA
write dead

| N N o
TN S L N N
| | iy | iy | | |

HWR : : K : L : L
| | D) | ) | | |

LWR | | SO | SO | | |
1 1 D) 1 ) | ‘ ‘

TEND | ‘ e ‘ ¢ | |

Bus release Bus release Bus release  Last transfer Bus

cycle release

Figure5-19 Exampleof Short Address Mode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. Whilethe busis released one or more bus cycles are executed by the CPU or
DTC.

In the transfer end cycle (the cyclein which the transfer counter reaches 0), a one-state DMA dead
cycle isinserted after the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer cyclein
which the transfer counter reaches 0.
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Full Address Mode (Cycle Steal Mode): Figure 5-20 shows atransfer example in which TEND
output is enabled and word-size full address mode transfer (cycle steal mode) is performed from
external 16-hit, 2-state access space to external 16-hit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
write  dead;

Address bus %X ;X gtx ;x itx ;X 3 ‘
W e U s U
T R
T e e N L N
T I R U SN

BUS;;SG BuLTeIZase BLES rele:ase Last transfer : Bus

cycle release

Figure5-20 Example of Full Address Mode (Cycle Steal) Transfer

A one-byte or one-word transfer is performed, and after the transfer the busisreleased. Whilethe
bus s released one bus cycle is executed by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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Full Address Mode (Burst Mode): Figure 5-21 shows atransfer example in which TEND output
is enabled and word-size full address mode transfer (burst mode) is performed from external 16-
bit, 2-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
write read write read write 'dead

-

Address bus ;X >< ;X ;X >< ;X
|

S W s g
o LT L L

Burst transfer

Figure5-21 Exampleof Full Address Mode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cyclein which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

If arequest from another higher-priority channel is generated after burst transfer starts, that
channel hasto wait until the burst transfer ends.

If an NMI is generated while a channel designated for burst transfer isin the transfer enabled state,
the DTME bit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has already been activated inside the DMAC, the bus is released on completion of a one-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burst transfer has already been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.
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Full Address Mode (Block Transfer M ode): Figure 5-22 shows a transfer example in which
TEND output is enabled and word-size full address mode transfer (block transfer mode) is
performed from internal 16-bit, 1-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
'read| write read] write dead| 'read| write read] write |dead|

Address bus U U

RD | | | | | | | | | | | |
! ! ! ! ! 1()() ! ! ! ! ! !
HWR | | | | | | | | | | | |
| | I—, | | I—, | | | | I—, | | I—, | |
i i i i i N i i i i i
LWR | | | | | S | i i i i
| | | | | | | | | | | |
| | | ‘ | by | | ‘ | |
TEND L ! A J
Bus release | Block transfer Bus release Last block transfer ' Bus
release

Figure5-22 Example of Full Address Mode (Block Transfer Mode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the busis
released. While the busis released, one or more bus cycles are executed by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-
state DMA dead cycleisinserted after the DMA write cycle.

One block is transmitted without interruption. NMI generation does not affect block transfer
operation.
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DREQ Pin Falling Edge Activation Timing: Set the DTA bit for the channel for which the
DREQ pinisselected to 1.

Figure 5-23 shows an example of DREQ pin falling edge activated normal mode transfer.

DMA DMA Bus DMA DMA Bus
Bus release read , write . release , read . write . release

- T

| | |
) ! !
[{ 1 |
| | |
)] \ \ \
T
| \ |
| |

ﬁfg ress X i:x Transfer source XTransferdestlnatlon‘x X ;:X Transfer source XTransferdestmamonx
DMA 1 . ; ; i ; 1 1
control _dle | | X;Read Write | X e | X;Read Write X idle !

T T \ \ [(S] T \ T

Channel //Request, ‘ Requestclear period ‘/Request‘g o Request clear period
— N - :

Minimum 1 Minimum 1
of 2 cycles of 2 cycles
< ; >

w o @ [él ORI 7]

%

Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2][5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3]1[6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of & starts.

[4] [7] When the DREQ pin high level has been sampled, acceptance is resumed after the write cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure5-23 Example of DREQ Pin Falling Edge Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next @ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
reguest is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA write cycle ends, acceptance
resumes after the end of the write cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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Figure 5-24 shows an example of DREQ pin falling edge activated block transfer mode transfer.

} 1 block transfer } } 1 block transfer }
I ——— I —
' DMA DMA  DMA ! Bus |  DMA DMA  DMA | Bus
Bus release | read ' write +dead release: read ! write +dead 1 release
; : ; ; ; : ; ; <

m

|
|
T
|
|
(o
|
|
i
i
|

| ) |
ﬁgg ress | X D(Transfer source Transfer destination | ;:XTransfer source D( Transfer destination x
A i ENE . A
control Idle | ! Read Write | Dead | X Idle Readx Write | X Dead | X ' Idle

| | | | | | j - | | |
Channel l’Requestlg Fsequest clear p‘eriod - [Request! u Request clear period ! !

I . -‘ I L\ V\ . .‘ ( I ( I I =\

 Minimum | i Minimum | | |

. of 2 cycles | | . of 2 cycles | | | |

(1] 2 @l [4] [5] (6] (71

Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3] [6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.

[4]1[7] When the DREQ pin high level has been sampled, acceptance is resumed after the dead cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure5-24 Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA dead cycle ends, acceptance
resumes after the end of the dead cycle, DREQ pin low level sampling is performed again, and this
operation is repeated until the transfer ends.
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DREQ Level Activation Timing (Normal Mode): Set the DTA bit for the channel for which the
DREQ pinisselected to 1.

Figure 5-25 shows an example of DREQ level activated normal mode transfer.

Address

bus

DMA

control

| | /4 | | 1 N |
Channel '/ Request \ ‘Request clear perlod | Reque(sT( ‘ Request clear perlod '
B R >

(1]
(2] [5]

(3] [6]
[41[7]

Note:

Bus DMA DMA Bus DMA DMA Bus
release ! read ; write . release read ; write :_release

| i i | i i i i

] e ] | /-23 ] - ] ]

[ : NN : [
I [ [{E] [AS

| | ! i i i | |

| | | | | | |

‘X X Transfer source XTransferdestlnatlonx b I Transfer source XTransferdestlnatlonX

)l
T

)

3 ReadX Write ‘ X Idle

Idle } 3 X:ead Write } Idle

. Minimum | o M|n|mum 1

. of 2 cycles | | 1 of 2 cycles | 1 |

1 02 [3] [4] [5] [6] [71
Acceptance resumes Acceptance resumes

Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

The request is cleared at the next bus break, and activation is started in the DMAC.

The DMA cycle is started.

Acceptance is resumed after the write cycle is completed.

(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure5-25 Example of DREQ Leve Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the write cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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Figure 5-26 shows an example of DREQ level activated block transfer mode transfer.

} 1 block transfer ' ' 1 block transfer }
| DMA DMA DMA | Bus | DMA DMA DMA | Bus
Bus release | read write \ dead ‘release‘ read write dead | release

DREG |

Address
bus

|
|
T
|
.
T ¢
|
|
)
|
|

)
X ::XTransfersource Transfer destination x ::yTransfersource:} Transfer destination :(
1§ L
| N | | |
oy ldle B ead)( ertL} | Dead) | ide X:t? ad) wite ! | Dead | [ lide
Channel /Request‘; Request cjlje‘ar period l/Requesﬂ;
' ¢ @ > ' ¢

i
|
e
! (i
|
i
|
Minimum Minimum 3
|
|
6

i
|
|
|

Request clear period 3

2 ‘
i
|
i
|

>
>

of 2 cycles of 2 cycles

4 [l (6] [7]

f

Acceptance resumes Acceptance resumes

1 2 (3]

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3]1[6] The DMA cycle is started.

[4] [7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure5-26 Example of DREQ Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the dead cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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55.11 DMAC BusCycles(Single Address M ode)

Single Address Mode (Read): Figure 5-27 shows atransfer example in which TEND output is
enabled and byte-size single address mode transfer (read) is performed from external 8-bit, 2-state
access space to an external device.

DMA
‘DMA read| 'DMA read | DMA read | 'DMA read dead|

Address bus X

RD

DACK | ‘[33 | ﬁé—\ l—(@

| | | |
TEND | | | |
| | | | i
- - -~ — | ‘ ‘
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure5-27 Example of Single Address Mode (Byte Read) Transfer

182
HITACHI




Figure 5-28 shows atransfer example in which TEND output is enabled and word-size single
address mode transfer (read) is performed from external 8-hit, 2-state access space to an external
device.

DMA
DMA read 'dead|

Address bus X X >§;:>< ¥ )ﬁ}}:x \ X:

[ N

w1 L [T [T

. —

TEND

Bus Bus Bus Last transfer Bus
release release release cycle release

Figure5-28 Example of Single Address Mode (Word Read) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. Whilethe busis released, one or more bus cycles are executed by the CPU or
DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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Single Address Mode (Write): Figure 5-29 shows atransfer example in which TEND output is
enabled and byte-size single address mode transfer (write) is performed from an external deviceto
external 8-hit, 2-state access space.

DMA
DMA write | 'DMA write| DMA write| 'DMA write dead;

i i i i i i i i

L S
\_WQ

|

HWR : : O :
WR - - - 1
! Ly i i i i i
DACK | | ﬁ* | | |'?E | |_?2 : :
i Ly Ly Ly i i
TEND : o o K :
Bus ‘ Bus‘ ‘ Bus ‘Bus ‘ Last transfer Bus
release release release release cycle release

Figure5-29 Example of Single Address Mode (Byte Write) Transfer
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Figure 5-30 shows atransfer example in which TEND output is enabled and word-size single
address mode transfer (write) is performed from an external device to external 8-bit, 2-state access
space.

DMA
DMA write dead|

Address bus X X )gi:x X >§§:>< X

R

I

S SO 1 U N I N B I

I I I I I
| 1)) | 1) | | |
TEND | IS | G |
| | | | ‘ |
I I I I I I
Bus Bus Bus Last transfer Bus
release release release cycle release

Figure5-30 Example of Single AddressMode (Word Write) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. Whilethe busis released one or more bus cycles are executed by the CPU or
DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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DREQ Pin Falling Edge Activation Timing: Set the DTA bit for the channel for which the
DREQ pinisselected to 1.

Figure 5-31 shows an example of DREQ pin falling edge activated single address mode transfer.

Bus release DMAsingle | Busrelease , DMAsingle  Bus release

lw]
s
m
[s]
~_ ~L
~ ==
~
AR

Transfer source/ Transfer source/

DACK ! !

: | )i 1 N )i :
(e {8 ("

DMA control Idle } } >§ Single Idle i i ><§ Single Idle i
| | ¢ | X —— A |

1 l Request clear | \ l Request clear |

Channel Request ! period //Request )! period !
: Minimum of : : Minimum of : : :

I 2 cycles I I 2 cycles I I

-— - |

(1] (2] (3] [4] (5] (6] (7]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3]1[6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.

[4] [71 When the DREQ pin high level has been sampled, acceptance is resumed after the single
cycle is completed. (As in [1], the DREQ pin low level is sampled on the rising edge of g, and
the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure5-31 Example of DREQ Pin Falling Edge Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA single cycle ends, acceptance
resumes after the end of the single cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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DREQ Pin Low Level Activation Timing: Set the DTA bit for the channel for which the DREQ
pinisselected to 1.

Figure 5-32 shows an example of DREQ pin low level activated single address mode transfer.

Bus
Bus release DMA single Bus release DMA single release

Transfer source/ Transfer source/ |

1

DACK |

| ) | ) ) |
DMA control Idle i i >§() Single>< Idle i (;) : ><§>Smgle>< Idle i
| | | | W l | |
i ‘ i Request clear i i Request clear i
Channel w ! period Request )! period !
! i i (@ i
| Minimum of | | Mlnlmum of | |
! 2 cycles ! ! 2 cycles ! !
[ e ASEmm— ] \4—'—»\ |
(1] [2] [3] [4] (5] (6] (7]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3]1[6] The DMAC cycle is started.

[4] [7] Acceptance is resumed after the single cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure5-32 Example of DREQ Pin Low Level Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the single cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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55.12 Write Data Buffer Function

DMAC internal-to-external dual address transfers and single address transfers can be executed at
high speed using the write data buffer function, enabling system throughput to be improved.

When the WDBE hit of BCRL in the bus controller is set to 1, enabling the write data buffer
function, dual address transfer external write cycles or single address transfers and internal
accesses (on-chip memory or internal 1/O registers) are executed in parallel. Internal accesses are
independent of the bus master, and DMAC dead cycles are regarded as internal accesses.

A low level can always be output from the TEND pin if the bus cyclein which alow level isto be
output is an external bus cycle. However, alow level is not output from the TEND pin if the bus
cyclein which alow level isto be output from the TEND pin is an internal bus cycle, and an
external write cycle is executed in parallel with this cycle.

Figure 5-33 shows an example of burst mode transfer from on-chip RAM to external memory
using the write data buffer function.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
read write read write read write read write dead

Uy
Internal address < >< >< >< >< >< >< >< >< >

Internal read signal

External address >< >< >< ><

[
TEND

Figure5-33 Example of Dual Address Transfer Using Write Data Buffer Function

Figure 5-34 shows an example of single address transfer using the write data buffer function. In
this example, the CPU program areaisin on-chip memory.
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DMA DMA CPU DMA CPU
read single read single read

LUy L
Internal address < >< >< >< >< >< >< >< >< >

Internal read signal | |

External address >< ><

RD

DACK

Figure5-34 Exampleof Single Address Transfer Using Write Data Buffer Function

When the write data buffer function is activated, the DMAC recognizes that the bus cycle
concerned has ended, and starts the next operation. Therefore, DREQ pin sampling is started one
state after the start of the DMA write cycle or single address transfer.

55.13 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B. Table 5-
13 summarizes the priority order for DMAC channels.

Table5-13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 T
Channel 1B Low

189
HITACHI




If transfer requests are issued simultaneously for more than one channel, or if atransfer request for
another channdl isissued during atransfer, when the busis released the DMAC selects the
highest-priority channel from among those issuing a request according to the priority order shown
intable 5-13.

During burst transfer, or when one block is being transferred in block transfer, the channel will not
be changed until the end of the transfer.

Figure 5-35 shows atransfer example in which transfer requests areissued simultaneously for
channels OA, 0B, and 1.

DMA
DMAread DMA write DMAread DMA write DMAread DMA write read
: ! ! . ! -

W — 1 ‘ ‘
o ) [ [

DMA control IcEXRéadX Write X Idle '@ Write. X ldle X%e‘adx Write X Read X:

Channel 0A ((Requ‘est clear : / :/‘ N :

i i B i i
Channel 0B . Request | Selection ‘\Re(ﬂuest clear 1/ / N
. hold | e 1/ V (e | |
| | | N | | | | |
Channel 1 | Request © _mow T T 7 Request i Selection \Requestclear !
. hold i  hold | a
Bus ' Channel OA ' Bus ' Channel OB ' Bus ' Channel 1 transfer
release transfer release transfer release

Figure5-35 Example of Multi-Channel Transfer

55.14 Relation Between the DMAC and External Bus Requests, Refresh Cycles, and the
DTC

There can be no break between aDMA cycle read and aDMA cyclewrite. This means that a
refresh cycle, external bus release cycle, or DTC cycleis not generated between the external read
and external writein aDMA cycle.

In the case of successive read and write cycles, such asin burst transfer or block transfer, arefresh
or external bus released state may be inserted after awrite cycle. Sincethe DTC has alower
priority than the DMAC, the DTC does not operate until the DMAC releases the bus.
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When DMA cycle reads or writes are accesses to on-chip memory or internal 1/O registers, these
DMA cycles can be executed at the same time as refresh cycles or external bus release. However,
simultaneous operation may not be possible when awrite buffer is used.

55.15 NMI Interruptsand DMAC

When an NMI interrupt is requested, burst mode transfer in full address mode is interrupted. An
NMI interrupt does not affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit
are set to 1. With burst mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME bit is cleared during burst mode transfer, the DMAC discontinues transfer on
completion of the 1-byte or 1-word transfer in progress, then releases the bus, which passes to the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again.
Figure 5-36 shows the procedure for continuing transfer when it has been interrupted by an NMI
interrupt on a channel designated for burst mode transfer.

Resumption of [1] Checkthat DTE =1 and
transfer on interrupted DTME = 0 in DMABCRL.

channel

[2] Write 1 to the DTME bhit.

(1]
No

Set DTME bitto 1 2]

Y

< Transfercontinues> < Transfer ends >

Figure5-36 Example of Procedurefor Continuing Transfer on Channel Interrupted by
NMI Interrupt

191
HITACHI




55.16 Forced Termination of DMAC Operation

If the DTE bit for the channel currently operating is cleared to 0, the DMAC stops on completion
of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the DTE bit is set to
1again.

In full address mode, the same applies to the DTME bit.

Figure 5-37 shows the procedure for forcibly terminating DMAC operation by software.

. [1] Clear the DTE bitin DMABCRL to 0.
Forced termination To prevent interrupt generation after forced
of DMAC P ptg

termination of DMAC operation, clear the DTIE bit
to 0 at the same time.

Clear DTE bitto 0 [1]

C Forced termination >

Figure5-37 Example of Procedurefor Forcibly Terminating DMAC Operation
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5,5.17 Clearing Full Address Mode

Figure 5-38 shows the procedure for releasing and initializing a channel designated for full address
mode. After full address mode has been cleared, the channel can be set to another transfer mode
using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to 0, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to 0 at the
Stop the channel [1] same time.
[2] Clear all bits in DMACRA and DMACRSB to 0.
[3] Clear the FAE bitin DMABCRH to 0.
Initialize DMACR [2]
Clear FAE bitto 0 [3]

Y

Initialization;
operation halted

Figure5-38 Example of Procedurefor Clearing Full Address Mode
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5.6

Interrupts

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 5-13
shows the interrupt sources and their priority order.

Table5-13 Interrupt Source Priority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of Interrupt due to end of High

transfer on channel 0A transfer on channel 0
DENDOB Interrupt due to end of Interrupt due to break in

transfer on channel 0B transfer on channel 0
DEND1A Interrupt due to end of Interrupt due to end of

transfer on channel 1A transfer on channel 1
DEND1B Interrupt due to end of Interrupt due to break in

transfer on channel 1B

transfer on channel 1

Low

Enabling or disabling of each interrupt source is set by means of the DTIE bit for the
corresponding channel in DMABCR, and interrupts from each source are sent to the interrupt
controller independently.

Therelative priority of transfer end interrupts on each channel is decided by the interrupt
controller, as shown in table 5-13.

Figure 5-39 shows a block diagram of atransfer end/transfer break interrupt. An interrupt is
always generated when the DTIE bit is set to 1 while the DTE bit is cleared to 0.

DTE/
DTME
Transfer end/transfer
break interrupt
DTIE

Figure5-39 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, atransfer break interrupt is generated when the DTME bit is cleared to O
whilethe DTIEB bit isset to 1.

In both short address mode and full address mode, DMABCR should be set so as to prevent the
occurrence of acombination that constitutes a condition for interrupt generation during setting.

194
HITACHI




5.7 Usage Notes

DMAC Register Accessduring Operation: Except for forced termination, the operating
(including transfer waiting state) channel setting should not be changed. The operating channel
setting should only be changed when transfer is disabled.

Also, MAC registers should not be written to in aDMA transfer.

M odule Stop: When the MSTP15 bit in MSTPCR is set to 1, the DMAC clock stops, and the
module stop state is entered. However, 1 cannot be written to the MSTP15 bit if any of the
DMAC channelsisenabled. This setting should therefore be made when DMAC operation is
stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the
following DMAC register settings are valid even in the module stop state, they should be
invalidated, if necessary, before a module stop.

e Transfer end/break interrupt (DTE = 0and DTIE = 1)
e TEND pinenable (TEE = 1)
* DACK pinenable (FAE=0and SAE=1)

Medium-Speed M ode: When the DTA bit is O, internal interrupt signals specified as DMAC
transfer sources are edge-detected.

In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip supporting
modules operate on a high-speed clock. Conseguently, if the period in which the relevant interrupt
source is cleared by the CPU, DTC, or another DMAC channel, and the next interrupt is
generated, isless than one state with respect to the DMAC clock (bus master clock), edge
detection may not be possible and the interrupt may be ignored.

Also, in medium-speed mode, DREQ pin sampling is performed on the rising edge of the medium-
speed clock.

Write Data Buffer Function: When the WDBE bit of BCRL in the bus controller isset to 1,
enabling the write data buffer function, dual address transfer external write cyclesor single
address transfers and internal accesses (on-chip memory or internal 1/O registers) are executed in
parallel.

e Write Data Buffer Function and DMAC Register Setting

If the setting of aregister that controls external accessesis changed during execution of an
external access by means of the write data buffer function, the external access may not be
performed normally. Registersthat control external accesses should only be manipulated when
external reads, etc., are used with DMAC operation disabled, and the operation is not
performed in parallel with external access.
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* Write Data Buffer Function and DMAC Operation Timing
The DMAC can start its next operation during external access using the write data buffer
function. Consequently, the DREQ pin sampling timing, TEND output timing, etc., are
different from the case in which the write data buffer function is disabled. Also, internal bus
cycles maybe hidden, and not visible.

 Write Data Buffer Function and TEND Output
A low level is not output at the TEND pin if the bus cyclein which alow leve isto be output
at the TEND pinisan internal bus cycle, and an external write cycleis executed in parallel
with thiscycle. Note, for example, that alow level may not be output at the TEND pin if the
write data buffer function is used when data transfer is performed between an internal 1/0
register and on-chip memory.
If at least one of the DMAC transfer addresses is an external address, alow level is output at
the TEND pin.
Figure 5-40 shows an examplein which alow level isnot output at the TEND pin.

DMA DMA
read write

| | |
|
| | |

o | 0 ] [ LI [

Internal address ‘ ! ><

Internal read signal : !
Internal write signal ;

External address | ><
HWR, LWR ‘
TEND

o Not output

External write by CPU, etc.

Figure5-40 Examplein Which Low Level isNot Output at TEND Pin
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Activation by Falling Edge on DREQ Pin: DREQ pin falling edge detection is performed in
synchronization with DMAC internal operations. The operation is as follows:

[1] Activation request wait state: Waits for detection of alow level on the DREQ pin, and switches
to[2].
[2] Transfer wait state: Waits for DMAC data transfer to become possible, and switchesto [3].

[3] Activation request disabled state: Waits for detection of ahigh level on the DREQ pin, and
switchesto [1].

After DMAC transfer is enabled, atransition ismadeto [1]. Thus, initial activation after transfer
is enabled is performed on detection of alow level.

Activation Sour ce Acceptance: At the start of activation source acceptance, alow level is
detected in both DREQ pin falling edge sensing and low level sensing. Similarly, in the case of an
internal interrupt, the interrupt request is detected. Therefore, arequest is accepted from an
internal interrupt or DREQ pin low level that occurs before execution of the DMABCRL writeto
enable transfer.

When the DMAC is activated, take any necessary steps to prevent an internal interrupt or DREQ
pin low level remaining from the end of the previous transfer, etc.

Internal Interrupt after End of Transfer: When the DTE hit is cleared to O at the end of a
transfer or by aforcible termination, the selected internal interrupt request will be sent to the CPU
or DTCevenif DTA issetto 1.

Also, if internal DMAC activation has already been initiated when operation is forcibly
terminated, the transfer is executed but flag clearing is not performed for the selected internal
interrupt even if DTA issetto 1.

Aninternal interrupt request following the end of transfer or aforcible termination should be
handled by the CPU as necessary.

Channel Re-Setting: To reactivate a number of channels when multiple channels are enabled, use
exclusive handling of transfer end interrupts, and perform DMABCR control bit operations
exclusively.

Note, in particular, that in cases where multiple interrupts are generated between reading and
writing of DMABCR, and aDMABCR operation is performed during new interrupt handling, the
DMABCR write datain the original interrupt handling routine will be incorrect, and the write may
invalidate the results of the operations by the multiple interrupts. Ensure that overlapping
DMABCR operations are not performed by multiple interrupts, and that there is no separation
between read and write operations by the use of a bit-manipulation instruction.

Also, when the DTE and DTME bits are cleared by the DMAC or are written with 0, they must
first be read while cleared to 0 before the CPU can write a 1 to them.
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Section 6 Data Transfer Controller

6.1 Overview

The H85/2338 Series, H85/2328 Series, and H8S5/2318 Series include a data transfer controller
(DTC). The DTC can be activated for data transfer by an interrupt or software.

6.1.1 Features

The features of the DTC are:

Transfer possible over any number of channels

O Transfer information is stored in memory

0 One activation source can trigger a number of data transfers (chain transfer)
O Chaintransfer execution can be set after data transfer (when counter = 0)

Selection of transfer modes
O Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selected

Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified

Transfer can be set in byte or word units

A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends

O Aninterrupt request can be issued to the CPU after all the specified data transfers have
ended

Activation by softwareis possible

Module stop mode can be set

O Theinitia setting enables DTC registers to be accessed. DTC operation is halted by setting
modul e stop mode
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the DTC.

The DTC' s register information is stored in the on-chip RAM*. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit, 1-state reading and writing of DTC register
information.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller ~ DTC RAM
c
o
©
z e g E
Interrupt W o || D L2 e
requestD O =0|l> > s | |2 2% ) s |
2] alla c c Si<|mnQjn Q.
So o || o |
g2 | © <lo|o o
293 4 Q|
o= = x .
Q !
6]
'_
O D
CPU interrupt Internal data bus
request
Legend
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCERF : DTC enable registers Ato F
DTVECR : DTC vector register

Figure6-1 Block Diagram of DTC
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6.1.3 Register Configuration
Table 6-1 summarizes the DTC registers.

Table6-1 DTC Registers

Name Abbreviation R/W Initial Value  Address*'

DTC mode register A MRA —*2  Undefined —8

DTC mode register B MRB —*2  Undefined —3

DTC source address register SAR —*2  Undefined —*3

DTC destination address register DAR —*2  Undefined —8

DTC transfer count register A CRA —*2  Undefined —*3

DTC transfer count register B CRB —*2  Undefined —*3

DTC enable registers DTCER R/W  H'00 H'FF30 to H'FF35
DTC vector register DTVECR R/W  H'00 H'FF37

Module stop control register MSTPCR R/W  H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.

2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'F800 to H'FBFF. It cannot
be located in external space. When the DTC is used, do not clear the RAME bit in

SYSCR to 0.

HITACHI
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6.2 Register Descriptions

62.1  DTC ModeRegister A (MRA)

Bit : 7 6 5 4 3 2 1 0
| sM1 | swvo | pmi | DmO | MD1 | MDO | DTS | sz |
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

R/W : — — — — — — — —

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SMO): These bits specify whether SAR is
to be incremented, decremented, or |eft fixed after a datatransfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by -1 when Sz = 0; by -2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM 1, DM 0): These hits specify whether
DAR isto be incremented, decremented, or |eft fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)
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Bits3and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 I

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
side is set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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6.2.2 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0
| CHNE | DISEL| CHNs | — | — | — | — | — |
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined
R/W : — — — — — — — —

MRB is an 8-bit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER are not performed.

When CHNE is set to 1, the chain transfer condition can be selected with the CHNS bit.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requeststo the CPU are
disabled or enabled after a data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bit 5—DTC Chain Transfer Select (CHNS): Specifies the chain transfer condition when CHNE
isl
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Bit 7 Bit 5

CHNE CHNS Description

0 - No chain transfer (DTC data transfer end, activation waiting state entered)
1 0 DTC chain transfer

1 1 Chain transfer only when transfer counter = 0

Bits 4 to 0—Reserved: These bits have no effect on DTC operation in the H8S/2338 Series,
H8S5/2328 Series, and H85/2318 Series, and should always be written with 0.

6.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 ——— 4 3 2 1 0

Initial value :  uUnde- Unde- Unde- Unde- Unde- —-—— Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

R/W = = = = = S - - - - —

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

6.24 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 -——= 4 3 2 1 0

Initial value :  unde- Unde- Unde-Unde- Unde- - Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

RIW D= = = = = - S —

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
6.2.5 DTC Transfer Count Register A (CRA)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PPl

Initial value :  unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W - = = = = = = = = = = = = = = =

~ (M CRAH [ « [ CRAL [
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CRA isa16-hit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA register functions as a 16-bit transfer counter (1 to 65536). Itis
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA register is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL isdecremented by 1 every time datais
transferred, and the contents of CRAH are sent when the count reaches H'00. This operationis
repeated.

6.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEEEEEEEEEEEEE.

Initial value :  unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W _ - = = = = = = = = = = = = = =

CRB isa 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

6.2.7 DTC Enable Registers (DTCER)

Bit L7 6 5 4 3 2 1 0

| DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

The DTC enable registers comprise nine 8-bit readable/writable registers, DTCERA to DTCERI,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters areinitialized to H'00 by areset and in hardware standby mode.
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Bit n—DTC Activation Enable (DTCEN)

Bitn

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 1 and the data transfer has ended
* When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=71to00)

A DTCE hit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 6-4, together with the vector numbers
generated by the interrupt controller.

For DTCE hit setting, read/write operations must be performed using bit-manipulation instructions
such as BSET and BCLR. For theinitia setting only, however, when multiple activation sources
are set at onetime, it is possible to disable interrupts and write after executing a dummy read on
the relevant register.

6.2.8 DTC Vector Register (DTVECR)

Bit L7 6 5 4 3 2 1 0

| SWDTE | DTVECE| DTVECS | DTVEC4| DTVEC3| DTVEC2| DTVECL | DTVECO)
Initial value : 0 0 0 0 0 0 0 0
RIW CORIWY RIW)*2 RIW)Y 2 RIOW) 2 RIW)*2  RIW) 2 RIW) 2 RI(W)*2

Notes: 1. A value of 1 can always be written to the SWDTE bit.
2. Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-hit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

1 DTC software activation is enabled

[Holding conditions]
* When the DISEL bit is 1 and data transfer has ended
¢ When the specified nhumber of transfers have ended

< During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO0): These bits
specify avector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates aone-bit |eft-
shift. For example, when DTVEC6 to DTVECO = H'10, the vector address is H'0420.

6.2.9 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

| |

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEEEEEEEEENEEE.

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/IW RIW R/IW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP14 hit in MSTPCR is set to 1, DTC operation stops at the end of the bus cycle and
atransition is made to module stop mode. However, 1 cannot be written in the MSTP14 bit while
the DTC is operating. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 14—Module Stop (M STP14): Specifies the DTC module stop mode.

Bit 14

MSTP14  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set

6.3 Operation

6.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with asingle activation. A setting can also be made to have chain
transfer performed only when the transfer counter value is 0. This enables DTC re-setting to be
performed by the DTC itself.

Figure 6-2 shows a flowchart of DTC operation, and table 6-2 summarizes the chain transfer
conditions (combinations for performing the second and third transfers are omitted).
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Figure6-2 Flowchart of DTC Operation
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Table 6-2

1st Transfer

Chain Transfer Conditions

2nd Transfer

CHNE CHNS DISEL CR CHNE CHNS DISEL CR DTC Transfer
0 — 0 Not 0 — — — — Ends at 1st transfer
0 — 0 0 — — — — Ends at 1st transfer
0 — 1 — — — — — Interrupt request to CPU
1 0 — — 0 — 0 NotO0 Ends at 2nd transfer

0 — 0 0 Ends at 2nd transfer

0 — 1 — Interrupt request to CPU
1 1 0 Not O — — — — Ends at 1st transfer
1 1 — 0 0 — 0 Not 0 Ends at 2nd transfer

0 — 0 0 Ends at 2nd transfer

0 — 1 — Interrupt request to CPU
1 1 1 Not O — — — — Ends at 1st transfer

Interrupt request to CPU

The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,

decremented, or left fixed.

Table 6-3 outlines the functions of the DTC.
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Table6-3 DTC Functions

Address Registers

Transfer Transfer
Transfer Mode Activation Source* Source Destination
« Normal mode « IRQ 24 bits 24 bits
O One transfer request transfers one byte e TPUTGI
or one word * 8-bit timer CMI
O Memory addresses are incremented e SCITXl or RXI

d

or decremented by 1 or 2
Up to 65,536 transfers possible

Repeat mode .

d

ad

g

One transfer request transfers one byte .
or one word

Memory addresses are incremented

or decremented by 1 or 2

After the specified number of transfers
(1 to 256), the initial state resumes and
operation continues

Block transfer mode

O

One transfer request transfers a block
of the specified size

Block size is from 1 to 256 bytes or words
Up to 65,536 transfers possible

A block area can be designated at either
the source or destination

A/D converter
ADI

DMAC DEND
Software

Note: * Activation sources depend on the on-chip modules provided with each model; see the
reference manual for the relevant model for details.
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6.3.2 Activation Sources

The DTC operates when activated by an interrupt or by awriteto DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit isset to 1, and a

CPU interrupt source when the bit is cleared to O.

At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 6-4 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI10, for example, isthe RDRF flag

of SCIO0.

Table6-4 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended
Software activation The SWDTE bit is cleared to 0 e The SWDTE bit remains setto 1

An interrupt is issued to the CPU

Interrupt activation « The corresponding DTCER .
bit remains set to 1

» The activation source flag is .
cleared to O

The corresponding DTCER bit is
clearedto O

The activation source flag remains set
tol

A request is issued to the CPU for the
activation source interrupt

Figure 6-3 shows a block diagram of activation source control. For details see section 3, Interrupt

Controller.
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=
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'©
. o c
IRQ interrupt ™ o
Interrupt °
(3]
request ° »-
DTVECR @ »| Interrupt controller cPU

Interrupt mask

Figure6-3 Block Diagram of DTC Activation Sour ce Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

6.3.3 DTC Vector Table

Figure 6-4 shows the correspondence between DTC vector addresses and register information.

Table 6-5 shows the correspondence between activation, vector addresses, and DTCER bits. When
the DTC is activated by software, the vector addressis obtained from: H'0400 + (DTVECR][6:0]
<< 1) (where << 1lindicates a 1-bit left shift). For example, if DTVECR isH'10, the vector
address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal* and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Normal mode is not supported in the H8S/2338 Series, H85/2328 Series, or H83S/2318
Series.
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Table6-5 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
Write to DTVECR Software DTVECR H'0400+ — High

(DTVECR A
[6:0]<<1)
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5S
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEAl
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCECG6
input capture) Low
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Table6-5 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCESs (cont)

Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCEDS5S
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
CMIAO 8-bit timer 64 H'0480 DTCED3
CMIBO channel 0 65 H0482  DTCED2
CMIAL 8-bit timer 68 H'0488 DTCED1
CMIB1 channel 1 69 H'048A  DTCEDO
RXIO (reception complete 0) SClI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 H'04AC  DTCEEO
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 H04B4  DTCEF6 Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with O.
Sources depend on the on-chip modules provided with each model; see the reference

manual for the relevant model for details.
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DTC vector
address

start address

m

Register information /
- n |

Next transfer

Register information

~N_ @

Figure6-4 Correspondence between DTC Vector Address and Register Information

6.3.4 L ocation of Register Information in Address Space

Figure 6-5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFF800 to H'FFFBFF).

Lower address
. 0 1
Register T T
information — ™| MRA SAR
start address
MRB DAR
Chain CRA CRB
transfer = MRA SAR
MRB DAR
CRA CRB
B 4 bytes

Register information

Register information
for 2nd transfer in
chain transfer

Figure6-5 Location of DTC Register Information in Address Space
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6.3.5 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt can be requested.

Table 6-6 lists the register information in normal mode and figure 6-6 shows the memory map in

normal mode.
Table6-6 Register Information in Normal Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used
N N
SAR —» E— <— DAR
Transfer
~N_ ~N_

Figure6-6 Memory Map in Normal Mode

218

HITACHI




6.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 6-7 lists the register information in repeat mode and figure 6-7 shows the memory map in
repeat mode.

Table6-7 Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer counter
DTC transfer count register B CRB Not used

Me N Me N

SAR or DAR or
DAR — ™ Repeat area <:> -— 5AR
Transfer

mm

Figure6-7 Memory Map in Repeat Mode
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6.3.7 Block Transfer Mode
In block transfer mode, one operation transfers one block of data.

The block sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block areais restored. The other address register
is then incremented, decremented, or |eft fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 6-8 lists the register information in block transfer mode and figure 6-8 shows the memory
map in block transfer mode.

Table6-8 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates transfer source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size counter

DTC transfer count register B CRB Transfer counter
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H First block

] m
SAR or B N B DAR or
DAR —™ Block area -— SAR

- - Transfer [

B ] m

Nth block
~N_
Figure6-8 Memory Map in Block Transfer Mode
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6.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of datatransfersto be performed consecutively in
response to asingle transfer request. It is also possible, by setting both the CHNE hit and CHNS
bit to 1, to specify execution of chain transfer only when the transfer counter valueis 0. SAR,
DAR, CRA, CRB, MRA, and MRB, which define data transfers, can be set independently.

Figure 6-9 shows the memory map for chain transfer.

DTC vector
address

Register information
start address

Register information
CHNE =1

Register information
CHNE =0

/\/

T~

Source

Destination

Source

I

Destination

Figure6-9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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6.3.9 Operation Timing

Figures 6-10 to 6-12 show examples of DTC operation timing.

° Sy yUnyL
DTC activation \

request /

DTC J \—
request

Data transfer

Vector read

- -
e O OO0k 00
-~ -

Transfer Transfer
information read information write

Figure6-10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

o JUUUyrUrryr UL
DTC activation
request / \

DTC request / \

Data transfer

Vector read

-~
s O OOt OO0

-y~ -
Transfer Transfer
information read information write

Figure6-11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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o Juvyyiirryyrirryyyyyuyt

DTC activation
request _/ \
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure6-12 DTC Operation Timing (Example of Chain Transfer)

6.3.10 Number of DTC Execution States

Table 6-9 lists execution phases for asingle DTC data transfer, and table 6-10 shows the number
of states required for each execution phase.

Table6-9 DTC Execution Phases

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table6-10 Number of States Required for Each Execution Phase

On- On-
Chip Chip On-Chip I/O
Access To: RAM ROM Registers External Devices
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
phase Register ;1 S U —
information
read/write
Byte data read S 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte data write S, 1 1 2 2 2 3+m 2 3+m
Word datawrite S, 1 1 4 2 4 6+2m 2 3+m
Internal operation S,, 1

The number of execution states is calculated from the formula below. Note that ¥ means the sum
of al transfers activated by one activation event (the number in which the CHNE bit isset to 1,

plus1).

Number of execution states=1-S+2(J-§+K: -S§+L-§)+M S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and datais transferred from the on-chip ROM to an internal 1/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the data writeis 10 states.

HITACHI
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6.3.11 Proceduresfor UsingDTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:

(1]
(2]
(3]
(4]

(5]

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bit in DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The
DTC is activated when an interrupt used as an activation source is generated.

After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE hit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:

(1
(2]
(3]
(4]
(5]
(6]

226

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to O. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit isheld at 1 and a CPU interrupt is requested.
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6.3.12 Examplesof Useof theDTC

Normal Mode: An exampleis shown in which the DTC is used to receive 128 bytes of datavia
the SCI.

(1]

(2]
(3]
[4]

(5]

6]

Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1
=1, DM0 = 0), norma mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can
have any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set
the SCI RDR addressin SAR, the start address of the RAM area where the data will be
received in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

Set the start address of the register information at the DTC vector address.
Set the corresponding bit in DTCER to 1.

Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the
reception complete (RX1) interrupt. Since the generation of areceive error during the SCI
receive operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from
RDR to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag
isautomatically cleared to O.

When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE hit iscleared to 0, and an RX| interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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Chain Transfer: An example of DTC chain transfer is shown in which pulse output is performed
using the PPG. Chain transfer can be used to perform pulse output data transfer and PPG output
trigger cycle updating. Repeat mode transfer to the PPG’'s NDR is performed in the first half of the
chain transfer, and normal mode transfer to the TPU’s TGR in the second half. This is because
clearing of the activation source and interrupt generation at the end of the specified number of
transfers are restricted to the second half of the chain transfer (transfer when CHNE = 0).

[1] Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 = 0,
MDO = 1), and word size (Sz = 1). Set the source side as arepeat area (DTS = 1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the datatable start addressin SAR, the NDRH
addressin DAR, and the data table sizein CRAH and CRAL. CRB can be set to any value.

[2] Perform settingsfor transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1=1, SMO0 = 0), fixed destination address (DM1 = DMO = 0), norma mode (MD1 =
MDO = 0), and word size (Sz = 1). Set the data table start address in SAR, the TGRA address
in DAR, and the datatable sizein CRA. CRB can be set to any value.

[3] Locatethe TPU transfer register information consecutively after the NDR transfer register
information.

[4] Setthe start address of the NDR transfer register information to the DTC vector address.
[5] Setthehit correspondingto TGIA in DTCER to 1.

[6] Set TGRA asan output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

[7] Settheinitia output valuein PODR, and the next output value in NDR. Set bitsin DDR and
NDER for which output isto be performed to 1. Using PCR, select the TPU compare match
to be used as the output trigger.

[8] SettheCST hitin TSTRto 1, and start the TCNT count operation.

[9] EachtimeaTGRA compare match occurs, the next output value is transferred to NDR and
the set value of the next output trigger period is transferred to TGRA. The activation source
TGFA flag is cleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA valueis0), the
TGFA flagisheld at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to
the CPU. Wrap-up processing should be performed in the interrupt handling routine.
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Chain Transfer when Counter = 0: By executing a second data transfer, and performing re-
setting of the first data transfer, only when the counter valueis 0, it is possible to perform 256 or
more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 6-13 shows the memory map.

[1] For thefirst transfer, set the normal mode for input data. Set fixed transfer source address
(G/A, etc.), CRA = H'0000 (64k times), and CHNE = 1, CHNS =1, and DISEL = 0.

[2] Prepare the upper 8-bit addresses of the start addresses for each of the 64k transfer start
addresses for the first data transfer in a separate area (in ROM, etc.). For example, if the input
buffer comprises H'200000 to H'21FFFF, prepare H'21 and H'20.

[3] For the second transfer, set repeat mode (with the source side as the repeat area) for re-setting
the transfer destination address for the first data transfer. Use the upper 8 bits of DAR in the
first register information area as the transfer destination. Set CHNE = DISEL = 0. If the above
input buffer is specified as H'200000 to H'21FFFF, set the transfer counter to 2.

[4] Execute thefirst data transfer 64k times by means of interrupts. When the transfer counter for
the first data transfer reaches 0, the second data transfer is started. Set the upper 8 bits of the
transfer source address for the first data transfer to H'21. The lower 16 bits of the transfer
destination address of the first data transfer and the transfer counter are H'0000.

[5] Next, execute the first data transfer the 64k times specified for the first data transfer by means
of interrupts. When the transfer counter for the first data transfer reaches 0, the second data
transfer is started. Set the upper 8 bits of the transfer source address for the first data transfer to
H'20. The lower 16 bits of the transfer destination address of the first data transfer and the
transfer counter are H'0000.

[6] Steps[4] and [5] are repeated endlessly. As repeat mode is specified for the second data
transfer, an interrupt request is not sent to the CPU.
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Figure6-13 Chain Transfer when Counter =0
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Softwar e Activation: An example is shown in which the DTC is used to transfer a block of 128
bytes of data by means of software activation. The transfer source addressis H'1000 and the
destination address is H'2000. The vector number is H'60, so the vector addressis H'04CO0.

(1]

(2]
(3]

[4]
(5]

6]

(7]

Set MRA to incrementing source address (SM1 =1, SM0 = 0), incrementing destination
address (DM1 =1, DMO = 0), block transfer mode (MD1 =1, MDO = 0), and byte size (Sz =
0). The DTS hit can have any value. Set MRB for one block transfer by one interrupt (CHNE
=0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in
DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

Set the start address of the register information at the DTC vector address (H'04C0).

Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer
activated by software.

Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EO.

Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between
steps 3 and 4 and led to a different software activation. To activate this transfer, go back to
step 3.

If the write was successful, the DTC is activated and a block of 128 bytes of datais
transferred.

After the transfer, an SWDTEND interrupt occurs. Theinterrupt handling routine should
clear the SWDTE bit to 0 and perform other wrap-up processing.
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6.4 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer for which the DISEL bit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interruptsto the CPU are
subject to CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. Theinterrupt handling routine should clear the SWDTE bit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit isset to 1.

6.5 Usage Notes

M odule Stop: When the MSTP14 bitin MSTPCR is set to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written to the MSTP14 bit whilethe DTC is
operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are al located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to O.

DMAC Transfer End Interrupt: When DTC transfer is activated by aDMAC transfer end
interrupt, regardless of the transfer counter and DISEL bit, the DMAC's DTE hit is not subject to
DTC control, and the write data has priority. Consequently, an interrupt request may not be sent
to the CPU when the DTC transfer counter reaches 0.

DTCE Bit Setting: For DTCE hit setting, read/write operations must be performed using bit-
mani pulation instructions such as BSET and BCLR. For theinitia setting only, however, when
multiple activation sources are set at onetime, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.

Chain Transfer: When chain transfer is used, clearing of the activation source or DTCER is
performed when the last of the chain of data transfersis executed. SCI and high-speed A/D
converter interrupt/activation sources, on the other hand, are cleared when the DTC reads or writes
to the prescribed register.

Therefore, when the DTC is activated by an interrupt or activation source, if aread/write of the
relevant register is not included in the last chained data transfer, the interrupt or activation source
will be retained.
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Section 7 16-Bit Timer Pulse Unit (TPU)

71 Overview

The H8S5/2338 Series, H8S5/2328 Series, and H8S/2318 Series have an on-chip 16-bit timer pulse
unit (TPU) that comprises six 16-bit timer channels.

711 Features

»  Maximum 16-pulse input/output

O A total of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register

0 TGRC and TGRD for channels 0 and 3 can also be used as buffer registers

» Selection of 8 counter input clocks for each channel

» Thefollowing operations can be set for each channel:

O Waveform output at compare match: Selection of O, 1, or toggle output

O Input capture function: Selection of rising edge, falling edge, or both edge detection

O Counter clear operation: Counter clearing possible by compare match or input capture

O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation

O PWM mode: Any PWM output duty can be set
Maximum of 15-phase PWM output possible by combination with synchronous operation

» Buffer operation settable for channels 0 and 3
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible

» Phase counting mode settable independently for each of channels 1, 2, 4, and 5
O Two-phase encoder pulse up/down-count possible

» Cascaded operation

O Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (channel
4) overflow/underflow

» Fast access viainternal 16-bit bus

O Fast accessis possible viaa 16-bit bus interface
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e 26 interrupt sources

O For channels 0 and 3, four compare match/input capture dual-function interrupts and one
overflow interrupt can be requested independently

O For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

e Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) or DMA controller (DMAC) activation

» Programmable pulse generator (PPG) output trigger can be generated
0 Channe 0to 3 compare match/input capture signals can be used as PPG output trigger

« A/D converter conversion start trigger can be generated

O Channel 0to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

* Module stop mode can be set

O Astheinitia setting, TPU operation is halted. Register access is enabled by exiting module
stop mode

Table 7-1 lists the functions of the TPU.
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Table7-1 TPU Functions

Iltem Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Count clock 2/l o/l o/l o/l o/l o/l
ol4 al4 ol4 ol4 al4 ol4
/16 /16 /16 /16 /16 /16
2/64 /64 /64 /64 /64 /64
TCLKA /256 2/1024 21256 2/1024 @/256
TCLKB TCLKA TCLKA 2/1024 TCLKA TCLKA
TCLKC TCLKB TCLKB /4096 TCLKC TCLKC
TCLKD TCLKC TCLKA TCLKD

General registers TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGR5B

General registers/ TGROC — — TGR3C — —

buffer registers TGROD TGR3D

I/O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear TGR TGR TGR TGR TGR TGR

function compare compare compare compare compare compare
match or match or  match or match or match or  match or
input input input input input input
capture capture capture capture capture capture

Compare Ooutput O O O O O O

match loutput O O O O O O

output

P Toggle O O O O O O
output

Input capture O O O O O O

function

Synchronous O O O O O O

operation

PWM mode O O O O O O

Phase counting — O O — O O

mode

Buffer operation O — — O — —

Legend
O :Possible
— : Not possible
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Table7-1 TPU Functions (cont)

Iltem Channel 0 Channel1  Channel 2 Channel 3  Channel 4 Channel 5
DMAC TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
DTC TGR TGR TGR TGR TGR TGR
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
A/D con- TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
version  compare compare compare compare compare compare
start match or match or match or match or match or match or
trigger input capture input capture input capture input capture input capture input capture
PPG TGROA/ TGR1A/ TGR2A/ TGR3A/ — —
trigger TGROB TGR1B TGR2B TGR3B
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
sources Compare e Compare « Compare e Compare e« Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture OA  capture 1A capture 2A  capture 3A  capture 4A  capture S5A
e Compare +Compare <« Compare +Compare <« Compare <+ Compare
match or match or match or match or match or match or
input input input input input input
capture OB capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare < Overflow e« Overflow * Compare  * Overflow * Overflow
match or * Underflow < Underflow matchor  « Underflow e« Underflow
input input
capture 0C capture 3C
« Compare » Compare
match or match or
input input
capture OD capture 3D
« Overflow * Overflow
Legend
— . Not possible
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712

Block Diagram

Figure 7-1 shows a block diagram of the TPU.
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Figure7-1 Block Diagram of TPU
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7.13

Pin Configuration

Table 7-2 summarizes the TPU pins.

Table7-2 TPU Pins

Channel Name Symbol I/O Function
All Clock input A TCLKA  Input External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC  Input  External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD  Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out TIOCAO /O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO 1I/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO 1I/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1I/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1l 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/out TIOCB1 1/O TGRI1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1I/O TGR2B input capture input/output compare
compare match B2 output/PWM output pin
238
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Table7-2 TPU Pins (cont)

Channel Name Symbol I/O Function

3 Input capture/out TIOCA3 1/O TGRS3A input capture input/output compare
compare match A3 output/PWM output pin
Input capture/out TIOCB3 1/O TGR3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out TIOCC3 1/O TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out TIOCD3 1/O TGR3D input capture input/output compare
compare match D3 output/PWM output pin

4 Input capture/out TIOCA4 1/O TGRA4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out TIOCB4 1/O TGR4B input capture input/output compare
compare match B4 output/PWM output pin

5 Input capture/out TIOCA5 1/O TGRS5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 1/O TGR5B input capture input/output compare

compare match B5

output/PWM output pin
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714 Register Configuration
Table 7-3 summarizes the TPU registers.

Table7-3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address **
0 Timer control register 0 TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/W H'CO H'FFD1
Timer 1/O control register OH TIOROH R/W H'00 H'FFD2
Timer I/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0 TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO R/(W)** H'CO H'FFD5
Timer counter O TCNTO R/W H'0000 H'FFD6
Timer general register OA TGROA R/W H'FFFF H'FFD8
Timer general register 0B TGROB R/W H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE
1 Timer control register 1 TCR1 R/W H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
Timer I/O control register 1 TIOR1 R/W H'00 H'FFE2
Timer interrupt enable register 1 TIER1 R/W H'40 H'FFE4
Timer status register 1 TSR1 R/(W) *2 H'CO H'FFE5
Timer counter 1 TCNT1 R/W H'0000 H'FFEG6
Timer general register 1A TGR1A R/W H'FFFF H'FFES8
Timer general register 1B TGR1B R/W H'FFFF H'FFEA
2 Timer control register 2 TCR2 R/W H'00 H'FFFO
Timer mode register 2 TMDR2 R/W H'CO H'FFF1
Timer I/O control register 2 TIOR2 R/W H'00 H'FFF2
Timer interrupt enable register 2 TIER2 R/W H'40 H'FFF4
Timer status register 2 TSR2 R/(W) ** H'CO H'FFF5
Timer counter 2 TCNT2 R/W H'0000 H'FFF6
Timer general register 2A TGR2A R/W H'FFFF H'FFF8
Timer general register 2B TGR2B R/W H'FFFF H'FFFA
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Table7-3 TPU Registers(cont)

Channel Name Abbreviation R/W Initial Value Address**
3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer I/O control register 3H TIOR3H R/W H'00 H'FE82
Timer I/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 R/I(W)**> H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FESA
Timer general register 3C TGR3C R/W H'FFFF H'FE8C
Timer general register 3D TGR3D R/W H'FFFF H'FESE
4 Timer control register 4 TCR4 R/W H'00 H'FE9SO
Timer mode register 4 TMDR4 R/W H'CO H'FE91
Timer 1/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/(W) ** H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE9S8
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
5 Timer control register 5 TCR5 R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEAl
Timer I/O control register 5 TIOR5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIER5 R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W) ** H'CO H'FEA5
Timer counter 5 TCNT5 R/IW H'0000 H'FEAG
Timer general register 5A TGR5A R/W H'FFFF H'FEAS8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
All Timer start register TSTR R/IW H'00 H'FFCO
Timer synchro register TSYR RIW H'00 H'FFC1
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.

2. Can only be written with 0 for flag clearing.
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7.2 Register Descriptions

721 Timer Control Registers (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit L7 6 5 4 3 2 1 0

| CCLR2 | CCLR1 | CCLRO | CKEGL | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit L7 6 5 4 3 2 1 0

| — | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
RIW S RW RW RW RW RW RW  RW

The TCR registers are 8-hit registers that control the TCNT channels. The TPU hassix TCR
registers, one for each of channels0to 5. The TCR registers areinitialized to H'00 by areset and
in hardware standby mode.

TCR register settings should be made only when TCNT operation is stopped.
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Bits 7, 6, and 5—Counter Clear 2, 1, and 0 (CCLR2, CCLR1, CCLROQ): These bits select the
TCNT counter clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture *?
1 0 TCNT cleared by TGRD compare match/input
capture *?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

Bit 7 Bit 6 Bit 5
Channel Reserved*®CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation **

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7 isreserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): These hits select the input clock edge.
When the input clock is counted using both edges, the input clock period is halved (e.g. @/4 both
edges = @/2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this setting is
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is @/4 or slower. This setting is
ignored if the input clock is g/1, or when overflow/underflow of another channel is selected.

Bits2, 1, and 0—TimePrescaler 2, 1, and 0 (TPSC2 to TPSCO0): These bits select the TCNT
counter clock. The clock source can be selected independently for each channel. Table 7-4 shows
the clock sources that can be set for each channel.

Table7-4 TPU Clock Sources

Overflow/

Underflow
Internal Clock External Clock on Another

Channel @/1 @/4 @/16 /64 @/256 ©/1024 /4096 TCLKA TCLKB TCLKC TCLKD Channel

0 o O O O O O O O

1 o o o O O O O O
2 o O O O O O O O

3 o o o O O O O O

4 o O O O O O O O
5 o o o O O O O O

Legend

O : Setting

Blank : No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on /4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on 2/256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on /1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description

3 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on /1024
1 0 Internal clock: counts on g/256
1 Internal clock: counts on @/4096
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on /1024

1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on g/256

1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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722 Timer Mode Registers (TMDR)

Channel 0: TMDRO
Channel 3: TMDR3

Bit L7 6 5 4 3 2 1 0

. — | — | BB | BFA | MD3 | MD2 | MD1 | WMDO |
Initial value : 1 1 0 0 0 0 0 0
RIW - — RW RW RW RW RW  RW

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit L7 6 5 4 3 2 1 0
- | — | — | — | vwps | wmp2 | mp1 | wDO |

Initial value : 1 1 0 0 0 0 0 0

RIW - — — — RW RW RW  RW

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has six TMDR registers, one for each channel. The TMDR registers
areinitialized to H'CO by areset and in hardware standby mode.

TMDR register settings should be made only when TCNT operation is stopped.
Bits 7 and 6—Reserved: Read-only bits, alwaysread as 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5isreserved. It isawaysread as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA isto operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, hit 4 isreserved. It is always read as 0 and cannot
be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits3to 0—Modes 3to 0 (MD3 to MDO0): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3*'  MD2** MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

*: Don’t care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. For these channels, 0 should
always be written to MD2.
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7.2.3 Timer /O Control Registers (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Bit L7 6 5 4 3 2 1 0

| 10B3 | I0B2 | 10B1 | I0BO | 10A3 | 10A2 | I0AL | 10AQ |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Channel 0: TIOROL
Channel 3: TIOR3L

Bit L7 6 5 4 3 2 1 0
| 1op3 | ioD2 | 1ob1 | 1oDO | loc3 | iocz | loci | 10Co |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registersthat control the TGR registers. The TPU haseight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by areset and in hardware standby mode.

Careisrequired since TIOR is affected by the TMDR setting. The initial output specified by
TIOR isvalid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in
PWM mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits7to4— 1/O Control B3to BO (I0B3to 10OB0)
I/0 Control D3to DO (I0D3to 10D0):
Bits IOB3 to 10BO specify the function of TGRB.
Bits IOD3 to 10DO specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4

Channel I10B3 10B2 I0OB1 IOBO Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 output isial outputis 0 0 output at compare match
- ————compare gt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
. capture TIOCBO pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down**
1/count clock
*: Don't care
Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
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Bit7 Bit6 Bit5 Bit4
Channel I0OD3 10D2 IOD1 I0DO Description

0 0 0 0 0 TGROD is Output disabled (Initial value)

1 output pitial outputis 0 0 output at compare match

————compare ¢

1 0 register*2 1 output at compare match
1 Toggle output at compare

match
1 0 0 Output disabled

1 Initial outputis 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGROD is Capture input Input capture at rising edge

1 input source is ) Input capture at falling edge
~ capture TIOCDO pin
1 * register*? Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down**
1/count clock

*: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 I0B1 IOBO Description

1 0 0 0 0 TGR1B is Output disabled (Initial value)

1 output - pitial outputis O 0 output at compare match

————compare ¢

1 0 register 1 output at compare match
1 Toggle output at compare

match
1 0 0 Output disabled

1 Initial outputis 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGR1B is Capture input Input capture at rising edge

1 input source is . Input capture at falling edge
~ capture TIOCB1 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of

source is TGROC TGROC compare match/input
compare match/ capture
input capture

*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 I0OB1 IOBO Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output itial outputis 0 0 output at compare match
——————compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
. capture TIOCB2 pin
1 * register Input capture at both edges

*: Don’t care
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Channel

Bit7 Bit6 Bit5 Bit4

IOB3 10B2 10B1 IOBO Description

3

0 0 0 0

TGR3B is Output disabled

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 output nitial output is 0
—————————compare o0t
1 0 register P
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output
1

0 output at compare match

1 output at compare match

Toggle output at compare
match

TGR3B is Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 input source is
_ capture TIOCB3 pin
1 * register
1 * * Capture input

Input capture at TCNT4

source is channel count-up/count-down**

4/count clock

Note:

*: Don't care

1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and g/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4

Channel I0OD3 10D2 I0OD1 IODO Description
3 0 0 0 0 TGR3D is Output disabled (Initial value)
1 output pitial outputis 0 O output at compare match
————compare ¢
1 register*2 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3D is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
~ capture TIOCD3 pin
1 * register*? Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down**
4/count clock
*: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and @/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.
2. When the BFB bitin TMDRS3 is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 I0OB1 I0OBO Description
4 0 0 0 0 TGR4B is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
——————————Ccompare vt
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
. capture TIOCB4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3C TGR3C compare match/
compare match/ input capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 IOB1 IOBO Description
5 0 0 0 0 TGR5B is Output disabled (Initial value)
1 output nitial outputis 0 0 output at compare match
——————————Ccompare vt
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B is Capture input Input capture at rising edge
input source s Input capture at falling edge
. capture TIOCBS pin
1 * register Input capture at both edges
*: Don't care
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Bits3to 0— 1/O Control A3to A0 (I0OA3toOAQ)
I/0 Control C3to CO (I0C3to 10C0):
IOA3 to IOAO specify the function of TGRA.
IOC3 to 10CO0 specify the function of TGRC.

Bit3 Bit2 Bitl Bit0O

Channel I0OA3 I0A2 IOA1 IOAO0 Description
0 0 0 0 0 TGROA is Output disabled (Initial value)
1 output isial outputis 0 0 output at compare match
- ————compare gt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
~ capture TIOCAO pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/ count clock
*: Don't care
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Bit3 Bit2 Bitl BitO
Channel I0C3 10C2 IOC1 I0OCO Description

0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output
——————compare

Initial output is 0 0 output at compare match

1 0 register** output 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGROC is Capture input Input capture at rising edge

1 input source is ) Input capture at falling edge
. capture TIOCCO pin
1 * register** Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down
1/count clock

*: Don't care

Note: 1. When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl Bit0
Channel IOA3 I0A2 IOA1 IOAQO Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 output itial outputis 0 0 output at compare match
——————compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
. capture TIOCAL pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROA channel 0/TGROA compare
compare match/ match/input capture
input capture
*: Don't care
Bit3 Bit2 Bitl Bit0
Channel I0OA3 I0A2 IOA1 IOAQ Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output itial outputis 0 0 output at compare match
——————compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
. capture TIOCAZ2 pin
1 * register Input capture at both edges
*: Don't care
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Channel

Bit3 Bit2 Bitl Bit0O

IOA3 I0A2 I0A1 IOAQ Description

3

0 0 0 0

TGR3A is Output disabled

(Initial value)

1 output pitial outputis 0 0 output at compare match
- ——compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
. capture TIOCAS3 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down

4/count clock
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Channel

Bit3 Bit2 Bitl Bit0

IOC3 I0C2 I0C1 IOCO Description

3

0 0 0 0

TGR3C is Output disabled

(Initial value)

1 output itial outputis 0 0 output at compare match
—————compare o 0t
1 0 register** 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3C is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
. capture TIOCC3 pin
1 * register** Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down

4/count clock

Note:
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1. When the BFA bitin TMDR3 is set to 1 and TGR3C is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl Bit0
Channel IOA3 I0A2 IOA1 IOAOQO Description
4 0 0 0 0 TGR4A is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
——————————Ccompare vt
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4A is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
— capture TIOCA4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3A TGR3A compare match/input
compare match/ capture
input capture
*: Don't care
Bit3 Bit2 Bitl Bit0
Channel IOA3 I0A2 IOA1 IOAO Description
5 0 0 0 0 TGR5A is Output disabled (Initial value)
1 output pitial outputis 0 O output at compare match
—————————compare ot
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5A is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
. capture TIOCAS pin
1 * register Input capture at both edges

HITACHI
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724 Timer Interrupt Enable Registers (TIER)

Channel 0: TIERO
Channel 3: TIER3

Bit L7 6 5 4 3 2 1 0

| TTGE | — | — | TCEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
RIW . RIW — — RW RW RW RW  RW

Channel 1: TIER1
Channel 2: TIER2
Channel 4: TIER4
Channel 5: TIER5

Bit L7 6 5 4 3 2 1 0

| TTGE | — | TCEU | TCEV| — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
RIW . RIW — RW  RW — — RW  RW

The TIER registers are 8-hit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registers are
initialized to H'40 by areset and in hardware standby mode.

Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: Read-only bit, always read as 1.
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Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disablesinterrupt requests (TCIU) by
the TCFU bit when the TCFU bitin TSR issetto 1 in channels 1 and 2.

In channels 0 and 3, bit 5isreserved. It isaways read as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV bit when the TCFV hitin TSR isset to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD hit in TSR is set to 1 in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 3isreserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD disabled (Initial value)
1 Interrupt requests (TGID) by TGFD enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSRisset to 1 in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 2 isreserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC enabled
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Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disablesinterrupt requests (TGIB) by the
TGFB bit when the TGFB bitin TSRisset to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSR is set to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA enabled

7.25 Timer Status Registers (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit L7 6 5 4 3 2 1 0

. — | — | — | TCcRV | TGFD | TGFC | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
RIW - _ — RIW)*  RIW)*  RIW)*  RIW)*  RIW)*

Note: * Only 0 can be written, to clear the flag.

Channel 1: TSR1
Channel 2: TSR2
Channel 4: TSR4
Channel 5: TSR5

Bit L7 6 5 4 3 2 1 0
 TcFD | — | TCFU | TCRV | — | — | TGFB | TGFA |

Initial value : 1 1 0 0 0 0 0 0

RIW . R — R(W)*  RIW)  — —  RAWY*  RIW)*

Note: * Only O can be written, to clear the flag.
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The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has six TSR
registers, one for each channel. The TSR registers areinitialized to H'CO by areset and in
hardware standby mode.

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
countsin channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 isreserved. It isawaysread as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: Read-only bit, alwaysread as 1.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5isreserved. It isaways read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU =1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )
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Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 3isreserved. It isaways read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is O
e When 0 is written to TGFD after reading TGFD =1

1 [Setting conditions]

* When TCNT = TGRD while TGRD is functioning as output compare register

*  When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 2 isreserved. It is aways read as 0 and cannot be modified.

Bit 2
TGFC Description
0 [Clearing conditions] (Initial value)
« When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFC after reading TGFC = 1
1 [Setting conditions]
«  When TCNT = TGRC while TGRC is functioning as output compare register
¢ When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

* When TCNT = TGRB while TGRB is functioning as output compare register

e When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is O
*  When DMAC is activated by TGIA interrupt while DTA bit of DMABCR in DMAC is

1

e When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]

*  When TCNT = TGRA while TGRA is functioning as output compare register

e When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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7.2.6 Timer Counters(TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter*)
Channel 5: TCNT5 (up/down-counter*)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bl EEEEN

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode or when
counting overflow/underflow on another channel. In other cases they function as up-
counters.

The TCNT registers are 16-bit counters. The TPU has six TCNT counters, one for each channel.
The TCNT counters areinitialized to H'0000 by areset and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.

7.2.7 Timer General Registers (TGR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L rrrrrr

Initialvalue: 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W

The TGR registers are 16-bit registers with adual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for channels
1, 2,4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers*. The TGR registers are initialized to H'FFFF by areset and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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7.2.8 Timer Start Register (TSTR)

Bit L7 6 5 4 3 2 1 0

. — | — | cst5 | cst4| cst3 | csT2 | csT1 | csTO |
Initial value : 0 0 0 0 0 0 0 0
RIW S _ RW RW RW RW RW  RW

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0 to 5.
TSTRisinitialized to H'00 by areset, and in hardware standby mode. When setting the operating
mode in TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bits 7 and 6—Reserved: Must always be written with 0.

Bits5to 0—Counter Start 5to 0 (CST5to CSTO0): These bits select operation or stoppage for
TCNT.

Bitn

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bhit is cleared to 0, the pin output level will be changed to the set initial output
value.

7.29 Timer Synchro Register (TSYR)

Bit L7 6 5 4 3 2 1 0

. — | — | svncs| synca| syncs | syncz| SYNC1 | SYNCO|
Initial value : 0 0 0 0 0 0 0 0
RIW S — RW RW RW RW RW  RW

TSYR isan 8-hit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR isset to 1.

TSYRisinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: Must always be written with 0.
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Bits5to 0—Timer Synchro5to 0 (SYNC5 to SYNCO0): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels**, and
synchronous clearing through counter clearing on another channel* 2 are possible.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=5to0
Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.

7.210 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

| |

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bl EEEEn

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP13 bit in MSTPCR is set to 1, TPU operation stops at the end of the bus cycle and
atransition is made to modul e stop mode. Registers cannot be read or written to in modul e stop
mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 13—Module Stop (M STP13): Specifies the TPU module stop mode.

Bit 13

MSTP13  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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7.3 Interfaceto Bus Master

731 16-Bit Registers

TCNT and TGR are 16-bit registers. Asthe data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 7-2.

Internal data bus
H

master :I] L ::

> Module

data bus

Bus interface

VANPAN

U @

TCNTH TCNTL

Figure7-2 16-Bit Register Access Operation [BusMaster - TCNT (16 Bits)]

732 8-Bit Registers

Registers other than TCNT and TGR are 8-bit. Asthe data busto the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.
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Examples of 8-bit register access operation are shown in figures 7-3, 7-4, and 7-5.

Internal data bus
H

Bus :]l :\/,\ )
master : L [ Bus interface

> Module
> data bus

7S

VANDAN

Figure7-3 8-Bit Register Access Operation [BusMaster —~ TCR (Upper 8 Bits)]

Internal data bus

> Module
> data bus

Bus
master L Bus interface

Il

ANDAN

TMDR

Figure7-4 8-Bit Register Access Operation [BusMaster -~ TMDR (L ower 8 Bits)]

Internal data bus

H
master 1 L : Bus interface

> Module
> data bus

VAN

LU

TMDR |

Figure7-5 8-Bit Register Access Operation [BusMaster - TCR and TMDR (16 Bits)]

272
HITACHI




7.4 Operation

74.1 Overview
Operation in each mode is outlined below.

Normal Operation: Each channel hasa TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Synchronous Oper ation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT countersis also possible by setting the timer
synchronization bitsin TSYR for channels designated for synchronous operation.

Buffer Operation

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

*  When TGR isan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in TGR istransferred to the buffer register.

Cascaded Operation: The channel 1 counter (TCNT1) and channel 2 counter (TCNT2), or the
channel 4 counter (TCNT4) and channel 5 counter (TCNTS5), can be connected together to operate
as a 32-hit counter.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: In thismode, TCNT isincremented or decremented by detecting the
phases of two clocks input from the external clock input pinsin channels 1, 2, 4, and 5. When
phase counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT
performs up/down-counting.

This can be used for two-phase encoder pulse input.
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7.4.2 Basic Functions

Counter Operation: When one of bits CSTOto CST5issetto 1in TSTR, the TCNT counter for

the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic

counter, and so on.

« Example of count operation setting procedure

Figure 7-6 shows an example of the count operation setting procedure.

< Operation selection >

Select counter clock

(1]

< Periodic counter >

Select counter clearing source

Select output compare register

Set period

[2

(3]

(4]

< Free-running counter >

Start count

(5]

Start count

<Periodic counter>

<Free-running counter>

(5]

[1] select the counter
clock with bits
TPSC2 to TPSCO in
TCR. At the same
time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

For periodic counter
operation, select the
TGR to be used as
the TCNT clearing
source with bits
CCLR2 to CCLRO in
TCR.

Designate the TGR
selected in [2] as an
output compare
register by means of
TIOR.

2

—

3

—

[4

[l

Set the periodic
counter cycle in the
TGR selected in [2].

Set the CST bit in
TSTR to 1 to start
the counter
operation.

5

—

Figure7-6 Example of Counter Operation Setting Procedure
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Free-running count operation and periodic count operation

Immediately after areset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSRisset to 1. If the value of the corresponding TCIEV bitin TIER is1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 7-7 illustrates free-running counter operation.

TCNT value
H'FFFF

H'0000 Time

CST bit

TCFV

Figure7-7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as a periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR isset to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bitin TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.
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Figure 7-8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
mpare match
TOR b # Comparematch .
H'0000 . Time
CST bit ;
Flag cleared by software or
.~ DTC/DMAC activation

TGF

Figure 7-8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

* Example of setting procedure for waveform output by compare match
Figure 7-9 shows an example of the setting procedure for waveform output by compare match

) [1] Select initial value O output or 1 output, and
Qutput selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set thg CST bitin TSTR to 1 to start the count
operation.
Start count [3]

i

<Waveform output>

Figure7-9 Example of Setting Procedure for Waveform Output by Compare Match
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Examples of waveform output operation
Figure 7-10 shows an example of 0 output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

TGRB |- -nmeooe o I R (R R .
H0000 : : : : : ! Time
E : , ~Nochange | ~No change
: i ~ i ~ 1 output
TIOCA ‘,—I : ; P
TIOCB -~ No change -~ No change 0 output
N N

Figure7-10 Example of 0 Output/1 Output Operation
Figure 7-11 shows an example of toggle output.

In thisexample TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.

TCNT value

Time

Toggle output

TIOCA Toggle output

Figure7-11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pininput edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’ s counter input clock or compare match signal
as the input capture source.

Note:  When another channel’ s counter input clock is used as the input capture input for channels
0 and 3, /1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if @/1 is selected.

« Example of input capture operation setting procedure
Figure 7-12 shows an example of the input capture operation setting procedure.

< ) > [1] Designate TGR as an input capture register by
Input selection .
means of TIOR, and select the input capture

source and input signal edge (rising edge, falling
edge, or both edges).

Select input capture input [l [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure7-12 Example of Input Capture Operation Setting Procedure
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Example of input capture operation
Figure 7-13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

TCNT value

H'0180 [---------

H'0160 [---------

H'0010 |---------

H'0005 |------

Counter cleared by TIOCB
,/ input (falling edge)

H'0000

TIOCA

I

TGRA

H'0005 X H0160 | /X _H0010

Figure 7-13 Example of Input Capture Operation
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74.3 Synchronous Operation

In synchronous operation, the values in anumber of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, anumber of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.
Channels 0to 5 can al be designated for synchronous operation.

Example of Synchronous Operation Setting Procedure: Figure 7-14 shows an example of the
synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous [1]
operation
<Synchronous presetting) <Synchronous clearing>
Set TCNT [2] Clearing No
source generation
channel?
Select counter 3 Set synchronous 4
clearing source (3] counter clearing 4]
Start count [5] Start count [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to, the
same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.
[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 7-14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 7-15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed

for channel 0to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 7.4.6, PWM Modes.

TCNTO to TCNT2 values

TGROB
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

........................

Synchronous clearing by TGROB compare match

Time

Figure7-15 Example of Synchronous Operation
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74.4 Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 7-5 shows the register combinations used in buffer operation.

Table7-5 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC

TGROB TGROD
3 TGR3A TGR3C

TGR3B TGR3D

e  When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation isillustrated in figure 7-16.

Compare match signal

: Timer general ——\
Buffer register ;
g register | Comparator

[

TCNT

Figure7-16 Compare Match Buffer Operation
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*  When TGR isan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register istransferred to the buffer register.

Thisoperation isillustrated in figure 7-17.

Input capture
signal

Buffer register Timer general TONT
register

Figure7-17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 7-18 shows an example of the buffer
operation setting procedure.

< Buff i > [1] Designate TGR as an input capture register or
Lier operation output compare register by means of TIOR.
‘ [2] Designate TGR for buffer operation with bits
Select TGR function [1] BFA and BFB in TMDR.
‘ [3] Setthe CST bitin TSTR to 1 to start the count
Set buffer operation [2] operation.
Start count [3]

'

<Buffer operation>

Figure 7-18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

*  When TGR is an output compare register
Figure 7-19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and O
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 7.4.6, PWM Modes.

TCNT value

] 200] = ) i H'0520

TGROA |..oooovooe 1 : |

Time

H'0000

TGROC H'0200; H'0450 H'0520

)
Transfer!

ST

TGROA E H'0200 H'0450

TIOCA _—|—,—‘ ’—L

Figure7-19 Example of Buffer Operation (1)
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*  When TGR isan input capture register
Figure 7-20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT valueis stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOF Q7 |- - - o = o e o o e o o oo o o e oo e

O =

H'0532 | == f oo T

H'0000 Time

TIOCA

TGRA H'0532 >< H'OF07

TGRC >< H'0532 >< H'OF07

Figure7-20 Example of Buffer Operation (2)
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7.4.5 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT2 (TCNT5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 7-6 shows the register combinations used in cascaded operation.

Note:  When phase counting mode is set for channel 1 or 4, the counter clock setting isinvalid
and the counter operates independently in phase counting mode.

Table7-6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

Example of Cascaded Operation Setting Procedure: Figure 7-21 shows an example of the
setting procedure for cascaded operation.

< Cascaded operation > [1] Set bits TPSC2 to TPSCO in the channel 1
P (channel 4) TCR to B’111 to select TCNT2
‘ (TCNT5) overflow/underflow counting.

Set cascading (1 [2] Setthe CST bitin TSTR for the upper and lower
‘ channel to 1 to start the count operation.

Start count [2]

1

<Cascaded operation>

Figure7-21 Cascaded Operation Setting Procedure
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Examples of Cascaded Operation: Figure 7-22 illustrates the operation when counting upon
TCNT2 overflow/underflow has been set for TCNT1, TGR1A and TGR2A have been designated
as input capture registers, and TIOC pin rising edge has been selected.

When arising edge isinput to the TIOCA1 and TIOCA2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bitsto TGR2A.

TCNT1 ,_l
clock

TCNT1 H'03A1 X H'03A2

TCNT2 ,_l ,_l
clock

TCNT2  HFFFF X H'0000 X H'0001
TIOCAL,

TIOCA2 | L
TGRIA X H'03A2

TGR2A X H'0000

Figure7-22 Example of Cascaded Operation (1)

Figure 7-23 illustrates the operation when counting upon TCNT2 overflow/underflow has been set
for TCNT1, and phase counting mode has been designated for channel 2.

TCNT1 isincremented by TCNT2 overflow and decremented by TCNT2 underflow.

TCLKA _,—\—, I—,_
er -y L Se— N S—

TCNT2 XFFEDX FFFE XFFFFX 0000 X 0001 )X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure 7-23 Example of Cascaded Operation (2)
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7.4.6 PWM M odes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3to IOCOin TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to I0B0 and IOD3 to I0ODO0 in TIOR is output at compare matches B
and D. Theinitia output valueisthe value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the period register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value set in TIOR. If the set values of the period and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 7-7.
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Table7-7

PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS TIOCAS
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.

HITACHI

289



Example of PWM Mode Setting Procedure: Figure 7-24 shows an example of the PWM mode
setting procedure.

< BWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Set the period in the TGR selected in [2], and
set the duty in the other TGR.

Set TGR [4]
‘ [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 7-24 Example of PWM M ode Setting Procedure
Examples of PWM M ode Oper ation: Figure 7-25 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the value set in TGRB as the duty.
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TCNT value
Counter cleared by

,/ TGRA compare match

TGRA

TGRB
H'0000

Figure7-25 Example of PWM Mode Operation (1)
Figure 7-26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
isset asthe TCNT clearing source, and O is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the period, and the values set in the other TGR
registers as the duty.

Counter cleared by TGR1B
TCNT value / compare match

TGRLB |- - omm e .
TGRIA | ococmeo oo LT e SIETEEEERE T B s
g c1200] o 1 S i L R i R

TGROC | ococoeocce el i ; :

TGROB |-l bod. R i S F (R Sl
TGROA |-ooope?’-. : -

H'0000

_______________________________________________________

__________

TIOCAO — |

TIOCBO

TIOCCO

TIOCDO

TIOCAl1 _i _i

Figure7-26 Example of PWM Mode Operation (2)
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Figure 7-27 shows examples of PWM waveform output with 0% duty and 100% duty in PWM

mode.
TCNT value TGRB rewritten
TORA |- - - oo i
O™
TORB oo TGRB rewritten
H'0000 L

| 0% duty

Output does not change when period register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |---cememaee- SR
TGRB |
H'0000 : L I+ Time
E 100% duty I_I
TIOCA .
Output does not change when period register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten O ..............................................................................................
TGRA |-ccccceeaa-- et e e el
TGRB rewritten
TGRB | O )
TGRB rewritten
H'0000 Time

100% duty 0% duty
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74.7 Phase Counting M ode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurswhile TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 7-8 shows the correspondence between external clock pins and channels.
Table7-8 Phase Counting M ode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedur e: Figure 7-28 shows an example of the
phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

v

<Phase counting mode>

Figure 7-28 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting M ode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

e Phase counting mode 1

Figure 7-29 shows an example of phase counting mode 1 operation, and table 7-9 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5) ‘|

_

TCLKD (channels 2 and 4)

TCNT value

Time

Figure 7-29 Example of Phase Counting Mode 1 Operation

Table7-9  Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Up-count
Low level R

E3 Low level

RS High level

High level R Down-count
Low level E3

4 High level

R Low level

Legend

£ : Rising edge

Y : Falling edge
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» Phase counting mode 2

Figure 7-30 shows an example of phase counting mode 2 operation, and table 7-10 summarizes
the TCNT up/down-count conditions.

TCLKA (Channels 1 and 5)
TCLKC (Channels 2 and 4) | | | | | I—, I—, |—

TCLKB (Channels 1 and 5)
TCLKD (Channels 2 and 4)

TCNT value

V

. . . Time
Figure7-30 Example of Phase Counting Mode 2 Oper ation
Table7-10 Up/Down-Count Conditionsin Phase Counting Mode 2
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Don't care
Low level R Don'’t care
4 Low level Don't care
t High level Up-count
High level R Don'’t care
Low level Ey Don't care
4 High level Don't care
R Low level Down-count
Legend
£ : Rising edge
Y : Falling edge
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» Phase counting mode 3

Figure 7-31 shows an example of phase counting mode 3 operation, and table 7-11 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) _,_‘_,_‘_,_\_,
TCLKC (channels 2 and 4) ;

TCLKB (channels 1 and 5) 1 1 !
TCLKD (channels 2 and 4)

TCNT value 1 1

1L

e R R e |

Time

Figure 7-31 Example of Phase Counting M ode 3 Operation

Table 7-11 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level E3 Don't care
Low level R Don't care
£ Low level Don't care
R High level Up-count
High level R Down-count
Low level 4 Don't care
E3 High level Don't care
e Low level Don’t care
Legend

£ : Rising edge
Y : Falling edge
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» Phase counting mode 4

Figure 7-32 shows an example of phase counting mode 4 operation, and table 7-12 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J
TCLKC (channels 2 and 4)

TCLKD (channels 2 and 4)
TCNT value

TCLKB (channels 1 and 5) |

Time
Figure 7-32 Example of Phase Counting M ode 4 Oper ation
Table7-12 Up/Down-Count Conditionsin Phase Counting Mode 4
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Ey Up-count
Low level R
Ey Low level Don’t care
e High level
High level R Down-count
Low level 4
4 High level Don’t care
R Low level
Legend
£ : Rising edge
't : Falling edge
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Phase Counting Mode Application Example: Figure 7-33 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel 0 to input servo
motor 2-phase encoder pulsesin order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulsesis performed.

TGR1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enabl es accurate position/speed detection to be achieved.
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TCLKA
TCLKB

Channel 1

Edge
detection| TCNT1
circuit
\
TGR1A

&
IS

(speed period capture)

TGR1B
(position period capture)

&
IS

TCNTO

TGROA (speed control period) =

=

TGROC

|
&

(position control period)

[ P
TGROB (pulse width capture) <<]>

<I>

TGROD (buffer operation)

Channel 0

Figure 7-33 Phase Counting Mode Application Example
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7.5 Interrupts

751 Interrupt Sourcesand Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding statusflag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
achannel isfixed. For details, see section 3, Interrupt Controller.

Table 7-13 lists the TPU interrupt sources.
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Table7-13 TPU Interrupts

Interrupt DMAC DTC
Channel Source Description Activation Activation Priority
0 TGIOA TGROA input capture/compare match Possible Possible High
TGIOB TGROB input capture/compare match Not possible Possible A
TGIOC TGROC input capture/compare match Not possible Possible
TGIOD TGROD input capture/compare match Not possible Possible
TCIoV TCNTO overflow Not possible Not possible
1 TGI1A TGR1A input capture/compare match Possible Possible
TGI1B TGR1B input capture/compare match Not possible Possible
TCl1V TCNT1 overflow Not possible Not possible
TCI1U TCNT1 underflow Not possible Not possible
2 TGI2A TGR2A input capture/compare match Possible Possible
TGI2B TGR2B input capture/compare match Not possible Possible
TCI2V TCNT2 overflow Not possible Not possible
TCI2U TCNT2 underflow Not possible Not possible
3 TGI3A TGR3A input capture/compare match Possible Possible
TGI3B TGR3B input capture/compare match Not possible Possible
TGI3C TGR3C input capture/compare match Not possible Possible
TGI3D TGR3D input capture/compare match Not possible Possible
TCI3V TCNT3 overflow Not possible Not possible
4 TGI4A TGRA4A input capture/compare match Possible Possible
TGl4B TGRA4B input capture/compare match Not possible Possible
TClav TCNT4 overflow Not possible Not possible
TCl4U TCNT4 underflow Not possible Not possible
5 TGI5A TGR5A input capture/compare match Possible Possible
TGI5B TGR5B input capture/compare match Not possible Possible
TCI5V TCNTS5 overflow Not possible Not possible
TCI5U TCNT5 underflow Not possible Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt isrequested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has 16 input capture/compare match interrupts, four each for channels 0 and 3, and two each
for channels 1, 2, 4, and 5.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channdl.

Underflow Interrupt: Aninterrupt isrequested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on achannel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

752 DTC/DMAC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for achannel. For details, see section 6, Data Transfer Controller.

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

DMAC Activation: The DMAC can be activated by the TGRA input capture/compare match
interrupt for a channel. For details, see section 5, DMA Controller.

Inthe TPU, atotal of six TGRA input capture/compare match interrupts can be used as DMAC
activation sources, one for each channel.

753 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bitin TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started.

Inthe TPU, atotal of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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7.6 Operation Timing

7.6.1 Input/Output Timing

TCNT Count Timing: Figure 7-34 shows TCNT count timing in internal clock operation, and
figure 7-35 shows TCNT count timing in external clock operation.

: -

Internal clock Falling edge Rising edge

N\ \

input clock ——— — —

TCNT N-1 >< N >< N+1 >< N+2

Figure 7-34 Count Timingin Internal Clock Operation

: U UL

External CIOCKW) Falling edge Rising edge Falling edge

\
TCNT

input clock ——— _ —_

TCNT N-1 >< N >< N+1 >< N+2

Figure7-35 Count Timingin External Clock Operation
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Output Compare Output Timing: A compare match signal is generated in the final statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin. After amatch between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated.

Figure 7-36 shows output compare output timing.

N O o v O o A
TCNT ,—‘

input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure7-36 Output Compare Output Timing

Input Capture Signal Timing: Figure 7-37 shows input capture signal timing.

- L)L L)L L
Input capture

input |
Input capture

signal

TCNT X N E X N+1 X N+2 E X x

TGR >< N >< N+2

Figure 7-37 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare M atch/I nput Capture: Figure 7-38 shows the
timing when counter clearing by compare match occurrence is specified, and figure 7-39 shows
the timing when counter clearing by input capture occurrence is specified.

- J oy

Compare
match signal

Counter
clear signal

TCNT N >< H'0000

TGR N

Figure7-38 Counter Clear Timing (Compare M atch)

- J oy

Input capture
signal

Counter clear

signal
TCNT N : >< H'0000
TGR X N

Figure7-39 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 7-40 and 7-41 show the timing in buffer operation.

TCNT

Compare
match signal

TGRA,
TGRB

TGRC,
TGRD

Ju Uy
: o

Figure7-40 Buffer Operation Timing (Compare Match)

%)

Input capture
signal

ISR .

TCNT N ; >< N+1 ;

TGRA \ \

TGRB' n_. >< N 5 >< N+
\ \

TGRC,

TGRD >< n >< N

Figure 7-41 Buffer Operation Timing (Input Capture)
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7.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compar e Match: Figure 7-42 shows the timing for setting
of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal timing.

- Uy Yy
TCNT input
clock

TCNT N >< N+1
TGR N

Compare

match signal

TGF flag

TGl interrupt

Figure7-42 TGI Interrupt Timing (Compare Match)

307
HITACHI




TGF Flag Setting Timing in Case of | nput Capture: Figure 7-43 shows the timing for setting of
the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

a2

Input capture

signal

TCNT

TGR

TGF flag

TGl interrupt

ISR .

z

.
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Figure7-43 TGl Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 7-44 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 7-45 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

’ JU UYL YLL
TCNT input
clock

TCNT H'FFFF >< H'0000
(overflow)

Overflow ,—\

signal

TCFV flag |

TCIV interrupt |

Figure7-44 TCIV Interrupt Setting Timing

g 1 O O
TCNT
input clock

TCNT , ,
(underflow) H'0000 >< H'FFFF
Underflow signal

TCFU flag |

TCIU interrupt |

Figure7-45 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflagisread as 1 by the CPU, it is cleared by writing
O0toit. Whenthe DTC or DMAC is activated, the flag is cleared automatically. Figure 7-46 shows
the timing for status flag clearing by the CPU, and figure 7-47 shows the timing for status flag
clearing by the DTC or DMAC.

TSR write cycle

T T, ‘
- Uy
Address >< TSR address ><
Write signal
Status flag
Interrupt
request
signal

Figure7-46 Timing for Status Flag Clearing by CPU

DTC/DMAC DTC/DMAC
read cycle write cycle
LS S L

Destination
Address >< Source address address ><
Status flag
Interrupt
request
signal

Figure7-47 Timing for Status Flag Clearing by DTC/DMAC Activation
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1.7 Usage Notes

Note that the kinds of operation and contention described below can occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 statesin the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not

operate properly with anarrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 7-48 shows the input clock

conditions in phase counting mode.

Phase Phase
differ- differ-

Overlap ience EOverIapi ence . Pulse width . Pulse width 1

-—

TCLKA | ‘
(TCLKC) ;

TCLKB |

(TcLkDy | !

Pulse width | " Pulse width

Notes: Phase difference and overlap: 1.5 states or more
Pulse width . 2.5 states or more

Figure 7-48 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode

Caution on Period Setting: When counter clearing by compare match isset, TCNT iscleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula

2
(N+D

Where  f : Counter frequency
@ : Operating frequency
N :TGR setvaue
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Contention between TCNT Writeand Clear Operations: If the counter clear signa is
generated inthe T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCNT
write is not performed.

Figure 7-49 shows the timing in this case.

TCNT write cycle

L E R P .
g S
Address >< TCNT address ><

Write signal

Counter clear
signal

TCNT N >< H'0000

Figure 7-49 Contention between TCNT Writeand Clear Operations
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Contention between TCNT Write and Increment Operations: If incrementing occursinthe T,
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 7-50 shows the timing in this case.

TCNT write cycle

T Ta |
’ JU ULy L
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N >< P M

TCNT write data

Figure7-50 Contention between TCNT Write and I ncrement Operations
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Contention between TGR Write and Compare Match: If acompare match occursinthe T,
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 7-51 shows the timing in this case.

TGR write cycle
T T,

}4—»’4—»‘
. J LU LU L
Address >< TGR address ><
Write signal
Compare pmmmmees . o
match signal : ~ Inhibited
TCNT N >< N+1
TGR N >< LM

TGR write data

Figure7-51 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Match: If acompare match occursin
the T, state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 7-52 shows the timing in this case.

TGR write cycle
Tl T2

[

Buffer register ><
address

Address

Write signal

Compare
match signal

Buffer register write data

Buffer
register

—— =

TGR

Figure7-52 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and Input Capture: If the input capture signal is generated in
the T, state of a TGR read cycle, the data that is read will be the data after input capture transfer.

Figure 7-53 shows the timing in this case.

TGR read cycle
Tl T2

e s

- UL L

Address >< TGR address ><

Read signal

Input capture

signal

TGR X >< M

Internal >< M ><

data bus

Figure 7-53 Contention between TGR Read and Input Capture

316

HITACHI




Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T, state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed.

Figure 7-54 shows the timing in this case.

TGR write cycle

e T
' J e
Address >< TGR address ><
Write signal
Input capture
signal
TCNT M

~

TGR >< M

Figure7-54 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and Input Capture: If theinput capture signal is
generated in the T, state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 7-55 shows the timing in this case.

Buffer register write cycle

- e Ty
- J UL
o
Write signal
Input capture —\
signal
TCNT : N
—
TGR M >< N
T
?eugfifgtrer >< M

Figure 7-55 Contention between Buffer Register Write and I nput Capture
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Contention between Overflow/Underflow and Counter Clearing: If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is not set and TCNT clearing
takes precedence.

Figure 7-56 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF isset in TGR.

- UL

TCNT input
clock

TCNT HFFFF >< H'0000

Counter
clear signal

TGF

Inhibited _ oo
TCFV !

Figure7-56 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If thereis an up-count or down-
count in the T, state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write takes
precedence and the TCFV/TCFU flag in TSR is not set.

Figure 7-57 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| Tl | T2 |
™ \
° ST P T
Address >< TCNT address ><
Write signal .
TCNT write data
yd
TCNT H'FFFF >< M

TCFV flag |

Figure 7-57 Contention between TCNT Write and Overflow

Multiplexing of 1/0 Pins. In the H8S/2338 Series, H85/2328 Series, and H8S/2318 Series, the
TCLKA input pin is multiplexed with the TIOCCO 1/O pin, the TCLKB input pin with the
TIOCDO I/O pin, the TCLKC input pin with the TIOCB1 1/O pin, and the TCLKD input pin with
the TIOCB2 1/O pin. When an external clock isinput, compare match output should not be
performed from a multiplexed pin.

Interruptsand Module Stop Mode: If module stop mode is entered when an interrupt has been
reguested, it will not be possible to clear the CPU interrupt source or the DMAC or DTC
activation source. Interrupts should therefore be disabled before entering modul e stop mode.
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Section 8 Programmable Pulse Generator (PPG)

8.1 Overview

The H85/2338 Series, H85/2328 Series, and H8S/2318 Series have a built-in programmable pulse
generator (PPG) that provides pulse outputs by using the 16-bit timer-pulse unit (TPU) asatime
base. The PPG pulse outputs are divided into 4-bit groups (group 3 to group 0) that can operate
both simultaneously and independently.

811 Features
PPG features are listed bel ow.

e 16-hit output data
0 Maximum 16-bit data can be output, and output can be enabled on a bit-by-bit basis

» Four output groups

O Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs

» Selectable output trigger signals

O Output trigger signals can be selected for each group from the compare match signals of
four TPU channels

* Non-overlap mode
O A non-overlap margin can be provided between pulse outputs

» Can operate together with the data transfer controller (DTC) and DMA controller (DMAC)*

O The compare match signals selected as output trigger signals can activate the DTC or
DMAC for sequential output of data without CPU intervention

Note: * Some models do not have an on-chip DMAC; see the reference manual for the relevant
model for details.

« Inverted output can be set
O Inverted data can be output for each group

» Module stop mode can be set

O Astheinitia setting, PPG operation is halted. Register accessis enabled by exiting module
stop mode
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812

Block Diagram

Figure 8-1 shows a block diagram of the PPG.

PO15 =—
PO14 -— Pulse output
PO13 =—1 pins, group 3
PO12 =—
PO11 =—
PO10 =— Pulse output
PO9 -+— pins, group 2
PO8 —=— pins, grotip
PO7 ——
PO6 —--— Pulse output
POS5 =1 pins, group 1
PO4 ~=—
PO3 =
PO2 --— Pulse output
POl -1 pins, group 0
PO0 = pins. group

Legend
PMR
PCR
NDERH
NDERL
NDRH
NDRL
PODRH
PODRL

Compare match signals

Ly

NDERH

NDERL

Control logic

PMR

PCR

--------------- PODRH

--------------- PODRL

: PPG output mode register

: PPG output control register
: Next data enable register H
: Next data enable register L
: Next data register H

: Next data register L

: Output data register H

: Output data register L

Internal
data bus
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Figure8-1 Block Diagram of PPG
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8.1.3 Pin Configuration

Table 8-1 summarizes the PPG pins.

Table81 PPG Pins

Name Symbol I/O Function

Pulse output 0 POO Output Group 0 pulse output
Pulse output 1 PO1 Output

Pulse output 2 PO2 Output

Pulse output 3 PO3 Output

Pulse output 4 PO4 Output Group 1 pulse output
Pulse output 5 PO5 Output

Pulse output 6 PO6 Output

Pulse output 7 PO7 Output

Pulse output 8 PO8 Output Group 2 pulse output
Pulse output 9 PO9 Output

Pulse output 10 PO10 Output

Pulse output 11 PO11 Output

Pulse output 12 PO12 Output Group 3 pulse output
Pulse output 13 PO13 Output

Pulse output 14 PO14 Output

Pulse output 15 PO15 Output
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814 Registers
Table 8-2 summarizes the PPG registers.

Table8-2 PPG Registers

Name Abbreviation R/W Initial Value Address**
PPG output control register PCR R/W H'FF H'FF46
PPG output mode register PMR R/W H'FO H'FF47
Next data enable register H NDERH R/W H'00 H'FF48
Next data enable register L NDERL R/W H'00 H'FF49
Output data register H PODRH R/(W)**  H'00 H'FF4A
Output data register L PODRL R/(W)**  H'00 H'FF4B
Next data register H NDRH R/W H'00 H'FF4C*3
H'FF4E
Next data register L NDRL R/W H'00 H'FF4D*®
H'FF4AF
Port 1 data direction register P1DDR W H'00 H'FEBO
Port 2 data direction register P2DDR W H'00 H'FEB1
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bits used for pulse output cannot be written to.
3. When the same output trigger is selected for pulse output groups 2 and 3 by the PCR

setting, the NDRH address is H'FF4C. When the output triggers are different, the
NDRH address is H'FF4E for group 2 and H'FF4C for group 3.

Similarly, when the same output trigger is selected for pulse output groups 0 and 1 by
the PCR setting, the NDRL address is H'FF4D. When the output triggers are different,
the NDRL address is H'FF4F for group 0 and H'FF4D for group 1.

324
HITACHI



8.2 Register Descriptions

821 Next Data Enable RegistersH and L (NDERH, NDERL)

NDERH
Bit : 7 6 5 4 3 2 1 0
‘NDERlS‘NDER14‘NDER13‘NDERlZ‘NDERll‘NDEqu NDER9’ NDERS‘
Initial value : 0 0 0 0 0 0 0 0
RIW - RIW RW  RW RIW RIW RIW RIW RIW
NDERL
Bit : 7 6 5 4 3 2 1 0
\ NDER7‘ NDERG‘ NDERS‘ NDER4‘ NDER3‘ NDER2’ NDERl’ NDERO‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW  RW RIW RIW RIW RIW RIW

NDERH and NDERL are 8-bit readable/writable registers that enable or disable pulse output on a
bit-by-hit basis.

If abitisenabled for pulse output by NDERH or NDERL, the NDR vaueis automatically
transferred to the corresponding PODR bit when the TPU compare match event specified by PCR
occurs, updating the output value. If pulse output is disabled, the bit value is not transferred from
NDR to PODR and the output value does not change.

NDERH and NDERL are each initialized to H'00 by areset and in hardware standby mode. They
are not initialized in software standby mode.

NDERH Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to O

NDER15 to NDERS8 Description

0 Pulse outputs PO15 to POS8 are disabled (NDR15 to NDR8 are not
transferred to POD15 to POD8) (Initial value)

1 Pulse outputs PO15 to POS8 are enabled (NDR15 to NDRS are transferred

to POD15 to PODS)
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NDERL Bits7to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7t0 0

NDER7 to NDERO Description

0 Pulse outputs PO7 to POO are disabled (NDR7 to NDRO are not
transferred to POD7 to PODO) (Initial value)

1 Pulse outputs PO7 to POO are enabled (NDR7 to NDRO are transferred to

POD7 to PODO)

8.2.2 Output Data RegistersH and L (PODRH, PODRL)

PODRH
Bit : 7 6 5 4 3 2 1 0

\ PODlS‘ POD14‘ Pools\ PODlZ‘ PODll‘ PODlO‘ POD9 \ POD8
Initial value : 0 0 0 0 0 0 0 0
RIW ©ORI(W)* RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RI(W)*
PODRL
Bit : 7 6 5 4 3 2 1 0

\ POD?‘ PODG‘ PODS‘ POD4‘ PODS‘ PODZ‘ PODl‘ PODO‘
Initial value : 0 0 0 0 0 0 0 0
RIW CORI(W)* RIW)* RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RI(W)*

Note: * A bit that has been set for pulse output by NDER is read-only.

PODRH and PODRL are 8-hit readable/writable registers that store output data for usein pulse
output.
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8.2.3 Next Data RegistersH and L (NDRH, NDRL)

NDRH and NDRL are 8-hit readable/writable registers that store the next data for pulse output.
During pulse output, the contents of NDRH and NDRL are transferred to the corresponding bitsin
PODRH and PODRL when the TPU compare match event specified by PCR occurs. The NDRH
and NDRL addresses differ depending on whether pulse output groups have the same output
trigger or different output triggers. For details see section 8.2.4, Notes on NDR Access.

NDRH and NDRL are each initialized to H'00 by areset and in hardware standby mode. They are
not initialized in software standby mode.

8.24 Notes on NDR Access

The NDRH and NDRL addresses differ depending on whether pulse output groups have the same
output trigger or different output triggers.

Same Trigger for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by the
same compare match event, the NDRH address is H'FFAC. The upper 4 bits belong to group 3 and
the lower 4 bitsto group 2. Address H'FF4E consists entirely of reserved bits that cannot be
modified and are alwaysread as 1.

AddressH'FF4C

Bit L7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDRS |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

AddressH'FF4E

Bit : 7 6 5 4 3 2 1 0
- -l -1 -1T-1=-17T=-71T7=1

Initial value : 1 1 1 1 1 1 1 1

RIW : — — — — — — — —

If pulse output groups 0 and 1 are triggered by the same compare match event, the NDRL address
isH'FF4D. The upper 4 bits belong to group 1 and the lower 4 bitsto group 0. Address H'FF4F
consists entirely of reserved bits that cannot be modified and are always read as 1.
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AddressH'FF4D

Bit L7 6 5 4 3 2 1 0

| NDR7 | NDR6 | NDR5 | NDR4 | NDR3 | NDR2 | NDR1 | NDRO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Address H'FF4F

Bit : 7 6 5 4 3 2 1 0
-l -1 -1 -1=-]-17-71T =

Initial value : 1 1 1 1 1 1 1 1

R/W : — — — — — — _ _

Different Triggersfor Pulse Output Groups: If pulse output groups 2 and 3 are triggered by
different compare match events, the address of the upper 4 bitsin NDRH (group 3) is H'FF4C and
the address of the lower 4 bits (group 2) is H'FFAE. Bits 3 to 0 of address H'FF4C and bits 7 to 4
of address H'FF4E are reserved bits that cannot be modified and are always read as 1.

AddressH'FF4C

Bit L7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12| — | — | — | — |
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RW RW  RW — — — —

Address H'FFAE

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | NDRIL| NDR10| NDR9 | NDRS |
Initial value : 1 1 1 1 0 0 0 0
RIW S — — — RW RW RW  RW

If pulse output groups 0 and 1 are triggered by different compare match event, the address of the
upper 4 bitsin NDRL (group 1) is H'FF4D and the address of the lower 4 bits (group 0) is H'FF4F.
Bits 3to 0 of address H'FFAD and bits 7 to 4 of address H'FF4F are reserved bits that cannot be
modified and are alwaysread as 1.
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AddressH'FF4D

Bit L7 6 5 4 3 2 1 0
| NDR7 | NDR6 | NDR5 | NDR4 | — | — | — | — |

Initial value : 0 0 0 0 1 1 1 1

RIW . RW RW RW  RW — — — —

AddressH'FF4F

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | NDR3 | NDR2 | NDR1 | NDRO |
Initial value : 1 1 1 1 0 0 0 0
RIW S — — — RW RW RW  RW

8.25 PPG Output Control Register (PCR)

Bit L7 6 5 4 3 2 1 0
|G3CMS1| G3CMS0| G2CMS1| G2CMS0 G1CMS1| GICMS0| GOCMS1| GOCMSO)

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW  RW

PCR is an 8-hit readable/writable register that selects output trigger signals for PPG outputs on a
group-by-group basis.

PCRisinitialized to H'FF by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match that triggers pul se output group 3 (pins PO15 to PO12).

Description

Bit 7 Bit 6
G3CMS1 G3CMSO0 Output Trigger for Pulse Output Group 3
0 0 Compare match in TPU channel 0

1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2

1 Compare match in TPU channel 3 (Initial value)
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Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match that triggers pulse output group 2 (pins PO11 to POS).

Description
Bit 5 Bit 4
G2CMS1 G2CMSO0 Output Trigger for Pulse Output Group 2
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, GICM S0): These bits
select the compare match that triggers pulse output group 1 (pins PO7 to PO4).

Description
Bit 3 Bit 2
G1CMS1 G1CMSO0 Output Trigger for Pulse Output Group 1
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match that triggers pulse output group 0 (pins PO3 to POO).

Description

Bit 1 Bit 0
GOCMS1 GOCMSO0 Output Trigger for Pulse Output Group 0
0 0 Compare match in TPU channel 0

1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2

1 Compare match in TPU channel 3 (Initial value)
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8.2.6 PPG Output Mode Register (PMR)

Bit L7 6 5 4 3 2 1 0
| G3INV | G2INV | GLINV | GOINV | G3NOV | G2NOV | GINOV | GONOV |

Initial value : 1 1 1 1 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PMR is an 8-hit readabl e/writable register that selects pulse output inversion and non-overlapping
operation for each group.

The output trigger period of a non-overlapping operation PPG output waveform is set in TGRB
and the non-overlap marginis set in TGRA. The output values change at compare match A and B.

For details, see section 8.3.4, Non-Overlapping Pulse Output.

PMRisinitialized to H'FO by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Group 3 Inversion (G3INV): Selectsdirect output or inverted output for pulse output
group 3 (pins PO15 to PO12).

Bit 7

G3INV Description

0 Inverted output for pulse output group 3 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 3 (high-level output at pin for a 1 in PODRH)

(Initial value)

Bit 6—Group 2 Inversion (G2INV): Selectsdirect output or inverted output for pulse output
group 2 (pins PO11 to PO8).

Bit 6
G2INV Description
0 Inverted output for pulse output group 2 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 2 (high-level output at pin for a 1 in PODRH)
(Initial value)
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Bit 5—Group 1 Inversion (G1INV): Selectsdirect output or inverted output for pulse output
group 1 (pins PO7 to PO4).

Bit 5

G1INV Description

0 Inverted output for pulse output group 1 (low-level output at pin for a 1 in PODRL)

1 Direct output for pulse output group 1 (high-level output at pin for a 1 in PODRL)
(Initial value)

Bit 4—Group O Inversion (GOINV): Selectsdirect output or inverted output for pulse output
group 0 (pins PO3 to POO).

Bit 4

GOINV Description

0 Inverted output for pulse output group 0 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 0 (high-level output at pin for a 1 in PODRL)

(Initial value)

Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping operation for pulse
output group 3 (pins PO15 to PO12).

Bit 3

G3NOV Description

0 Normal operation in pulse output group 3 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 3 (independent 1 and O output at

compare match A or B in the selected TPU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping operation for pulse
output group 2 (pins PO11 to POS).

Bit 2

G2NOV Description

0 Normal operation in pulse output group 2 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 2 (independent 1 and O output at
compare match A or B in the selected TPU channel)
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Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping operation for pulse
output group 1 (pins PO7 to PO4).

Bit 1

G1NOV Description

0 Normal operation in pulse output group 1 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 1 (independent 1 and O output at

compare match A or B in the selected TPU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping operation for pulse
output group 0 (pins PO3 to POO).

Bit 0

GONOV Description

0 Normal operation in pulse output group 0 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group O (independent 1 and O output at

compare match A or B in the selected TPU channel)

8.2.7 Port 1 Data Direction Register (PLDDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR | P16DDR| P15DDR | PL4DDR| P13DDR | P12DDR| P11DDR | PLODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w W W

P1DDR isan 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1.

Port 1 is multiplexed with pins PO15 to PO8. Bits corresponding to pins used for PPG output must
be set to 1. For further information about PLDDR, see the I/O Port section in the reference manual
for the relevant model.
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8.2.8 Port 2 Data Direction Register (P2DDR)

Bit L7 6 5 4 3 2 1 0

| P27DDR | P26DDR| P25DDR | P24DDR| P23DDR | P22DDR| P21DDR | P20DDR)|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P2DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 2.

Port 2 is multiplexed with pins PO7 to POO. Bits corresponding to pins used for PPG output must
be set to 1. For further information about P2DDR, see the I/O Port section in the reference manual
for the relevant model.

8.29 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEEEEEEEEEEEEE.

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/IW RIW R/W

MSTPCR is a 16-bit readable/writable register that performs modul e stop mode control.

When the MSTP11 hit in MSTPCR is set to 1, PPG operation stops at the end of the bus cycle and
atransition is made to modul e stop mode. Registers cannot be read or written to in modul e stop
mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 11—Module Stop (M STP11): Specifies the PPG module stop mode.

Bit 11

MSTP11  Description

0 PPG module stop mode cleared

1 PPG module stop mode set (Initial value)
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8.3 Operation

8.3.1 Overview

PPG pulse output is enabled when the corresponding bits in PIDDR, P2DDR, and NDER are set
to 1. Inthis state the corresponding PODR contents are output.

When the compare match event specified by PCR occurs, the corresponding NDR bit contents are
transferred to PODR to update the output values.

Figure 8-2 illustrates the PPG output operation and table 8-3 summarizes the PPG operating
conditions.

DDR NDER
Q Q
Output trigger signal
Cc
Q PODR D Q NDR Dj=— Internal data bus
Pulse output pin

Normal output/inverted output

Figure8-2 PPG Output Operation

Table8-3 PPG Operating Conditions

NDER DDR Pin Function
0 0 Generic input port
1 Generic output port
1 0 Generic input port (but the PODR bit is a read-only bit, and when

compare match occurs, the NDR bit value is transferred to the PODR bit)

1 PPG pulse output

Sequential output of data of up to 16 bits is possible by writing new output datato NDR before
the next compare match. For details of non-overlapping operation, see section 8.3.4, Non-
Overlapping Pulse Output.
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8.3.2 Output Timing

If pulse output is enabled, NDR contents are transferred to PODR and output when the specified
compare match event occurs. Figure 8-3 shows the timing of these operations for the case of
normal output in groups 2 and 3, triggered by compare match A.

° T O O B O B B
TCNT >< N >< N+1 ><

TGRA N

Compare match

A signal

NDRH n

PODRH m >< - n
PO8 to PO15 m >< n

Figure8-3 Timing of Transfer and Output of NDR Contents (Example)
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8.3.3 Normal Pulse Output

Sample Setup Procedurefor Normal Pulse Output: Figure 8-4 shows a sample procedure for
setting up normal pulse output.

C Normal PPG output ) [1] SetTIOR to make TFBRA an output
‘ compare register (with output
| Select TGR functions | [1] disabled).
\ [2] Setthe PPG output trigger period.
TPU setup 4 | Set TGRA value | [2] [3] Select the counter clock source
P | Set . | i | 3 with bits TPSC2 to TPSCO in TCR.
et coun m‘g operation 3] Select the counter clear source
| - with bits CCLR1 and CCLRO.
Select interrupt request | [4]
[ [4] Enable the TGIA interrupt in TIER.
| setinitial outputdata | [5] The DTC or DMAC can also be set
\ up to transfer data to NDR.
Portand | Enable pu‘lse output | (6] [5] Set the initial output values in
PODR.
PPG setup | Select output trigger | [7
[ [6] Setthe DDR and NDER bits for the
Set next pulse 8] pins to be used for pulse output to 1.
output data
| [7] Select the TPU compare match
TPU setup | Start count | o] event to be used as the output

trigger in PCR.

No [8] Set the next pulse output values in
NDR.
Yes o
Set next oulse [9] Setthe CST bitin TSTR to 1 to
output c?ata [10] start the TCNT counter.

\ [10] At each TGIA interrupt, set the next
output values in NDR.

Figure8-4 Setup Procedurefor Normal Pulse Output (Example)
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Example of Normal Pulse Output (Example of Five-Phase Pulse Output): Figure 8-5 shows an
example in which pulse output is used for cyclic five-phase pulse output.

TCNT value TCNT Compare match

H'0000

» Time

NDRH 8o><c?><4oX60X20><30><1o><18><08><88><80><co><40

PODRH 00 >< 80 >< COX 40 ><

20><30><10

N

Figure8-5 Normal Pulse Output Example (Five-Phase Pulse Output)

[1] Set up the TPU channel to be used as the output trigger channel so that TGRA is an output
compare register and the counter will be cleared by compare match A. Set the trigger period in
TGRA and set the TGIEA bit in TIER to 1 to enable the compare match A (TGIA) interrupt.

[2] Write H'F8 in PIDDR and NDERH, and set the G3CM S1, G3CM S0, G2CM S1, and G2CM SO
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

[3] The timer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

[4] Five-phase overlapping pulse output (one or two phases active at atime) can be obtained
subsequently by writing H'40, H'60, H'20, H'30. H'10, H'18, H'08, H'88... at successive TGIA
interrupts. If the DTC or DMAC is set for activation by thisinterrupt, pulse output can be
obtained without imposing aload on the CPU.
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8.34 Non-Overlapping Pulse Output

Sample Setup Procedurefor Non-Overlapping Pulse Output: Figure 8-6 shows a sample
procedure for setting up non-overlapping pul se output.

< Non-overlapping > [1] Set TIOR to make TGRA and
PPG output TGRB an output compare registers
\ (with output disabled).
| Select TGR functions | [1]
‘ [2] Set the pulse output trigger period
| Set TGR values | 2] in TGRB and the non-overlap
TPU setup < ‘ margin in TGRA.
| Set counting operation | (3] [3] Select the counter clock source
‘ with bits TPSC2 to TPSCO in TCR.
| Select interrupt request | [4] Select the counter clear source
\ with bits CCLR1 and CCLRO.
| Set initial output data | [5]

| [4] Enable the TGIA interrupt in TIER.
| [6] The DTC or DMAC can also be set
up to transfer data to NDR.

| Enable pulse output

\
PPG setup < | 59|eCt0Utr‘3Uttri996f |[7] (5] ﬁf}tg&e initial output values in

Set non-overlapping groups | [8
| ‘pp 9 group | g [6] Setthe DDR and NDER bits for the

pins to be used for pulse output to
9 1.

Set next pulse
output data
‘ [7] Select the TPU compare match
TPU setup | Start count | [10] event to be used as the pulse
‘ output trigger in PCR.

No
') .
[8] In PMR, select the groups that will
Yes operate in non-overlap mode.
SgL?peuﬁtC?;:‘e [11] [9] Set the next pulse output values in
NDR.

[10] Set the CST bitin TSTR to 1 to
start the TCNT counter.

[11] At each TGIA interrupt, set the next
output values in NDR.

Figure8-6 Setup Procedurefor Non-Overlapping Pulse Output (Example)
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Example of Non-Overlapping Pulse Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 8-7 shows an example in which pulse output is used for four-phase
complementary non-overlapping pulse output.

TCNT value
TGRB

PODRH ‘OO><95‘>.<65>.<59>.<56>.<95>.<65>D<
G I Sy

POL4 | S R

PO13 Lo ! ! b b ! !
PO12 | | | | L C 1 1
PO11 I I ! ! I I I

PO10 | | | | | | | | | | |

PO9 S Lo R | | L Lo

Figure8-7 Non-Overlapping Pulse Output Example (Four-Phase Complementary)
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[1] Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB are
output compare registers. Set the trigger period in TGRB and the non-overlap margin in
TGRA, and set the counter to be cleared by compare match B. Set the TGIEA bitin TIERto 1
to enable the TGIA interrupt.

[2] Write H'FF in PADDR and NDERH, and set the G3CM S1, G3CM SO, G2CM S1, and G2CM SO
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3ANOV and G2NOV bitsin PMR to 1 to select non-overlapping output.
Write output data H'95 in NDRH.

[3] Thetimer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the change from O to 1 is delayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

[4] Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'56, H'95... at successive TGIA interrupts. If the DTC or DMAC is set for
activation by thisinterrupt, pulse output can be obtained without imposing aload on the CPU.
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8.35 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bitsin PMR are cleared to 0, values that are the
inverse of the PODR contents can be output.

Figure 8-8 shows the outputs when G3INV and G2INV are cleared to 0, in addition to the settings
of figure 8-7.

TCNT value
LECT = I e D iy e S T Hddiit

| |
t ; ‘ ; »Time
|

| |

M e -
PODRL 00><956559569565><:><
os L L
I B
2 L o L 0 b
N

o0 [T
PO9 L L L | | L L
po8 | L L | | L L

Figure8-8 Inverted Pulse Output (Example)
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8.3.6 Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 8-9 shows the timing of this output.

TIOC pin

Input capture

signal

NDR N

PODR M XS

PO M X N

Figure8-9 Pulse Output Triggered by Input Capture (Example)
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8.4 Usage Notes

8.4.1 Operation of Pulse Output Pins

Pins POO to PO15 are a so used for other supporting functions such as the TPU. When output by
another supporting function is enabled, the corresponding pins cannot be used for pulse output.
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of the usage
of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

8.4.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to PODR bits takes place as
follows.

* NDR bits are always transferred to PODR bits at compare match A.

« At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 8-10 illustrates the non-overlapping pulse output operation.

DDR NDER

Compare match A
Compare match B

C

Pulse Q PODR D «—Q NDR D{«—— Internal data bus
output
pin

Normal output/inverted output

Figure8-10 Non-Overlapping Pulse Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. The NDR contents should not be altered during the interval from compare
match B to compare match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next datain
NDR, or by having the TGIA interrupt activate the DTC or DMAC. Note, however, that the next
data must be written before the next compare match B occurs.

Figure 8-11 shows the timing of this operation.

Compare match A ,_l ,_l
Compare match B ,_l i

! | Write to NDR ! | Write to NDR

NDR ‘ >< ><

PODR | X ><

0 output  0/1 output 0 output 0/1 output
Write to NDR —+—+—Write to NDR
Do not write Nere Do not write  Nere
to NDR here to NDR here

Figure8-11 Non-Overlapping Operation and NDR Write Timing
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Section 9 8-Bit Timers

9.1 Overview

The H85/2338 Series, H8S5/2328 Series, and H85/2318 Series include an 8-bit timer module with
two channels (TMRO and TMR1). Each channel has an 8-bit counter (TCNT) and two time
constant registers (TCORA and TCORB) that are constantly compared with the TCNT value to
detect compare match events. The 8-bit timer module can thus be used for a variety of functions,
including pulse output with an arbitrary duty cycle.

9.1.1 Features
The features of the 8-bit timer module are listed below.

» Selection of four clock sources

The counters can be driven by one of three internal clock signals (2/8, 2/64, or 2/8192) or an
external clock input (enabling use as an external event counter)

» Selection of three waysto clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal

» Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary duty
cycle or PWM output

» Provision for cascading of two channels

0 Operation as a 16-bit timer is possible, using channel 0 for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode)

O Channel 1 can be used to count channel 0 compare matches (compare match count mode)

* Threeindependent interrupts
Compare match A and B and overflow interrupts can be requested independently

» A/D converter conversion start trigger can be generated
Channel 0 compare match A signal can be used as an A/D converter conversion start trigger

* Module stop mode can be set

O Astheinitia setting, 8-bit timer operation is halted. Register access is enabled by exiting
modul e stop mode
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9.1.2 Block Diagram

Figure 9-1 shows a block diagram of the 8-bit timer module.

External clock source Internal clock sources

TMCIO o/8
TMCI1 /64
/8192
) y
Clock 1
Clock select Clock 0
TCORAO TCORA1
Compare match Al, K) K)
Compare match AO| Comparator AO Comparator A1
TMOO ~—| Overflow 1 r (ﬁ (ﬁ s
TMRIO —» Overflow 0 RS =
Clear 0 /
Clear 1 g
e}
Compare match B1 , =
. Compare match BO | Comparator BO Ii' Comparator B1 | £
TMO1 = Control logic L ‘GE)
TMRI1 ——» (ﬁ (ﬁ -
| TCORBO TCORBL [
A/D
CoNversion | >| TCSRO Ii' TCSR1 |<
start request
signal
=R
— CMIAO
— CMIBO
——0VI0
—— = CMIAl
————————— = CMIB1
E—— OAV/ K §
Interrupt signals
Figure9-1 Block Diagram of 8-Bit Timer Module
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9.1.3 Pin Configuration
Table 9-1 summarizes the input and output pins of the 8-hit timer module.

Table9-1 Input and Output Pins of 8-Bit Timer

Channel Name Symbol 1/0 Function

0 Timer output pin 0 TMOO0 Output Outputs at compare match
Timer clock input pin 0 TMCIO Input Inputs external clock for counter
Timer reset input pin 0 TMRIO Input Inputs external reset to counter

1 Timer output pin 1 TMO1 Output Outputs at compare match
Timer clock input pin 1 TMCI1 Input Inputs external clock for counter
Timer reset input pin1  TMRI1 Input Inputs external reset to counter

9.14 Register Configuration
Table 9-2 summarizes the registers of the 8-bit timer module.

Table9-2 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial value ~ Address**
0 Timer control register 0 TCRO R/W H'00 H'FFBO
Timer control/status register 0 TCSRO R/(W)**  H'00 H'FFB2
Time constant register AO TCORAO R/W H'FF H'FFB4
Time constant register BO TCORBO R/W H'FF H'FFB6
Timer counter O TCNTO R/W H'00 H'FFB8
1 Timer control register 1 TCR1 R/W H'00 H'FFB1
Timer control/status register 1 TCSR1 R/I(W)** H'10 H'FFB3
Time constant register A1 TCORA1 R/W H'FF H'FFB5
Time constant register B1 TCORB1 R/W H'FF H'FFB7
Timer counter 1 TCNT1 R/W H'00 H'FFB9
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registersfor channel 0 and channel 1 isa 16-bit register with the upper 8 bits for
channel 0 and the lower 8 bits for channel 1, so they can be accessed together by aword transfer
instruction.
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9.2 Register Descriptions

9.21 Timer CountersOand 1 (TCNTO, TCNT1)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEEEEEEEEEEEE.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/IW R/IW R/IW

TCNTO and TCNT1 are 8-hit readable/writable up-counters that increment on pul ses generated
from aninternal or external clock source. This clock sourceis selected by clock select bits CKS2
to CKS0in TCR. The CPU can read or writeto TCNTO and TCNT1 at all times.

TCNTO and TCNT1 comprise asingle 16-bit register, so they can be accessed together by aword
transfer instruction.

TCNTO and TCNT1 can be cleared by an external reset input or by a compare match signal.
Which signal isto be used for clearing is selected by clock clear bits CCLR1 and CCLROin TCR.

When atimer counter overflows from H'FF to H'00, OVF in TCSR is set to 1.

TCNTO and TCNT1 are each initialized to H'00 by areset and in hardware standby mode.

9.2.2 Time Constant Registers A0 and A1 (TCORAOQ, TCORA1)

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEEEEEEEEEEEE.

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/IW R/IW RIW R/W

TCORAOQ and TCORAL are 8-hit readable/writable registers. TCORAOQ and TCORAL comprise a
single 16-hit register so they can be accessed together by aword transfer instruction.

TCORA iscontinually compared with the valuein TCNT. When a match is detected, the
corresponding CMFA flag in TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of bits
0OS1 and OS0in TCSR.
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TCORAO and TCORAL1 are each initialized to H'FF by areset and in hardware standby mode.

9.23 Time Constant RegistersB0 and B1 (TCORBO, TCORB1)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

g

Initial value: 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORBO0 and TCORBL1 are 8-bit readable/writable registers. TCORBO and TCORB1 comprise a
single 16-bit register so they can be accessed together by aword transfer instruction.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding CMFB flag in TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits OS3 and OS2 in TCSR.

TCORBO and TCORBL1 are each initialized to H'FF by areset and in hardware standby mode.

9.24 Time Control RegistersOand 1 (TCRO, TCR1)

Bit L7 6 5 4 3 2 1 0

| CMIEB | CMIEA| OVIE | CCLR1| CCLRO | CKS2 | CKS1 | CKSO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

TCRO and TCRL1 are 8-hit readabl e/writable registers that select the clock source and the time at
which TCNT is cleared, and enable interrupts.

TCRO and TCRL1 are each initialized to H'00 by areset and in hardware standby mode.
For details of thistiming, see section 9.3, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Selects whether CMFB interrupt
requests (CMIB) are enabled or disabled when the CMFB flagin TCSR isset to 1.
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Bit 7
CMIEB Description

0 CMFB interrupt requests (CMIB) are disabled (Initial value)
1 CMFB interrupt requests (CMIB) are enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Selects whether CMFA interrupt
reguests (CMIA) are enabled or disabled when the CMFA flagin TCSRis set to 1.

Bit 6

CMIEA Description

0 CMFA interrupt requests (CMIA) are disabled (Initial value)
1 CMFA interrupt requests (CMIA) are enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether OV F interrupt requests
(OVI) are enabled or disabled when the OVF flagin TCSRis set to 1.

Bit 5

OVIE Description

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1 and CCL ROQ): These bits select the method by
which TCNT is cleared: by compare match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Clear by compare match A

1 0 Clear by compare match B
1 Clear by rising edge of external reset input

Bits2to 0—Clock Select 2to 0 (CKS2 to CK S0): These bits select whether the clock input to
TCNT isan internal or external clock.

Threeinternal clocks can be selected, all divided from the system clock (2): 2/8, 2/64, and 2/8192.
The falling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.
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Some functions differ between channel 0 and channdl 1.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted at falling edge of @/8
1 0 Internal clock, counted at falling edge of 2/64
1 Internal clock, counted at falling edge of 2/8192
1 0 0 For channel O: count at TCNT1 overflow signal*
For channel 1: count at TCNTO compare match A*
1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 External clock, counted at both rising and falling edges

Note: * If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this setting.

9.25 Timer Control/Status Registers0and 1 (TCSRO, TCSR1)

TCSRO
Bit : 7 6 5 4 3 2 1 0

\ CMFB \ CMFA ‘ OVF ‘ ADTE‘ 0s3 \ 0s2 ] os1 ] 0s0 \
Initial value : 0 0 0 0 0 0 0 0
RIW CRIW)* RIW)*  RIW)*  RIW RIW RIW RIW RIW
TCSR1
Bit : 7 6 5 4 3 2 1 0

\ CMFB \ CMFA ‘ OVF ‘ — ‘ 0s3 ‘ 0s2 ] os1 ] 0S0 \
Initial value : 0 0 0 1 0 0 0 0
RIW L ORI(WY RIW)* RI(W) — RIW RIW RIW RIW

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.

TCSRO and TCSR1 are 8-hit registers that display compare match and overflow statuses, and
control compare match output.

TCSRO isinitialized to H'00, and TCSR1 to H'10, by areset and in hardware standby mode.
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Bit 7—Compare Match Flag B (CMFB): Status flag indicating whether the values of TCNT and

TCORB match.

Bit 7

CMFB Description

0 [Clearing conditions] (Initial value)

¢ Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
* When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is 0

[Setting condition]
Set when TCNT matches TCORB

Bit 6—Compare Match Flag A (CMFA): Status flag indicating whether the values of TCNT and

TCORA match.

Bit 6

CMFA Description

0 [Clearing conditions] (Initial value)

e Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA
*  When DTC is activated by CMIA interrupt while DISEL bit of MRB in DTC is O

[Setting condition]
Set when TCNT matches TCORA

Bit 5—Timer Overflow Flag (OVF): Statusflag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
e Cleared by reading OVF when OVF = 1, then writing O to OVF

1 [Setting condition]
Set when TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (TCSRO Only): Selects enabling or disabling of A/D
converter start requests by compare match A.

In TCSR1, thisbit isreserved: it is always read as 1 and cannot be modified.

Bit 4

ADTE Description

0 A/D converter start requests by compare match A are disabled (Initial value)
1 A/D converter start requests by compare match A are enabled

Bits 3to 0—Output Select 3to 0 (0S3to OS0): These hits specify how the timer output level is
to be changed by a compare match of TCOR and TCNT.

Bits OS3 and OS2 select the effect of compare match B on the output level, bits OS1 and OSO
select the effect of compare match A on the output level, and both of them can be controlled
independently.

Note, however, that priorities are set such that: toggle output > 1 output > 0 output. If compare
matches occur simultaneously, the output changes according to the compare match with the higher
priority.

Timer output is disabled when bits OS3 to OS0 are all 0.

After areset, the timer output is O until the first compare match event occurs.

Bit 3 Bit 2

0S3 0S2 Description

0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs

1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)

Bit 1 Bit 0

0s1 0so Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)
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9.2.6 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

| |

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bl EEEEn

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs modul e stop mode control.

When the MSTP12 hit in MSTPCR is set to 1, the 8-bit timer operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 12—M odule Stop (M STP12): Specifies the 8-bit timer module stop mode.

Bit 12

MSTP12  Description

0 8-bit timer module stop mode cleared

1 8-bit timer module stop mode set (Initial value)
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9.3 Operation

931 TCNT Incrementation Timing
TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (&/8, @/64, or @/8192) divided from the
system clock (@) can be selected, by setting bits CKS2 to CKS0 in TCR. Figure 9-2 showsthe
count timing.

o e e Y e O o o

Internal clock _|

Clock input
to TCNT

TCNT N-1 X

2 X N+

Figure9-2 Count Timingfor Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
TCR: at the rising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at asingle
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width isless than these values.

Figure 9-3 shows the timing of incrementation at both edges of an external clock signal.
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External clock
input pin {

Clock input

to TCNT ( -
£ )

TCNT N-1 X . N X . N+
)) ))

Figure9-3 Count Timing for External Clock Input

9.3.2 Compare Match Timing

Setting of Compare Match FlagsA and B (CMFA, CMFB): The CMFA and CMFB flagsin
TCSR are set to 1 by a compare match signal generated when the TCOR and TCNT values match.
The compare match signal is generated at the last state in which the match istrue, just before the
timer counter is updated.

Therefore, when TCOR and TCNT match, the compare match signal isnot generated until the
next incrementation clock input. Figure 9-4 shows this timing.

o [ I

TCNT N X N+1

TCOR N

Compare match
signal

CMF |

Figure9-4 Timing of CMF Setting
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Timer Output Timing: When compare match A or B occurs, the timer output changes as

specified by bits OS3 to OS0 in TCSR. Depending on these bits, the output can remain the same,
changeto 0, changeto 1, or toggle.

Figure 9-5 shows the timing when the output is set to toggle at compare match A.

° e e e e o Y
Compare match A4,—|
signal \

\
I—

Timer output pin |

Figure9-5 Timingof Timer Output

Timing of Compare Match Clear: Thetimer counter is cleared when compare match A or B

occurs, depending on the setting of the CCLR1 and CCLRO bitsin TCR. Figure 9-6 shows the
timing of this operation.

o Ju e

Compare match

signal

AN

TCNT N X

H'00

Figure9-6 Timing of Compare Match Clear
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9.3.3 Timing of TCNT External Reset

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The clear pulse width must be at least 1.5 states. Figure 9-7
shows the timing of this operation.

o S e

External reset
input pin |

Clear signal

TCNT N-1 XN X H00

Figure9-7 Timing of Clearance by External Reset

9.34 Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when TCNT overflows (changes from H'FF to H'00). Figure 9-8
shows the timing of this operation.

o L L
TCNT HFFE X H'00

Overflow signal

\

OVF

Figure9-8 Timing of OVF Setting

360
HITACHI




9.35 Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCRO or TCR1 are set to B’ 100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-hit timer
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match counter mode). In this case, the timer operates as below.

16-Bit Counter Mode: When hits CKS2 to CKS0 in TCRO are set to B'100, the timer functions
asasingle 16-bit timer with channel 0 occupying the upper 8 bits and channel 1 occupying the
lower 8 bits.

» Setting of compare match flags
0 TheCMFflagin TCSROisset to 1 when a 16-bit compare match event occurs.
0 TheCMFflagin TCSR1isset to 1 when alower 8-bit compare match event occurs.

» Counter clear specification

O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare match,
the 16-hit counter (TCNTO and TCNTL1 together) is cleared when a 16-bit compare match
event occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter
clear by the TMRIO pin has also been set.

0 The settings of the CCLR1 and CCLRO bitsin TCR1 are ignored. The lower 8 hits cannot
be cleared independently.

» Pinoutput
O Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO is in accordance with
the 16-bit compare match conditions.

O Control of output from the TMOL pin by bits OS3 to OS0 in TCSRL1 isin accordance with
the lower 8-bit compare match conditions.

Compare Match Counter Mode: When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts
compare match A’sfor channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.

Usage Note: If the 16-bit counter mode and compare match counter mode are set simultaneously,
the input clock pulsesfor TCNTO and TCNT1 are not generated and thus the counters will stop
operating. Software should therefore avoid using both these modes.
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94 Interrupts

9.4.1 Interrupt Sourcesand DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown in table 9-3. Each interrupt sourceis set as enabled or disabled by the corresponding
interrupt enable bit in TCR, and independent interrupt requests are sent for each to the interrupt
controller. Itisalso possibleto activate the DTC by means of CMIA and CMIB interrupts.

Table9-3 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description DTC Activation Priority
0 CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible
oVIo Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovil Interrupt by OVF Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

94.2 A/D Converter Activation

The A/D converter can be activated only by channel 0 compare match A.

If the ADTE bitin TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channel
0 compare match A, arequest to start A/D conversion is sent to the A/D converter. If the 8-bit
timer conversion start trigger has been selected on the A/D converter side at thistime, A/D
conversion is started.

9.5 Sample Application

In the example below, the 8-bit timer is used to generate a pul se output with a selected duty cycle,
as shown in figure 9-9. The control bits are set as follows:

[1] In TCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared when its value matches the constant in TCORA.

[2] In TCSR, bits OS3 to OS0 are set to B'0110, causing the output to changeto 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.
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Figure9-9 Example of Pulse Output

9.6 Usage Notes

Note that the following kinds of contention can occur in the 8-bit timer module.

9.6.1 Contention between TCNT Writeand Clear

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 9-10 shows this operation.

TCNT write cycle by CPU
T T2

T
g B s N S

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure9-10 Contention between TCNT Write and Clear
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9.6.2 Contention between TCNT Writeand I ncrement

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the counter is not incremented.

Figure 9-11 shows this operation.

TCNT write cycle by CPU
Ty T,

T
ﬂ B T e

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< v M

Counter write data

Figure9-11 Contention between TCNT Write and Increment
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9.6.3 Contention between TCOR Write and Compare Match

During the T, state of a TCOR write cycle, the TCOR write has priority and the compare match

signal isinhibited even if acompare match event occurs.

Figure 9-12 shows this operation.

TCOR write cycle by CPU
T1 Ta

R
. B e e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M

Compare match signal i :\\

Inhibited

Figure9-12 Contention between TCOR Write and Compare Match
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9.6.4 Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
in table 9-4.

Table9-4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

9.6.5 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 9-5 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK S0 bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, as shownincase 3in
table 9-5, a TCNT clock pulse is generated on the assumption that the switchover is afalling edge.
Thisincrements TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table9-5 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1
No. and CKSO0 Bits TCNT Clock Operation

1 Switching from Clock before

low to low** switchover J |__| |

Clock after
switchover

TCNT clock

TCNT N X

CKS bit write

2 Switching from Clock before
low to high*? switchover J I—, |

Clock after
switchover

TCNT clock

TCNT N X w1 X

N2 X

CKS bit write

3 Switching from Clock before
high to low*® switchover J I—,

Clock after
switchover

TCNT clock

TCNT N X~ X N+2 X

CKS bit write

367
HITACHI



Table9-5 Switching of Internal Clock and TCNT Operation (cont)

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

4 Switching from high  Clock before :

to high switchover J | | | m—

Clock after
switchover

TCNT clock

TCNT

CKS bit write

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.

9.6.6 Interruptsand Module Stop M ode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DMAC or DTC activation source. I nterrupts should therefore
be disabled before entering modul e stop mode.
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Section 10 Watchdog Timer

10.1 Overview

The H85/2338 Series, H8S5/2328 Series, and H8S/2318 Series have a single-channel on-chip
watchdog timer (WDT) for monitoring system operation. The WDT outputs an overflow signal
(WDTOVEF)* if asystem crash prevents the CPU from writing to the timer counter, allowing it to
overflow. At the same time, the WDT can also generate an internal reset signal for the chip.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

10.1.1  Features
WDT features are listed below.
» Switchable between watchdog timer mode and interval timer mode

WDTOVF output when in watchdog timer mode*

If the counter overflows, the WDT outputs WDTOVF. It is possible to select whether or not
the entire H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series chip isreset at the same time

* Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt

» Choice of eight counter clock sources

Note: * The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.
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10.1.2 Block Diagram

Figure 10-1 shows a block diagram of the WDT.

| Overflow ) 1
WoVI | Interrupt |~ -« /64 1
(interrupt request control = -« /128 1
signal) 1 Clock |«—0/512 |
f Clock select |« /2048 ;
| « 8192 |
WHhTOVE | -~ @/32768 |
WDTOVF'! = 2 !
.| Reset ~——— /131072 |
Internal reset signal*2 - control Internal clock |
| i sources :

| = -,

- | RsTCsR | | TONT |«—>| TsCR | |2

: |8

| ]

| Bus L=

f Module bus interface L

Legend

TCSR : Timer control/status register
TCNT  : Timer counter

RSTCSR: Reset control/status register

Notes: 1. The WDTOVF output function is not available in all models; please check the reference manual
for the relevant model for confirmation.
2. Internal reset signal generation is specified by means of a register setting.

Figure 10-1 Block Diagram of WDT
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10.1.3  Pin Configuration

Table 10-1 describesthe WDT output pin.
Table10-1 WDT Pin

Name Symbol I/O Function

Watchdog timer overflow WDTOVF* Output Outputs counter overflow signal in watchdog
timer mode

Note: * The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.
10.14 Register Configuration

The WDT has three registers, as summarized in table 10-2. These registers control clock selection,
WDT mode switching, and the reset signal.

Table10-2 WDT Registers

Address**
Name Abbreviation R/W Initial Value Write**>  Read
Timer control/status register TCSR R/(W)*® H'18 H'FFBC HFFBC
Timer counter TCNT R/W H'00 HFFBC H'FFBD
Reset control/status register RSTCSR R/(W)*® H'1F H'FFBE HFFBF

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 10.2.4, Notes on Register Access.
3. Only a write of 0 is permitted to bit 7, to clear the flag.
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10.2 Register Descriptions

10.21 Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable** up-counter.

Whenthe TME bitissetto 1in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), either the watchdog timer overflow signal (WDTOVF)*? or an interval timer
interrupt (WOV]1) is generated, depending on the mode selected by the WT/IT bit in TCSR.

TCNT isinitialized to H'00 by areset, in hardware standby mode, or when the TME bit is cleared
to 0. It isnot initialized in software standby mode.

Notes: 1. TCNT iswrite-protected by apassword to prevent accidental overwriting. For details
see section 10.2.4, Notes on Register Access.

2. The WDTOVF output function is not available in all models; please check the
reference manual for the relevant model for confirmation.

10.2.2 Timer Control/Status Register (TCSR)

Bit L7 6 5 4 3 2 1 0

| OVF | WIIT| TME | — | — | CKS2 | CKSl | CKSO |
Initial value : 0 0 0 1 1 0 0 0
RIW . RIW)* RW  RMW _ — RW  RW  RW

Note: * Only 0 can be written, to clear the flag.

TCSR is an 8-hit readable/writable* register. Its functionsinclude selecting the clock source to be
input to TCNT, and the timer mode.

TCRisinitialized to H'18 by areset and in hardware standby mode. It is not initialized in software
standby mode.

Note: * TCSR iswrite-protected by a password to prevent accidental overwriting. For details see
section 10.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): Indicatesthat TCNT has overflowed from H'FF to H'00, when in
interval timer mode. This flag cannot be set during watchdog timer operation.

Bit 7

OVF Description

0 [Clearing condition] (Initial value)
Cleared by reading TCSR when OVF = 1, then writing 0 to OVF

1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00) in interval timer mode

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as awatchdog timer or

interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
(WOVI) when TCNT overflows. If used as awatchdog timer, the WDT generates the WDTOVF
signal** when TCNT overflows.

Bit6
WT/IT Description
0 Interval timer: Sends the CPU an interval timer interrupt request (WOVI)
when TCNT overflows (Initial value)
1 Watchdog timer: Generates the WDTOVF signal** when TCNT overflows**

Notes: 1. The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.

2. For details of the case where TCNT overflows in watchdog timer mode, see section
10.2.3, Reset Control/Status Register (RSTCSR).

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

Bits 4 and 3—Reserved: Read-only bits, alwaysread as 1.
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Bits2t0 0: Clock Select 2 to 0 (CKS2 to CKS0): These hits select one of eight internal clock
sources, obtained by dividing the system clock (@), for input to TCNT.

Description
Bit 2 Bit 1 Bit 0
CKS2 CKs1 CKSO Clock Overflow Period (when g = 20 MHz)*
0 0 0 2/2 (Initial value)  25.6 ps
1 /64 819.2 us
1 0 2/128 1.6 ms
1 2/512 6.6 ms
1 0 0 /2048 26.2 ms
1 2/8192 104.9 ms
1 0 2/32768 419.4 ms
1 9/131072 1.68s
Note: * The overflow period is the time from when TCNT starts counting up from H'00 until overflow
occurs.

10.2.3 Reset Control/Status Register (RSTCSR)

Bit : 7 6 5 4 3 2 1 0
WOvF | RSTE | — | — | — | — | — | — |

Initial value : 0 0 0 1 1 1 1 1

RIW : RI(W)* RIW R/W — — — — _

Note: * Only 0 can be written, to clear the flag.

RSTCSR is an 8-hit readable/writable* register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSRisinitialized to H'1F by areset signal from the RES pin, but not by the WDT internal
reset signal caused by overflows.

Note: * RSTCSR iswrite-protected by a password to prevent accidental overwriting. For details
see section 10.2.4, Notes on Register Access.
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Bit 7—Watchdog Overflow Flag (WOVF): Indicates that TCNT has overflowed (changed from
H'FF to H'00) during watchdog timer operation. Thisbit is not set in interval timer mode.

Bit 7
WOVF Description

0 [Clearing condition] (Initial value)
Cleared by reading TCSR when WOVF = 1, then writing 0 to WOVF

1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00) during watchdog timer
operation

Bit 6—Reset Enable (RSTE): Specifies whether or not areset signal is generated in the
H8S/2338 Series, H85/2328 Series, or H8S/2318 Series chip if TCNT overflows during watchdog
timer operation.

Bit 6

RSTE Description

0 Reset signal is not generated if TCNT overflows* (Initial value)
1 Reset signal is generated if TCNT overflows

Note: * The modules within the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series chip are
not reset, but TCNT and TCSR within the WDT are reset.

Bit 5— Reserved: Read-only bit.

Bits4 to 0—Reserved: Read-only bits, alwaysread as 1.

10.24 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to writeto. The procedures for writing to and reading these registers are given
below.

Writingto TCNT and TCSR: These registers must be written to by aword transfer instruction.
They cannot be written to with byte instructions.

Figure 10-2 shows the format of datawrittento TCNT and TCSR. TCNT and TCSR both have the
same write address. For awriteto TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awrite to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.
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TCNT write

15 8 7 0
Address: HFFBC H'SA Write data
TCSR write
15 8 7 0
Address: H'FFBC H'AS Write data

Figure10-2 Writingto TCNT and TCSR

Writing to RSTCSR: RSTCSR must be written to by aword transfer instruction to address
H'FFBE. It cannot be written to with byte instructions.

Figure 10-3 shows the format of data written to RSTCSR. The method of writing O to the WOV F
bit differs from that for writing to the RSTE bit.

To write O to the WOVF bit, the write data must have H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF bit to 0, but has no effect on the RSTE hit. To write to the
RSTE bit, the upper byte must contain H'5A and the lower byte must contain the write data. This
writes the value in bit 6 of the lower byte into the RSTE bit, but has no effect on the WOVF bit.

Writing O to WOVF bit

15 8 7 0
Address: HFFBE HAS H'00
Writing to RSTE bit
15 8 7 0
Address: H'FFBE H'S5A Write data

Figure10-3 Writingto RSTCSR

Reading TCNT, TCSR, and RSTCSR: Theseregisters are read in the same way as other
registers. The read addresses are H'FFBC for TCSR, H'FFBD for TCNT, and H'FFBF for
RSTCSR.
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10.3  Operation

10.3.1 Operation in Watchdog Timer Mode

To usethe WDT as awatchdog timer, set the WT/IT and TME bits to 1. Software must prevent
TCNT overflows by rewriting the TCNT value (normally be writing H'00) before overflow occurs.
Thisensuresthat TCNT does not overflow while the system is operating normally. If TCNT
overflows without being rewritten because of a system crash or other error, the WDTOVF signal*
isoutput. Thisis shown in figure 10-4. This WDTOVF signal* can be used to reset the system.
The WDTOVF signa* isoutput for 132 states when RSTE = 1, and for 130 states when RSTE =
0.

If TCNT overflowswhen 1isset inthe RSTE bit in RSTCSR, asignal that resets the H8S/2338
Series, H8S/2328 Series, or H8S/2318 Series chip internally is generated at the same time as the
WDTOVF signal**. Theinternal reset signal is output for 518 states.

If areset caused by asignal input to the RES pin occurs at the same time as areset caused by a
WDT overflow, the RES pin reset has priority and the WOVF bit in RSTCSR is cleared to O.

Note: * The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.
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TCNT count
Overflow

» Time

e N N
WT/IT=1 H'00 written WOVF=1 ' WT/IT=1 H'00 written
- ' TME=1  to TCNT

TME=1  to TCNT WOTOVE*?and |
internal reset are
generated ‘ |
\ ! !
WDTOVF signal*3

Internal reset signal*1

518 states

Legend
WT/IT : Timer mode select bit

TME : Timer enable bit
Notes: 1. The internal reset signal is generated only if the RSTE bit is set to 1.
2. 130 states when the RSTE bit is cleared to 0.
3. The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.
Figure10-4 Operation in Watchdog Timer Mode
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10.3.2 Operation in Interval Timer Mode

To usethe WDT as an interval timer, clear the WT/IT bit in TCSR to 0 and set the TME hit to 1.

Aninterval timer interrupt (WOVI) is generated each time TCNT overflows, provided that the
WNDT is operating as an interval timer, as shown in figure 10-5. This function can be used to

generate interrupt requests at regular intervals.

TCNT count
HEE Overflow Overflow Overflow Overflow
H'00
} ‘ i
WT/T=0 WOVI WOVI WOoVI WOoVI
TME=1
Legend

WOVI: Interval timer interrupt request generation

Time

Figure10-5 Operationin Interval Timer Mode

10.3.3 Timing of Overflow Flag (OVF) Setting

The OVFflagissetto 1if TCNT overflows during interval timer operation. At the sametime, an
interval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 10-6.

S P e B B B e

TCNT % HFF ><

H'00

Overflow signal
(internal signal)

I~
Z—

-
.

OVF

((
))

Figure10-6 Timing of OVF Setting
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10.34 Timing of Watchdog Timer Overflow Flag (WOVF) Setting

The WOVFflagissetto 1if TCNT overflows during watchdog timer operation. At the same time,
the WDTOVF signal goeslow. If TCNT overflows while the RSTE bit in RSTCSRissetto 1, an
internal reset signal is generated for the entire H8S/2338 Series, H8S/2328 Series, or H85/2318
Series chip. Figure 10-7 shows the timing in this case.

: ipfplnEnEnEnNnE

TCNT \\ H'EF >< H'00 \\
Overflow signal :
(internal signal) (( SS |
(o
WOVF ( | 7
) !

WDTOVF signal* ﬁ_,—"i 132 states 4;,7
(
Internal reset )
signal (( |<— 518 states ————
)

Note: * The WDTOVF output function is not available in all models; please check the reference manual
for the relevant model for confirmation.

. -

\,

Figure10-7 Timing of WOVF Setting

104  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
Theinterval timer interrupt is requested whenever the OVF flagissetto 1in TCSR.

10.5 Usage Notes

10.5.1 Contention between Timer Counter (TCNT) Write and I ncrement

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 10-8 shows this operation.
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TCNT write cycle

Address ><

TCNT input clock

Internal write signal

TCNT N ><

Counter write data

Figure 10-8 Contention between TCNT Write and Increment

10.5.2 Changing Value of CKS2to CK SO

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors may occur in the
incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the value of bits CKS2 to CKS0.

10.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors may occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.
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1054 System Reset by WDTOVF Signal*

If the WDTOVF output signal* isinput to the RES pin of the H8S/2338 Series, H8S/2328 Series,
or H85/2318 Series chip, the chip will not be initialized correctly. Make sure that the WDTOVF
signal* isnot input logically to the RES pin. To reset the entire system by means of the WDTOVF
signal*, use the circuit shown in figure 10-9.

H8S/2338 Series or
H8S/2328 Series

Reset input 9 RES

Reset signal to entire system 4—0@;0 WDTOVE "

Note: * The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.

Figure10-9 Circuit for System Reset by WDTOVF Signal (Example)

1055 Internal Reset in Watchdog Timer Mode

The H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series chip is not reset internally if TCNT
overflows while the RSTE hit is cleared to 0 during watchdog timer operation, but TCNT and
TSCR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVF signal* islow. Also note that
aread of the WOV flag is not recognized during this period. To clear the WOV F flag, therefore,
read TCSR after the WDTOVF signa* goes high, then write 0 to the WOV F flag.

Note: * The WDTOVF output function is not available in all models; please check the reference
manual for the relevant model for confirmation.
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111

Section 11 Serial Communication Interface (SCI)

Overview

The H85/2338 Series, H85/2328 Series, and H85/2318 Series are equipped with a seria
communication interface (SCI) that can handle both asynchronous and synchronous seria
communication. A function isalso provided for serial communication between processors
(multiprocessor communication function).

1111

Features

SCI features are listed below.

Choice of asynchronous or synchronous serial communication mode
Asynchronous mode

O

O

Serial data communication executed using an asynchronous system in which
synchronization is achieved character by character

Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Choice of 12 seria data transfer formats

Data length . 7or8bits

Stop hit length : 1or2bits

Parity . Even, odd, or none

Multiprocessor bit : 1lor0

Receive error detection : Parity, overrun, and framing errors

Break detection . Break can be detected by reading the RxD pin level
directly in case of aframing error

Synchronous mode

O
g

ad

Seria data communication synchronized with a clock

Serial data communication can be carried out with other chipsthat have a synchronous
communication function

One serid datatransfer format
Data length . 8hits
Receive error detection : Overrun errors detected
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* Full-duplex communication capability
O The transmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

0 Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

¢ Choice of LSB-first or MSB-first transfer

0 Can be selected regardless of the communication mode** (except in the case of
asynchronous mode 7-bit data)

« Built-in baud rate generator allows any bit rate to be selected

» Choice of seria clock source: internal clock from baud rate generator or external clock from
SCK pin

» Four interrupt sources

O Four interrupt sources—transmit-data-empty, transmit-end, receive-data-full, and receive
error—that can issue requests independently

O The transmit-data-empty and receive-data-full interrupts can activate the DMA controller
(DMAC)*? or datatransfer controller (DTC) to execute data transfer

* Module stop mode can be set

O Astheinitia setting, SCI operation is halted. Register accessis enabled by exiting module
stop mode

Notes: 1. Descriptionsin this section refer to LSB-first transfer.

2. Some models do not have an on-chip DMAC; please check the reference manual for
the relevant model for confirmation.
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11.1.2

Block Diagram

Figure 11-1 shows a block diagram of the SCI.

()
o
I}
Module data bus 5 Internal
2 data bus
)
@
ROR_| | TOR | SCMR | BRR -
T
i oK — o
RxD *| | RSR | | | TSR Baud rate |=— @/4
1 SMR generator | z/16
Transmission/
%D reception control -— 2/64
Parity generation | 4 { Clock i
Parity check
SCK ~ External clock
L » TEI
= TXI
= RXI
Legend > ERI
SCMR : Smart card mode register
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR  : Serial status register
BRR : Bit rate register
Figure11-1 Block Diagram of SCI
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11.1.3  Pin Configuration
Table 11-1 shows the seria pinsfor each SCI channel.

Table11-1 SCI Pins

Channel* Pin Name Symbol 110 Function

0 Serial clock pin 0 SCKO 1/0 SCIO0 clock input/output
Receive datapin0  RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO transmit data output

1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive datapinl RxD1 Input SCI1 receive data input
Transmitdata pin1  TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 1/0 SCI2 clock input/output
Receive datapin2  RxD2 Input SCI2 receive data input
Transmit data pin 2 TxD2 Output SCI2 transmit data output

Note: * The number of channels differs from model to model; see the reference manual for the
relevant model for details.
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1114

Register Configuration

The SCI hasthe internal registers shown in table 11-2. These registers are used to specify
asynchronous mode or synchronous mode, the data format, and the bit rate, and to control the
transmitter/receiver.

Table11-2 SCI Registers

Channel** Name Abbreviation R/W Initial Value  Address*?
0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register 0 BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*®  H84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register 0 SCMRO R/W H'F2 H'FF7E
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)*®  H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1  SCMR1 R/W H'F2 H'FF86
2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*® H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
All Module stop control register MSTPCR R/W H'3FFF H'FF3C
Notes: 1. The number of channels differs from model to model; see the reference manual for the
relevant model for details.
2. Lower 16 bits of the address.
3. Can only be written with 0 for flag clearing.
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11.2  Register Descriptions

11.21 Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RW :  — — — — — — — —

RSR isaregister used to receive serial data.

The SCI sets seria datainput from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

11.2.2 Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W

RDR is aregister that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received seria data from RSR to
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, continuous receive operations can be
performed.

RDR isaread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, and in standby mode or module stop mode.
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11.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RW :  — — — — — — — —

TSR isaregister used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit datafrom TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is hot
performed if the TDRE bit in SSRis set to 1.

TSR cannot be directly read or written to by the CPU.

11.24  Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDRisan 8-hit register that stores data for serial transmission.

When the SCI detectsthat TSR is empty, it transfers the transmit datawritten in TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit data to TDR during serial transmission of the datain TSR.

TDR can be read or written to by the CPU at all times.

TDRisinitialized to H'FF by areset, and in standby mode or module stop mode.
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11.25 Serial Mode Register (SMR)

Bit L7 6 5 4 3 2 1 0

| CA | CHR | PE | OE | STOP | MP | CKSl | CKSO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

SMRisan 8-bit register used to set the SCI's serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.

SMRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode
and module stop mode it retains its previous state.

Bit 7—Communication M ode (C/A): Selects asynchronous mode or synchronous mode as the
SCI operating mode.

Bit7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
synchronous mode, afixed datalength of 8 bitsis used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not possible
to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit additionis
performed in transmission, and parity bit checking in reception. In synchronous mode and with a
multiprocessor format, parity bit addition and checking is not performed, regardless of the PE bit
Setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note:* When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting isinvalid in synchronous mode, and when
parity addition and checking is disabled in asynchronous mode.

Bit 4

O/E Description

0 Even parity*" (Initial value)
1 Odd parity*?

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.

In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is odd.

In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hits setting is only valid in asynchronous mode. If synchronous mode is set the STOP
bit setting isinvalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit: In transmission, a single 1-bit (stop bit) is added to the end of a transmit
character before it is sent. (Initial value)

1 2 stop bits: In transmission, two 1-bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1, it istreated as a stop bit; if itisO, it istreated as the start bit of the next transmit
character.

Bit 2—M ultiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting isonly valid in
asynchronous mode; it isinvalid in synchronous mode.

For details of the multiprocessor communication function, see section 11.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CKS1, CK S0): These hits select the clock source for the
baud rate generator. The clock source can be selected from g, @/4, @/16, and @/64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 11.2.8, Bit Rate Register.

Bit 1 Bit 0

CKS1 CKSO0 Description

0 0 @ clock (Initial value)
1 @/4 clock

1 0 2/16 clock
1 /64 clock

11.2.6  Serial Control Register (SCR)

Bit L7 6 5 4 3 2 1 0

| TE | RE | TE | RE | MPIE | TEE | CKEL | CKEO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

SCR isaregister that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.

SCRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode and
module stop mode it retains its previous state.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit-data-empty interrupt
(TXI) request generation when seria transmit datais transferred from TDR to TSR and the TDRE
flagin SSRissetto 1.

Bit 7

TIE Description

0 Transmit-data-empty interrupt (TXI) requests disabled* (Initial value)
1 Transmit-data-empty interrupt (TXI) requests enabled

Note:* TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to O, or by clearing the TIE bit to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive-data-full interrupt (RX1)
request and receive-error interrupt (ERI) request generation when serial receive dataistransferred
from RSR to RDR and the RDRF flag in SSRis set to 1.

Bit 6

RIE Description

0 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
disabled* (Initial value)

1 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
enabled

Note:* RXI and ERI interrupt request cancellation can be performed by reading 1 from the RDRF
flag, or the FER, PER, or ORER flag, then clearing the flag to 0, or by clearing the RIE bit to
0.

Bit 5—Transmit Enable (TE): Enables or disablesthe start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled** (Initial value)
1 Transmission enabled*?

Notes: 1. The TDRE flag in SSR is fixed at 1.
2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transfer format before setting the TE bit
to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode.
SMR setting must be performed to decide the transfer format before setting the RE bit
to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when the MP bitin SMRis set to 1.

The MPIE bit setting isinvalid in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
e When the MPIE bit is cleared to 0
e When data with MPB =1 is received

1 Multiprocessor interrupts enabled*

Receive interrupt (RXI) requests, receive-error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR, is not
performed. When receive data including MPB = 1 is received, the MPB bit in SSR is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit-end interrupt
(TEI) request generation when there is no valid transmit datain TDR in MSB data transmission.

Bit 2

TEIE Description

0 Transmit end interrupt (TEI) request disabled* (Initial value)
1 Transmit end interrupt (TEI) request enabled*

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing it
to 0 and clearing the TEND flag to 0, or by clearing the TEIE bit to O.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEQ hits determines whether the SCK pin functions as an /O port, the seria clock output pin, or
the serial clock input pin.

The setting of the CKEO hit, however, is only valid for internal clock operation (CKE1 =0) in
asynchronous mode. The CKEOQ bit setting isinvalid in synchronous mode, and in the case of
external clock operation (CKEL = 1). Set CKE1 and CKEO before determining the SCI operating
mode with SMR.

For details of clock source selection, seetable 11-9 in section 11-3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as 1/0O port**
Synchronous mode Internal clock/SCK pin functions as serial clock
output
1 Asynchronous mode Internal clock/SCK pin functions as clock output*?
Synchronous mode Internal clock/SCK pin functions as serial clock
output
1 0 Asynchronous mode External clock/SCK pin functions as clock input*®
Synchronous mode External clock/SCK pin functions as serial clock
input
1 Asynchronous mode External clock/SCK pin functions as clock input*®
Synchronous mode External clock/SCK pin functions as serial clock
input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.
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11.2.7 Serial Status Register (SSR)

Bit L7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
RIW . RIW)*  RIW)*  RIW)*  RIW)*  RI(W)* R R RIW

Note: * Only 0 can be written, to clear the flag.

SSR is an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor bits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSRisinitialized to H'84 by areset, and in standby mode or modul e stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

*  When 0 is written to TDRE after reading TDRE =1
e When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
* When the TE bitin SCRis 0
* When data is transferred from TDR to TSR and data can be written to TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that the received dataiis stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)

*  When 0 is written to RDRF after reading RDRF = 1

« When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR
1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to O.

If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written to ORER after reading ORER =1

1 [Setting condition]
When the next serial reception is completed while RDRF = 1*?

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.

Bit ——Framing Error (FER): Indicates that aframing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4
FER Description
0 [Clearing condition] (Initial value)**
When 0 is written to FER after reading FER = 1
1 [Setting condition]
When the SCI checks the stop bit at the end of the receive data when reception ends,
and the stop bit is 0 *?
Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
2. In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDRF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.
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Bit 3—Parity Error (PER): Indicatesthat a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written to PER after reading PER = 1

1 [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?
Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
2. If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In synchronous mode, serial transmission cannot be continued, either.

Bit 2—Transmit End (TEND): Indicatesthat there isno valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
¢ When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
e When the TE bitin SCR is 0
« When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (M PB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is aread-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.
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Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT hit setting is invalid when multiprocessor format is not used, when not transmitting,
and in synchronous mode.

Bit 0

MPBT Description

0 Data with a O multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

11.2.8 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRRisan 8-bit register that sets the serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKS0 in SMR.

BRR can be read or written to by the CPU at all times.

BRRisinitialized to H'FF by areset and in hardware standby mode. In software standby mode
and module stop mode it retains its previous state.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 11-3 shows sample BRR settings in asynchronous mode, and table 11-4 shows sample BRR
settings in synchronous mode.
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Table11-3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

g =2 MHz @ =2.097152 MHz @ = 2.4576 MHz g =3 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 000 1 155 0.16
300 0 207 016 O 217 021 O 255 000 1 7 0.16
600 0 103 016 O 108 021 O 127 000 O 155 0.16
1200 0 51 016 O 54 -0.70 0 63 000 O 77 0.16
2400 0 25 016 O 26 114 O 31 000 O 38 0.16
4800 0 12 016 O 13 -2.48 0 15 000 O 19 -2.34
9600 0 6 — 0 6 -248 0 7 000 O 9 -2.34
19200 0 2 — 0 2 — 0 3 000 O 4 —-2.34
31250 0 1 000 O 1 — 0 1 — 0 2 0.00
38400 0 1 — 0 1 — 0 1 0.00 — — —
2 = 3.6864 MHz 2 =4 MHz @ = 4.9152 MHz 2 =5 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 003 2 86 031 2 88 -0.25
150 1 191 000 1 207 016 1 255 0.00 2 64 0.16
300 1 95 000 1 103 016 1 127 000 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 000 O 103 016 O 127 000 O 129 0.16
2400 0 47 000 O 51 016 O 63 000 O 64 0.16
4800 0 23 0.00 O 25 016 O 31 0.00 O 32 -1.36
9600 0 11 000 O 12 016 O 15 000 O 15 1.73
19200 0 5 000 O 6 — 0 7 000 O 7 1.73
31250 — — — 0 3 0.00 O 4 -1.70 0 4 0.00
38400 0 2 000 O 2 — 0 3 000 O 3 1.73
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Table11-3 BRR Settingsfor Various Bit Rates (Asynchronous M ode) (cont)

2 =6 MHz @ =6.144 MHz @ =7.3728 MHz 2 =8 MHz

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 016 O 159 0.00 O 191 000 O 207 0.16
2400 0 77 016 O 79 000 O 95 000 O 103 0.16
4800 0 38 0.16 O 39 0.00 O 47 0.00 O 51 0.16
9600 0 19 -234 0 19 0.00 O 23 0.00 O 25 0.16
19200 0 9 -2.34 0 9 000 O 11 0.00 O 12 0.16
31250 0 5 0.00 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 0.00 O 5 0.00 — — —

g = 9.8304 MHz 2 =10 MHz 2 =12 MHz =12.288 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 —-0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 016 1 155 016 1 159  0.00
1200 0 255 000 1 64 016 1 77 016 1 79 0.00
2400 0 127 0.00 O 129 016 O 155 016 O 159  0.00
4800 0 63 0.00 O 64 0.16 O 77 0.16 O 79 0.00
9600 0 31 000 O 32 -1.36 O 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 19 -234 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 000 O 7 1.73 0 9 -2.34 0 9 0.00
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Table11-3 BRR Settingsfor Various Bit Rates (Asynchronous M ode) (cont)

g =14 MHz @ = 14.7456 MHz g =16 MHz @ =17.2032 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 016 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 016 1 191 000 1 207 016 1 223 0.00
1200 1 90 016 1 95 000 1 103 016 1 111 0.00
2400 0 181 016 O 191 000 O 207 016 O 223 0.00
4800 0 90 016 O 95 000 O 103 016 O 111 0.00
9600 0 45 -093 0 47 000 O 51 016 O 55 0.00
19200 0 22 -093 0 23 000 O 25 016 O 27 0.00
31250 0 13 000 O 14 -1.70 O 15 000 O 16 1.20
38400 0 10 — 0 11 000 O 12 016 O 13 0.00

2 =18 MHz g =19.6608 MHz g =20 MHz g =25 MHz*
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 031 3 88 -0.25 3 110 -0.02
150 2 233 016 2 255 0.00 3 64 0.16 3 80 —0.47
300 2 116 016 2 127 000 2 129 016 2 162 0.15
600 1 233 016 1 255 0.00 2 64 0.16 2 80 —-0.47
1200 1 116 016 1 127 000 1 129 016 1 162 0.15
2400 0 233 016 O 255 0.00 1 64 016 1 80 -0.47
4800 0 116 0.16 O 127 000 O 129 016 O 162  0.15
9600 0 58 -0.69 0 63 000 O 64 016 O 80 —0.47
19200 0 28 102 O 31 000 O 32 -136 0 40 -0.76
31250 0 17 0.00 O 19 -1.70 0 19 0.00 O 24 1.00
38400 0 14 -2.34 0 15 000 O 15 173 0 19 1.73

Note: * In planning stage
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Table11-4 BRR Settingsfor Various Bit Rates (Synchronous M ode)

@ =2 MHz g =4 MHz @ =8 MHz g=10MHz @=16MHz ©=20MHz g =25MHz*?

Bit Rate

(bits/s) n N n N n N n N n N n N n N
110 3 70

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — —

1k 1 124 1 249 2 124 — — 2 249 — — 3 97
25k 0 199 1 99 1 199 1 249 2 99 2 124 2 155
5k 0 99 0 199 1 99 1 124 1 199 1 249 2 77
10 k 0 49 0 99 0 199 O 249 1 99 1 124 1 155
25k 0 19 0 39 0 79 0 99 0 159 0 199 0 249
50 k 0 9 0 19 0 39 0 49 0 79 0 99 0 124
100k O 4 0 9 0 19 0 24 0 39 0 49 0 62
250k O 1 0 3 0 7 0 9 0 15 0 19 0 24
500k O 0*! 0 1 0 3 0 4 0 7 0 9 — —
1M 0 0*1 0 1 0 3 0 4 — —
25M 0 0*! 0 1 — —
5M 0 0*t  — —

Note: As far as possible, the setting should be made so that the error is no more than 1%.
Blank : Cannot be set.

— : Can be set, but there will be a degree of error.

*1 : Continuous transfer is not possible.

*2 : In planning stage
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The BRR setting is found from the following formulas.

Asynchronous mode:
[2]
N= —— X 106 -1
64 X 22n—1 x B
Synchronous mode:
[4]
N=z ——— x10°-1
8 X 22n—1 X B

Where B: Bit rate (bits/s)

N: BRR setting for baud rate generator (0 < N < 255)

@. Operating frequency (MHz)

n: Baud rate generator input clock (n=0to 3)

(See the table below for the relation between n and the clock.)

SMR Setting

n Clock CKS1 CKSO0

0 [7] 0 0

1 ol4 0 1

2 /16 1 0

3 /64 1 1

The bit rate error in asynchronous mode is found from the following formula:

@ x 10°

Error (%) = {

—1} x 100

(N+1) xB x 64 x 22
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Table 11-5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 11-6
and 11-7 show the maximum bit rates with external clock input.

Table11-5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

g (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
25* 781250 0 0

Note: * In planning stage
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Table11-6 Maximum Bit Rate with External Clock Input (Asynchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
25* 6.2500 390625

Note: * In planning stage
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Table11-7 Maximum Bit Rate with External Clock Input (Synchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
25* 4.1667 4166666.7

Note: * In planning stage

11.29 Smart Card Mode Register (SCMR)

Bit L7 6 5 4 3 2 1 0
\ — \ — \ — \ — ‘ SDIR ‘ SINV ‘ — ‘ SMIF ]

Initial value : 1 1 1 1 0 0 1 0

RIW S — — — RIW RIW — RIW

SCMR selects LSB-first or MSB-first transfer by means of bit SDIR. Except in the case of
asynchronous mode 7-bit data, L SB-first or MSB-first transfer can be selected regardless of the
serial communication mode. The descriptionsin this chapter refer to LSB-first transfer.

For details of the other bitsin SCMR, see 12.2.1, Smart Card Mode Register (SCMR).

SCMRisinitialized to H'F2 by areset and in hardware standby mode. In software standby mode
and module stop mode it retains its previous state.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.
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Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/paralel conversion
format.

This bit is valid when 8-bit data is used as the transmit/receive format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. The SINV
bit does not affect the logic level of the parity bit(s): parity bit inversion requires inversion of the
O/E bitin SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

Bit 1—Reserved: Read-only bit, alwaysread as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): When the smart card interface operates as a
normal SCI, 0 should be written to this bit.

Bit 0

SMIF Description

0 Operates as normal SCI (smart card interface function disabled) (Initial value)
1 Smart card interface function enabled
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11.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

| |

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bl EEEEn

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the corresponding bit of bits MSTP7 to MSTP5 is set to 1, SCI operation stops at the end of
the bus cycle and atransition is made to module stop mode. Registers cannot be read or written to
in module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Module Stop (M STP7): Specifiesthe SCI channel 2 module stop mode.

Bit 7

MSTP7 Description

0 SCI channel 2 module stop mode cleared

1 SCI channel 2 module stop mode set (Initial value)

Bit 6—Module Stop (M STP6): Specifiesthe SCI channel 1 module stop mode.

Bit 6

MSTP6 Description

0 SCI channel 1 module stop mode cleared

1 SCI channel 1 module stop mode set (Initial value)

Bit 5—Module Stop (M STP5): Specifies the SCI channel 0 module stop mode.

Bit 5

MSTP5 Description

0 SCI channel 0 module stop mode cleared

1 SCI channel 0 module stop mode set (Initial value)
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11.3  Operation

11.3.1 Overview

The SCI can carry out serial communication in two modes. asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or synchronous mode and the transmission format is made using SMR
as shown in table 11-8. The SCI clock is determined by a combination of the C/A bit in SMR and
the CKE1 and CKEO bitsin SCR, as shown in table 11-9.

Asynchronous Mode

» Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception
» Choice of internal or external clock as SCI clock source
O Wheninternal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

O When external clock is selected:

A clock with afrequency of 16 times the bit rate must be input (the built-in baud rate
generator is not used)

Synchronous Maode

» Transfer format: Fixed 8-bit data
» Detection of overrun errors during reception
» Choiceof interna or externa clock as SCI clock source
O Wheninternal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
O When external clock is selected:
The built-in baud rate generator is not used, and the SCI operates on the input serial clock
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Table11-8 SMR Settings and Serial Transfer Format Selection

SMR Settings

SCI Transfer Format

Multi-
Bit7 Bit6 Bit2 BitS5 Bit3 Data processor Parity  Stop Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 — 0 Asynchronous 8-bitdata Yes No 1 bit
— 1 mode (multi- 2 bits
1 — 0 forfnizgsor 7-bit data 1 bit
— 1 2 bits
1 — — — Synchronous mode 8-bitdata No None

Table11-9 SMR and SCR Settingsand SCI Clock Sour ce Selection

SMR SCR Setting SCI Transmit/Receive Clock
Bit 7 Bitl BitO Clock
C/A CKE1l CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Synchronous Internal Outputs serial clock
1 mode
1 0 External Inputs serial clock
1
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11.3.2  Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and one or two stop bits indicating the end of communication. Serial
communication is thus carried out with synchronization established on a character-by-character
basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 11-2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the communication lineis usually held in the mark state
(high level). The SCI monitors the communication line, and when it goes to the space state (low
level), recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally one or two stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with afrequency of 16 timesthe
length of one bit, so that the transfer datais |atched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1
Seriall 5 | po | p1 | D2 | D3| D4 |D5|D6| D7 |01 ]| 1 1
data
Start Parity| Stop bit(s)
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, 1lor

ornone 2 bits

One unit of transfer data (character or frame)

Figure11-2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)

Data Transfer Format: Table 11-10 shows the data transfer formats that can be used in
asynchronous mode. Any of 12 transfer formats can be selected according to the SMR setting.
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Table 11-10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | MP |STOP| 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o ||s| 8-bit data [sTop
0 0 0 1 ||| 8-bit data [sTorfsrop
0 1 0 o ||s| 8-bit data | P Jstop
0 1 0 1 || s ] 8-bit data | P JstoRlstop
1 0 0 o ||s| 7-bit data [sTop
1 0 0 1 ||| 7-bit data |sTop[srop
1 1 0 o ||s| 7-bit data | P [stop
1 1 0 1 ||| 7-bit data | P [stop[stop
0 — 1 o ||s| 8-bit data | e [sToP
0 — 1 1 ||| 8-bit data | wps [sTop[sToP
1 — 1 o ||s| 7-bit data | wpa [sTOP
1 — 1 1 || s ] 7-bit data | wp]srop[sTop
Legend
S :Startbit
STOP : Stop bit
P :Parity bit

MPB : Multiprocessor bit

416

HITACHI




Clock: Either an internal clock generated by the built-in baud rate generator or an external clock
input at the SCK pin can be selected as the SCI’ s serial clock, according to the setting of the C/A
bitin SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see
table 11-9.

When an external clock isinput at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is at the center of each transmit data bit, as shown in figure 11-3.

iy L

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 1

1 frame

Figure 11-3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations

» SCl initiaization (asynchronous mode)
Before transmitting or receiving data, first clear the TE and RE bitsin SCR to O, then initialize
the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared
to 0 before making the change using the following procedure. When the TE bit is cleared to 0,
the TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to O does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
When an external clock is used the clock should not be stopped during operation, including
initialization, since operation will be unreliablein this case.
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Figure 11-4 shows a sample SCI initialization flowchart.

C

Start of initialization >

Clear TE and RE bits in SCRto 0 |

Set CKE1 and CKEO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

[1]

(1]

(2]
(2]

(3]
(3]

1-bit interval elapsed?

Set TE or RE bit in
SCR to 1, and set RIE, TIE, TEIE,
and MPIE bits as necessary

<Initialization completed>

[4]

No

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
TEIE, and MPIE, and bits TE and
RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the
bit rate to BRR. (Not necessary if
an external clock is used.)

Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits as necessary.

Setting the TE or RE bit enables
the TxD or RxD pin to be used.
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Serial data transmission (asynchronous mode)
Figure 11-5 shows a sample flowchart for serial transmission.

The following procedure should be used for serial datatransmission.

| Initialization | (1] [1] SClinitialization:

I The TxD pin is automatically
designated as the transmit data
output pin.

-~ After the TE bit is setto 1, a frame
| Read TDRE flag in SSR | 2] of 1s is output, and transmission is

enabled.

Start of transmission

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- 3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DMAC or DTC

is activated by a transmit-data-
empty interrupt (TXI) request, and
data is written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pinto 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
setDDRto 1

—

Clear TE bitin SCR to 0

<End>

Figure11-5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe TDRE flag in SSR, and if is O, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

[2] After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit-data-empty interrupt (TXI) is generated.
The serial transmit datais sent from the TxD pin in the following order.
[a] Start bit:
One 0-bit is output.
[b] Transmit data:
8-hit or 7-bit dataiis output in LSB-first order.
[c] Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

[d] Stop bit(s):
One or two 1-hits (stop bits) are output.
[e] Mark state:
lisoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checksthe TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the datais transferred from TDR to TSR, the stop bit is sent,
and then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the

mark stateis entered in which 1 is output continuously. If the TEIE bitin SCRisset to 1 at this
time, a TEI interrupt request is generated.
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Figure 11-6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit . bit bt bit . bit  bit 1
)) ))
o | po| D1 b7 o1 | 1 | o | Dol DL D7 | o | 1 |dlestate
(mark state)

(( ((
)] )]

TDRE (
A A R A
TEND (« «
)7 ) i
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt handling routine request generated
1 frame

Figure11-6 Exampleof Transmit Operation in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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» Serid datareception (asynchronous mode)
Figure 11-7 shows a sample flowchart for serial reception.

The following procedure should be used for serial data reception.

| Initialization | [1 [l] SCl initialization:
‘ The RxD pin is automatically
C . > designated as the receive data
Start of reception . .
input pin.

-

[2] [3] Receive error handling and
break detection:
Read ORER, PER, and 2] If a receive error occurs, read the
FER flags in SSR ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
processing, ensure that the
[3] ORER, PER, and FER flags are
all cleared to 0. Reception cannot
C Error handling > be resumed if any of these flags
are setto 1. In the case of a
framing error, a break can be
Read RDREF flag in SSR | [4] detected by reading the value of
the input port corresponding to
the RxD pin.

Yes
PER OFER OORER =17

(Continued on next page)

No

[4] SCI status check and receive
data read :
Yes Read SSR and check that RDRF
=1, then read the receive data in
Read receive data in RDR, and RDR and clear the RDRF flag to
clear RDRF flag in SSR t0 0 0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

[5] [5] Serial reception continuation
procedure:
To continue serial reception,
before the stop bit for the current
frame is received, read the
RDRF flag, read RDR, and clear
the RDRF flag to 0. The RDRF
<End> flag is cleared automatically
when the DMAC or DTC is
activated by an RXI interrupt and
the RDR value is read.

All data received?

Clear RE bitin SCRto 0

Figure11-7 Sample Serial Reception Flowchart
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(3]

7

Error handling

/

ORER =17

Yes

Overrun error handling

-
-

FER =17?

No
Break?

Yes

Y

Framing error handling

Clear RE bitin SCRto 0

-

PER =17

Yes

Parity error handling

|
|-

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure11-7 Sample Serial Reception Flowchart (cont)
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In serial reception, the SCI operates as described below.

[1] The SCI monitors the communication line, and if a0 stop bit is detected, performs internal
synchronization and starts reception.

[2] The received datais stored in RSR in LSB-to-M SB order.

[3] The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

[a] Parity check:
The SCI checks whether the number of 1 bitsin the receive data agrees with the parity
(even or odd) set in the O/E bit in SMR.

[b] Stop bit check:
The SCI checks whether the stop bitis 1.
If there are two stop bits, only the first is checked.

[c] Status check:
The SCI checks whether the RDRF flag is O, indicating that the receive data can be
transferred from RSR to RDR.

If all the above checks are passed, the RDRF flag is set to 1, and the receive datais stored in
RDR.

If areceive error* is detected in the error check, the operation is as shown in table 11-11.

Note: * Subsequent receive operations cannot be performed when areceive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be
cleared to O.

[4] If the RIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive-error interrupt (ERI) request is generated.
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Table 11-11 Receive Error Conditions

Receive Error Abbreviation Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRis setto 1 RDR

Framing error FER When the stop bit is 0 Receive data is transferred

from RSR to RDR

Parity error PER When the received data differs  Receive data is transferred
from the parity (even or odd) set from RSR to RDR
in SMR

Figure 11-8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit ) bit  bit bit . bit bt 1
)] ))
o | o | b1 p7 o1 | 1 | o | po| b1 p7 | oip | 0 [|ldlestate
(mark state)

RDRF

FER

((
7

|

RXI interrupt RDR data read and RDRF )
request flag cleared to 0 in RXI ERIinterrupt request
generated interrupt handling routine generated by framing
error

1 frame

A
Y

Figure 11-8 Example of SCI Receive Operation
(Example with 8-Bit Data, Parity, One Stop Bit)
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11.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of this function enables data transfer to be performed among a number of processors
sharing a single serial communication line.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique ID code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a 0 multiprocessor bit added.

The receiving station skips the data until datawith a1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose | D matches then receives the data sent next. Stations whose ID does
not match continue to skip the data until datawith a1 multiprocessor bit is again received. In this
way, data communication is carried out among a number of processors.

Figure 11-9 shows an example of inter-processor communication using the multiprocessor format.
Data Transfer Formats: There are four data transfer formats.

When the multiprocessor format is specified, the parity bit specificationisinvalid.

For details, see table 11-10.

Clock: See the section on asynchronous mode.
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Serial
data

Legend

Transmitting

station

Y Serial communication line

! 1 1 '
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID=04)

| | Hor | | Haa |

(MPB= 1) (MPB=0)

ID transmission cycle=
receiving station
specification

MPB: Multiprocessor bit

Data transmission cycle=
Data transmission to
receiving station specified by 1D

Figure11-9 Example of Inter-Processor Communication Using Multiprocessor For mat

(Transmission of Data H'

Data Transfer Operations

Multiprocessor serial data transmission

AA to Receiving Station A)

Figure 11-10 shows a sample flowchart for multiprocessor serial data transmission.

The following procedure should be used for multiprocessor serial data transmission.
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| Initialization

< Start of transmission

)

}47

| Read TDRE flag in SSR

Yes

No

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to 0

All data transmitted?

Yes

—
i

Read TEND flag in SSR

Break output?

Clear DR to 0 and set DDR to 1

PE—

Clear TE bitin SCR to 0

<End>

(1]

[2]

(3]

(4]

(1]

(2]

(3]

(4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bit is set to 1,

a frame of 1s is output, and
transmission is enabled.

SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to O.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DMAC or DTC is activated by a
transmit-data-empty interrupt
(TXI) request, and data is written
to TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set the port DDR to
1, clear DR to 0, then clear the
TE bit in SCR to 0.
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

[2] After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit-data-empty interrupt (TX1) is generated.
The serial transmit datais sent from the TXD pin in the following order.
[a Start bit:
One 0-bit is outpuit.
[b] Transmit data:
8-bit or 7-bit datais output in LSB-first order.
[c] Multiprocessor bit
One multiprocessor bit (MPBT value) is output.
[d] Stop bit(s):
One or two 1-hits (stop hits) are output.
[e] Mark state:
lisoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, the stop bit is sent, and
then serial transmission of the next frameis started.
If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the

mark stateis entered in which 1 is output continuously. If the TEIE bitin SCRisset to 1 at this
time, atransmit-end interrupt (TEI) request is generated.
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Figure 11-11 shows an example of SCI operation for transmission using the multiprocessor

format.
Multi-
proces- Multi-
Start Data sor Stop Start proces- Stop
1 bit (« bit bit bit (« sor bit  bit 1
)] )]
0 | bo | D1 D7 o1 | 1 | o D7 | o1 | 1 ldlestate
( ( (mark state)
)] )]
(C
))
TDRE [«
i i B A
TEND [« [«
)) )] J

TXI interrupt
request generated

Data written to TDR

and TDRE flag cleared to
0 in TXI interrupt handling
routine

1 frame

TXI interrupt

request generated

TEl interrupt
request generated

Figure11-11 Example of SCI Transmit Operation
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)

e Multiprocessor serial data reception
Figure 11-12 shows a sample flowchart for multiprocessor serial reception.

The following procedure should be used for multiprocessor serial data reception.
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| Initialization | [1]
I
( Start of reception >
| Read MPIE bit in SCR | [2]
I
| Read ORER and FER flags in SSR |
Yes

FER OORER =17

Read RDRF flag in SSR

[3]

No

Yes

Read receive data in RDR

Read ORER and FER flags in SSR

FER OORER =17

Yes

Read RDRF flag in SSR

[4]

Yes

No

Read receive data in RDR

All data received?

Clear RE bitin SCRto 0

<End>

Y

/

(5]

[1] SClinitialization:
The RxD pin is automatically
designated as the receive data
input pin.

(2]

ID reception cycle:
Set the MPIE bit in SCR to 1.

[3] SCI status check, ID reception
and comparison:

Read SSR and check that the
RDREF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.
If the data is not this station’s ID,
set the MPIE bit to 1 again, and
clear the RDRF flag to 0.

If the data is this station’s ID,

clear the RDRF flag to 0.

SCI status check and data
reception:

Read SSR and check that the
RDREF flag is set to 1, then read
the data in RDR.

(4]

[5] Receive error handling and break
detection:

If a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After
performing the appropriate error
handling, ensure that the ORER
and FER flags are both cleared
to 0.

Reception cannot be resumed if
either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

( Error handling )

(Continued on
next page)

Figure11-12 Sample Multiprocessor Serial Reception Flowchart
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[5] < Error handling >

ORER =17

Yes

Overrun error handling

-

Yes
Break?

No

Y

Framing error handling | | Clear RE bitin SCR to 0

| ‘
- |t

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure11-12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 11-13 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit [« MPB  bit bit (« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state

& 4 (mark state)

MPIE

RDRF ,—l
/S

RDR X D1
value
MPIE =0 RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated handling routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit [« MPB  bit bit (« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 4 (mark state)
MPIE | («
7 A
RDRF [« [«
)) / / )
RDR X X
value ID1 ID2 Data2
MPIE=0 RXl interrupt RDR data read and Matches this station’s ID, MPIE bit set to 1
request RDREF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt ~ data is received in RXI
interrupt) handling routine interrupt handling routine
generated
(b) Data matches station’s ID
Figure 11-13 Example of SCI Receive Operation
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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11.34  Operation in Synchronous M ode

In synchronous mode, datais transmitted or received in synchronization with clock pulses, making
it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of acommon clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 11-14 shows the general format for synchronous serial communication.

One unit of transfer data (character or frame)

clock

. LSB MSB

seral Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
\

Don't care Don'’t care

Note: * High except in continuous transfer

Figure11-14 Data Format in Synchronous Communication

In synchronous serial communication, data on the communication line is output from one falling
edge of the serial clock to the next. Data confirmation is guaranteed at the rising edge of the seria
clock.

In synchronous serial communication, one character consists of data output starting with the LSB
and ending with the MSB. After the MSB is output, the communication line holds the MSB state.

In synchronous mode, the SCI receives data in synchronization with the rising edge of the serial
clock.

Data Transfer Format: A fixed 8-bit dataformat is used.

No parity or multiprocessor bits are added.
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Clock: Either an internal clock generated by the built-in baud rate generator or an external serial
clock input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the
CKE1 and CKEQ bitsin SCR. For details of SCI clock source selection, see table 11-9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. To perform receive
operations in units of one character, an external clock should be selected as the clock source.
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Data Transfer Operations

» SCl initialization (synchronous mode)
Before transmitting or receiving data, first clear the TE and RE bitsin SCR to 0, then initialize
the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared
to 0 before making the change using the following procedure. When the TE bit is cleared to 0,
the TDRE flag is set to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

Figure 11-15 shows a sample SCI initialization flowchart.

< Start of initialization > [1] Set the clock selection in SCR. Be sure
‘ to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to 0.

| Clear TE and RE bits in SCR to 0 |
‘ [2] Set the data transfer format in SMR

and SCMR.

Set CKE1 and CKEO bits in SCR 1
(TE, RE bits 0) (1] [3] Write a value corresponding to the bit

rate to BRR. (Not necessary if an
external clock is used.)

Set data transfer format in 2]
SMR and SCMR [4] Wait at least one bit interval, then set
| the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and MPIE
bits as necessary.
Wait Setting the TE or RE bit enables the
TxD or RxD pin to be used.

Set value in BRR [3]

No

1-bit interval elapsed?

Set TE or RE bitin SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits [4]
as necessary

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should
both be cleared to O or set to 1 simultaneously.

Figure11-15 Sample SCI Initialization Flowchart
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Serial datatransmission (synchronous mode)

Figure 11-16 shows a sample flowchart for serial transmission.

The following procedure should be used for serial datatransmission.

| Initialization | [1]
\

C Start of transmission >
s T

| Read TDRE flag in SSR | 2]

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

No

(3]

Read TEND flag in SSR

Clear TE bitin SCRto 0

<End>

No

(1]

(2]

(3]

SCl initialization:
The TxD pin is automatically
designated as the transmit data output

pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DMAC or
DTC is activated by a transmit-data-
empty interrupt (TXI) request and data
is written to TDR.

Figure11-16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe TDRE flag in SSR, and if is O, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

[2] After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, a transmit-data-empty interrupt (TXI) is
generated.

When clock output mode has been set, the SCI outputs 8 serial clock pulses. When use of an
external clock has been specified, datais output synchronized with the input clock.

The serial transmit datais sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

[3] The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and seria transmission
of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the MSB (bit 7) is sent, and the
TxD pin maintainsits state.

If the TEIE bitin SCRisset to 1 at thistime, a TEI interrupt request is generated.
[4] After completion of seria transmission, the SCK pin is fixed.

Figure 11-17 shows an example of SCI operation in transmission.
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Serial clock

Transfer direction

Serial data

Bit7>< Bit 0 ><j X Bit7

TDRE

TEND

I o

A )S

Bit0>< Bit1><j X Bit6>< Bit 7
(C
)

TXI interrupt
request generated

((
)

Data written to TDR
and TDRE flag
cleared to 0 in TXI

interrupt handling routine

TXI interrupt
request generated

1 frame

A

TEl interrupt
request generated

Serial data reception (synchronous mode)
Figure 11-18 shows a sample flowchart for serial reception.

The following procedure should be used for serial data reception.

Figure11-17 Example of SCI Transmit Operation

When changing the operating mode from asynchronous to synchronous, be sure to check that
the ORER, PER, and FER flags are al cleared to 0.

The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor
receive operations will be possible.
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(1]

| Initialization | [1]
\
C Start of reception >
. o
| Read ORER flag in SSR | [2]
(3]

No < Error processing >
[4]

(Continued below)

Read RDREF flag in SSR | [4]
No
Yes
Read receive data in RDR, and (5]
clear RDRF flag in SSR to 0
All data received? [5]

| Clear RE bitin SCRto 0 |

<End>

Error handling >

3] (
|

| Overrun error handling |

| Clear ORER flag in SSR to 0 |

<End>

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

[2] [3] Receive error handling:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
handling, clear the ORER flag to
0. Transfer cannot be resumed if
the ORER flag is set to 1.

SCI status check and receive
data read:

Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
clear the RDRF flag to O.
Transition of the RDRF flag from
0 to 1 can also be identified by
an RXI interrupt.

Serial reception continuation
procedure:

To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DMAC or
DTC is activated by a receive-
data-full interrupt (RXI) request
and the RDR value is read.

Figure11-18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.
[1] The SCI performsinternal initialization in synchronization with serial clock input or output.

[2] Thereceived datais stored in RSR in LSB-to-MSB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive datais stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 11-11.

Neither transmit nor receive operations can be performed subsequently when areceive error
has been found in the error check.

[3] If the RIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI1) request is generated.

Also, if the RIE bit in SCR is set to 1 when the ORER flag changesto 1, areceive-error
interrupt (ERI) request is generated.

Figure 11-19 shows an example of SCI operation in reception.

Serial E
clock
Serial K K K K K K K
Seri CI) COSID T CY CIVE
RDRF

A
ORER

RXI interrupt request | RDR data read and RXl interrupt request  ERI interrupt request
generated RDREF flag cleared to O generated generated by overrun
in RXI interrupt handling error
routine
1 frame -

Figure11-19 Example of SCI Receive Operation

» Simultaneous serial data transmission and reception (Synchronous mode)
Figure 11-20 shows a sample flowchart for simultaneous serial transmit and receive operations.

The following procedure should be used for simultaneous serial data transmit and receive
operations.
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[1] SClinitialization:
The TxD pin is designated as the
\ transmit data output pin, and the
( Start of transmission/reception > RxD pin is designated as the
receive data input pin, enabling
™ simultaneous transmit and receive
operations.

| Initialization | [1]

| Read TDRE flag in SSR | 2]

[2] SCI status check and transmit data
write:
Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
Yes TDRE flag to 0.
Transition of the TDRE flag from 0 to
Write transmit data to TDR and 1 can also be identified by a TXI
clear TDRE flag in SSR to 0 interrupt.

No

Receive error handling:

If a receive error occurs, read the

Read ORER flagin SSR | ORER flag in SSR, and after
performing the appropriate error

handling, clear the ORER flag to 0.

Transmission/reception cannot be

resumed if the ORER flag is set to 1.

- (3]

[4] SCI status check and receive data
read:
Read SSR and check that the
RDREF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
No RDREF flag from 0 to 1 can also be
identified by an RXI interrupt.

Read RDRF flag in SSR | [4]

[5] Serial transmission/reception
Yes continuation procedure:
To continue serial transmission/
Read receive data in RDR, and reception, before ;he MSB (bit 7) of
clear RDRF flag in SSR to 0 the current frame is recelved_, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
[5] the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible.
Then write data to TDR and clear
the TDRE flag to O.
Checking and clearing of the TDRE
flag is automatic when the DMAC or
DTC is activated by a transmit-data-
empty interrupt (TXI) request and
<End> data is written to TDR. Also, the
RDREF flag is cleared automatically
when the DMAC or DTC is activated
Note: When switching from transmit or receive operation to simultaneous by a receive-data-full interrupt (RXI)
transmit and receive operations, first clear the TE and RE bits to 0, request and the RDR value is read.
then set both these bits to 1 simultaneously.

All data received?

Clear TE and RE bits in SCR to 0

Figure11-20 Sample Flowchart of Simultaneous Serial Transmit and Receive Oper ations
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11.4  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrupt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TX1)
request. Table 11-12 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin the SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRisset to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DMAC or
DTC to perform datatransfer. The TDRE flag is cleared to O automatically when data transfer is
performed by the DMAC or DTC. The DMAC and DTC cannot be activated by a TEI interrupt
request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSRis set to 1, an ERI interrupt request is generated. An RXI interrupt can
activate the DMAC or DTC to perform datatransfer. The RDRF flag is cleared to O automatically
when datatransfer is performed by the DMAC or DTC. The DMAC and DTC cannot be activated
by an ERI interrupt request.

Also note that the DMAC cannot be activated by an SCI channel 2 interrupt.
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Table 11-12 SCI Interrupt Sources

Interrupt DTC DMAC*®
Channel** Source  Description Activation Activation Priority*?
0 ERI Interrupt due to receive error Not Not High
(ORER, FER, or PER) possible possible A
RXI Interrupt due to receive data full Possible Possible
state (RDRF)
TXI Interrupt due to transmit data empty  Possible Possible
state (TDRE)
TEI Interrupt due to transmission end Not Not
(TEND) possible possible
1 ERI Interrupt due to receive error Not Not
(ORER, FER, or PER) possible possible
RXI Interrupt due to receive data full Possible Possible
state (RDRF)
TXI Interrupt due to transmit data empty  Possible Possible
state (TDRE)
TEI Interrupt due to transmission end Not Not
(TEND) possible possible
2 ERI Interrupt due to receive error Not Not
(ORER, FER, or PER) possible possible
RXI Interrupt due to receive data full Possible Not
state (RDRF) possible
TXI Interrupt due to transmit data empty  Possible Not
state (TDRE) possible
TEI Interrupt due to transmission end Not Not
(TEND) possible possible Low

Notes: 1. This table shows the initial state immediate after a reset. Relative priorities among
channels can be changed by the interrupt controller.

2. The number of channels differs from model to model; please check the reference
manual for the relevant model for confirmation.

3. Some models do not support a DMAC; please check the reference manual for the
relevant model for confirmation.

A TEI interrupt is requested when the TEND flag is set to 1 whilethe TEIE bitissetto 1. The
TEND flag is cleared at the same time asthe TDRE flag. Consequently, if a TEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt may be accepted first, with the
result that the TDRE and TEND flags are cleared. Note that the TEI interrupt will not be accepted
in this case.
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11.5 Usage Notes
The following points should be noted when using the SCI.

Relation between Writesto TDR and the TDRE Flag: The TDRE flag in SSR is a status flag
that indicates that transmit data has been transferred from TDR to TSR. When the SCI transfers
datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to O, the data stored in TDR will be lost since it has
not yet been transferred to TSR. It is therefore essential to check that the TDRE flagissetto 1
before writing transmit datato TDR.

Operation when Multiple Receive Errors Occur Simultaneously: If anumber of receive errors
occur at the same time, the state of the status flagsin SSR is as shown in table 11-13. If thereis an
overrun error, datais not transferred from RSR to RDR, and the receive datais lost.

Table 11-13 State of SSR Status Flagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF ORER FER PER from RSR to RDR Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 O Framing error

0 0 0 1 O Parity error

1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error

0 0 1 1 O Framing error + parity error

1 1 1 1 X Overrun error + framing error +

parity error

Notes: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing (Asynchronous M ode Only): When framing error (FER)
detection is performed, a break can be detected by reading the RxD pin value directly. In abreak,
the input from the RxD pin becomes all Os, and so the FER flag is set, and the parity error flag
(PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flagiscleared to O, it will be set to 1 again.

Sending a Break (Asynchronous Mode Only): The TxD pin has adual function as an I/O port
whose direction (input or output) is determined by DR and DDR. This can be used to send a break.

Between serial transmission initialization and setting of the TE hit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Therefore, DDR and DR for the port corresponding to the TxD pin should first be set to 1.

To send abreak during serial transmission, first clear DR to O, then clear the TE bit to O.

When the TE bit is cleared to 0, the transmitter isinitialized regardless of the current transmission
state, the TxD pin becomes an /O port, and 0 is output from the TxD pin.

Receive Error Flags and Transmit Operations (Synchronous Mode Only): Transmission
cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if the TDRE
flagiscleared to 0. Be sure to clear the receive error flags to 0 before starting transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared to 0.

Receive Data Sampling Timing and Receive Margin in Asynchronous Maode: In asynchronous
mode, the SCI operates on a base clock with afrequency of 16 times the transfer rate.

In reception, the SCI samples the falling edge of the start bit using the base clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 8th pulse of the
base clock. Thisisillustrated in figure 11-21.
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16 clocks

———————————————————————————————————————————————— P>
8 clocks
0 7 15
Internal base m
clock

Receive data _] ‘
(RxD)

Start bit

Synchronization
sampling timing !

Data sampling o -
timing H H

Figure11-21 Receive Data Sampling Timing in Asynchronous Mode

Thus the receive margin in asynchronous mode is given by formula (1) below.

1 |[D-0.5]
M=|(05- )-(L-05)F— ——— (1+F)|x 100%
| 2N N |
... Formula (1)
Where : Receive margin (%)

M

N : Ratio of bit rate to clock (N = 16)

D :Clock duty (D=0t01.0)

L :Framelength (L =9to12)

F : Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in formula (1), areceive margin of 46.875% is given by
formula (2) below.

When D = 0.5 and F = 0,
1
M=(05-——) x100%
2x16

= 46.875% ... Formula (2)

However, thisis atheoretical value, and a margin of 20% to 30% should be allowed in system
design.
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Restrictionson Useof DMAC or DTC

* When an external clock source is used as the serial clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the DMAC or DTC. Misoperation
may occur if the transmit clock isinput within 4 g clocks after TDR is updated. (Figure 11-22)

* When RDRisread by the DMAC or DTC, be sure to set the activation source to the relevant
SCI receive-data-full interrupt (RXI).

SCK :

Serial data >< po X b1 X D2 X b3 X p4 X D5 X D6 X D7><:

Note: When operating on an external clock, sett > 4 clocks.

Figure 11-22 Example of Synchronous Transmission Using DTC
Operation in Case of Mode Transition

e Transmission
Operation should be stopped (by clearing TE, TIE, and TEIE to 0) before making a module
stop mode or software standby mode transition. TSR, TDR, and SSR are reset. The output pin
states in module stop mode or software standby mode depend on the port settings, and
becomes high-level output after the relevant modeis cleared. If atransition is made during
transmission, the data being transmitted will be undefined. When transmitting without
changing the transmit mode after the relevant mode is cleared, transmission can be started by
setting TE to 1 again, and performing the following sequence: SSR read - TDR write —
TDRE clearance. To transmit with a different transmit mode after clearing the relevant mode,
the procedure must be started again from initialization. Figure 11-23 shows a sample flowchart
for mode transition during transmission. Port pin states are shown in figures 11-24 and 11-25.
Operation should also be stopped (by clearing TE, TIE, and TEIE to 0) before making a
transition from transmission by DTC transfer to module stop mode or software standby mode
transition. To perform transmission with the DTC after the relevant mode is cleared, setting
TE and TIE to 1 will set the TXI flag and start DTC transmission.
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Reception

Receive operation should be stopped (by clearing RE to 0) before making a module stop mode
or software standby mode transition. RSR, RDR, and SSR are reset. If atransition is made
without stopping operation, the data being received will be invalid.

To continue receiving without changing the reception mode after the relevant modeis cleared,
set RE to 1 before starting reception. To receive with a different receive mode, the procedure
must be started again from initialization.

Figure 11-26 shows a sample flowchart for mode transition during reception.

<Transmission>

All data No [1] [1] Data being transmitted is interrupted.
transmitted? After exiting software standby mode,
Ves | etc., normal CPU transmission is

possible by setting TE to 1, reading
SSR, writing TDR, and clearing
TDRE to 0, but note that if the DTC
has been activated, the remaining

No data in DTCRAM will be transmitted
when TE and TIE are set to 1.

[2] If TIE and TEIE are set to 1, clear
TE=0 [2] them to 0 in the same way.

Read TEND flag in SSR

‘ 3] Includes module stop mode.
Transition to software 3] (3] P

standby mode, etc.

Exit from software
standby mode, etc.

Change No

operating mode?

Yes

Initialization TE=1

g
]

<Start of transmission>

Figure 11-23 Sample Flowchart for Mode Transition during Transmission
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Transition Exit from
End of to software software
Start of transmission transmission standby standby

| ' ' n .
TE bit

SCK output pin | Port input/output X |

(
TxD output pin - Port inputloutputW‘ High output” Start A X Y Stop
Port ‘

Port input/output ) High output

SCI TxD output -

Figure11-24 Asynchronous Transmission Using I nternal Clock

Transition Exit from
End of to software software
Start of transmission transmission standby standby

‘ ' ' . .
TE bit

i " | |
SCK output pin ! K SJ i X Port inputioutput Y’ |

(C («
TxD output pin  Port input/output Y Marking output”—\< X X :: ' Last TxD bit held>f Port input/outputﬁ High output*
T
Port SCI TxD output Port SCI TxD

\ \ ™ output

Note: * Initialized by software standby.

Figure 11-25 Synchronous Transmission Using Internal Clock
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<Reception>
|
Read RDRF flag in SSR

No [1] [1] Receive data being received
becomes invalid.

Read receive data in RDR

A

Transition to software
standby mode, etc. 2] [2]

Exit from software
standby mode, etc.

Includes module stop mode.

Change No

operating mode?

Yes

Initialization RE=1

A

<Start of reception>

Figure11-26 Sample Flowchart for M ode Transition during Reception
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Section 12 Smart Card Interface

121 Overview

The SCI supports an IC card (smart card) interface conforming to 1SO/IEC 7816-3 (identification
card) asaserial communication interface extension function.

Switching between the normal serial communication interface and the smart card interfaceis
carried out by means of aregister setting.

12.1.1 Features

Features of the smart card interface supported by the H8S/2338 Series, H8S/2328 Series, and
H8S/2318 Series are as follows.

* Asynchronous mode
Data length: 8 bits
Parity bit generation and checking
Transmission of error signal (parity error) in receive mode
Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported
» Built-in baud rate generator allows any bit rate to be selected
* Threeinterrupt sources
O Threeinterrupt sources (transmit-data-empty, receive-data-full, and transmit/receive-error)
that can issue requests independently
O The transmit-data-empty and receive-data-full interrupts can activate the DMA controller
(DMAC)* or datatransfer controller (DTC) to execute data transfer

Oo0OoOood

Note: * Some models do not support a DMAC; please check the reference manual for the relevant
model for confirmation.
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121.2

Block Diagram

Figure 12-1 shows a block diagram of the smart card interface.

()
[5)
IS
© Internal
Module data bus g >data bus
>
@
[ rRorR | [ TR ] SCMR | BRR L
i Uy SSR -0
RxD *| | RSR | | | TSR SCR Baud rate |=— 2/4
SMR generator | /16
Transmission/
%D reception control - 2/64
Parity generation | 4 M
Parity check
SCK -
- TXI
= RXI
Legend > ERI
SCMR : Smart card mode register
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR  : Serial status register
BRR : Bit rate register
Figure12-1 Block Diagram of Smart Card Interface
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12.1.3  Pin Configuration

Table 12-1 shows the smart card interface pin configuration.

Table12-1 Smart Card Interface Pins

Channel* Pin Name Symbol I/O Function

0 Serial clock pin O SCKO I/O SCIO0 clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO transmit data output

1 Serial clock pin 1 SCK1 I/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 I/0 SCI2 clock input/output
Receive data pin 2 RxD2 Input SCI2 receive data input
Transmit data pin 2 TxD2 Output SCI2 transmit data output

Note: * The number of channels differs from model to model; see the reference manual for the

relevant model for details.
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12.1.4 Register Configuration

Table 12-2 shows the registers used by the smart card interface. Details of SMR, BRR, SCR,
TDR, RDR, and MSTPCR are the same as for the normal SCI function: see the register
descriptions in section 11, Serial Communication Interface.

Table12-2 Smart Card Interface Registers

Channel** Name Abbreviation R/W Initial Value Address**
0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register 0 BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/I(W)*® H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register 0 SCMRO R/W H'F2 H'FF7E
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)*® H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*® H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. The number of channels differs from model to model; see the reference manual for the
relevant model for details.

2. Lower 16 bits of the address.
3. Can only be written with 0 for flag clearing.
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12.2  Register Descriptions

Registers added with the smart card interface and bits for which the function changes are
described here.

1221 Smart Card Mode Register (SCMR)

Bit L7 6 5 4 3 2 1 0
- | = | = | — | sor | sn | — | smF|

Initial value : 1 1 1 1 0 0 1 0

RIW - — — — RW  RW — RIW

SCMR is an 8-hit readable/writable register that selects the smart card interface function.

SCMRiisinitialized to H'F2 by areset and in hardware standby mode. In software standby mode
and module stop mode it retains its previous state.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. This
function is used together with the SDIR hit for communication with an inverse convention card.
The SINV bit does not affect the logic level of the parity bit. For parity-related setting procedures,
see section 12.3.4, Register Settings.

Bit 2

SINV Description

0 TDR contents are transmitted as they are (Initial value)
Receive data is stored as it is in RDR

1 TDR contents are inverted before being transmitted

Receive data is stored in inverted form in RDR
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Bit 1—Reserved: Read-only bit, alwaysread as 1.

Bit 0—Smart Card Interface M ode Select (SMIF): Enables or disables the smart card interface
function.

Bit 0

SMIF Description

0 Smart card interface function is disabled (Initial value)
1 Smart card interface function is enabled

12.2.2  Serial Status Register (SSR)

Bit L7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | ERS | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
RIW ©ORIW)*  RIW)*  RIW)*  RIW)*  RI(W)* R R RIW

Note: * Only 0 can be written to bits 7 to 3, to clear these flags.

Bit 4 of SSR has a different function in smart card interface mode. Coupled with this, the setting
conditions for bit 2, TEND, are also different.

Bits 7 to 5—Operate in the same way as for the normal SCI. For details, see section 11.2.7, Seria
Status Register (SSR).

Bit 4—Error Signal Status (ERS): In smart card interface mode, bit 4 indicates the status of the
error signal sent back from the receiving end in transmission. Framing errors are not detected in
smart card interface mode.

Bit 4

ERS Description

0 [Clearing conditions] (Initial value)
e Upon reset, and in standby mode or module stop mode
e When 0 is written to ERS after reading ERS = 1

1 [Setting condition]

When the low level of the error signal is sampled

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its previous
state.
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Bits 3 to 0—Operate in the same way as for the normal SCI. For details, see section 11.2.7, Serial
Status Register (SSR).

However, the setting conditions for the TEND bit, are as shown below.

Bit 2
TEND Description
0 [Clearing conditions]
*  When 0 is written to TDRE after reading TDRE =1
e When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)

e Upon reset, and in standby mode or module stop mode

*  When the TE bit in SCR is 0 and the ERS bit is also 0

« When TDRE =1 and ERS = 0 (normal transmission) 2.5 etu after transmission of a
1-byte serial character when GM =0 and BLK =0

e When TDRE =1 and ERS = 0 (normal transmission) 1.5 etu after transmission of a
1-byte serial character when GM =0 and BLK = 1

*  When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu after transmission of a
1-byte serial character when GM =1 and BLK =0

« When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu after transmission of a
1-byte serial character when GM =1 and BLK = 1

Note: etu: Elementary time unit (time for transfer of 1 bit)

12.23 Serial Mode Register (SMR)

Bit L7 6 5 4 3 2 1 0

| GM | BLK | PE* | OE | BCPL | BCPO | CKSL | CKSO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Note: * When the smart card interface is used, set a value of 1 in bit 5.

The function of bits 7, 6, 3, and 2 of SMR changes in smart card interface mode.
Bit 7—GSM Mode (GM): Setsthe smart card interface function to GSM mode.

Thisbit is cleared to 0 when the normal smart card interfaceisused. In GSM mode, this bit is set
to 1, the timing of setting of the TEND flag that indicates transmission completion is advanced,
and clock output control mode addition is performed. The contents of the clock output control
mode addition are specified by bits 1 and O of the serial control register (SCR).
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Bit 7

GM Description
0 Normal smart card interface mode operation (Initial value)
* TEND flag generation 12.5 etu (11.5 etu in block transfer mode) after beginning of
start bit
¢ Clock output on/off control only
1 GSM mode smart card interface mode operation
* TEND flag generation 11.0 etu after beginning of start bit
« High/low fixing control possible in addition to clock output on/off control (set by
SCR)
Note: etu: Elementary time unit (time for transfer of 1 bit)

Bit 6—Block Transfer Mode (BLK): Selects block transfer mode.

Bit 6

BLK Description

0 Normal smart card interface mode operation (Initial value)
« Error signal transmission/detection and automatic data retransmission performed
e TXlinterrupt generated by TEND flag
« TEND flag set 12.5 etu after start of transmission (11.0 etu in GSM mode)

1 Block transfer mode operation

« Error signal transmission/detection and automatic data retransmission not
performed

e TXl interrupt generated by TDRE flag
« TEND flag set 11.5 etu after start of transmission (11.0 etu in GSM mode)

Bits 3 and 2—Base Clock Pulse 1 and 2 (BCP1, BCPO0): These hits specify the number of base
clock periodsin a1-hit transfer interval on the smart card interface.

Bit 3 Bit 2

BCP1 BCPO Description

0 0 32 clock periods (Initial value)
1 64 clock periods

1 0 372 clock periods
1 256 clock periods

Bits5, 4, 1, and 0—Operate in the same way as for the normal SCI. For details, see section
11.2.5, Serial Mode Register (SMR).
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12.24  Serial Control Register (SCR)

Bit L7 6 5 4 3 2 1 0

| TE | RE | TE | RE | MPIE | TEE | CKEL | CKEO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

In smart card interface mode, the function of bits 1 and 0 of SCR changes when hit 7 of the serial
mode register (SMR) isset to 1.

Bits 7 to 2—Operate in the same way as for the normal SCI. For details, see section 11.2.6, Serial
Control Register (SCR).

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin.

In smart card interface mode, in addition to the normal switching between clock output enabling
and disabling, the clock output can be specified as being fixed high or low.

SCMR SMR SCR Setting

SMIF C/A, GM CKE1 CKEO SCK Pin Function

0 See the SCI specification

1 0 0 0 Operates as port I/O pin

1 0 0 1 Outputs clock as SCK output pin

1 1 0 0 Operates as SCK output pin, with output fixed
low

1 1 0 1 Outputs clock as SCK output pin

1 1 1 0 Operates as SCK output pin, with output fixed
high

1 1 1 1 Outputs clock as SCK output pin
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12.3  Operation

12.3.1 Overview
The main functions of the smart card interface are as follows.

e Oneframe consists of 8-bit data plus a parity bit.

* Intransmission, aguard time of at least 2 etu (1 etu in block transfer mode) (elementary time
unit: the time for transfer of one bit) isleft between the end of the parity bit and the start of the
next frame.

» If aparity error is detected during reception, alow error signal level is output for one etu
period, 10.5 etu after the start bit. (This does not apply to block transfer mode.)

« If theerror signal is sampled during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer. (This does not apply to block transfer mode.)

» Only asynchronous communication is supported; there is no synchronous communication
function.

12.3.2  Pin Connections
Figure 12-2 shows a schematic diagram of smart card interface related pin connections.

In communication with an |C card, since both transmission and reception are carried out on a
single data communication line, the chip’s TxD pin and RxD pin should both be connected to the
ling, as shown in the figure. The data communication line should be pulled up to the V o power
supply with aresistor.

When the clock generated on the smart card interface is used by an IC card, the SCK pin output is
input to the CLK pin of the IC card. No connection is needed if the IC card uses an internal clock.

Chip port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.
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Vee

Connected equipment

D %

RxD Data line

SCK

Clock line
Rx (port) :

H8S/2338 Series, Reset line
H8S/2328 Series, or
H8S/2318 Series

/10

CLK

RST

IC card

Note:

Figure 12-2 Schematic Diagram of Smart Card Interface Pin Connections

If an IC card is not connected, and the TE and RE bits are both set to 1, closed

transmission/reception is possible, enabling self-diagnosis to be carried out.

HITACHI

463




12.3.3 DataFormat

Normal Transfer Mode: Figure 12-3 shows the smart card interface data format in the normal
transfer mode. In reception in this mode, a parity check is carried out on each frame. If an error is
detected an error signal is sent back to the transmitting end, and retransmission of the datais
regquested. If an error signal is sampled during transmission, the same data is retransmitted.

When there is no parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp
Transmitting station output
When a parity error occurs
Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE
Transmitting station output
Receiving station
Legend output
Ds : Start bit
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal
Figure12-3 Smart Card Interface Data Format
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The operation sequence is as follows.

[1] When the data lineis not in useit is in the high-impedance state, and is fixed high with a pull-
up resistor.

[2] The transmitting station starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

[3] With the smart card interface, the data line then returns to the high-impedance state. The data
line is pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check.
If thereis no parity error and the datais received normally, the receiving station waits for
reception of the next data.
If aparity error occurs, however, the receiving station outputs an error signal (DE, low-level)
to request retransmission of the data. After outputting the error signal for the prescribed length
of time, the receiving station places the signal line in the high-impedance state again. The
signal lineis pulled high again by a pull-up resistor.

[5] If the transmitting station does not receive an error signal, it proceeds to transmit the next data
frame.
If it does receive an error signal, however, it returns to step [2] and retransmits the datain
which the error occurred.

Block Transfer Mode: The operation sequence in block transfer mode is as follows.

[1] When the datalineisnot in use it is in the high-impedance state, and is fixed high with a pull-
up resistor.

[2] The transmitting station starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

[3] With the smart card interface, the data line then returns to the high-impedance state. The data
line is pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check, but does not output an error signal even if an
error has occurred. Since subsequent receive operations cannot be carried out if an error
occurs, the error flag must be cleared to 0 before the parity bit for the next frameis received.

[5] The transmitting station proceeds to transmit the next data frame.
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1234 Register Settings
Table 12-3 shows a hit map of the registers used by the smart card interface.

Bitsindicated as 0 or 1 must be set to the value shown. The setting of other bitsis described
below.

Table12-3 Smart Card Interface Register Settings

Bit

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR GM BLK 1 O/E BCP1 BCPO CKsS1 CKSO
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR TIE RIE TE RE 0 0 CKE1l* CKEO
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR TDRE RDRF ORER ERS PER TEND 0 0
RDR RDR7 RDR6 RDR5 RDRA4 RDR3 RDR2 RDR1 RDRO
SCMR — — — — SDIR SINV — SMIF

Notes: — : Unused bit.
*: The CKEL1 bit must be cleared to 0 when the GM bit in SMR is cleared to O.

SMR Settings: The GM bit is cleared to 0 in normal smart card interface mode, and setto 1in
GSM mode. The O/E bit is cleared to 0 if the IC card is of the direct convention type, and set to 1
if of the inverse convention type.

Bits CKS1 and CK SO select the clock source of the built-in baud rate generator, and bits BCP1
and BCPO select the number of base clock cycles during transfer of one bit. For details, see section
12.3.5, Clock.

The BLK bit is cleared to 0 when using the normal smart card interface mode, and set to 1 when
using block transfer mode.

BRR Setting: BRR is used to set the bit rate. See section 12.3.5, Clock, for the method of
calculating the value to be set.

SCR Settings: The function of the TIE, RIE, TE, and RE bits is the same as for the normal SCI.
For details, see section 11, Serial Communication Interface.

Bits CKE1 and CKEO specify the clock output. When the GM bit in SMRis cleared to O, set these
bitsto B'00 if aclock is not to be output, or to B'01 if aclock isto be output. When the GM bit in
SMRissetto 1, clock output is performed. The clock output can also be fixed high or low.
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Smart Card Mode Register (SCMR) Settings. The SDIR bit iscleared to 0 if the IC card is of
the direct convention type, and set to 1 if of the inverse convention type.

The SINV hit iscleared to 0 if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SMIF bit is set to 1 when the smart card interface is used.

Examples of register settings and the waveform of the start character are shown below for the two
types of 1C card (direct convention and inverse convention).

« Direct convention (SDIR = SINV = O/E = 0)

@@ A zZ zZ A Z Z Z A A Z (2 Stae

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level correspondsto state Z and the logic O level to
state A, and transfer is performed in LSB-first order. The start character data above is H'3B.

The parity bit is 1 since even parity is stipulated for the smart card.

+ Inverse convention (SDIR = SINV = O/E = 1)

@ A z zZ A A A A A A Z (2 Stae

Ds | Dr D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the logic O level
to state Z, and transfer is performed in MSB-first order. The start character data above is H'3F.

The parity bit is 0, corresponding to state Z, since even parity is stipulated for the smart card.

With the H8S/2338 Series, H8S/2328 Series, and H8S/2318 Series, inversion specified by the
SINV bit applies only to the data bits, D7 to DO. For parity bit inversion, the O/E bit in SMR
should be set to odd parity mode (the same applies to both transmission and reception).
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12.35 Clock

Only an internal clock generated by the built-in baud rate generator can be used as the

transmit/receive clock for the smart card interface. The bit rateis set with BRR and the CKS1,
CKS0, BCP1, and BCPO hitsin SMR. The formulafor calculating the bit rate is as shown below.

Table 12-5 shows some sample hit rates.

If clock output is selected by setting CKEO to 1, the clock is output from the SCK pin. The clock

frequency is determined by the bit rate and the setting of bits BCP1 and BCPO.

B= 2 x 10°
Sx 22n+1 X (N + 1)

Where: N =VauesetinBRR (0< N < 255)
B = Bit rate (bits/s)
@ = Operating frequency (MHz)
n = Seetable 12-4
S = Number of internal clock cyclesin 1-bit period set by bits BCP1 and BCPO

Table12-4 Correspondence between n and CKS1, CKS0

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Table12-5 Examplesof Bit RateB (bits/s) for Various BRR Settings
(Whenn=0and S=372)

g (MHz)
N 10.00 10.714  13.00 14.285 16.00 18.00 20.00 25.00*
0 13441 14400 17473 19200 21505 24194 26882 33602
1 6720 7200 8737 9600 10753 12097 13441 16801
2 4480 4800 5824 6400 7168 8065 8961 11201

Note: Bit rates are rounded to the nearest whole number.
* In planning stage
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The method of calculating the value to be set in the bit rate register (BRR) from the operating
frequency and bit rate, on the other hand, is shown below. N isaninteger, 0 < N < 255, and the
smaller error is specified.

(%]
Nz ———— x10%-1
Sx22n+1xB

Table12-6 Examplesof BRR Settingsfor Bit Rate B (bits/s) (Whenn=0and S= 372)

2 (MHz)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00 25.00*

Bits/s N Error N Error N Error N Error N Error N Error N Error N Error N Error

9600 O 0.00 1 30 1 25 1 899 1 000 1 1201 2 1599 2 6.60 3 1249

Note: * In planning stage

Table12-7 Maximum Bit Rate at Various Frequencies (Smart Card I nterface M ode)

(When S=372)
g (MHz) Maximum Bit Rate (bits/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0
25.00* 33602 0 0

Note: * In planning stage

The bit rate error is given by the following formula:

@
Error (%) = ( x 10°—1) x 100
Sx 22" x B x (N +1)
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12.3.6 Data Transfer Operations

Initialization: Before transmitting or receiving data, initialize the SCI as described below.
Initialization is also necessary when switching from transmit mode to receive mode, or vice versa.

[1] Clear the TE and RE hitsin SCR to 0.
[2] Clear the error flags ERS, PER, and ORER in SSR to 0.
[3] Set the GM, BLK, O/E, BCP1, BCPO, CKS1, and CK SO bitsin SMR, and set the PE bit to 1.

[4] Set the SMIF, SDIR, and SINV bitsin SCMR.

When the SMIF bit is set to 1, the TxD and RxD pins are both switched from portsto SCI pins,
and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEL and CKEO bitsin SCR. Clear the TIE, RIE, TE, RE, MPIE, and TEIE bitsto 0.
If the CKEOQ hit is set to 1, the clock is output from the SCK pin.

[7] Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.
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Serial Data Transmission (Except Block Transfer Mode): As data transmission in smart card
mode involves error signal sampling and retransmission processing, the processing procedureis
different from that for the normal SCI. Figure 12-4 shows a flowchart for transmitting, and figure
12-5 shows the relation between a transmit operation and the internal registers.

[1] Perform smart card interface mode initialization as described above in Initialization.
[2] Check that the ERS error flag in SSR is cleared to O.
[3] Repeat steps[2] and [3] until it can be confirmed that the TEND flag in SSR is set to 1.

[4] Write the transmit data to TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flag iscleared to O.

[5] When transmitting data continuously, go back to step [2].
[6] To end transmission, clear the TE bit to 0.
With the above processing, interrupt handling or data transfer by the DMAC or DTC is possible.

If transmission ends and the TEND flag is set to 1 while the TIE hit is set to 1 and interrupt
reguests are enabled, a transmit-data-empty interrupt (TXI) request will be generated. If an error
occursin transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and interrupt
requests are enabled, a transmit/receive-error interrupt (ERI) request will be generated.

The timing for setting the TEND flag depends on the value of the GM bit in SMR. The TEND
flag setting timing is shown in figure 12-6.

If the DMAC or DTC isactivated by a TXI request, the number of bytes set in the DMAC or DTC
can be transmitted automatically, including automatic retransmission.

For details, see Interrupt Operations and Data Transfer Operation by DMAC or DTC below.

Note: For details of operation in block transfer mode, see section 11.3.2, Operation in
Asynchronous Mode.
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( Start )

| Initialization |

( Start of transmission >

Y

Error handling

Write data to TDR,
and clear TDRE flag
in SSRto 0

Yes

<—< Error handling

No
TEND =17

Yes

| Clear TE bitto O |

|
( End )

Figure 12-4 Sample Transmission Flowchart
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TDR TSR
(shift register)
® ot B
® bRwrsn | Daai || Dpawi | ; ins i
TDR to TSR Data 1 Data 1 ; Data remains in TDR

Data 1 . .
(3) Serial data output - I/O signal line output

In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set
Steps (2) and (3) above are repeated until the TEND flag is set

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure12-5 Relation Between Transmit Operation and Internal Registers

I/O data Ds |DO|D1|D2|D3|D4|D5|D6 |D7 |Dp DE
Guard
TXI time
(TEND interrupt) 12.5etu |
WhenGM=0 I~ -
When GM = 1 11.0 et
Legend
Ds : Start bit
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal

Figure12-6 TEND Flag Generation Timingin Transmission
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Serial Data Reception (Except Block Transfer Mode): Datareception in smart card mode uses
the same processing procedure as for the normal SCI. Figure 12-7 shows an example of the
transmission processing flow.

[1] Perform smart card interface mode initialization as described above in Initialization.

[2] Check that the ORER flag and PER flag in SSR are cleared to O. If either is set, perform the
appropriate receive error handling, then clear both the ORER and the PER flag to O.

[3] Repeat steps[2] and [3] until it can be confirmed that the RDRF flag is set to 1.
[4] Read the receive datafrom RDR.
[5] When receiving data continuously, clear the RDRF flag to 0 and go back to step [2].

[6] To end reception, clear the RE bit to O.

C Start )

| Initialization

( Start of reception >

ORER =0 and No
PER =0?
Yes
<—< Error handling )

RDRF = 17?

No

Yes

Read RDR and clear
RDRF flag in SSR to 0

All data received?

Yes
| Clear RE bitto O |

Figure 12-7 Sample Reception Flowchart

474
HITACHI




With the above processing, interrupt handling or data transfer by the DMAC or DTC is possible.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, areceive datafull interrupt (RXI1) request will be generated. If an error occursin
reception and either the ORER flag or the PER flag is set to 1, a transmit/receive-error interrupt
(ERI) request will be generated.

If the DMAC or DTC isactivated by an RXI request, the receive data in which the error occurred
is skipped, and only the number of bytes of receive data set in the DMAC or DTC are transferred.

For details, see Interrupt Operation and Data Transfer Operation by DMAC or DTC below.

If aparity error occurs during reception and the PER is set to 1, the received datais still
transferred to RDR, and therefore this data can be read.

Note: For details of operation in block transfer mode, see section 11.3.2, Operation in
Asynchronous Mode.

M ode Switching Operation: When switching from receive mode to transmit mode, first confirm
that the receive operation has been completed, then start from initialization, clearing RE bitto 0
and setting TE bit to 1. The RDRF flag or the PER and ORER flags can be used to check that the
receive operation has been completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initiaization, clearing TE bit to 0 and setting RE bit to 1. The
TEND flag can be used to check that the transmit operation has been completed.

Fixing Clock Output: When the GSM bit in SMRis set to 1, the clock output can be fixed with
bits CKE1 and CKEO in SCR. At thistime, the minimum clock pulse width can be made the
specified width.

Figure 12-8 shows the timing for fixing the clock output. In thisexample, GSM isset to 1, CKE1
is cleared to 0, and the CKEQ bit is controlled.

Specified pulse width Specified pulse width

s | |_|¢| ¢||—||

SCR write SCR write
(CKEO =0) (CKEO =1)

N
T~

Figure12-8 Timing for Fixing Clock Output
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Interrupt Operation (Except Block Transfer Mode): There are three interrupt sourcesin smart
card interface mode:; transmit-data-empty interrupt (TXI1) requests, transmit/receive-error interrupt
(ERI) requests, and receive-data-full interrupt (RXI) requests. The transmit-end interrupt (TEI)
reguest is not used in this mode.

When the TEND flagin SSRisset to 1, a TXI interrupt request is generated.
When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated.

When any of flags ORER, PER, and ERSin SSRis set to 1, an ERI interrupt request is generated.
The relationship between the operating states and interrupt sources is shown in table 12-8.

Note: For details of operation in block transfer mode, see section 11.4, SCI Interrupts.

Table12-8 Smart Card Mode Operating States and Interrupt Sour ces

Interrupt DTC DMAC

Operating State Flag Enable Bit Source  Activation  Activation
Transmit  Normal TEND TIE TXI Possible Possible
Mode operation

Error ERS RIE ERI Not possible Not possible
Receive Normal RDRF RIE RXI Possible Possible
Mode operation

Error PER, ORER RIE ERI Not possible Not possible

Data Transfer Operation by DMAC or DTC: In smart card mode, as with the normal SCI,
transfer can be carried out using the DMAC or DTC. In atransmit operation, the TDRE flag is
also set to 1 at the sametime asthe TEND flag in SSR, and a TXI interrupt is generated. If the
TXI request isdesignated beforehand asa DMAC or DTC activation source, the DMAC or DTC
will be activated by the TXI regquest, and transfer of the transmit data will be carried out. The
TDRE and TEND flags are automatically cleared to O when data transfer is performed by the
DMAC or DTC. In the event of an error, the SCI retransmits the same data automatically. The
TEND flag remains cleared to 0 during thistime, and the DMAC is not activated. Thus, the
number of bytes specified by the SCI and DMAC are transmitted automatically evenin
retransmission following an error. However, the ERS flag is not cleared automatically when an
error occurs, and so the RIE bit should be set to 1 beforehand so that an ERI request will be
generated in the event of an error, and the ERS flag will be cleared.

When performing transfer using the DMAC or DTC, it is essential to set and enable the DMAC or
DTC before carrying out SCI setting. For details of the DMAC and DTC setting procedures, see
section 5, DMA Controller (DMAC), and section 6, Data Transfer Controller (DTC).
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In areceive operation, an RXI interrupt request is generated when the RDRF flag in SSR is set to
1. If the RXI request is designated beforehand asa DMAC or DTC activation source, the DMAC
or DTC will be activated by the RXI request, and transfer of the receive datawill be carried out.
The RDRF flag is cleared to 0 automatically when data transfer is performed by the DMAC or
DTC. If an error occurs, an error flag is set but the RDRF flag is not. Consequently, the DMAC or
DTC isnot activated, but instead, an ERI interrupt request is sent to the CPU. Therefore, the error
flag should be cleared.

Note: For details of operation in block transfer mode, see section 11.4, SCI Interrupts.

12.3.7 Operation in GSM Mode

Switching the M ode: When switching between smart card interface mode and software standby
mode, the following switching procedure should be followed in order to maintain the clock duty.

*  When changing from smart card interface mode to software standby mode

[1] Set the data register (DR) and data direction register (DDR) corresponding to the SCK pin to
the value for the fixed output state in software standby mode.

[2] Write O to the TE bit and RE bit in the serial control register (SCR) to halt the transmit/receive
operation. At the sametime, set the CKEL bit to the value for the fixed output state in software
standby mode.

[3] Write 0 to the CKEOQ hit in SCR to halt the clock.

[4] Wait for one serial clock period.
During thisinterval, clock output is fixed at the specified level, with the duty preserved.

[5] Write H'00 to SMR and SCMR.

[6] Make the transition to the software standby state.

*  When returning to smart card interface mode from software standby mode
[7] Exit the software standby state.

[8] Set the CKEL hit in SCR to the value for the fixed output state (current SCK pin state) when
software standby mode s initiated.

[9] Set smart card interface mode and output the clock. Signal generation is started with the
normal duty.
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Software

Normal operation standby Normal operation
-y P |- |-

? oot

(1] [2] [3] (4] [5] (6] [7]

Figure12-9 Clock Halt and Restart Procedure

Powering On: To secure the clock duty from power-on, the following switching procedure should
be followed.

[1] Theinitial stateis port input and high impedance. Use a pull-up resistor or pull-down resistor
to fix the potential .

[2] Fix the SCK pin to the specified output level with the CKEL bit in SCR.
[3] Set SMR and SCMR, and switch to smart card mode operation.

[4] Set the CKEO bit in SCR to 1 to start clock outpuit.

12.3.8 Operation in Block Transfer Mode

Operation in block transfer mode is the same asin SCI asynchronous mode, except for the
following points. For details, see section 11.3.2, Operation in Asynchronous Mode.

Data Format: The dataformat is 8 bits with parity. There is no stop bit, but thereis a guard time
of 2 or more bits (1 or more bitsin reception).

Also, except during transmission (with start bit, data bits, and parity bit), the transmission pins go
to the high-impedance state, so the signal lines must be fixed high with a pull-up resistor.

Transmit/Receive Clock: Only an internal clock generated by the built-in baud rate generator can
be used as the transmit/receive clock. The number of basic clock periodsin a 1-bit transfer interval
can be set to 32, 64, 372, or 256 with bits BCP1 and BCPO. For details, see section 12.3.5, Clock.

ERS (FER) Flag: Aswith the normal smart card interface, the ERS flag indicates the error signal
status, but since error signal transmission and reception is not performed, thisflag is always
cleared to 0.

124  Usage Notes
The following points should be noted when using the SCI as a smart card interface.
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Receive Data Sampling Timing and Receive Margin in Smart Card Interface Mode: In smart
card interface mode, the SCI operates on a base clock with afrequency of 32, 64, 372, or 256
times the transfer rate (determined by bits BCP1 and BCPO0).

In reception, the SCI samples the falling edge of the start bit using the base clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 16th, 32nd,
186th, or 128th pulse of the base clock. Use of a 372-times clock isillustrated in figure 12-10.

372 clocks

186 clocks

0 185 371(0 185 3710
Internal ﬂ
base l( J( ( (
clock Co Do S D S
Recee —hi L ( N
eceive o ;

oo Start bit
data (RxD) ||| | 2 Do ( (( b1

- )] )]

(( ((
)T )

Synchro- ¢ Do
nization i .
sampling : [ L
timing I D
Data

sampling (( 1 ( (( l (
timing ) )] )] ]

Figure12-10 Receive Data Sampling Timingin Smart Card Mode
(When Using 372-Times Clock)

Thus the receive margin in asynchronous mode is given by the following formula

0D - 0.50
y4L—QaF————N——f(1+mD<um%

M =0(0.5 —

Where M: Receive margin (%)
N: Ratio of bit rate to clock (N = 32, 64, 372, 256)
D: Clock duty (D =0to 1.0)
L: Framelength (L = 10)
F: Absolute value of clock frequency deviation

Assuming values of F =0, D = 0.5, and N=372 in the above formula, the receive margin formula
isasfollows.
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When D =0.5and F=0,
M =(0.5—1/2 x 372) x 100%
= 49.866%

Retransfer Operations (Except Block Transfer Mode): Retransfer operations are performed by
the SCI in receive mode and transmit mode as described below.

» Retransfer operation when SCI isin receive mode
Figure 12-11 illustrates the retransfer operation when the SCI isin receive mode.

[1] If an error is found when the received parity bit is checked, the PER bit in SSR is automatically
set to 1. If the RIE bit in SCR is enabled at thistime, an ERI interrupt request is generated. The
PER bit in SSR should be kept cleared to O until the next parity bit is sampled.

[2] The RDRF bit in SSR is not set for aframe in which an error has occurred.
[3] If no error isfound when the received parity bit is checked, the PER bit in SSR is not set.

[4] If no error isfound when the received parity bit is checked, the receive operation isjudged to
have been completed normally, and the RDRF flag in SSR is automatically set to 1. If the RIE
bit in SCR is enabled at thistime, an RXI interrupt request is generated.

If DMAC or DTC datatransfer by an RXI source is enabled, the contents of RDR can be read
automatically. When the RDR datais read by the DMAC or DTC, the RDRF flag is
automatically cleared to O.

[5] When anormal frame is received, the pin retains the high-impedance state at the timing for
error signal transmission.

Transfer
~+—— nth transfer frame = ——»-—— Retransferred frame

frame n+1
1Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|-|D_E,—|Ds|Do|D1|D2|D3|D4|D5|D6|D7|Dpr—E)|Ds|D0|D1|Dz|D3|D4|
RDRF
bz by
PER
Ay ¥E)

Figure12-11 Retransfer Operation in SCI Receive Mode

* Retransfer operation when SCI isin transmit mode
Figure 12-12 illustrates the retransfer operation when the SCI isin transmit mode.

[6] If an error signal is sent back from the receiving end after transmission of one frameis
completed, the ERS bit in SSR is set to 1. If the RIE hit in SCR is enabled at thistime, an ERI
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interrupt request is generated. The ERS bit in SSR should be kept cleared to 0 until the next
parity bit is sampled.

[7] The TEND bit in SSR is not set for aframe for which an error signal indicating an abnormality
isreceived.

[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not set.

[9] If an error signal is not sent back from the receiving end, transmission of one frame, including
aretransfer, isjudged to have been completed, and the TEND bit in SSRisset to 1. If the TIE
bit in SCR is enabled at thistime, a TXI interrupt request is generated.

If datatransfer by the DMAC or DTC by means of the TXI source is enabled, the next data can
be written to TDR automatically. When datais written to TDR by the DMAC or DTC, the
TDRE bit isautomatically cleared to 0.

Transfer
-~+«—— nth transfer frame — Retransferred frame ———» frame n+1

-IDS|DO|Dl|D2|D3|D4|D5|D6|D7|Dp|—|D_E'—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|DpI&le bolp1|p2p3jp4

J TDRE |_|

4 Transfer to TSR from TOR 4 Transfer to TSR from TOR A Transfer to TSR
: from TDR
TEND ;
A kg
FER/ERS
kg bg

Figure12-12 Retransfer Operation in SCI Transmit Mode
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Section 13 A/D Converter
(8 Analog Input Channel Version)

13.1 Overview

The H85/2338 Series, H85/2328 Series, and H8S/2318 Series incorporate a successive-
approximations type 10-bit A/D converter that allows up to eight analog input channelsto be
selected.

13.1.1 Features

A/D converter features are listed below
* 10-bit resolution

» Eight input channels

» Settable analog conversion voltage range

0 Conversion of analog voltages with the reference voltage pin (V,«) asthe analog reference
voltage

» High-speed conversion
O Minimum conversiontime: 6.7 ps per channel (at 20 MHz operation)

» Choice of single mode or scan mode
O Singlemode: Single-channel A/D conversion
O Scanmode:  Continuous A/D conversion on 1 to 4 channels

e Four dataregisters
0 Conversion results are held in a 16-bit data register for each channel

» Sample and hold function

* Threekinds of conversion start
O Choice of software or timer conversion start trigger (TPU or 8-bit timer), or ADTRG pin

» A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion

O TheDMA controller (DMAC)* or datatransfer controller (DTC) can be activated for data
transfer by an interrupt

Note: * Some models do not have an on-chip DMAC; please check the reference manual for the
relevant model for confirmation.
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* Module stop mode can be set

O Astheinitia setting, A/D converter operation is halted. Register accessis enabled by
exiting module stop mode.

13.1.2  Block Diagram

Figure 13-1 shows a block diagram of the A/D converter.

Module data bus Internal data bus
3 >
T
10NN 0Q |
3
2 a
2
AVcc - g
= A|lA|A]|A AlA
. _|sg|l |p|D|D|D D|D
Vet — 10-bitAD K | S22 A pD|D|D|D c|c
0@ R|R|R|R S |R
g A B| C|D R
AVss — ™ 3
(&)
p=l
7]
ANOQ ——
-+
AN1 ——» S
AN2 —= o [1© OT—’; P
X 1 !
2Ej %_ | ; . Comparator Control circuit
I R~ ‘ |
S ! |
AN ——» = | CTooettees
Sample-and-
ANG — hold circuit
AN7 —=
]
T ADI interrupt

signal

L Conversion start
trigger from 8-bit
timer or TPU

ADCR : A/D control register
ADCSR : A/D control/status register
ADDRA : A/D data register A
ADDRB : A/D data register B
ADDRC : A/D data register C
ADDRD : A/D data register D

Figure13-1 Block Diagram of A/D Converter
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13.1.3  Pin Configuration
Table 13-1 summarizes the input pins used by the A/D converter.

The AV . and AV pins are the power supply pins for the analog block in the A/D converter. The
V.« pinisthe A/D conversion reference voltage pin.

The eight analog input pins are divided into two groups: group 0 (ANO to AN3), and group 1
(AN4 to AN7).

Table13-1 A/D Converter Pins

Pin Name Symbol I/O Function

Analog power supply pin AV . Input Analog block power supply

Analog ground pin AV Input Analog block ground and A/D conversion
reference voltage

Reference voltage pin A\ Input A/D conversion reference voltage

Analog input pin 0 ANO Input Group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog inputs

Analog input pin 5 ANS5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin ADTRG Input External trigger input for starting A/D
conversion
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13.1.4 Register Configuration

Table 13-2 summarizes the registers of the A/D converter.

Table13-2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address**
A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL H'00 H'FF97
A/D control/status register ADCSR R/(W)**  H'00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bit 7 can only be written with O for flag clearing.
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13.2 Register Descriptions

13.21 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
/AD9| AD8| AD7| AD6| AD5| AD4|AD3 AD2|AD1 ADO| —| — | — | — | —| —]

Initial value: 0 0 0O O 0 0 0O O 0 0 0O O 0 0 0O oO

RIW ' R R R R R R RI RI R RTI RI RTE RTE RR RR

There are four 16-hit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.

The 10-bit data resulting from A/D conversion is transferred to the ADDR register for the selected
channel and stored there. The upper 8 hits of the converted data are transferred to the upper byte
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits5to 0 are always read as 0.

The correspondence between the analog input channels and ADDR registersis shown in table 13-
3.

The ADDR registers can always be read by the CPU. The upper byte can be read directly, but for
the lower byte, data transfer is performed via atemporary register (TEMP). For details, see section
13.3, Interface to Bus Master.

The ADDR registers areinitialized to H'0000 by areset, and in standby mode or module stop
mode.

Table13-3 Analog Input Channels and Corresponding ADDR Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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13.22 A/D Control/Status Register (ADCSR)

Bit L7 6 5 4 3 2 1 0

| ADF | ADIE | ADST | SCAN | CKS | CH2 | CHlL | CHo |
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW RW RW RW RW RW  RW

Note: * Only 0 can be written to bit 7, to clear this flag.

ADCSR is an 8-hit readable/writable register that controls A/D conversion operations and shows
the status of the operation.

ADCSR isinitialized to H'00 by areset, and in hardware standby mode or modul e stop mode.

Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing conditions] (Initial value)
¢ When 0 is written to the ADF flag after reading ADF = 1
¢ When the DMAC or DTC is activated by an ADI interrupt and ADDR is read

1 [Setting conditions]

¢ Single mode: When A/D conversion ends
e Scan mode: When A/D conversion ends on all specified channels

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

ADIE Description

0 A/D conversion end interrupt (ADI) request disabled (Initial value)
1 A/D conversion end interrupt (ADI) request enabled
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Bit 5—A/D Start (ADST): Selects starting or stopping of A/D conversion. Holds avalue of 1
during A/D conversion.

The ADST bit can be set to 1 by software, atimer conversion start trigger, or the A/D external
trigger input pin (ADTRG).

Bit 5

ADST Description

0 * A/D conversion stopped (Initial value)
1 < Single mode: A/D conversion is started. Cleared to 0 automatically when

conversion on the specified channel ends

* Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to 0 by software, a reset, or
a transition to standby mode or module stop mode

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 13.4, Operation, for details of single mode and scan mode operation. Only set
the SCAN hit while conversion is stopped (ADST = 0).

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Used together with the CKS1 bit in ADCR to set the A/D
conversion time. Only change the conversion time while conversion is stopped (ADST = 0).

ADCRS3 Bit 3

CKs1 CKSs Description

0 0 Conversion time = 530 states (max.)
1 Conversion time = 68 states (max.)

1 0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Bits 2 to 0—Channel Select 2to 0 (CH2to CHO): These bits are used together with the SCAN
bit to select the analog input channels.

Only set the input channel (s) while conversion is stopped (ADST = 0).
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Group

Selection Channel Selection Description
CH2 CH1 CHO Single Mode (SCAN =0) Scan Mode (SCAN =1)
0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 ANS5S AN4, AN5
1 0 ANG6 AN4 to AN6
1 AN7 AN4 to AN7

13.23 A/D Control Register (ADCR)

Bit L7 6 5 4 3 2 1 0

| TRGS1| TRGSO| — | — | cKsL | cH3 | — | — |
Initial value : 0 0 1 1 1 1 1 1
RIW . RW  RW _ _ RW  RW — —

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion operations.

ADCRisinitialized to H'3F by areset, and in standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGSL1, TRGS0): These bits select enabling or
disabling of the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGSO
while conversion is stopped (ADST = 0).

Bit 7 Bit 6

TRGS1 TRGSO Description

0 0 A/D conversion start by external trigger is disabled (Initial value)
1 A/D conversion start by external trigger (TPU) is enabled

1 0 A/D conversion start by external trigger (8-bit timer) is enabled
1 A/D conversion start by external trigger pin (ADTRG) is enabled
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Bits 5, 4, 1, and 0—Reserved: Read-only bits, awaysread as 1.

Bit 3—Clock Select 1 (CK S1): Used together with the CKS bit in ADCSR to set the A/D
conversion time. See the description of the CKS bit for details.

Bit 2—Channédl Select 3 (CH3): Reserved. A value of 1 must be written to this bit.

13.24 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : ‘ 15 14 13 12 11 10 9 8 H 7 6 5 4 3 2 0 ‘
PP
Initalvalue: 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP9 bit in MSTPCR is set to 1, A/D converter operation stops at the end of the bus

cycle and atransition is made to module stop mode. Registers cannot be read or written to in

module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in

software standby mode.

Bit 9—Module Stop (M STP9): Specifiesthe A/D converter module stop mode.

Bit 9

MSTP9 Description

0 A/D converter module stop mode cleared

1 A/D converter module stop mode set (Initial value)

HITACHI
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13.3 Interfaceto BusMaster

ADDRA to ADDRD are 16-hit registers, and the data bus to the bus master is 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byteis
accessed via atemporary register (TEMP).

A dataread from ADDR is performed as follows. When the upper byte is read, the upper byte
value istransferred to the CPU and the lower byte valueis transferred to TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading ADDR, always read the upper byte before the lower byte. It is possible to read only
the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 13-2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ) Bus interface

(H'AA)
TEMP
(H'40)
ADDRnNH ADDRnL
(HAA) (H'40) (= AtoD)

Lower byte read

Module data bus

1

TEMP
(H'40)

Il

ADDRnNH ADDRNL
(HAA) (H'40)

Bus master .
(H40) 4= Bus interface

(n=AtoD)

Figure 13-2 ADDR Access Operation (Reading H' AA40)
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134  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes:. single mode and scan mode.

134.1 SingleMode (SCAN = 0)

Single mode is selected when A/D conversion isto be performed on asingle channel only. A/D
conversion is started when the ADST bit is set to 1 by software or by external trigger input. The
ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends.

On completion of conversion, the ADF flagis set to 1. If the ADIE bit isset to 1 at thistime, an
ADI interrupt request is generated. The ADF flag is cleared by writing O to it after reading
ADCSR.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bitto 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
13-3 shows atiming diagram for this example.

[1] Single modeis selected (SCAN = 0), input channel AN1 is selected (CH2 =0, CH1=0,
CHO =1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

[2] When A/D conversion is completed, the result is transferred to ADDRB. At the same time the
ADFflagissetto 1, the ADST hit iscleared to 0, and the A/D converter becomesidle.

[3] Since ADF =1 and ADIE =1, an ADI interrupt is requested.

[4] The A/D interrupt handling routine starts.

[5] The routine reads ADCSR, then writes 0 to the ADF flag.

[6] The routine reads and processes the conversion result (ADDRB).

[7] Execution of the A/D interrupt handling routine ends. After that, if the ADST bitissetto 1,
A/D conversion starts again and steps[2] to [7] are repeated.
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| Set*
ADIE L

A/D
conversion } Sett | Set*

ADST starts N
| ; | Clear*
ADF

Clear*
State of / \> /
[ [

channel 0 | Idle
(ANO)

State of
channel 1 | Idle [ AID conversion TN, Idle | AID conversion 2§, Idle
(AN1)

State of
channel 2 | Idle

(AN2) /l

State of
channel 3 | Idle

- / [

ADDRA !

\_/

\ | Read conversion result \ | Read conversion result
ADDRB X A/D conversion result 1 X A/D conversion result 2

ADDRC

ADDRD

Note: * Vertical arrows ( } ) indicate instructions executed by software.

Figure 13-3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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134.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bhitisset to 1 by software, or by timer or external trigger input, A/D conversion starts on the
first channel in the group (ANQ). When two or more channels are selected, after conversion of the
first channel ends, conversion of the second channel (AN1) startsimmediately. A/D conversion
continues cyclically on the selected channels until the ADST bit is cleared to 0. The conversion
results are transferred for storage into the ADDR registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bitto 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 13-4 shows atiming diagram for this example.

[1] Scan modeis selected (SCAN = 1), scan group O is selected (CH2 = 0), analog input channels
ANOto AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1)

[2] When A/D conversion of the first channel (ANO) is completed, the result is transferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

[3] Conversion proceeds in the same way through the third channel (AN2).

[4] When conversion of al the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANOQ) starts again. If the ADIE bit isset to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

[5] Steps[2] to [4] are repeated aslong asthe ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bitisset to 1, A/D conversion
starts again from the first channel (ANO).
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| Continuous A/D conversion |
l Set*1 i Clear*!

ADST

| Clear*!

ADF l\ I

State of A/D conversion time

channel 0 [ 1Idle [A/D conversion 1§ Idle [A/D conversion 4§ ] Idle
(ANO) /\ A

State of

channel 1 | Idle YAD conversion 24, Idle YAJD conversion 52 [dle
-~ / /\ \/

State of

channel 2 | Idle YAID conversion 3§, Idle
(AN2) /
[

t1 X___AID conversion result 4

State of
channel 3 | | Idle

(AN3)
\ Transfer /

ADDRA X A/D conversion res

\___’/

c

ADDRB X [ A/D conversion result 2

ADDRC X A/D conversion result 3

ADDRD

Notes: 1. Vertical arrows (} ) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure 13-4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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13.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 13-5 showsthe A/D
conversion timing. Table 13-4 indicates the A/D conversion time.

Asindicated in figure 13-5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. Thetotal conversion
time therefore varies within the ranges indicated in table 13-4.

In scan mode, the values given in table 13-4 apply to the first conversion time. In the second and
subsequent conversions the conversion timeis as shown in table 13-5.

o |

Address bus

Write signal

~~ >
%35}

Input sampling
timing 0
ADF
()()
tp tspL
tcony
Legend
Q) . ADCSR write cycle
2) . ADCSR address
to : A/D conversion start delay
tsp : Input sampling time

tcony : A/D conversion time

Figure13-5 A/D Conversion Timing
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Table13-4 A/D Conversion Time (Single Mode)

CKS1=0 CKSl=1

CKS=0 CKs=1 CKS=0 CKs=1
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max
A/D conversion t, 18 — 33 4 — 5 0 — 17 6 — 9
start delay
Input sampling  tgp, — 127 — — 15 — — 63 — — 31 —
time
A/D conversion  teony 55 — 530 67 — 68 259 — 266 131 — 134
time

Note: Values in the table are the number of states.

Table13-5 A/D Conversion Time (Scan Mode)

CKs1 CKS Conversion Time (States)
0 0 512 (Fixed)

1 64 (Fixed)
1 0 256 (Fixed)

1 128 (Fixed)

13.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO hitsare setto B'11in
ADCR, external trigger input is enabled at the ADTRG pin. A faling edge at the ADTRG pin sets
the ADST hitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as when the ADST hit has been set to 1 by software. Figure 13-6 shows the
timing.
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ADTRG

Internal trigger signal

ADST

A/D conversion

i

Figure13-6 External Trigger Input Timing

13,5 Interrupts

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
ADI interrupt requests can be enabled or disabled by means of the ADIE bitin ADCSR.

The DTC or DMAC can be activated by an ADI interrupt. Having the converted data read by the
DTC or DMAC inresponse to an ADI interrupt enables continuous conversion to be achieved
without imposing aload on software.

The A/D converter interrupt source is shown in table 13-6.

Table13-6 A/D Converter Interrupt Source

Interrupt Source Description DTC Activation DMAC Activation

ADI Interrupt due to end of conversion  Possible Possible
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13.6  Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins

1. Analog input voltage range
The voltage applied to analog input pins ANn during A/D conversion should be in the range
AV <ANN €V

2. Relation between AV, AV and Ve, Vs

Asthe relationship between AV ., AVgand Ve, Vs, Set AV = V. If the A/D converter is
not used, the AV .. and AV g pins must not be left open.

3. V.4 input range
The analog reference voltage input at the V . pin should be set intherange V4 < AV .

If conditions 1, 2, and 3 above are not met, the reliability of the device may be adversely affected.

Notes on Board Design: In board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or are in close proximity should be avoided as far as possible. Failure to do so
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANO to AN7), analog
reference power supply (V,«), and analog power supply (AV c) by the analog ground (AV ).
Also, the analog ground (AV gs) should be connected at one point to a stable digital ground (V)
on the board.

Notes on Noise Countermeasures: A protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pins (ANO to AN7) and analog
reference power supply (V) should be connected between AV and AV ¢ as shown in figure 13-
7.

Also, the bypass capacitors connected to AV . and V , and the filter capacitor connected to ANO
to AN7 must be connected to AV .

If afilter capacitor is connected as shown in figure 13-7, the input currents at the analog input pins
(ANOto AN7) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, asin scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(Rin), an error will arisein the analog input pin voltage. Careful consideration is therefore required
when deciding the circuit constants.
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/\/

AVcce

Vref

ANO to AN7

AVssg

/\/

Notes: Values are reference values.
1.

10 pF 0.01 pF

2. Rjn: Input impedance

Figure 13-7 Exampleof Analog Input Protection Cir cuit

10 kQ
ANO to To A/D
AN7 vy converter
; 20 pF

Note: Values are reference values.

Figure 13-8 Analog Input Pin Equivalent Circuit
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A/D Conversion Precision Definitions: H85/2338 Series, H85/2328 Series, and H8S/2318 Series
A/D conversion precision definitions are given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 to
B'0000000001 (see figure 13-10).

Full-scae error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110to B'1111111111 (seefigure 13-10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 13-9).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

Absolute precision

The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinegarity error.
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Digital output

Ideal A/D conversion —=

111 — characteristic
110 —
101 |-
100 — IjA
011V:

010 — t‘*

Quantization error

001 —
000 | | | SS | | |
1 2 1022 1023 ES
1024 1024 1024 1024
Analog
input voltage

Figure13-9 A/D Conversion Precision Definitions (1)
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Digital output Full-scale error

Ideal A/D conversion
characteristic

/"L Nonlinearity
error

--— Actual A/D conversion
characteristic

FS

Analog

Offset error input voltage

Figure13-10 A/D Conversion Precision Definitions (2)

Permissible Signal Source Impedance: H85/2338 Series, H85/2328 Series, and H85/2318 Series
analog input is designed so that conversion precision is guaranteed for an input signal for which
the signal source impedance is 10 kQ or less. This specification is provided to enable the A/D
converter's sample-and-hold circuit input capacitance to be charged within the sampling time; if
the sensor output impedance exceeds 10 kQ, charging may be insufficient and it may not be
possible to guarantee the A/D conversion precision.

If alarge capacitance is provided externally, the input load will essentially comprise only the
internal input resistance of 10 kQ, and the signal source impedance isignored. However, since a
low-pass filter effect is obtained in this case, it may not be possible to follow an analog signal with
alarge differential coefficient (e.g., 5 mV/usor greater).

When converting a high-speed analog signal, a low-impedance buffer should be inserted.
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I nfluences on Absolute Precision: Adding capacitance results in coupling with GND, and
therefore noisein GND may adversely affect absolute precision. Be sure to make the connection
to an electrically stable GND such as AV .

Careisaso required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

H8S/2338 Series,
H8S/2328 Series, or | A/D converter

Sensor output H8S/2318 Series equivalent circuit
impedance
Max. 10 kQ 10 kQ

Sensor input ——/\A/A . l

______________________ 1
il &

© Low-pass
 filter I
1 Cto 0.1 uF !

.......................

Cin =15 pF 20 pF

Note: Values are reference values.

Figure13-11 Exampleof Analog Input Circuit
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Section 14 A/D Converter
(12 Analog Input Channel Version)

141 Overview

The H85/2338 Series, H85/2328 Series, and H8S/2318 Series incorporate a successive-
approximations type 10-bit A/D converter that allows up to twelve analog input channelsto be
selected.

1411 Features

A/D converter features are listed below
* 10-bit resolution

* Twelveinput channels

» Settable analog conversion voltage range

0 Conversion of analog voltages with the reference voltage pin (V,«) asthe analog reference
voltage

» High-speed conversion
O Minimum conversiontime: 6.7 ps per channel (at 20 MHz operation)

» Choice of single mode or scan mode
O Singlemode: Single-channel A/D conversion
O Scanmode:  Continuous A/D conversion on 1 to 4 channels

e Four dataregisters
0 Conversion results are held in a 16-bit data register for each channel

» Sample and hold function

* Threekinds of conversion start
O Choice of software or timer conversion start trigger (TPU or 8-bit timer), or ADTRG pin

» A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion

O TheDMA controller (DMAC)* or datatransfer controller (DTC) can be activated for data
transfer by an interrupt

Note: * Some models do not have an on-chip DMAC; please check the reference manual for the
relevant model for confirmation.
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* Module stop mode can be set

O Astheinitia setting, A/D converter operation is halted. Register accessis enabled by
exiting module stop mode.

14.1.2  Block Diagram

Figure 14-1 shows a block diagram of the A/D converter.

AVss —™

Module data bus Internal data bus
Q
Q
8
@
2]
%) >
c @
2
©
AVcc - e
= A|lA|A|A AlA
_ _|sgl |D|D|D|D D|D
Viee —™  10-bit A/D K183l D | D|D|D clc
39 R R|R|R S R
‘© A B C| D R
%]
Q
Q
[S]
>
)

w—— ] -

AN1 —
AN2 —= .
AN3 —» +O\OT—>—
AN4 —= ‘

AN5 —=
ANG —
AN7 —
AN12 —*
AN13 —*
AN14 —*
AN15 —*

ADTRG

ADCR

ADCSR
ADDRA
ADDRB
ADDRC
ADDRD

3 % : Comparator Control circuit

Multiplexer

Sample-and-
hold circuit

L
? ADI interrupt
signal

L Conversion start
trigger from 8-bit

: A/D control register timer or TPU
: A/D control/status register

: A/D data register A

: A/D data register B

: A/D data register C

. A/D data register D
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14.1.3  Pin Configuration

Table 14-1 summarizes the input pins used by the A/D converter.

The AV . and AV pins are the power supply pins for the analog block in the A/D converter. The

V.« pinisthe A/D conversion reference voltage pin.

The twelve analog input pins are divided into two channel sets and two groups: channel set 0
(ANOto AN7), channel set 1 (AN12 to AN15), group O (ANO to AN3), and group 1 (AN4 to AN7,

AN12to AN15).

Table14-1 A/D Converter Pins

Pin Name Symbol I/0 Function

Analog power supply pin AV . Input Analog block power supply

Analog ground pin AVgq Input Analog block ground and A/D conversion
reference voltage

Reference voltage pin Vo Input A/D conversion reference voltage

Analog input pin 0 ANO Input Channel set 0 (CH3 = 1), group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Channel set 0 (CH3 = 1), group 1 analog inputs

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

Analog input pin 12 AN12 Input Channel set 1 (CH3 = 0), group 1 analog inputs

Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

AID external trigger input ~ ADTRG Input External trigger input for starting A/D

pin

conversion
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1414 Register Configuration

Table 14-2 summarizes the registers of the A/D converter.

Table14-2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address**
A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL H'00 H'FF97
A/D control/status register ADCSR R/(W)**  H'00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bit 7 can only be written with O for flag clearing.
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14.2  Register Descriptions

1421 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
/AD9| AD8| AD7| AD6| AD5| AD4|AD3 AD2|AD1 ADO| —| — | — | — | —| —]

Initial value: 0 0 0O O 0 0 0O O 0 0 0O O 0 0 0O oO

RIW ' R R R R R R RI RI R RTI RI RTE RTE RR RR

There are four 16-hit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.

The 10-bit data resulting from A/D conversion is transferred to the ADDR register for the selected
channel and stored there. The upper 8 hits of the converted data are transferred to the upper byte
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits5to 0 are always read as 0.

The correspondence between the analog input channels and ADDR registersis shown in table 14-
3.

The ADDR registers can always be read by the CPU. The upper byte can be read directly, but for
the lower byte, data transfer is performed via atemporary register (TEMP). For details, see section
14.3, Interface to Bus Master.

The ADDR registers areinitialized to H'0000 by areset, and in standby mode or module stop
mode.

Table 14-3 Analog Input Channels and Corresponding ADDR Registers

Analog Input Channel

Channel Set 0 (CH3 =1) Channel Set 1 (CH3 =0)
Group O Group 1 Group 0 Group 1
(CH2 =0) (CH2=1) (CH2=0) (CH2 =1) A/D Data Register
ANO AN4 Setting prohibited AN12 ADDRA
AN1 AN5 Setting prohibited AN13 ADDRB
AN2 ANG6 Setting prohibited AN14 ADDRC
AN3 AN7 Setting prohibited AN15 ADDRD
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14.2.2 A/D Control/Status Register (ADCSR)

Bit L7 6 5 4 3 2 1 0

| ADF | ADIE | ADST | SCAN | CKS | CH2 | CHlL | CHo |
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RW RW RW RW RW RW  RW

Note: * Only 0 can be written to bit 7, to clear this flag.

ADCSR is an 8-hit readable/writable register that controls A/D conversion operations and shows
the status of the operation.

ADCSR isinitialized to H'00 by areset, and in hardware standby mode or modul e stop mode.

Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing conditions] (Initial value)
¢ When 0 is written to the ADF flag after reading ADF = 1
¢ When the DMAC or DTC is activated by an ADI interrupt and ADDR is read

1 [Setting conditions]

¢ Single mode: When A/D conversion ends
e Scan mode: When A/D conversion ends on all specified channels

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

ADIE Description

0 A/D conversion end interrupt (ADI) request disabled (Initial value)
1 A/D conversion end interrupt (ADI) request enabled
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Bit 5—A/D Start (ADST): Selects starting or stopping of A/D conversion. Holds avalue of 1
during A/D conversion.

The ADST bit can be set to 1 by software, atimer conversion start trigger, or the A/D external
trigger input pin (ADTRG).

Bit 5

ADST Description

0 * A/D conversion stopped (Initial value)
1 < Single mode: A/D conversion is started. Cleared to 0 automatically when

conversion on the specified channel ends

* Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to 0 by software, a reset, or
a transition to standby mode or module stop mode

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 14.4, Operation, for details of single mode and scan mode operation. Only set
the SCAN hit while conversion is stopped (ADST = 0).

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Used together with the CKS1 bit in ADCR to set the A/D
conversion time. Only change the conversion time while conversion is stopped (ADST = 0).

ADCR Bit 3 Bit 3

CKs1 CKSs Description

0 0 Conversion time = 530 states (max.)
1 Conversion time = 68 states (max.)

1 0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Bits 2 to 0—Channel Select 2to 0 (CH2to CHO): These bits are used together with the SCAN
bit to select the analog input channels.

Only set the input channel (s) while conversion is stopped (ADST = 0).
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Channel Selection Description

Single Mode Scan Mode
CH3 CH2 CH1 CHO (SCAN = 0) (SCAN = 1)
0 0 0 0 Setting prohibited Setting prohibited
1
1 0
1
1 0 0 AN12 AN12
1 AN13 AN12, AN13
1 0 AN14 AN12 to AN14
1 AN15 AN12 to AN15
1 0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 ANS AN4, AN5
1 0 ANG6 AN4 to AN6
1 AN7 AN4 to AN7
14.2.3 A/D Control Register (ADCR)
Bit : 7 6 5 4 3 2 1 0
| TRGS1| TRGSO| — | — | CKSL | CH3 | — | — |
Initial value : 0 0 1 1 1 1 1 1
R/W : R/W R/W — — R/W R/W — —

ADCR is an 8-hit readable/writable register that enables or disables external triggering of A/D
conversion operations.

ADCRIisinitialized to H'3F by areset, and in standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGSL, TRGS0): These bits select enabling or
disabling of the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGSO
while conversion is stopped (ADST = 0).
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Bit 7 Bit 6
TRGS1 TRGSO Description

0 0 A/D conversion start by external trigger is disabled (Initial value)
1 A/D conversion start by external trigger (TPU) is enabled

1 0 A/D conversion start by external trigger (8-bit timer) is enabled
1 A/D conversion start by external trigger pin (ADTRG) is enabled

Bits 5, 4, 1, and 0—Reserved: Read-only bits, always read as 1.

Bit 3—Clock Select 1 (CKS1): Used together with the CKS bitin ADCSR to set the A/D
conversion time. See the description of the CKS bit for details.

Bit 2—Channel Select 3 (CH?3): Used together with bits CH2, CH1, and CHO in ADCSR to
select the analog input channel(s). See the description of bits CH2, CH1, and CHO for details.

14.24 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| [ L[ 1]

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/W R/IW RIW R/IW R/IW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP9 bit in MSTPCR is set to 1, A/D converter operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 9—Module Stop (M STP9): Specifiesthe A/D converter module stop mode.

Bit 9

MSTP9 Description

0 A/D converter module stop mode cleared

1 A/D converter module stop mode set (Initial value)
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14.3 Interfaceto BusMaster

ADDRA to ADDRD are 16-hit registers, and the data bus to the bus master is 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byteis
accessed via atemporary register (TEMP).

A dataread from ADDR is performed as follows. When the upper byte is read, the upper byte
value istransferred to the CPU and the lower byte valueis transferred to TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading ADDR, always read the upper byte before the lower byte. It is possible to read only
the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 14-2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ) Bus interface

(H'AA)
TEMP
(H'40)
ADDRnNH ADDRnL
(H'AA) (H'40) (n=AtoD)

Lower byte read

Bus master . Module data bus
4= Bus interface

(H'40)
TEMP
(H40)
ADDRnH ADDRnL
(HAA) (H'40)
(n=AtoD)

Figure14-2 ADDR Access Operation (Reading H' AA40)
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144  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes:. single mode and scan mode.

1441 SingleMode (SCAN = 0)

Single mode is selected when A/D conversion isto be performed on asingle channel only. A/D
conversion is started when the ADST bit is set to 1 by software or by external trigger input. The
ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends.

On completion of conversion, the ADF flagis set to 1. If the ADIE bit isset to 1 at thistime, an
ADI interrupt request is generated. The ADF flag is cleared by writing O to it after reading
ADCSR.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bitto 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
14-3 shows atiming diagram for this example.

[1] Single modeis selected (SCAN = 0), input channel AN1 is selected (CH3 =1, CH2=0, CH1
=0, CHO = 1), the A/D interrupt isenabled (ADIE = 1), and A/D conversion is started (ADST
=1).

[2] When A/D conversion is completed, the result istransferred to ADDRB. At the same time the
ADFflagissetto 1, the ADST hit iscleared to O, and the A/D converter becomesidle.

[3] Since ADF =1 and ADIE =1, an ADI interrupt is requested.

[4] The A/D interrupt handling routine starts.

[5] The routine reads ADCSR, then writes 0 to the ADF flag.

[6] The routine reads and processes the conversion result (ADDRB).

[7] Execution of the A/D interrupt handling routine ends. After that, if the ADST bitisset to 1,
A/D conversion starts again and steps[2] to [7] are repeated.
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ADIE | Sett

A/D
conversion + Set*  Set*
ADST starts X

\/4 } Clear* } Clear*
ADF
State of / \> /

/ [

channel 0 | Idle
(ANO)

State of
chanr)1e| 1 Idle [ AID conversion 15§ Idle [ AID conversion 24, Idle
1

State of
channel 2 | Idle

(AN2) /
State of
channel 3 | Idle

(AN3) /

ADDRA

4._/

M~ | —

e

| Read conversion result | Read conversion result
ADDRB X A/D conversion result 1~ X A/D conversion result 2

ADDRC

ADDRD

Note: * Vertical arrows ( | ) indicate instructions executed by software.

Figure 14-3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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14.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bhitisset to 1 by software, or by timer or external trigger input, A/D conversion starts on the
first channel in the group (ANQ). When two or more channels are selected, after conversion of the
first channel ends, conversion of the second channel (AN1) startsimmediately. A/D conversion
continues cyclically on the selected channels until the ADST bit is cleared to 0. The conversion
results are transferred for storage into the ADDR registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bitto 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 14-4 shows atiming diagram for this example.

[1] Scan modeis selected (SCAN = 1), channel set 0 is selected (CH3 = 0), scan group O is
selected (CH2 = 0), analog input channels ANO to AN2 are selected (CH1 = 1, CHO = 0), and
A/D conversion is started (ADST = 1)

[2] When A/D conversion of the first channel (ANO) is completed, the result is transferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

[3] Conversion proceeds in the same way through the third channel (AN2).

[4] When conversion of al the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANOQ) starts again. If the ADIE bit isset to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

[5] Steps[2] to [4] are repeated aslong asthe ADST bit remains set to 1. When the ADST bit is
cleared to O, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from the first channel (ANO).
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| Continuous A/D conversion |
I 1

| Set* | Clear*1
ADST
| Clear*!
ADF
A/D conversion time
State of
channel 0 [ Idle [A/D conversion 1§ Idle [A/D conversion 44, [ Idle
- ) A
State of
channel 1 | Idle YA/D conversion 2§ Idle YA/D conversion 5¥2Idle
- /\ \/
State of
channel 2 | Idle YAID conversion 3¢, Idle
(AN2) \ /
State of
channel 3 | | Idle | [
(AN3)
Transfer
ADDRA X A/D conversion result 1 X__A/D conversion result 2
ADDRB X [ A/D conversion result 2
ADDRC X A/D conversion result 3

ADDRD

Notes: 1. Vertical arrows (| ) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure 14-4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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14.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 14-5 showsthe A/D
conversion timing. Table 14-4 indicates the A/D conversion time.

Asindicated in figure 14-5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. Thetotal conversion
time therefore varies within the ranges indicated in table 14-4.

In scan mode, the values given in table 14-4 apply to the first conversion time. In the second and
subsequent conversions the conversion timeis as shown in table 14-5.

o |

Address bus

Write signal

~~ >
%35}

Input sampling
timing 0
ADF
()()
tp tspL
tcony
Legend
Q) . ADCSR write cycle
2) . ADCSR address
to : A/D conversion start delay
tsp : Input sampling time

tcony : A/D conversion time

Figure14-5 A/D Conversion Timing
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Table14-4 A/D Conversion Time (Single Mode)

CKS1=0 CKSl=1

CKS=0 CKs=1 CKS=0 CKs=1
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max
A/D conversion t, 18 — 33 4 — 5 0 — 17 6 — 9
start delay
Input sampling  tgp, — 127 — — 15 — — 63 — — 31 —
time
A/D conversion  teony 55 — 530 67 — 68 259 — 266 131 — 134
time

Note: Values in the table are the number of states.

Table14-5 A/D Conversion Time (Scan M ode)

CKs1 CKS Conversion Time (States)
0 0 512 (Fixed)

1 64 (Fixed)
1 0 256 (Fixed)

1 128 (Fixed)

1444  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO hitsare setto B'11in
ADCR, external trigger input is enabled at the ADTRG pin. A faling edge at the ADTRG pin sets
the ADST hitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as when the ADST hit has been set to 1 by software. Figure 14-6 shows the
timing.
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Internal trigger signal

ADST

A/D conversion

1

Figure14-6 External Trigger Input Timing

145 Interrupts

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
ADI interrupt requests can be enabled or disabled by means of the ADIE bitin ADCSR.

The DTC or DMAC can be activated by an ADI interrupt. Having the converted data read by the
DTC or DMAC in response to an ADI interrupt enables continuous conversion to be achieved
without imposing aload on software.

The A/D converter interrupt source is shown in table 14-6.

Table14-6 A/D Converter Interrupt Source

Interrupt Source Description DTC Activation DMAC Activation

ADI Interrupt due to end of conversion  Possible Possible
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146  Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins

1. Analog input voltage range
The voltage applied to analog input pins ANn during A/D conversion should be in the range
AV <ANN €V

2. Relation between AV, AV and Ve, Vs

Asthe relationship between AV ., AVgand Ve, Vs, Set AV = V. If the A/D converter is
not used, the AV .. and AV g pins must not be left open.

3. V.4 input range
The analog reference voltage input at the V . pin should be set intherange V4 < AV .

If conditions 1, 2, and 3 above are not met, the reliability of the device may be adversely affected.

Notes on Board Design: In board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or are in close proximity should be avoided as far as possible. Failure to do so
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANO to AN7 and AN12 to
AN15), analog reference power supply (V ), and analog power supply (AV ) by the analog
ground (AV ). Also, the analog ground (AV ) should be connected at one point to a stable
digital ground (Vgs) on the board.

Notes on Noise Countermeasures: A protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pins (ANO to AN7 and AN12 to
AN15) and analog reference power supply (V) should be connected between AV and AV s as
shown in figure 14-7.

Also, the bypass capacitors connected to AV . and V , and the filter capacitor connected to ANO
to AN7 must be connected to AV .

If afilter capacitor is connected as shown in figure 14-7, the input currents at the analog input pins
(ANOto AN7 and AN12 to AN15) are averaged, and so an error may arise. Also, when A/D
conversion is performed frequently, asin scan mode, if the current charged and discharged by the
capacitance of the sample-and-hold circuit in the A/D converter exceeds the current input viathe
input impedance (R;,,), an error will arise in the analog input pin voltage. Careful consideration is
therefore required when deciding the circuit constants.
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/\/

AVcce

Vref

ANO to AN7, AN12 to AN15

AVssg

/\/

Notes: Values are reference values.
1.

10 pF 0.01 pF

2. Rjn: Input impedance

Figure 14-7 Example of Analog Input Protection Circuit

10 kQ
ANO to AN7, To AID
AN12 to AN15 converter
; 20 pF

Note: Values are reference values.

Figure 14-8 Analog I nput Pin Equivalent Circuit
A/D Conversion Precision Definitions: Seethisitem in section 13.6.
Permissible Signal Source Impedance: Seethisitem in section 13.6.

Influences on Absolute Precision: Seethisitem in section 13.6.
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Section 15 D/A Converter

151 Oveview

The H85/2338 Series, H85/2328 Series, and H8S/2318 Series include an 8-bit resolution D/A
converter with from two to four analog signal output channels.

The number of output channels differs from model to model; please check the reference manual
for the relevant model for confirmation.

1511 Features

D/A converter features are listed below.

* 8-hit resolution

» Two to four output channels

e Maximum conversion time of 10 ps (with 20 pF load)
e Output voltageof OV to V

» D/A output hold function in software standby mode

» Module stop mode can be set

O Astheinitia setting, D/A converter operation is halted. Register access is enabled by
exiting module stop mode.
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15.1.2 Block Diagram

Figure 15-1 shows a block diagram of the D/A converter.

Internal data bus

>

Module data bus

Bus interface

Vref >

AVCC —————

_bi ON| =™ =@

8-bit — R e o

DAL (DA3) = aNafilafa &
— 1 L L[ <K I <

D/IA dag|ag S8

DAO (DA2) |

AVSS ————

Control circuit

Legend
DACRO01 (DACR23): D/A control register 01 (D/A control register 23)
DADRO to DADR3: D/A data registers 0 to 3

Figure15-1 Block Diagram of D/A Converter
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15.1.3  Pin Configuration

Table 15-1 summarizes the input and output pins of the D/A converter.

Table15-1 Pin Configuration

Pin Name Symbol I/O Function

Analog power pin AV . Input Analog power source

Analog ground pin AV Input Analog ground and reference voltage
Analog output pin 0 DAO Output Channel 0 analog output

Analog output pin 1 DAl Output Channel 1 analog output

Analog output pin 2 DA2 Output Channel 2 analog output

Analog output pin 3 DA3 Output Channel 3 analog output

Reference voltage pin Vo Input Analog reference voltage

15.1.4 Register Configuration

Table 15-2 summarizes the registers of the D/A converter.

Table15-2 D/A Converter Registers

Channels Name

Abbreviation R/W Initial Value Address*

0,1 D/A data register 0 DADRO R/W H'00 H'FFA4

D/A data register 1 DADR1 R/W H'00 H'FFA5

D/A control register 01 DACRO1 R/W H'1F H'FFA6
2,3 D/A data register 2 DADR2 R/W H'00 H'FFA8

D/A data register 3 DADR3 R/W H'00 H'FFA9

D/A control register 23 DACR12 R/W H'1F H'FFAA
Common Module stop control register MSTPCR R/W H'3FFF H'FF3C
Note:* Lower 16 bits of the address.
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15.2  Register Descriptions

1521 D/A Data Registers0to 3 (DADROto DADR3)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

DADRO to DADRS are 8-hit readable/writable registers that store data for conversion.

Whenever output is enabled, the valuesin DADRO and DADRL are converted and output from the
analog output pins.

DADRO to DADRS3 are each initialized to H'00 by areset and in hardware standby mode.

15.2.2 D/A Control Registers01 and 23 (DACRO01, DACR23)

Bit L7 6 5 4 3 2 1 0
|pAcEL|[DAOEO| DAE | — | — | — [ — [ — |

Initial value : 0 0 0 1 1 1 1 1

RIW . RW  RW  RW — — _ _ _

DACRO01 and DACR23 are 8-bit readable/writable registers that control the operation of the D/A
converter.

DACRO01 and DACR23 are each initialized to H'1F by areset and in hardware standby mode.

Bit 7—D/A Output Enable 1 (DAOEZ1): Controls D/A conversion and analog output.

Bit 7

DAOE1 Description

0 Analog output DA1 (DA3) is disabled (Initial value)
1 Channel 1 (channel 3) D/A conversion is enabled; analog output DA1 (DA3) is enabled
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Bit 6—D/A Output Enable 0 (DAOEDQ): Controls D/A conversion and analog output.

Bit 6

DAOEO Description

0 Analog output DAO (DA2) is disabled (Initial value)
1 Channel 0 (channel 2) D/A conversion is enabled; analog output DAO (DA2) is enabled

Bit 5—D/A Enable (DAE): Used together with the DAOEO and DAOEL bitsto control D/A
conversion. When the DAE bit is cleared to 0, channel 0 and 1 D/A conversions are controlled
independently. When the DAE bit is set to 1, channel 0 and 1 D/A conversions are controlled
together.

Output of conversion resultsis always controlled independently by the DAOEOQ and DAOEL1 hits.

Bit 7 Bit 6 Bit 5
DAOE1 DAOEO DAE Description
0 0 * Channel 0 and 1 (channel 2 and 3) D/A conversions disabled
1 0 Channel 0 (channel 2) D/A conversion enabled
Channel 1 (channel 3) D/A conversion disabled
Channel 0 and 1 (channel 2 and 3) D/A conversions enabled
1 0 0 Channel 0 (channel 2) D/A conversion disabled
Channel 1 (channel 3) D/A conversion enabled
1 Channel 0 and 1 (channel 2 and 3) D/A conversions enabled
1 * Channel 0 and 1 (channel 2 and 3) D/A conversions enabled

*: Don’t care

If the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series chip enters software standby mode
when D/A conversion is enabled, the D/A output is held and the analog power current is the same
as during D/A conversion. When it is necessary to reduce the analog power current in software
standby mode, clear both the DAOEO and DAOEL bitsto 0 to disable D/A output.

Bits 4 to 0—Reserved: Read-only bits, alwaysread as 1.
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15.23 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

| |

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bl EEEEn

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs modul e stop mode control.

When the MSTP10 bit or MSTP4 bit in MSTPCR is set to 1, D/A converter operation stops at the
end of the bus cycle and a transition is made to module stop mode. Registers cannot be read or
written to in module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 10—Module Stop (M STP10): Specifiesthe D/A converter channel 0 and 1module stop mode.

Bit 10

MSTP10 Description

0 D/A converter (channel 0 and 1) module stop mode cleared

1 D/A converter (channel 0 and 1) module stop mode set (Initial value)

Bit 4—Module Stop (M STP4): Specifiesthe D/A converter channel 2 and 3 module stop mode.

Bit 4

MSTP4 Description

0 D/A converter (channel 2 and 3) module stop mode cleared

1 D/A converter (channel 2 and 3) module stop mode set (Initial value)
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15.3 Operation

The D/A converter includes D/A conversion circuits for two channels, each of which can operate
independently.

D/A conversion is performed continuously while enabled by DACR. If either DADRO or DADR1
iswritten to, the new dataisimmediately converted. The conversion result is output by setting the
corresponding DAOEO or DAOEL1 hit to 1.

The operation example described in this section concerns D/A conversion on channel 0. Figure 15-
2 shows the timing of this operation.

[1] Write the conversion data to DADRO.

[2] Set the DAOEQO bit in DACRO1 to 1. D/A conversion is started and the DAO pin becomes an
output pin. The conversion result is output after the conversion time has elapsed. The output
value is expressed by the following formula:

DADR contents

xV
256 ref

The conversion results are output continuously until DADRO is written to again or the DAOEQ
bit is cleared to 0.

[3] If DADRO iswritten to again, the new dataisimmediately converted. The new conversion
result is output after the conversion time has elapsed.

[4] If the DAOEQ bit is cleared to 0, the DAO pin becomes an input pin.
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DADRO DACRO1
write cycle write cycle
:4—»: ‘4—»«‘

. T

DADRO
write cycle

DACRO1
write cycle

| |
B Em— ]

X

XX

Conversion data 1

Conversion data 2

DAOEQ | } :
50 [JTID —_———— , Conversion
High-impedance state 1 : Ccr)g\slslrts:ll-on : g fesultz
34—»‘ 14—»3
toconv tbcony
Legend

tocony: D/A conversion time
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Section 16 RAM

16.1 Overview

The H85/2338 Series, H85/2328 Series, and H85/2318 Series have on-chip high-speed static
RAM. The RAM is connected to the CPU by a 16-bit data bus, enabling one-state access by the
CPU to both byte data and word data. This makes it possible to perform fast word data transfer.

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SY SCR).

The amount of on-chip RAM differs from model to model; please check the reference manual for
the relevant model for confirmation.

16.1.1 Block Diagram

Figure 16-1 shows a block diagram of 8 kbytes of on-chip RAM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'FFDCO0 H'FFDCO1
H'FFDC02 H'FFDCO3
H'FFDCO04 H'FFDCO5
H'FFFBFE H'FFFBFF

Figure16-1 Block Diagram of RAM (8 kbytes)
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16.1.2 Register Configuration

The on-chip RAM is controlled by SYSCR. Table 16-1 shows the address and initial value of
SYSCR.

Table16-1 RAM Register

Name Abbreviation R/W Initial Value Address*
System control register SYSCR R/W H'01 H'FF39
Note: * Lower 16 bits of the address.

16.2 Register Descriptions

16.21 System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

\ — \ — \ INTM1 \ INTMO \ NMIEG \ LWROD‘ IRQPAS‘ RAME \
Initial value : 0 0 0 0 0 0 0 1
RIW . RIW — RW RW RW RW RW  RW

The on-chip RAM is enabled or disabled by the RAME bit in SY SCR. For details of other bitsin
SY SCR, see section 3.2.1, System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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16.3 Operation

When the RAME hit is set to 1, accesses to addresses H'FFDCO0 to H'FFFBFF are directed to the
on-chip RAM. When the RAME hit is cleared to 0, the off-chip address space is accessed.

Since the on-chip RAM is connected to the CPU by aninternal 16-bit data bus, it can be written to
and read in byte or word units. Each type of access can be performed in one state.

Even addresses use the upper 8 bits, and odd addresses use the lower 8 bits. Word data must start
at an even address.

16.4 Usage Note

DTC register information can be located in addresses H'FFF800 to H'FFFBFF. Whenthe DTC is
used, the RAME bit must not be cleared to O.
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Section17 ROM

171 Overview

The H8S5/2338 Series, H8S/2328 Series, and H85/2318 Series have 256 kbyte of on-chip flash
memory, or 256, 128, or 32 kbytes of on-chip mask ROM. The ROM is connected to the bus
master via a 16-bit data bus, enabling both byte and word data to be accessed in one state.
Instruction fetching is thus speeded up, and processing speed increased.

The on-chip ROM is enabled and disabled by means of the mode pins (MD,, MD,, and MD,) and
the EAE bit in BCRL.

The flash memory version of the H8S/2338 Series, H8S/2328 Series, and H8S/2318 Series can be
erased and programmed with a PROM programmer, as well as on-board.

17.1.1 Block Diagram

Figure 17-1 shows a block diagram of 256 kbytes of on-chip ROM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'03FFFE H'03FFFF

Figure17-1 Block Diagram of ROM (256 kbytes)
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17.1.2 Register Configuration

The operating mode of the H8S/2338 Series, H8S5/2328 Series, or H85/2318 Series chip is
controlled by the mode pins and the BCRL register. The ROM-related registers are shown in table
17-1.

Table17-1 ROM Registers

Register Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R/W Undefined H'FF3B
Bus controller register BCRL R/W Undefined H'FED5

Note: * Lower 16 bits of the address.

17.2  Register Descriptions

17.21 Mode Control Register (MDCR)

Bit L7 6 5 4 3 2 1 0
- | — | — | — | — | mDps2 wmpsi | MDsO |

Initial value : 1 0 0 0 0 —* —* —*

RIW S — — — — R R R

Note: * Determined by pins MD, to MD,.

MDCR is an 8-hit read-only register used to monitor the current operating mode of the H8S/2338
Series, H8S/2328 Series, or H3S/2318 Series chip.

Bit 7—Reserved: Read-only bit, always read as 1.
Bits 6 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD, to MD,, (the current operating mode). Bits MDS2 to MDSO0 correspond to pins MD, to MD,,
MDS2 to MDS0 are read-only bits, and cannot be modified. The mode pin (MD, to MD,) input
levels are latched into these bits when MDCR is read. These latches are canceled by a power-on
reset.
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17.2.2 BusControl Register L (BCRL)

Bit L7 6 5 4 3 2 1 0

\ BRLE ‘BREQOE‘ EAE ‘ — ‘ DDS ‘ — ] WDBE ] WAITE‘
Initial value : 0 0 1 1 1 1 0 0
RIW . RW RW RW RW RW RW RW  RW

Enabling or disabling of part of the on-chip ROM areain the H8S/2338 Series, H8S/2328 Series,
and H8S/2318 Series can be selected by means of the EAE bit in BCRL. For details of the other
bitsin BCRL, see section 4.2.5, Bus Control Register L (BCRL).

Bit 5—External Address Enable (EAE): Designates addresses H'010000 to H'03FFFF as either
internal or external addresses.

Bit 5

EAE Description

0 Addresses H'010000 to H'03FFFF** are in on-chip ROM

1 Addresses H'010000 to H'03FFFF** are external addresses (in external expanded

mode) or a reserved area*? (in single-chip mode) (Initial value)

Notes: 1. The on-chip ROM area differs from model to model; please check the reference manual
for the relevant model for confirmation.

2. Areserved area must not be accessed.

17.3 Operation

The on-chip ROM is connected to the CPU by a 16-bit data bus, and both byte and word data can
be accessed in one state. Even addresses are connected to the upper 8 bits, and odd addressesto
the lower 8 bits. Word data must start at an even address.

The on-chip ROM is enabled and disabled by setting the mode pins (MD,, MD,, and MD,) and the
EAE bit in BCRL. These settings are shown in table 17-2.
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Table17-2 Operating Modesand ROM (F-ZTAT Version)

Mode Pins BCRL
Mode Operating Mode FWE MD2 MD1 MDO EAE On-Chip ROM
0 — 0 0 0 0 — —
1 1
2 1 0
3 1
4 Advanced expanded mode 1 0 0 — Disabled
with on-chip ROM disabled
5 Advanced expanded mode 1
with on-chip ROM disabled
6 Advanced expanded mode 1 0 0 Enabled
with on-chip ROM enabled (256 kbytes)**
1 Enabled
(64 kbytes)
7 Advanced single-chip mode 1 0 Enabled
(256 kbytes)**
1 Enabled
(64 kbytes)
— 1 0 0 — —
10 Boot mode (advanced 1 0 Enabled
expanded mode with on-chip (256 kbytes)**
ROM enabled)** 1 Enabled
(64 kbytes)
11 Boot mode (advanced 1 0 Enabled
single-chip mode)** (256 kbytes)*?
1 Enabled
(64 kbytes)
12 — 1 0 — —
13
14 User program mode 1 0 Enabled
(advanced expanded mode (256 kbytes)**
with on-chip ROM 1 Enabled
enabled)*®
(64 kbytes)
15 User program mode 1 0 Enabled
(advanced single-chip (256 kbytes)**
4
mode)* 1 Enabled

(64 kbytes)

Notes: 1. Note that in modes 6, 7, 14, and 15, the on-chip ROM that can be used after a power-
on reset is the 64-kbyte area from H'000000 to H'OOFFFF.
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2. Note that in the mode 10 and mode 11 boot modes, the on-chip ROM that can be used
immediately after all flash memory is erased by the boot program is the 64-kbyte area
from H'000000 to H'OOFFFF.

3. Apart from the fact that flash memory can be erased and programmed, operation is the
same as in advanced expanded mode with on-chip ROM enabled.

4. Apart from the fact that flash memory can be erased and programmed, operation is the
same as in advanced single-chip mode.

Table17-3 Operating Modesand ROM (Mask ROM Version)

Mode Pins BCRL
Mode Operating Mode MD2 MD1 MDO EAE On-Chip ROM
0 — 0 0 0 — —
1 1
2 1 0
3 1
4 Advanced expanded mode 1 0 0 — Disabled
with on-chip ROM disabled
5 Advanced expanded mode 1
with on-chip ROM disabled
6 Advanced expanded mode 1 0 0 Enabled (256 kbytes)*
with on-chip ROM enabled 1 Enabled (64 kbytes)
7 Advanced single-chip mode 1 0 Enabled (256 kbytes)*

1 Enabled (64 kbytes)

Note: * Note that in modes 6 and 7, the on-chip ROM that can be used after a power-on reset is the
64-kbyte area from H'000000 to H'O0FFFF.

543
HITACHI



174  Overview of Flash Memory

17.4.1 Features

The H85/2338 Series, H85/2328 Series, and H85/2318 Series have 256 kbytes of on-chip flash
memory. The features of the flash memory are summarized below.

Four flash memory operating modes
O Program mode

O Erase mode

O Program-verify mode

0 Erase-verify mode

Programming/erase methods

The flash memory is programmed 128 bytes at atime. Erasing is performed by block erase (in
single-block units). To erase the entire flash memory, the individual blocks must be erased
sequentially. Block erasing can be performed as required on 4-kbyte, 32-kbyte, and 64-kbyte
blocks.

Programming/erase times

The flash memory programming timeis T.B.D. ms (typ.) for simultaneous 128-byte
programming, equivalent to T.B.D. us (typ.) per byte, and the erase timeis T.B.D. ms (typ.).

Reprogramming capability
The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

O User program mode

Automatic bit rate adjustment

With data transfer in boot mode, the bit rate of the H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip can be automatically adjusted to match the transfer bit rate of the host.

Flash memory emulation by RAM

Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updates
inrea time.

Protect modes

There are three protect modes, hardware, software, and error protect, which allow protected
status to be designated for flash memory program/erase/verify operations.
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* PROM mode
Flash memory can be programmed/erased in PROM mode, using a PROM programmer, as
well asin on-board programming maode.

17.42 Overview

Block Diagram

|

Internal address bus

Internal data bus (16 bits)

< [FmeRi}—
< [Fivcra) » Q
< [rawER]

< [ovscra]

Operating FWE pin
mode Mode pins

Bus interface/controller -«

Module bus

Flash memory
(256 kbytes)

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMER: RAM emulation register
SYSCR2: System control register 2

Figure17-2 Block Diagram of Flash Memory
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17.4.3 Flash Memory Operating Modes

Mode Transitions: When the mode pins and the FWE pin are set in the reset state and a reset-start
is executed, the chip enters one of the operating modes shown in figure 17-3. In user mode, flash
memory can be read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and PROM
mode.

MD1 =1,
MD2 =1,
FWE =0 Reset state
User mode RES=0
(on-chip ROM
enabled ___
) RES=0 FWE =1,
MD1 =1,
= MD2 =0
FWE =1\ \ 0 Cove - g
SWE=1
l PROM mode
™~
User
program mode
y |

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is
not accessing the flash memory.

* MDO=0,MD1=0,MD2=0,P66 =1, P65=0,P64=0

Figure17-3 Flash Memory Mode Transitions
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1744 On-Board Programming Modes

* Boot mode

1.

Initial state

The old program version or data remains written
in the flash memory. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program

New application )
program
H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip
SCI

& Boot program ‘

Flash memory RAM

Application program
(old version)

3. Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash
memory erasure is performed, without regard to

blocks. Host

New application
program

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

|
-

Flash memory RAM

Boot program area

Programming control
program

Flash memory
prewrite-erase

Programming control program transfer

When boot mode is entered, the boot program in
the chip (originally incorporated in the chip) is
started and the programming control program in
the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

New application
program

ﬁ

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

k Boot program scl |

Flash memory RAM t

Boot program area

Programming control
program

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

Host

s e

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

|
_
RAM

Flash memory

Boot program area

Programming control \
NN program

New application
program

R Program execution state

Figure17-4 Boot Mode
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User program mode

1.

Initial state
(1) The FWE assessment program that confirms
that the FWE pin has been driven high, and (2)
the program that will transfer the programming/
erase control program to on-chip RAM should be
written into the flash memory by the user
beforehand. (3) The programming/erase control
program should be prepared in the host or in the
flash memory.

Host

Programming/
erase control program

New application
program

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

Flash memory RAM

FWE assessment
program

Transfer program

Application program
(old version)

Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New application
program

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

SClI

Flash memory RAM

FWE assessment
program

Transfer program

Programming/ < ‘
[\erase control program

Flash memory
erase

. Programming/erase control program transfer

When the FWE pin is driven high, user software
confirms this fact, executes the transfer program
in the flash memory, and transfers the
programming/erase control program to RAM.

New application
program

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

scl_|

RAM 1

Boot program

Flash memory

FWE assessment
Do Program g
R Transfer program

Programming/
erase control program

Application program|
(old version)

. Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks. Do
not write to unerased blocks.

Host

oo —

H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series chip

SCI
_
RAM

Flash memory

FWE assessment
program

Transfer program

Programming/ ‘
[\ erase control program

New application
program

Program execution state
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1745 Flash Memory Emulation in RAM

Reading Overlap RAM Datain User Mode and User Program Mode: Emulation should be
performed in user mode or user program mode. When the emulation block set in RAMER is
accessed while the emulation function is being executed, data written in the overlap RAM isread.

SCI
Flash memory RAM
S - Overlap RAM
Emulation block (emulation is performed

on data written in RAM)

Application program

Execution state

Figure17-6 Reading Overlap RAM Datain User Mode and User Program Mode
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Writing Overlap RAM Datain User Program Mode: When overlap RAM datais confirmed,
the RAMS bit is cleared, RAM overlap is released, and writes should actually be performed to the
flash memory.

When the programming control program is transferred to RAM, ensure that the transfer destination
and the overlap RAM do not overlap, as thiswill cause datain the overlap RAM to be rewritten.

SCI

Flash memory RAM

Overlap RAM
(programming data)

Programming data >

Programming control
program
Execution state

Application program

Figure 17-7 Writing Overlap RAM Datain User Program Mode

17.4.6 Differencesbetween Boot M ode and User Program Mode

Boot Mode User Program Mode
Entire memory erase Yes Yes
Block erase No Yes
Programming control program* Program/program-verify Erase/erase-verify/program/

program-verify emulation

Note: * To be provided by the user, in accordance with the recommended algorithm.
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17.4.7

The flash memory is divided into three 64-kbyte blocks, one 32-kbyte block, and eight 4-kbyte

blocks.

Block Configuration

Address H'00000 &
——— 4 kbytes x 8 ———
32 kbytes
64 kbytes
%]
]
>
e}
X
(o)
Te)
N
64 kbytes
64 kbytes
Address H3FFFF _Y_

Figure17-8 Flash Memory Block Configuration

HITACHI
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17.4.8 Pin Configuration

The flash memory is controlled by means of the pins shown in table 17-4.

Table17-4 Flash Memory Pins

Pin Name Abbreviation  I/O Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware
Mode 2 MD2 Input Sets MCU operating mode

Mode 1 MD1 Input Sets MCU operating mode

Mode 0 MDO Input Sets MCU operating mode

Port 64 P64 Input Sets MCU operating mode in writer mode
Port 65 P65 Input Sets MCU operating mode in writer mode
Port 66 P66 Input Sets MCU operating mode in writer mode
Transmit data TxD1 Output  Serial transmit data output

Receive data RxD1 Input Serial receive data input
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17.4.9

Register Configuration

The registers used to control the on-chip flash memory when enabled are shown in table 17-5.
In order to accessthe FLMCRL, FLMCR2, EBRL1, and EBR2 registers, the FLSHE hit must be set
to 1in SY SCR2 (except RAMER).

Table17-5 Flash Memory Registers

Register Name Abbreviation R/W Initial Value  Address**
Flash memory control register 1 FLMCR1*® R/W*®  H00** H'FFC8*?
Flash memory control register 2 FLMCR2*® R/W*®  HO00*® H'FFC9*?
Erase block register 1 EBR1*° R/W*®  H00*® H'FFCA*?
Erase block register 2 EBR2*® R/W*®  H00*® H'FFCB*?
System control register 2 SYSCR2*’ R/W H'00 H'FF42
RAM emulation register RAMER R/W H'00 H'FEDB
Notes: 1. Lower 16 bits of the address.

2. Flash memory. Registers selection is performed by the FLSHE bit in system control

register 2 (SYSCR2).
3. In modes in which the on-chip flash memory is disabled, a read will return H'00, and

writes are invalid. Writes are also disabled when the FWE bit is cleared to O in
FLMCR1.

When a high level is input to the FWE pin, the initial value is H'80.

When a low level is input to the FWE pin, or if a high level is input and the SWE bit in
FLMCR1 is not set, these registers are initialized to H'00.

FLMCR1, FLMCR2, EBR1, and EBR?2 are 8-bit registers. Only byte accesses are valid
for these registers, the access requiring 2 states.

The SYSCR2 register can only be used in the F-ZTAT version. In the mask ROM
version this register will return an undefined value if read, and cannot be modified.
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175 Register Descriptions

175.1 Flash Memory Control Register 1 (FLMCR1)

Bit L7 6 5 4 3 2

| FWE | SWE | ESU | Psu | BV | Pv | E | P |
Initial value : 1/0 0 0 0 0 0 0 0
RIW . R RW RW RW RW RW RW  RW

FLMCRL1 isan 8-hit register used for flash memory operating mode control. Program-verify mode
or erase-verify mode for addresses H'00000 to H'3FFFF is entered by setting SWE to 1 when FWE
= 1, then setting the EV or PV bit. Program mode for addresses H'00000 to H'3FFFF is entered by
setting SWE to 1 when FWE = 1, then setting the PSU bit, and finally setting the P bit. Erase

mode for addresses H'00000 to H'3FFFF is entered by setting SWE to 1 when FWE = 1, then
setting the ESU bit, and finally setting the E bit. FLMCRL1 isinitialized by a power-on reset, and
in hardware standby mode and software standby mode. Itsinitial valueis H'80 when a high level
isinput to the FWE pin, and H'00 when alow level isinput. When on-chip flash memory is
disabled, aread will return H'00, and writes are invalid.

Writes to the SWE hit in FLMCRL1 are enabled only when FWE = 1; writesto bits ESU, PSU, EV,
and PV only when FWE = 1 and SWE = 1; writesto the E bit only when FWE =1, SWE = 1, and
ESU = 1; and writes to the P bit only when FWE =1, SWE =1, and PSU = 1.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable Bit (SWE): Enables or disables flash memory programming and
erasing. This bit should be set when setting bits 5 to 0, EBR1 bits 7 to 0, and EBR2 bits 3to 0.

When SWE = 1, the flash memory can only be read in program-verify or erase-verify mode.
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Bit 6

SWE Description
0 Writes disabled (Initial value)
1 Writes enabled

[Setting condition]
When FWE =1

Bit 5—Erase Setup Bit (ESU): Prepares for atransition to erase mode. Do not set the SWE, PSU,
EV, PV, E, or P bit at the same time.

Bit 5

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1and SWE =1

Bit 4—Program Setup Bit (PSU): Prepares for atransition to program mode. Do not set the
SWE, ESU, EV, PV, E, or P hit at the same time.

Bit 4

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1 and SWE =1

Bit 3—Erase-Verify (EV): Selects erase-verify mode transition or clearing. Do not set the SWE,
ESU, PSU, PV, E, or P bit at the same time.

Bit 3
EV Description
0 Erase-verify mode cleared (Initial value)

Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE =1
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Bit 2—Program-Verify (PV): Selects program-verify mode transition or clearing. Do not set the
SWE, ESU, PSU, EV, E, or P bit at the same time.

Bit 2

PV Description

0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When FWE =1 and SWE =1

Bit 1—Erase (E): Selects erase mode transition or clearing. Do not set the SWE, ESU, PSU, EV,
PV, or P bit at the same time.

Bit 1

E Description

0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE=1,SWE=1,and ESU =1

Bit 0—Program (P): Selects program mode transition or clearing. Do not set the SWE, PSU,
ESU, EV, PV, or E bit at the same time.

Bit 0
P Description
0 Program mode cleared (Initial value)
1 Transition to program mode
[Setting condition]
When FWE =1, SWE =1,and PSU=1
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175.2 Flash Memory Control Register 2 (FLMCR2)

Bit : 7 6 5 4 3 2 0
L e e e e

Initial value : 0 0 0 0 0 0 0

RIW : R — — — — — —

FLMCR2 is an 8-hit register that controls the flash memory operating modes. FLMCR2 is
initialized to H'00 by a power-on reset, and in hardware standby mode and software standby mode.

When on-chip flash memory is disabled, aread will return H'00 and writes are invalid.

Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-

protection state.

Bit 7
FLER Description
0 Flash memory is operating normally (Initial value)
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Power-on reset or hardware standby mode
1 An error has occurred during flash memory programming/erasing
Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See section 17.8.3, Error Protection
Bits 6 to 0—Reserved: Read-only bits, always read as 0.
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1753 EraseBlock Register 1 (EBR1)

Bit L7 6 5 4 3 2 1 0
EBRL1 | EB7 | EB6 | EB5 | EB4 | EB3 | EB2 @ EBL | EBO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

EBRL1 is an 8-hit register that specifies the flash memory erase area block by block. EBR1 is
initialized to H'00 by a power-on reset, in hardware standby mode and software standby mode,
when alow level isinput to the FWE pin, and when a high level isinput to the FWE pin and the
SWE bit in FLMCR1 is not set. When a bit in EBR1 is set, the corresponding block can be erased.
Other blocks are erase-protected. Set only one bit in EBR1 and EBR2 together (setting more than
one bit will automatically clear all EBR1 and EBR2 bitsto 0). When on-chip flash memory is
disabled, aread will return H'00 and writes are invalid.

The flash memory block configuration is shown in table 17-6.

1754 EraseBlock Registers2 (EBR2)

Bit L7 6 5 4 3 2 1 0
EBR2 . — | — | — | — | EBul | EBIO | EBY | EBS |
Initial value : 0 0 0 0 0 0 0 0
RIW S _ _ _ RW RW RW  RW

EBR2 is an 8-bit register that specifies the flash memory erase area block by block. EBR2 is
initialized to H'00 by a power-on reset, in hardware standby mode and software standby mode,
when alow level isinput to the FWE pin, and when a high level isinput to the FWE pin and the
SWE bit in FLMCR1 is not set. When a bit in EBR2 is set, the corresponding block can be erased.
Other blocks are erase-protected. Set only one bit in EBR2 and EBR1 together (setting more than
one bit will automatically clear all EBR1 and EBR2 bitsto 0). Bits 7 to 4 are reserved: they are
always read as 0 and cannot be modified. When on-chip flash memory is disabled, aread will
return H'00, and writes are invalid.

The flash memory block configuration is shown in table 17-6.
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Table17-6 Flash Memory Erase Blocks

Block (Size) Address

EBO (4 kbytes) H'000000 to H'000FFF
EB1 (4 kbytes) H'001000 to H'001FFF
EB2 (4 kbytes) H'002000 to H'002FFF
EB3 (4 kbytes) H'003000 to H'003FFF
EB4 (4 kbytes) H'004000 to H'004FFF
EB5 (4 kbytes) H'005000 to H'005FFF
EBG6 (4 kbytes) H'006000 to H'006FFF
EB7 (4 kbytes) H'007000 to H'007FFF
EB8 (32 kbytes) H'008000 to H'O0FFFF
EB9 (64 kbytes) H'010000 to H'01FFFF
EB10 (64 kbytes) H'020000 to H'02FFFF
EB11 (64 kbytes) H'030000 to H'0O3FFFF

1755 System Control Register 2 (SYSCR2)

Bit : 7 6 5 4 3 2 1 0
- - - = Ase] = | = [ =

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — R/W — —_ —

SYSCR2 is an 8-hit readabl e/writable register that performs on-chip flash memory control.
SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

SYSCR2 can only be used in the F-ZTAT version. In the mask ROM version this register will
return an undefined value if read, and cannot be modified.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 0.

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU accessto the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR?2). Writing 1 to the FLSHE bit
enables the flash memory control registers to be read and written to. Clearing FLSHE to O
designates these registers as unselected (the register contents are retained).
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Bit 3
FLSHE Description

0 Flash control registers are not selected for addresses H'FFFFC8 to H'FFFFCB
(Initial value)
1 Flash control registers are selected for addresses H'FFFFC8 to H'FFFFCB

Bits 2 to 0—Reserved: Read-only bits, alwaysread as 0.

175.6 RAM Emulation Register (RAMER)

Bit L7 6 5 4 3 2 1 0
. — | — | — | — | rAMS | RAM2 | RAMI | RAMO |

Initial value : 0 0 0 0 0 0 0 0

RIW S _ _ _ RW RW RW  RW

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
real-time flash memory programming. RAMER isinitialized to H'00 by a power-on reset and in
hardware standby mode. It is not initialized in software standby mode. RAMER settings should be
made in user mode or user program mode.

Flash memory area divisions are shown in table 17-7. To ensure correct operation of the emulation
function, the ROM for which RAM emulation is performed should not be accessed immediately
after this register has been modified. Normal execution of an accessimmediately after register
modification is not guaranteed.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 0.

Bit 3—RAM Select (RAMYS): Specifies selection or non-selection of flash memory emulation in
RAM. When RAMS = 1, all flash memory blocks are program/erase-protected.

Bit 3
RAMS Description

0 Emulation not selected (Initial value)
Program/erase-protection of all flash memory blocks is disabled

1 Emulation selected
Program/erase-protection of all flash memory blocks is enabled
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Bits2 to 0—Flash Memory Area Selection (RAM2to RAMOQ): These bits are used together
with bit 3 to select the flash memory areato be overlapped with RAM. (Seetable 17-7.)

Table17-7 Flash Memory Area Divisions

RAM Area Block Name RAMS RAM2 RAM1  RAMO
H'FFDCO0 to H'FFEBFF RAM area, 4 kbytes 0 * * *
H'000000 to H'000FFF EBO (4 kbytes) 1 0 0 0
H'001000 to H'001FFF EB1 (4 kbytes) 1 0 0 1
H'002000 to H'002FFF EB2 (4 kbytes) 1 0 1 0
H'003000 to H'003FFF EB3 (4 kbytes) 1 0 1 1
H'004000 to H'004FFF EB4 (4 kbytes) 1 1 0 0
H'005000 to H'005FFF EB5 (4 kbytes) 1 1 0 1
H'006000 to H'006FFF EB6 (4 kbytes) 1 1 1 0
H'007000 to H'007FFF EB7 (4 kbytes) 1 1 1 1

*: Don't care

17.6  On-Board Programming Modes

When pins are set to on-board programming mode, program/erase/verify operations can be
performed on the on-chip flash memory. There are two on-board programming modes: boot mode
and user program mode. The pin settings for transition to each of these modes are shown in table
17-8. For adiagram of the transitions to the various flash memory modes, see figure 17-3.

Table17-8 Setting On-Board Programming M odes

Mode Pins

MCU Mode CPU Operating Mode FWE MD2 MD1 MDO
Boot mode Advanced expanded mode with 1 0 1 0

on-chip ROM enabled

Advanced single-chip mode 1
User program mode* Advanced expanded mode with 1 1 1 0

on-chip ROM enabled

Advanced single-chip mode 1

Note: * Normally, user mode should be used. Set the FWE pin to 1 to make a transition to user
program mode before performing a program/erase/verify operation.
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17.6.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the
host beforehand. The channel 1 SCI to be used is set to asynchronous mode.

When areset-start is executed after the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
chip’s pins have been set to boot mode, the boot program built into the chip is started and the
programming control program prepared in the host is serially transmitted to the chip viathe SCI.
In the chip, the programming control program received viathe SCI iswritten into the
programming control program areain on-chip RAM. After the transfer is completed, control
branches to the start address of the programming control program area and the programming
control program execution state is entered (flash memory programming is performed).

The transferred programming control program must therefore include coding that follows the
programming algorithm given later.

The system configuration in boot mode is shown in figure 17-9, and the boot program mode
execution procedure in figure 17-10.

H8S/2338 Series, H8S/2328 Series,
or H8S/2318 Series

Flash memory

Host

Write data reception

RxD1

Verify data transmission SCi1 > On-chip RAM
- TxD1

A

Figure17-9 System Configuration in Boot Mode
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Set pins to boot mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate ‘

Chip measures low period Host transmits number
of H'00 data transmitted by host of programming control program
I bytes (N), upper byte followed
Chip calculates bit rate and by lower byte
I

sets value in bit rate register - - -
Chip transmits received

number of bytes to host as verify
data (echo-back)
I

After bit rate adjustment, chip
transmits one H'00 data byte to
host to indicate end of adjustment

I n=1
Host confirms normal reception }4
f bit rate adjustment end . -
. d(? A H'O(i d . Host transmits programming control
indication ( ). and transmits program sequentially in byte units

one H'55 data byte ‘
I

Chip transmits received

After receiving H'SS, rogramming control program to
chip transmits one HAA phogt as veri?y data (e[():thg-back) nri-n
data byte to host

Transfer received programming
control program to on-chip RAM

End of transmission
I

Check flash memory data, and
if data has already been written,

erase all blocks
[

After confirming that all flash
memory data has been erased,
chip transmits one H'AA data
byte to host
I

Execute programming control
program transferred to on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations

are halted.

Figure17-10 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment: When boot mode isinitiated, the H8S/2338 Series,
H8S5/2328 Series, or H8S/2318 Series chip measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host. The SCI transmit/receive
format should be set as follows: 8-bit data, 1 stop bit, no parity. The chip calculates the bit rate of
the transmission from the host from the measured low period, and transmits one H'00 byte to the
host to indicate the end of bit rate adjustment. The host should confirm that this adjustment end
indication (H'00) has been received normally, and transmit one H'55 byte to the chip. If reception
cannot be performed normally, initiate boot mode again (reset), and repeat the above operations.
Depending on the host’ s transmission bit rate and the chip’s system clock frequency, there will be
adiscrepancy between the bit rates of the host and the chip. To ensure correct SCI operation, the
host’ s transfer bit rate should be set to 9,600 or 19,200 bps.

Table 17-9 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the MCU'’ s bit rate is possible. The boot program should be executed within this
system clock range.

Start| o | b1 | b2 | b3 | Da | D5 | D6 | D7 | SP
bit bit
Low period (9 bits) measured (H'00 data) High period

(1 or more hits)

Figure17-11 Automatic SCI Bit Rate Adjustment

Table17-9 System Clock Frequenciesfor which Automatic Adjustment of H8S/2338
Series, H85/2328 Series, or H85/2318 Series Bit Rateis Possible

System Clock Frequency for which Automatic Adjustment
of H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series

Host Bit Rate Bit Rate is Possible
19,200 bps T.B.D.

9,600 bps T.B.D.
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On-Chip RAM Area Divisionsin Boot Mode: In boot mode, the 2-kbyte area from H'FFDCO00
to H'FFE3FF isreserved for use by the boot program, as shown in figure 17-12. The areato which
the programming control program istransferred is H'FFE400 to H'FFFBFF. The boot program
area can be used when the programming control program transferred into RAM enters the
execution state. A stack area should be set up as required.

H'FFDCO00
Boot program

area*

2 kbytes
H'FFE3FF ( ytes)

Programming
control program
area
(6 kbytes)

H'FFFBFF

Note: * The boot program area cannot be used until a transition is made to the execution state
for the programming control program transferred to RAM. Note that the boot program
remains stored in this area after a branch is made to the programming control program.

Figure17-12 RAM Areasin Boot Mode
Notes on Use of Boot M ode

» When the chip comes out of reset in boot mode, it measures the low-level period of the input at
the SCI’s RxD1 pin. The reset should end with RxD1 high. After the reset ends, it takes
approximately 100 states before the chip is ready to measure the low-level period of the RxD1

pin.

* Inboot mode, if any data has been programmed into the flash memory (if all dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such asthefirst time on-board programming is performed, or if the program activated in user
program mode is accidentally erased.

* Interrupts cannot be used while the flash memory is being programmed or erased.

* TheRxD1 and TxD1 pins should be pulled up on the board.
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» Before branching to the programming control program (RAM area H'FFE400 to H'FFFBFF),
the chip terminates transmit and receive operations by the on-chip SCI (channel 1) (by clearing
the RE and TE hitsin SCR to 0), but the adjusted bit rate value remains set in BRR. The
transmit data output pin, TxD1, goes to the high-level output state (P31DDR = 1, P31DR = 1).
The contents of the CPU’ sinternal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the programming control program.
In particular, since the stack pointer (SP) is used implicitly in subroutine cals, etc., a stack area
must be specified for use by the programming control program.

Initial settings must also be made for the other on-chip registers.

» Boot mode can be entered by making the pin settings shown in table 17-8 and executing a
reset-start.
Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the FWE pin and mode pins, and executing reset release* . Boot mode can also be cleared by a
WDT overflow reset.
Do not change the mode pin input levelsin boot mode, and do not drive the FWE pin low
while the boot program is being executed or while flash memory is being programmed or
erased* 2,

« If the mode pin input levels are changed (for example, from low to high) during areset, the
state of ports with multiplexed address functions and bus control output pins (AS, RD, HWR)
will change according to the change in the microcomputer’ s operating mode*°.

Therefore, care must be taken to make pin settings to prevent these pins from becoming output
signal pinsduring areset, or to prevent collision with signals outside the microcomputer.

Notes: 1. Mode pinsand FWE pin input must satisfy the mode programming setup time (typs =
200 ns) with respect to the reset release timing, as shown in figures 17-29 to 17-31.
2. For further information on FWE application and disconnection, see section 17.13,
Flash Memory Programming and Erasing Precautions.
3. Seethel/O Ports section in the reference manual for the relevant model.

17.6.2  User Program Mode

When set to user program mode, the chip can program and erase its flash memory by executing a
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.

To select user program mode, select a mode that enables the on-chip flash memory (mode 6 or 7),
and apply a high level to the FWE pin. In this mode, on-chip supporting modul es other than flash
memory operate as they normally would in modes 6 and 7.
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The flash memory itself cannot be read while the SWE bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or externa memory.

Figure 17-13 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the FWE assessment program and
transfer program (and the program/erase
control program if necessary) beforehand

MD2, MD1, MDO = 110, 111
Reset-start

!

Transfer program/erase control
program to RAM

!

Branch to program/erase control
program in RAM area

!

FWE = high*

!

Execute program/erase control
program (flash memory rewriting)

!

Clear FWE*

!

Branch to flash memory application
program

Note: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin
only when the flash memory is programmed or erased. Also, while a high level is
applied to the FWE pin, the watchdog timer should be activated to prevent
overprogramming or overerasing due to program runaway, etc.

* For further information on FWE application and disconnection, see section 17.13,
Flash Memory Programming and Erasing Precautions.

Figure 17-13 User Program Mode Execution Procedure
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17.7  Programming/Erasing Flash Memory

In the on-board programming modes, flash memory programming and erasing is performed by
software, using the CPU. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes can be made for
addresses H'00000 to H'3FFFF by setting the PSU, ESU, P, E, PV, and EV bitsin FLMCRL.

The flash memory cannot be read while being programmed or erased. Therefore, the program that
controls flash memory programming/erasing (the programming control program) should be
located and executed in on-chip RAM or external memory.

Notes: 1. Operation isnot guaranteed if setting/resetting of the SWE, ESU, PSU, EV, PV, E, and
P bitsin FLMCRL is executed by a program in flash memory.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Perform programming in the erased state. Do not perform additional programming on
previously programmed addresses.

17.71  Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 17-14 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program data reliability. Programming should be carried out 128 bytes at a
time.

For thewait times (X, y, z1, 22, a, 3, y, €, n)after bits are set or cleared in flash memory control
register 1 (FLMCR1) and the maximum number of programming operations (N), see the Flash
Memory Characteristics section in the reference manual for the relevant model.

Following the elapse of (x) ps or more after the SWE bit is set to 1 in flash memory control
register 1 (FLMCR1), 128-byte program data is stored in the program data area and reprogram
data area, and the 128-byte data in the reprogram data area is written consecutively to the write
addresses. The lower 8 bits of the first address written to must be H'00 or H'80. 128 consecutive
byte data transfers are performed. The program address and program data are latched in the flash
memory. A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this
case, H'FF data must be written to the extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, etc.
Set avalue greater than (y + z2 + a + [3) msasthe WDT overflow period. After this, preparation
for program mode (program setup) is carried out by setting the PSU bit in FLMCR1, and after the
elapse of (y) s or more, the operating mode is switched to program mode by setting the P bit in
FLMCRL. The time during which the P bit is set is the flash memory programming time. Set the
programming time according to the table in the programming flowchart.
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17.7.2 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of a given programming time, the programming mode is exited (the P bit in
FLMCRLiscleared to 0, then the PSU hit iscleared to O at least (o) us later). Next, the watchdog
timer is cleared after the elapse of ([3) ps or more, and the operating mode is switched to program-
verify mode by setting the PV bit in FLMCR1. Before reading in program-verify mode, a dummy
write of H'FF data should be made to the addresses to be read. The dummy write should be
executed after the elapse of (y) s or more. When the flash memory isread in this state (verify data
isread in 16-bit units), the data at the latched address is read. Wait at least (€) us after the dummy
write before performing this read operation. Next, the originally written data is compared with the
verify data, and reprogram data is computed (see figure 17-14) and transferred to the reprogram
data area. After 128 bytes of data have been verified, exit program-verify mode, wait for at least
(n) s, then clear the SWE bitin FLMCRZ1 to O. If reprogramming is necessary, set program mode
again, and repeat the program/program-verify sequence as before. However, ensure that the
program/program-verify sequence is not repeated more than (N) times on the same bits.
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Write pulse application subroutine

Note 7: Write Pulse Width

Start of programming

Set SWE bit in FLMCR1
¥

Perform programming in the erased state.
Do not perform additional programming
on previously programmed addresses.

Wait (x) ps
¥

Store 128-byte program data in program

*4
data area and reprogram data area

Write 128-byte data in RAM reprogram
data area consecutively to flash memory

Sub-routine-call

[
[

[_HFF dummy write to verify address

*1

Write pulse
30 pis or 200 s

Set PV bit in FLMCR1

Wait () s

l

Increment address | Walit () ps

Number of Writes (n) | Write Time () usec
1 21
> = [ Read verify data ] 2
3 21
4 21
5 22
6 22
7 22
8 22
9 22
10 22
11 22 [Additional program data ]
12 22
13 22 Transfer additional program datato |, ,
. additional program data area
998 22
999 22 [ Reprogram data computation ] *3
1000 22
Note: Use a 10 yis write pulse for additional Transfer reprogram data to reprogram | .,
programming. data area
RAM
Program data storage L
avea (128 bytes) [ Clear PV, bn'm FLMCR1 ]
[ Wait n s ]
Reprogram data storage NG
area (128 bytes) ¢
OK
Sequentially write 128-byte data in
Additional program data additional program data area in RAM to | *1
storage area (128 bytes) flash mermory

Notes:

Write Pulse
(10 ps additional write pulse)

—

OK

[ I

‘ See Note 7 for pulse width

— e

OK

][

Clear SWE bit in FLMCR1

Clear SWE bit in FLMCR1

I

]
Wait 100 pis

Wait 100 pis

End of programming

1

Programming failure

Data transfer is performed by byte transfer. The lower 8 bits of the first address written to must be H'00 or H'80. A 128-byte data transfer must

be performed even if writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.

Verify data is read in 16-bit (W) units.

@n

the subsequent verify operation.

IS

reprogram data area are modified as programming proceeds.

o

programming operation. See Note 7 for the pulse widths.

Even bits for which programming has been completed in the 128-byte p rogramming loop will be subjected to additional programming if they fail
A 128-byte area for storing program data and a 128-byte area for storing reprogram data must be provided in RAM. The contents of the

The write pulse varies as programming proceeds. A write pulse of (z1) or (z2) ps should be applied according to the progress of the

6. For the values of x, y, z1, 22, a, B, y, & 1, and N, see the Flash Memory Characteristics section in the reference manual for the relevant model.
Program Data Operation Chart
Original Data (D) | Verify Data (V) Reprogram Data (X) Comments
0 0 1
1 0
1 0 1
1 Still in erased state; no action

Additional Program Data Operation Chart

‘Additional Program Data (Y)

Comments

Reprogram Data (X) | Verify Data (V)
0

0 0 ‘Additional programming executed

1 1 ‘Additional programming not executed
1 0

1 ‘Additional programming not executed

Figure17-14 Program/Program-Verify Flowchart
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17.7.3 Erase Mode

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 17-15.

For thewait times (X, v, z, a, 3, y, €, n)after bits are set or cleared in flash memory control
register 1 (FLMCR1) and the maximum number of programming operations (N), see the Flash
Memory Characteristics section in the reference manual for the relevant model.

To perform data or program erasure, make a 1 bit setting for the flash memory areato be erased in
erase block register 1 or 2 (EBR1 or EBR?) at least (x) ps after setting the SWE bit to 1 in flash
memory control register 1 (FLMCR1). Next, the watchdog timer is set to prevent overerasing in
the event of program runaway, etc. Set avalue greater than (y + z + a + [§) msasthe WDT
overflow period. After this, preparation for erase mode (erase setup) is carried out by setting the
ESU bit in FLMCR1, and after the elapse of (y) s or more, the operating mode is switched to
erase mode by setting the E bit in FLMCR1. The time during which the E bit is set is the flash
memory erase time. Ensure that the erase time does not exceed (z) ms.

Note:  With flash memory erasing, prewriting (setting all datain the memory to be erased to 0) is
not necessary before starting the erase procedure.

17.74 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the erase time, erase mode is exited (the E bit in FLMCR1 is cleared to O, then
the ESU bitin FLMCR1 iscleared to O at least (a) ps later), the watchdog timer is cleared after the
elapse of () ps or more, and the operating mode is switched to erase-verify mode by setting the
EV bit in FLMCR1. Before reading in erase-verify mode, a dummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (y) usor
more. When the flash memory isread in this state (verify dataisread in 16-bit units), the data at
the latched addressisread. Wait at least (€) ps after the dummy write before performing this read
operation. If the read data has been erased (all 1), adummy write is performed to the next address,
and erase-verify is performed. If the read data has not been erased, set erase mode again, and
repeat the erase/erase-verify sequence in the same way. However, ensure that the erase/erase-
verify sequence is not repeated more than (N) times. When verification is completed, exit erase-
verify mode, and wait for at least (n) us. If erasure has been completed on al the erase blocks,
clear the SWE bit in FLMCR1 to O. If there are any unerased blocks, make a 1 bit setting for the
flash memory area to be erased, and repeat the erase/erase-verify sequence in the same way.
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(s

[ Set SWE bit in FLMCR1 |
:
| Wait (x) pus | *2

| |
12

[ Set EBRL, EBR2 | +a
I

Enable WDT
¥
Set ESU bit in FLMCR1
¥

|

|

[ Wait (y) ps
¥

|

|

*2

Set E bit in FLMCR1 Start of erase
¥

Wait (z) ms

*2
[ Clear E bit in FLMCR1

Halt erase En +1
L2

| Wait (o) ps | *2
¥

[ Clear ESU bit in FLMCR1 |
¥

[ Wait () s | 2
¥

[ Disable WDT |
[1
[ Set EV bitin FLMCRL |
[1
| Wait (y) us | 2

|Set block start address to verify addressl

\
L

| H'FF dummy write to verify address |
[

| Wait (€) us | *2
¥

increment | | Read verify data | =3
address

[ Clear EV bit in FLMCR1 |

Y
| Wait (n) ps |
*2
NG 5 ~ End of 2 NG
erasing of all erase
blocks?
OK oK
[ Clear SWE bit in FLMCRL | Clear SWE bit in FLMCR1 |
¥ ¥
[ Wait 100 s | Wait 100 ps |

End of erasing

Notes: 1. Prewriting (setting erase block data to all 0) is not necessary.

2. Thevaluesofx,y, z, a, B, y, € n, and N are shown in the Flash Memory Characteristics section.
3. Verify data is read in 16-bit (W) units.

4. Set only one bit in EBR1or EBR2. More than one bit cannot be set.

5

. Erasing is performed in block units. To erase a number of blocks, the individual blocks must be erased sequentially.

Figure17-15 Erase/Erase-Verify Flowchart
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17.8  Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

17.8.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Settingsin flash memory control registers 1 and 2 (FLMCR1, FLMCR2) and
erase block registers 1 and 2 (EBR1, EBR?2) are reset. (See table 17-10.)

Table17-10 Hardware Protection

Functions
Item Description Program Erase
FWE pin protection  « When a low level is input to the FWE pin, ~ Yes Yes
FLMCR1, FLMCR2, EBR1, and EBR2 are
initialized, and the program/erase-
protected state is entered.
Reset/standby « Inareset (including a WDT overflow reset) Yes Yes

protection and in standby mode, FLMCR1, FLMCR2,
EBR1, and EBR2 are initialized, and the
program/erase-protected state is entered.

 In areset via the RES pin, the reset state
is not entered unless the RES pin is held
low until oscillation stabilizes after
powering on. In the case of a reset during
operation, hold the RES pin low for the
RES pulse width specified in the AC
Characteristics section.

17.8.2  Software Protection

Software protection can be implemented by setting the SWE bit in flash memory control register 1
(FLMCRY), erase block registers 1 and 2 (EBR1, EBR2), and the RAMS bit in the RAM
emulation register (RAMER). When software protection isin effect, setting the P or E bit in
FLMCR1 does not cause atransition to program mode or erase mode. (See table 17-11.)
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Table17-11 Software Protection

Functions

Item Description Program Erase
SWE bhit protection  « Clearing the SWE hitto 0 in FLMCR1 sets ~ Yes Yes

the program/erase-protected state for area

H'00000 to H'3FFFF

(Execute in on-chip RAM or external

memory.)
Block specification  «  Erase protection can be set for individual ~ — Yes
protection blocks by settings in erase block registers

1 and 2 (EBR1, EBR2).

e Setting EBR1 and EBR2 to H'00 places all
blocks in the erase-protected state.

Emulation protection « Setting the RAMS bit to 1 in the RAM Yes Yes
emulation register (RAMER) places all
blocks in the program/erase-protected
state.

17.8.3 Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bitissetto 1in
FLMCR2 and the error protection stateis entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P or E bit. However,
PV and EV bit setting is enabled, and a transition can be made to verify mode.

FLER bit setting conditions are as follows:

*  When flash memory is read during programming/erasing (including a vector read or instruction
fetch)

« Immediately after exception handling (excluding areset) during programming/erasing

*  When a SLEEP instruction (including software standby) is executed during
programming/erasing

*  When the CPU loses the bus during programming/erasing
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Error protection is released only by areset and in hardware standby mode.

Figure 17-16 shows the flash memory state transition diagram.

Normal operating mode
Program mode
Erase mode

RD VF PR ER
FLER=0

Error occurrence STBY =0 FLMCR1, FLMCR2,
(software standby) EBR1, EBR2
Error RES =0or initialization state
occurrence STBY =0

Reset or hardware standby
RES =0or STBY =0 (hardware protection)

. Software Error protection mode
Error protection mode
P standby mode (software standby)
—_—>
-

RD VF PRER
FLER=1

FLMCR1, FLMCR2 (except FLER
bit), EBR1, EBR2 initialization state

Software standby
mode release

Legend:

RD: Memory read possible
VF: Verify-read possible
PR: Programming possible
ER: Erasing possible

Memory read not possible
Verify-read not possible
Programming not possible
Erasing not possible

m| | <| T
2353

Figure17-16 Flash Memory State Transitions
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17.9 Flash Memory Emulation in RAM

17.9.1 Emulation in RAM

Making a setting in the RAM emulation register (RAMER) enables part of RAM to be overlapped
onto the flash memory area so that data to be written to flash memory can be emulated in RAM in
real time. After the RAMER setting has been made, accesses can be made from the flash memory
area or the RAM area overlapping flash memory. Emulation can be performed in user mode and
user program mode. Figure 17-17 shows an example of emulation of real-time flash memory
programming.

( Start of emulation program >

4
Set RAMER

-

4

Write tuning data to overlap
RAM

A
Execute application program

—

Yes

Clear RAMER

4

Write to flash memory emulation
block

y
< End of emulation program >

Figure17-17 Flowchart for Flash Memory Emulation in RAM
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179.2 RAM Overlap

An example in which flash memory block area EB1 is overlapped is shown below.

This area can be accessed
from both the RAM area
and flash memory area

H00000 ———————————— -
EBO
H01000 ————— - >~
EB1 A A
H'02000 ! !
EB2 : !
H'03000 ; ‘
EB3 ! ]
H'04000 ! !
EB4 : !
H'05000 ; ‘
EB5 ! ]
H'06000 ! !
EB6 : !
H'07000 ; ‘
EB7 ! ]
H'08000 ! !
| | | | HFFDCO00
Flash memory HFFEBFF
EB8 to EB11
On-chip RAM
H'FFFBFF
H'3FFFF

Figure17.18 Example of RAM Overlap Operation
Examplein Which Flash Memory Block Area EB1 is Overlapped

1. SethitsRAMS, RAM2, RAM1, and RAMOin RAMER1to 1, 0, 0, 1, to overlap part of RAM
onto the area (EB1) for which real-time programming is required.

2. Real-time programming is performed using the overlapping RAM.
3. After the program data has been confirmed, the RAMS bit is cleared, releasing RAM overlap.
4. Thedatawritten in the overlapping RAM iswritten into the flash memory space (EB1).

Notes: 1. Whenthe RAMSbit isset to 1, program/erase protection is enabled for all blocks
regardless of the value of RAM2, RAM1, and RAMO (emulation protection). In this
state, setting the P or E bit in flash memory control register 1 (FLMCR1) will not cause
atransition to program mode or erase mode. When actually programming aflash
memory area, the RAMS bit should be cleared to 0.
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2. A RAM area cannot be erased by execution of software in accordance with the erase
algorithm while flash memory emulation in RAM is being used.

3. Block area EBO includes the vector table. When performing RAM emulation, the
vector table is needed by the overlap RAM.

17.10 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including NM1 input, are disabled when flash memory is being programmed or
erased (when the P or E bit is set in FLMCR1), and while the boot program is executing in boot
mode*?, to give priority to the program or erase operation. There are three reasons for this:

1. Interrupt during programming or erasing might cause a violation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

2. Intheinterrupt exception handling sequence during programming or erasing, the vector would
not be read correctly*?, possibly resulting in MCU runaway.

3. If aninterrupt occurred during boot program execution, it would not be possible to execute the
normal boot mode sequence.

For these reasons, in on-board programming mode al one there are conditions for disabling
interrupts, as an exception to the general rule. However, this provision does not guarantee normal
erasing and programming or MCU operation. All requests, including NMI, must therefore be
restricted inside and outside the MCU when programming or erasing flash memory. The NMI
interrupt is also disabled in the error-protection state while the P or E bit remains set in FLMCR1.

Notes: 1. Interrupt requests must be disabled inside and outside the MCU until the programming
control program has completed programming.
2. Thevector may not be read correctly in this case for the following two reasons:

» If flash memory isread while being programmed or erased (whilethe P or E bit is
setin FLMCRY), correct read datawill not be obtained (undetermined values will
be returned).

e |f theinterrupt entry in the vector table has not been programmed yet, interrupt
exception handling will not be executed correctly.
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17.11 Flash Memory PROM Mode

17.11.1 PROM Mode Setting

Programs and data can be written and erased in PROM mode as well asin the on-board
programming modes. In PROM mode, the on-chip ROM can be freely programmed using a
PROM programmer that supports the Hitachi microcomputer device type with 256-kbyte on-chip
flash memory (FZTAT256V 3A). Flash memory read mode, auto-program mode, auto-erase mode,
and status read mode are supported with this device type. In auto-program mode, auto-erase
mode, and status read mode, a status polling procedure is used, and in status read mode, detailed
internal signals are output after execution of an auto-program or auto-erase operation.

Table 17-12 shows PROM mode pin settings.

Table17-12 PROM Mode Pin Settings

Pin Names Settings/External Circuit Connection

Mode pins: MD,, MD,, MD, Low-level input

Mode setting pins: P66, P65, P64 High-level input to P66, low-level input to P65 and P64

FWE pin High-level input (in auto-program and auto-erase
modes)

STBY pin High-level input (do not select hardware standby mode)

RES pin Reset circuit

XTAL, EXTAL pins Oscillator circuit

Other pins requiring setting: P32, P25 High-level input to P32, low-level input to P25
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17.11.2 Socket Adaptersand Memory Map

In PROM mode, a socket adapter is connected to the chip as shown in figures 17-20 and 17-21.

Figure 17-19 shows the on-chip ROM memory map and figures 17-20 and 17-21 show the socket
adapter pin assignments.

MCU mode address PROM mode address

H'00000000 H'00000

On-chip
ROM space
(256 kbytes)

H'0003FFFF H'3FFFF

Figure17-19 Memory Map in PROM Mode
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H8S/2338F | SocketAdapter | | HN27C4096HG (40 Pins)
FP-144 Pin Name 3 (40-Pin Conversion) i Pin No. Pin Name
5 Ao 21 Ao
6 A j 22 A
7 A, ; 23 A,
8 As : 24 As
10 A, 25 A,
11 As 26 As
12 As ! 1 27 As
13 A 28 A,
14 Ag 29 Ag
15 Ag 1 ; 31 Ay
16 A 3 : 32 Ao
17 A 33 A
19 Arr : 34 Arr
20 Ars : 35 Ars
21 Ass 36 A
22 Ass 37 Ass
23 Ass ; 1 38 Ass
24 Az : 3 39 Ar7
25 Asg : : 10 Asg
52 Dg i 1 19 1109
53 Do 18 0,
54 Dio : 17 110,
55 Dy 16 1/04
57 Dy, i i 15 1104
58 Dis : 14 105
59 D4 13 1/0g
60 Dis ! ! 12 110,
83 CE 2 CE
84 OE : 20 OE
82 WE i l 3 WE
97 FWE : 4 FWE
4,—& 1, 40 Vee
fig,e’ﬁi’ 61, 64, 89, 90, 91, 96, Vee 11 30 Voo
| | 56,7 NC
i 3 8 Az
9, 18, 27, 37, 38, 47, 56, 71, 81, ‘ |
94, 123, 124, 135, 136, 137 Vss ‘ ! 9 Arg
! . Legend
38 RES *1 3 FWE: Flash write enable
92 TAL | . 1/07 to 1/0g: Data inpgtloutput
93 EXTAL ! %Ito Ao: Address input
! . CE: Chip enable
Other pins N.C.(OPEN)| + . OE: Output enable
WE: Write enable

Notes: 1. Areset oscillation stabilization time (tosc1) Of at least 10 ms is required.
2. A 12 MHz crystal resonator should be used.

This figure shows pin assignments, and does not show the entire socket adapter circuit.

Figure 17-20 H8S/2338F Socket Adapter Pin Assignments
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H8S/2328F | SocketAdapter | | HN27C4096HG (40 Pins)
TFP-120 FP-128 Pin Name | | (40P Conversion) ™oy no T pin Name

2 6 Ao 21 Ao
3 7 Ay : 22 A,
4 8 A, : ! 23 A,
5 9 Ay 1 24 Aq
7 11 A : 25 A,
8 12 As 1 26 As
9 13 As 27 Ao
10 14 A, ! 28 A
11 15 Ag 29 Ag
12 16 Ag : ! 31 Ag
13 17 Ao 1 32 A
14 18 Au 33 A
16 20 As : ! 34 Asr
17 21 Ags 1 35 A
18 22 A : 36 A
19 23 Ass 1 a7 Ass
20 24 A 38 Ase
21 25 A : 39 Ay
22 26 A 10 A

43 49 Dg : ! 19 1/0,

44 50 Dy 1 : 18 /0y

45 51 D1o : 17 o,

46 52 Dy, : 1 16 /04

48 54 Dj, 15 1104

49 55 Dis : : 14 1/0g

50 56 D4 : 1 13 1106

51 57 Dis 12 110,
68 76 CE j : 2 CE
69 77 OE 20 OF

67 75 WE ] : 3 WE

72 80 FWE 1 4 FWE

1,30, 33, 52, 55,74, | 5, 34, 39, 58, 61, 82, ﬁ 1,40 Vee
75,76,81,93,94 |83, 84,89, 103, 104 |  Vec : 3 11,30 Ves
6,15, 24, 31, 32, 38,| 3, 10, 19, 28, 35, 36, | f 2.6.7 Ne
47,59, 66, 79, 103, |37, 38, 44, 53, 65, 1 ! 8 Az
104, 113, 114, 115 |67, 68, 74, 87, 99, Vss 3 ! 9 Ao

ez 3 | Legend
i — | — "1, FWE: Flash write enable
73 81 RES 3 1107 to 1/0¢: Data input/output

7 85 XTAL ! —— 2 Aigto Ag:  Address input
78 86 EXTAL i E Chip enable

Other pins N.C. (OPEN) | ! » OE: Output enable
****************** WE: Write enable

Notes: 1. A reset oscillation stabilization time (tosc1) Of at least 10 ms is required.
2. A 12 MHz crystal resonator should be used.

This figure shows pin assignments, and does not show the entire socket adapter circuit.

Figure17-21 H8S/2328F Socket Adapter Pin Assignments
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17.11.3 PROM Mode Operation

Table 17-13 shows how the different operating modes are set when using PROM mode, and table
17-14 lists the commands used in PROM mode. Details of each mode are given below.

Memory Read Mode: Memory read mode supports byte reads.

Auto-Program Mode: Auto-program mode supports programming of 128 bytes at atime. Status
polling is used to confirm the end of auto-programming.

Auto-Erase Mode: Auto-erase mode supports automatic erasing of the entire flash memory.
Status polling is used to confirm the end of auto-erasing.

Status Read Mode: Status polling is used for auto-programming and auto-erasing, and normal
termination can be confirmed by reading the I/O¢ signal. In status read mode, error information is
output if an error occurs.

Table17-13 Settingsfor Each Operating Modein PROM Mode

Pin Names
Mode FWE CE OE WE I/0,to /0, AjtoA,
Read HorlL L L H Data output  Ain
Output disable HorlL L H H Hi-z X
Command write  Hor L*® L H L Data input Ain*?
Chip disable** HorlL H X X Hi-z X
Legend:
H: High level

L: Low level
Hi-z: High impedance
X: Don't care

Notes: 1. Chip disable is not a standby state; internally, it is an operation state.
2. Ainindicates that there is also address input in auto-program mode.

3. For command writes when making a transition to auto-program or auto-erase mode,
input a high level to the FWE pin.
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Table17-14 PROM Mode Commands

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode  Address Data Mode  Address Data
Memory read mode 1 +n Write X H'00 Read RA Dout
Auto-program mode 129 Write X H'40 Write PA Din
Auto-erase mode 2 Write X H'20 Write X H'20
Status read mode 2 Write X H'71 Write X H'71

Legend:
RA: Read address
PA: Program address

Notes: 1. In auto-program mode, 129 cycles are required for command writing by a simultaneous
128-byte write.

2. In memory read mode, the number of cycles depends on the number of address write
cycles (n).

17.11.4 Memory Read Mode

« After the end of an auto-program, auto-erase, or status read operation, the command wait state
isentered. To read memory contents, a transition must be made to memory read mode by
means of a command write before the read is executed.

e Command writes can be performed in memory read mode, just asin the command wait state.
» Once memory read mode has been entered, consecutive reads can be performed.
« After power-on, memory read mode is entered.

Table17-15 AC Characteristicsin Memory Read Mode
(Conditions: Vo =33V £0.3V,V =0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle toec 20 us

CE hold time teon 0 ns

CE setup time teoe 0 ns

Data hold time tan 50 ns

Data setup time tys 50 ns

Write pulse width toep 70 ns

WE rise time t, 30 ns

WE fall time t, 30 ns
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Command write Memory read mode

A1sto Ag >< Address stable

CE S twep t(:eh t /
nxtc
OF - \ /

tces
WE -
t [X t,
Data < H'00 > Data
tah
B tds

Note: Data is latched at the rising edge of WE.

Figure17-22 Memory Read M ode Timing Wavefor ms after Command Write

Table17-16 AC Characteristicswhen Entering Another Mode from Memory Read Mode
(Conditions: V=33V x0.3V,V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle Lo 20 ps
CE hold time toen 0 ns
CE setup time tooe 0 ns
Data hold time tan 50 ns
Data setup time Ty 50 ns
Write pulse width toep 70 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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|/O7 to I/OO

Memory read mode

Other mode command write

>< Address stable ><
tnxtc tces tceh
J A
\ / \
B J
tds <ol emi tdh

K

D)

Note: Do not enable WE and OE at the same time.

«

Figure17-23 Timing Waveformswhen Entering Another M ode from Memory Read M ode

Table17-17 AC Characteristicsin Memory Read Mode

(Conditions: Ve =33V #0.3V, V=0V, T, = 25°C +5°C)

Item Symbol Min Max Unit Notes
Access time toce 20 us
CE output delay time tee 150 ns
OE output delay time t,, 150 ns
Output disable delay time tye 100 ns
Data output hold time ton 5 ns

Agto Ag >< Address stable 7}( Address stable 7><
CE i
OE wviL
WE VIH tacc tacc
toh <o toh I«
, T ;
/07 to 110, <<<< >>>>>>/\<<<<<<< >>>>7
Figure17-24 Timing Waveformsfor CE/OE Enable State Read
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Ajgto Ag X: Address stable XL Address stable l}<

tee tee

Ohlesy |t

/07 1010, (- () s

Figure17-25 Timing Waveformsfor CE/OE Clocked Read

17.11.5 Auto-Program Mode

In auto-program mode, 128 bytes are programmed simultaneously. For this purpose, 128
consecutive byte data transfers should be performed.

A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case,
H'FF data must be written to the extra addresses.

The lower 7 bits of the transfer address must be held low. If an invalid addressisinput,
memory programming will be started but a programming error will occur.

Memory address transfer is executed in the second cycle (figure 17-26). Do not perform
transfer later than the second cycle.

Do not perform a command write during a programming operation.

Perform one auto-programming operation for a 128-byte block for each address. One or more
additional programming operations cannot be carried out on address blocks that have already
been programmed.

Confirm normal end of auto-programming by checking 1/O,. Alternatively, status read mode
can also be used for this purpose (the 1/0, status polling pin is used to identify the end of an
auto-program operation).

Status polling I/04 and 1/O; information is retained until the next command write. Aslong as
the next command write has not been performed, reading is possible by enabling CE and OE.
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AC Characteristics

Table17-18 AC Characteristicsin Auto-Program Mode
(Conditions: V¢ =33V x0.3V,V=0V, T,=25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle toc 20 us
CE hold time teon ns
CE setup time toes ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Write pulse width tyep 70 ns
Status polling start time tsts 1 ms
Status polling access time topa 150 ns
Address setup time ts 0 ns
Address hold time tn 60 ns
Memory write time T 1 3000 ms
WE rise time t, 30 ns
WE fall time t, 30 ns
Write setup time tons 100 ns
Write end setup time tomn 100 ns
FWE  f tpnh‘F
Agto Ag X (Addressstable m
pns lces ceh lnxtc nxtc
cE | Y e U
oE S
[P ¢, tas ﬂ twsts |tspa
WE S | Msz;&:zaz%;@‘ N
tds |t It
Vor (. (- LD Secqumimaamaen
end identification signal
/0 (U (@ (@ N Y\ S
end identification signal
105 to 110y (Ha0) (@ (@ K Hoo ))

Figure17-26 Auto-Program Mode Timing Waveforms
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17.11.6 Auto-Erase Mode

e Auto-erase mode supports only total memory erasing.
» Do not perform a command write during auto-erasing.

» Confirm normal end of auto-erasing by checking 1/O,. Alternatively, status read mode can also
be used for this purpose (the I/07 status polling pinis used to identify the end of an auto-erase

operation).

» Status polling I/0; and I/O, pin information is retained until the next command write. As long
ithe next command write has not been performed, reading is possible by enabling _CE and

OE.

AC Characteristics

Table17-19 AC Characteristicsin Auto-Erase M ode
(Conditions; V. =33V £0.3V,V,=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle e 20 us
CE hold time teon ns
CE setup time tooe ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Write pulse width toep 70 ns
Status polling start time osss 1 ms
Status polling access time topa 150 ns
Memory erase time Lerase 100 40000 ms
WE rise time t, 30 ns
WE fall time t, 30 ns
Erase setup time tens 100 ns
Erase end setup time t 100 ns
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Figure 17-27 Auto-Erase Mode Timing Waveforms

17.11.7 Status Read Mode

Status read mode is used to identify what type of abnormal end has occurred. Use this mode

when an abnormal end occurs in auto-program mode or auto-erase mode.

performed.

Table17-20 AC Characteristicsin Status Read M ode
(Conditions: Vo =33V £0.3V,V =0V, T,=25°C £5°C)

The return code is retained until a command write for other than status read mode is

Item Symbol Min Max Unit Notes
Command write cycle toc 20 Us
CE hold time teen ns
CE setup time toes ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Write pulse width tyep 70 ns
OE output delay time t,, 150 ns
Disable delay time ty 100 ns
CE output delay time tee 150 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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Note: 1/03 to I/0Og are undefined.

Figure17-28 Status Read Mode Timing Waveforms

Table17-21 Status Read M ode Return Commands

Pin Name 1/O, 1/O4 1/Og 110, 110, /0, 110, 110,

Attribute  Normal Command Program- Erase — — Program- Effective
end error ming error  error ming or address error
identification erase count

exceeded

Initial value O 0 0 0 0 0 0 0

Indications Normal Command Program- Erase — — Count Effective
end: 0 error: 1 ming error: 1 exceeded: 1 address
Abnormal  Otherwise: 0 &M0" 1 Otherwise: 0 Otherwise: 0 &M°" 1
end: 1 Otherwise: 0 Otherwise: 0

Note: 1/0, and I/O, are undefined.

17.11.8 StatusPoalling

» Thel/O; status polling flag indicates the operating status in auto-program or auto-erase mode.
»  Thel/O, status polling flag indicates anormal or abnormal end in auto-program or auto-erase

mode.
Table17-22 Status Polling Output Truth Table

Internal Operation

Pin Names in Progress Abnormal End — Normal End
110, 0 1 0 1
11O 0 0 1 1
/0, to 1/0, 0 0 0 0
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17.11.9 PROM Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the PROM mode setup
period. After the PROM mode setup time, atransition is made to memory read mode.

Table17-23 Command Wait State Transition Time Specifications

Item Symbol Min Max Unit Notes
Standby release (oscillation toset 30 — ms
stabilization time)
PROM mode setup time tomy 10 — ms
V¢ hold time taun 0 — ms
Command

Memory read wait state

mode Normal/

Command Auto-program mode abnormal end

toscl tomv wait state Auto-erase mode identification  tdwn
U T - B

FWE 4 N

Note: Except in auto-program mode and auto-erase mode, drive the FWE input pin low.

Figure17-29 Oscillation Stabilization Time, Writer Mode Setup Time, and Power Supply
Fall Sequence

17.11.10 NotesOn Memory Programming

* When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming.

«  When performing programming using writer mode on a chip that has been programmed/erased
in an on-board programming mode, auto-erasing is recommended before carrying out auto-
programming.

Notes: 1. Theflash memory isinitially in the erased state when the device is shipped by Hitachi.
For other chips for which the erasure history is unknown, it is recommended that auto-
erasing be executed to check and supplement the initialization (erase) level.

2. Auto-programming should be performed once only on the same address block.
Additional programming cannot be carried out on address blocks that have already
been programmed.
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17.12 Flash Memory Programming and Erasing Precautions

Precautions concerning the use of on-board programming mode, the RAM emulation function, and
PROM mode are summarized below.

Use the specified voltages and timing for programming and erasing: Applied voltagesin
excess of the rating can permanently damage the device. Use a PROM programmer that supports
the Hitachi microcomputer device type with 256-kbyte on-chip flash memory (FZTAT256V 3A).

Do not select the HN27C4096 setting for the PROM programmer, and only use the specified
socket adapter. Failure to observe these points may result in damage to the device.

Powering on and off (seefigures 17-30 to 17-32): Do not apply a high level to the FWE pin until
V o has stabilized. Also, drive the FWE pin low before turning off V..

When applying or disconnecting V. power, fix the FWE pin low and place the flash memory in
the hardware protection state.

The power-on and power-off timing requirements should also be satisfied in the event of a power
failure and subsequent recovery.

FWE application/disconnection (see figures 17-30 to 17-32): FWE application should be carried
out when MCU operation isin a stable condition. If MCU operation is not stable, fix the FWE pin
low and set the protection state.

The following points must be observed concerning FWE application and disconnection to prevent
unintentional programming or erasing of flash memory:

* Apply FWE when the V .. voltage has stabilized within its rated voltage range.
Apply FWE when oscillation has stabilized (after the elapse of the oscillation stabilization
time).

* Inboot mode, apply and disconnect FWE during areset.

» Inuser program mode, FWE can be switched between high and low level regardless of the
reset state. FWE input can also be switched during execution of a program in flash memory.

» Do not apply FWE if program runaway has occurred.

« Disconnect FWE only when the SWE, ESU, PSU, EV, PV, P, and E bitsin FLMCRL1 are
cleared.

Make sure that the SWE, ESU, PSU, EV, PV, P, and E bits are not set by mistake when
applying or disconnecting FWE.
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Do not apply a constant high level to the FWE pin: Apply ahigh level to the FWE pin only
when programming or erasing flash memory. A system configuration in which a high level is
constantly applied to the FWE pin should be avoided. Also, while ahigh level is applied to the
FWE pin, the watchdog timer should be activated to prevent overprogramming or overerasing due
to program runaway, etc.

Use therecommended algorithm when programming and erasing flash memory: The
recommended algorithm enables programming and erasing to be carried out without subjecting the
deviceto voltage stress or sacrificing program data reliability. When setting the P or E bit in
FLMCRL, the watchdog timer should be set beforehand as a precaution against program runaway,
etc.

Do not set or clear the SWE bit during execution of a program in flash memory: Wait for at
least 100 ps after clearing the SWE bit before executing a program or reading datain flash
memory. When the SWE bit is set, datain flash memory can be rewritten, but when SWE = 1,
flash memory can only be read in program-verify or erase-verify mode. Access flash memory only
for verify operations (verification during programming/erasing). Also, do not clear the SWE bit
during programming, erasing, or verifying.

Similarly, when using the RAM emulation function while ahigh level is being input to the FWE
pin, the SWE bit must be cleared before executing a program or reading data in flash memory.

However, the RAM area overlapping flash memory space can be read and written to regardless of
whether the SWE bit is set or cleared.

Do not useinterrupts while flash memory isbeing programmed or erased: All interrupt
reguests, including NMI, should be disabled during FWE application to give priority to
program/erase operations.

Do not perform additional programming. Erase the memory before reprogramming: In on-
board programming, perform only one programming operation on a 128-byte programming unit
block. In PROM mode, too, perform only one programming operation on a 128-byte programming
unit block. Programming should be carried out with the entire programming unit block erased.

Befor e programming, check that the chip is correctly mounted in the PROM programmer:
Overcurrent damage to the device can result if the index marks on the PROM programmer socket,
socket adapter, and chip are not correctly aligned.

Do not touch the socket adapter or chip during programming: Touching either of these can
cause contact faults and write errors.
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Programming/

erasing
Wait time: x  possible

Wait time: 10 ps

FWE

tosc1

Min O ps

MD3 to MDg"?

/]l: .
tvps
.

Min Oﬁs;.\ \T

/%

ES

SWE bit

_ tups
7 ~
SWE set
SWE cleared

L

[] Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit)"2

[[] Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations

prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD2 to MDg) must be fixed until
power-off by pulling the pins up or down.
2. See the Flash Memory Characteristics section in the reference manual for the relevant

model.

3. Mode programming setup time typs (min) = 200 ns

Figure17-30 Power-On/Off Timing (Boot M ode)
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Programming/
erasing
Wait time: x ~ possible Wait time: 100 ps

tosct Min O ps

FWE / \_

res Y

SWE set

SWE bit

SWE cleared
L

[] Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit)"2

[[] Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD2 to MDO) must be fixed until
power-off by pulling the pins up or down.
2. See the Flash Memory Characteristics section in the reference manual for the relevant
model.
3. Mode programming setup time tmps (min) = 200 ns

Figure17-31 Power-On/Off Timing (User Program M ode)
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Notes: 1. When entering boot mode or making a transition from boot mode to another mode, mode switching must be
carried out by means of RES input. The state of ports with multiplexed address functions and bus control output
pins (AS, RD, WR) will change during this switchover interval (the interval during which the RES pin input is
low), and therefore these pins should not be used as output signals during this time.

2.

ns is necessary with respect to RES clearance timing.
3. See the Flash Memory Characteristics section in the reference manual for the relevant model.

When making a transition from boot mode to another mode, a mode programming setup time tups (min) of 200

Figure17-32 Mode Transition Timing

(Example: Boot Mode - User Mode ~ User Program Mode)
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Section 18 Clock Pulse Generator

18.1 Overview

The H8S5/2338 Series, H8S/2328 Series, and H85/2318 Series have an on-chip clock pulse
generator (CPG) that generates the system clock (@), the bus master clock, and internal clocks.

The clock pulse generator consists of an oscillator circuit, a duty adjustment circuit, a medium-
speed clock divider, and a bus master clock selection circuit.

In the H8S/2338 Series, H8S/2328 Series, and H8S/2318 Series, the CPG has a medium-speed
mode in which the bus master runs on a medium-speed clock and the other supporting modules
run on the high-speed clock, and a function that allows the medium-speed mode to be disabled and
the clock division ratio to be changed for the entire chip. A clock from @/2 to @/32 can be selected.

18.1.1 Block Diagram

Figure 18-1 shows a block diagram of the clock pulse generator.

SCKCR

SCK2 to SCKO

» DIV
EXTAL — Duty Medium-
Oscillator adjustment speed clock
XTAL —| circuit divider @/2 to g/32 |Bus master
clock
selection
circuit
Y
System clock Internal clock Bus master clock
to @ pin to supporting to CPU, DTC,
modules and DMAC

Figure18-1 Block Diagram of Clock Pulse Generator
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18.1.2 Register Configuration
The clock pulse generator is controlled by SCKCR. Table 18-1 shows the register configuration.

Table18-1 Clock Pulse Generator Register

Name Abbreviation R/W Initial Value Address*
System clock control register SCKCR R/W H'00 H'FF3A
Note:* Lower 16 bits of the address.

18.2 Register Descriptions

18.21 System Clock Control Register (SCKCR)

Bit L7 6 5 4 3 2 1 0
psTOP| — | DV | — | — | SCK2 | SCKL | SCKO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW  RW  RW _ — RW  RW  RW

SCKCR is an 8-hit readabl e/writable register that controls @ clock output, the medium-speed mode
in which the bus master runs on a medium-speed clock and the other supporting modules run on
the high-speed clock, and a function that allows the medium-speed mode to be disabled and the
clock division ratio to be changed for the entire chip.

SCKCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—g Clock Output Disable (PSTOP): Controls g output.

Description
Bit 7 Software Hardware
PSTOP Normal Operation Sleep Mode Standby Mode Standby Mode
0 @ output (Initial value) @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bit 6—Reserved: This hit can be read or written to, but only 0 should be written.

Bit 5—Division Ratio Select (DI1V): When the DIV bit is set to 1, the medium-speed modeis
disabled and a clock obtained using the division ratio set with bits SCK2 to SCKO is supplied to
the entire chip. In this way, the current dissipation within the chip is reduced in proportion to the
division ratio. Asthe frequency of @ changes, the following points must be noted.
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Thedivision ratio set with bits SCK2 to SCK0 should be selected so as to fall within the
guaranteed operation range of clock cycle timet,, givenin the AC timing table in the
Electrical Characteristics section. Ensure that @ min = 2 MHz, and the condition g < 2 MHz
does not arise.

All internal modules basically operate on @. Note, therefore, that time processing involving the
timers, the SCI, etc., will change when the division ratio changes. The wait time when software
standby is cleared will also change in line with a change in the division ratio.

The division ratio can be changed while the chip is operating. The clock output from the g pin
will also change when the division ratio is changed. The frequency of the clock output from the
g pinin this case will be asfollows:

2=EXTAL xn

Where: EXTAL: Crystal resonator or external clock frequency
n: Division ratio (n = @/2, @/4, or &/8)

Do not set the DIV bit and bits SCK2 to SCKO0 simultaneously. First set the DIV bit, then bits
SCK2 to SCKO.

Bit 5

DIV Description

0 When bits SCK2 to SCKO are set to other than high-speed mode, medium-speed
mode is set (Initial value)

1 When bits SCK2 to SCKO are set to other than high-speed mode, a divided clock is

supplied to the entire chip

Bits 4 and 3—Reserved: Read-only bits, always read as 0.

Bits2to 0—System Clock Select 2to 0 (SCK2to SCKO0): When the DIV bit is cleared to O,
these hits select the medium-speed mode; when the DIV bit is set to 1, they select the division
ratio of the clock supplied to the entire chip.
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Bit 2 Bit 1 Bit 0 Description

SCK2 SCK1 SCKO DIV=0 DIV=1
0 0 0 Bus master is in high-speed Bus master is in high-speed
mode (Initial value) mode (Initial value)
1 Medium-speed clock is @/2 Clock supplied to entire chip is /2
1 0 Medium-speed clock is g/4 Clock supplied to entire chip is g/4

1 Medium-speed clock is a/8 Clock supplied to entire chip is @/8
1 0 0 Medium-speed clock is /16 —

1 Medium-speed clock is /32 —

1 — — —

18.3 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

18.3.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the examplein figure
18-2. Select the damping resistance R, according to table 18-2. An AT-cut parallel-resonance
crystal should be used.

EXTAL || =

XTAL AN ||
Rd CL2 CLl = CL2 = 10 to 22 pF

Figure 18-2 Connection of Crystal Resonator (Example)
Table18-2 Damping Resistance Value

Frequency (MHz) 2 4 8 12 16 20 25*
R, (Q) 6.8 k 500 200 0 0 0 0
Note: * In planning stage
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Crystal Resonator: Figure 18-3 shows the equivalent circuit of the crystal resonator. Use a
crystal resonator that has the characteristics shown in table 18-3 and the same resonance frequency
as the system clock (2).

L Ry
XTAL EXTAL
[

(IZL AT-cut parallel-resonance type

Figure 18-3 Crystal Resonator Equivalent Circuit

Table18-3 Crystal Resonator Characteristics

Frequency (MHz) 2 4 8 12 16 20 25*
Rs max (Q) 500 120 80 60 50 40 40
C, max (pF) 7 7 7 7 7 7 7

Note: * In planning stage

Notes on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 18-4.

When designing the board, place the crystal resonator and its |oad capacitors as close as possible
tothe XTAL and EXTAL pins.

Avoid ——Signal A Signal B

| H8S/2338 Series,
! ! H8S/2328 Series, or
C | | H8S/2318 Series
I I I I
5 | T ] EXTAL
Cuu | |

Figure18-4 Example of Incorrect Board Design
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18.3.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin figure
18-5. If the XTAL pinisleft open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock is held high in standby mode.

EXTAL J_|_|_|_|_|_ External clock input

XTAL Open

(@) XTAL pin left open

J_|_|_|_|_|_ External clock input

EXTAL ;
XTAL

(b) Complementary clock input at XTAL pin

Figure18-5 External Clock Input (Examples)

External Clock: The external clock signal should have the same frequency as the system clock

(2).

Table 18-4 and figure 18-6 show the input conditions for the external clock.
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Table18-4 External Clock Input Conditions

Vee=27V V= 3.0V

to 3.3V to 3.6V Test
Item Symbol Min  Max Min  Max Unit Conditions
External clock input tey 20 — 10 — ns Figure 18-6
low pulse width
External clock input e 20 — 10 — ns
high pulse width
External clock rise time  t,, — 5 — ns
External clock fall time  t.,, — — ns
Clock low pulse width  t 04 0.6 04 06 t, g>5MHz  Figure 22-4
level 80 — 80 — ns @<5MHz
Clock high pulse width  t, 04 06 04 06 t, 2 =5 MHz
Ievel 80 — 80 — ns B<5MHz

EXTAL
Figure18-6 External Clock Input Timing
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184  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system clock (g).

185 Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate @/2, g4, @/8, @/16, and &/32.

18.6 BusMaster Clock Selection Circuit

The bus master clock selection circuit selects the system clock () or one of the medium-speed
clocks (212, 24, &8, 2/16, or 9/32) to be supplied to the bus master, according to the settings of
the SCK2 to SCKO hitsin SCKCR.
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Section 19 Power-Down Modes

19.1 Oveview

In addition to the normal program execution state, the H8S/2338 Series, H8S/2328 Series, and

H8S/2318 Series have five power-down modes in which operation of the CPU and oscillator is
halted and power dissipation is reduced. L ow-power operation can be achieved by individually
controlling the CPU, on-chip supporting modules, and so on.

The H85/2338 Series, H85/2328 Series, and H85/2318 Series operating modes are as follows:

High-speed mode

M edium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode

o 0k wbdrE

Of these, 2 to 6 are power-down modes. Sleep mode is a CPU mode, medium-speed mode is a
CPU and bus master mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). A combination of these modes can be set.

After areset, the H8S/2338 Series, H8S/2328 Series, or H8S5/2318 Series chip isin high-speed
mode.

Table 19-1 shows the conditions for transition to the various modes, the status of the CPU, on-chip

supporting modules, etc., and the method of clearing each mode.
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Table19-1

Operating Modes

Operating  Transition Clearing cPU Modules
Mode Condition Condition Oscillator Registers Registers 1/0 Ports
High speed  Control Functions  High Function High Function  High speed
mode register speed speed
Medium- Control Functions  Medium High/ Function Function High speed
speed mode register speed  medium
speed *!
Sleep mode Instruction Interrupt Functions Halted Retained High Function High speed
speed
Module stop Control Functions  High/ Function Halted Retained/ Retained
mode register medium reset *?
speed
Software Instruction  External Halted Halted Retained Halted Retained/ Retained
standby interrupt reset *2
mode
Hardware Pin Halted Halted Undefined Halted Reset High
standby impedance
mode
Notes: 1. The bus master operates on the medium-speed clock, and other on-chip supporting
modules on the high-speed clock.
2. Some SCI registers and the A/D converter are reset, and other on-chip supporting

19.1.1 Register Configuration

modaules retain their states.

Power-down modes are controlled by the SBY CR, SCKCR, and MSTPCR registers. Table 19-2
summarizes these registers.

Table19-2 Power-Down Mode Registers

Name Abbreviation R/W Initial Value Address*
Standby control register SBYCR R/W H'08 H'FF38
System clock control register SCKCR R/W H'00 H'FF3A
Module stop control register H MSTPCRH R/W H'3F H'FF3C
Module stop control register L MSTPCRL R/W H'FF H'FF3D

Note: * Lower 16 bits of the address.
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19.2 Register Descriptions

19.21 Standby Control Register (SBYCR)

Bit L7 6 5 4 3 2 1 0

| ssBY | sTs2 | sTs1 | sTso | OPE | — | — |IRQas]
Initial value : 0 0 0 0 1 0 0 0
RIW . RW RW RW RW  RW — — RIW

SBYCR is an 8-hit readable/writable register that performs software standby mode control.

SBYCRisinitialized to H'08 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Softwar e Standby (SSBY): Specifies atransition to software standby mode. Remains set
to 1 when software standby mode is released by an external interrupt, and atransition is made to
normal operation. The SSBY bit should be cleared by writing O to it.

Bit 7

SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction (Initial value)
1 Transition to software standby mode after execution of SLEEP instruction

Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the time the MCU
waits for the clock to stabilize when software standby mode is cleared by an external interrupt.
With crystal oscillation, refer to table 19-4 and make a selection according to the operating
frequency so that the standby timeis at least 8 ms (the oscillation stabilization time). With an
external clock, any selection can be made*.

Note: * Except inthe F-ZTAT version.
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Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states (Initial value)
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states*

Note: * Not available in the F-ZTAT version.

Bit 3—Output Port Enable (OPE): Specifies whether the output of the address bus and bus
control signals (CSO to CS7, AS, RD, HWR, LWR, CAS) is retained or set to the high-impedance
state in software standby mode.

Bit 3

OPE Description

0 In software standby mode, address bus and bus control signals are high-impedance
1 In software standby mode, address bus and bus control signals retain output state

(Initial value)

Bits 2 and 1—Reserved: Read-only bits, awaysread as 0.

Bit 0—IRQ37 Softwar e Standby Clear Select (IRQ37S): Specifies whether inputs IRQ3 to
IRQ7 can be used as software standby mode clearing sources in addition to the usual sources, NMI
and IRQO to IRQ?2 inputs.

Bit 0

IRQ37S Description

0 Inputs IRQS to IRQ7 cannot be used as software standby mode clearing sources
(Initial value)

1 Inputs IRQ3 to IRQ7 can be used as software standby mode clearing sources
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19.2.2 System Clock Control Register (SCKCR)

Bit L7 6 5 4 3 2 1 0
psTOP| — | biv | — | — | sSCK2 | SCKL | SCKO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW  RW  RW — — RW  RW  RW

SCKCR is an 8-hit readable/writable register that controls @ clock output, the medium-speed mode
in which the bus master runs on a medium-speed clock and the other supporting modules run on
the high-speed clock, and a function that allows the medium-speed mode to be disabled and the
clock division ratio to be changed for the entire chip.

SCKCRiisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—g Clock Output Disable (PSTOP): Controls g output.

Description
Bit 7 Normal Software Hardware
PSTOP  Operating Mode Sleep Mode Standby Mode Standby Mode
0 @ output (Initial value) @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bit 6—Reserved: This bit can be read or written to, but only 0 should be written.

Bit 5—Division Ratio Select (DIV): When the DIV bit is set to 1, the medium-speed mode is
disabled and a clock obtained using the division ratio set with bits SCK2 to SCKO0 is supplied to
the entire chip. In this way, the current dissipation within the chip is reduced in proportion to the
division ratio. Asthe frequency of @ changes, the following points must be noted.

» Thedivision ratio set with bits SCK2 to SCK0 should be selected so asto fall within the
guaranteed operation range of clock cycletimet,, giveninthe AC timing table in the
Electrical Characteristics section. Ensure that @ min = 2 MHz, and the condition g < 2 MHz
does not arise.

* Allinternal modules basically operate on @. Note, therefore, that time processing involving the
timers, the SCI, etc., will change when the division ratio changes. The wait time when software
standby is cleared will also change in line with a change in the division ratio.
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« Thedivision ratio can be changed while the chip is operating. The clock output from the @ pin
will also change when the division ratio is changed. The frequency of the clock output from the
g pinin this case will be asfollows:

g=EXTAL xn

Where: EXTAL: Crysta resonator or external clock frequency
n: Division ratio (n = @/2, @/4, or &/8)
« Do not set the DIV bit and bits SCK 2 to SCKO simultaneously. First set the DIV hit, then bits
SCK2 to SCKO.

Bit 5

DIV Description

0 When bits SCK2 to SCKO are set to other than high-speed mode, medium-speed
mode is set (Initial value)

1 When bits SCK2 to SCKO are set to other than high-speed mode, a divided clock is

supplied to the entire chip

Bits 4 and 3—Reserved: Read-only bits, awaysread as 0.

Bits 2 to 0—System Clock Select 2to 0 (SCK2 to SCKO0): When the DIV bit is cleared to 0,
these bits select the bus master clock; when the DIV bit is set to 1, they select the division ratio of
the clock supplied to the entire chip.

Bit2  Bitl  BitO Description
SCK2 SCK1 SCKO DIV=0 DIV=1
0 0 0 Bus master is in high-speed Bus master is in high-speed
mode (Initial value) mode (Initial value)
1 Medium-speed clock is @/2 Clock supplied to entire chip is /2
1 0 Medium-speed clock is g/4 Clock supplied to entire chip is g/4
1 Medium-speed clock is a/8 Clock supplied to entire chip is @/8
1 0 0 Medium-speed clock is 2/16 —
1 Medium-speed clock is /32 —
1 — — —
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19.23 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

PP

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCR is a 16-hit readable/writable register that performs modul e stop mode control.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 15to 0—Module Stop (M STP 15to M STP 0): These bits specify module stop mode. See
table 19-3 for the method of selecting on-chip supporting modules.

Bits 15to 0

MSTP15 to MSTPO Description

0 Module stop mode cleared
1 Module stop mode set
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19.3 Medium-Speed Mode

When the SCK2 to SCKO hitsin SCKCR are set to 1, the operating mode changes to medium-
speed mode as soon as the current bus cycle ends. In medium-speed mode, the CPU operates on
the operating clock (2/2, @/4, 2/8, a/16, or &/32) specified by the SCK2 to SCKO bits. The bus
masters other than the CPU (the DMAC and DTC) also operate in medium-speed mode. On-chip
supporting modules other than the bus masters always operate on the high-speed clock (g).

In medium-speed mode, a bus accessis executed in the specified number of states with respect to
the bus master operating clock. For example, if @/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal 1/O registersin 8 states.

Medium-speed mode is cleared by clearing all of bits SCK2 to SCKO to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBY CR iscleared to 0, atransition is
made to sleep mode. When sleep mode is cleared by an interrupt, medium-speed mode is restored.

If a SLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, atransition is made
to software standby mode. When software standby mode is cleared by an external interrupt,
medium-speed mode is restored.

When the RES pin is driven low, atransition is made to the reset state, and medium-speed modeis
cleared. The same appliesin the case of areset caused by overflow of the watchdog timer.

When the STBY pinisdriven low, atransition is made to hardware standby mode.

Figure 19-1 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

a,

supporting module

clock

Bus master clock

Internal address bus < SCKCR >< >< >< SCKCR

Internal write signal

o

=
=
—

Figure19-1 Medium-Speed Mode Transition and Clearance Timing
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194  Sleep Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR iscleared to 0, the CPU enters
sleep mode. In sleep mode, CPU operation stops but the contents of the CPU’ sinternal registers
areretained. Other supporting modules do not stop.

Sleep mode is cleared by areset or any interrupt, and the CPU returns to the normal program
execution state via the exception handling state. Sleep mode is not cleared if interrupts are
disabled, or if interrupts other than NMI are masked by the CPU.

When the STBY pin isdriven low, atransition is made to hardware standby mode.
195 Module Stop Mode

1951 Module Stop Mode
Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and atransition is made to module stop mode. The CPU continues operating
independently.

Table 19-3 shows M STP bits and the corresponding on-chip supporting modules.

When the corresponding MSTP hit is cleared to O, module stop mode is cleared and the module
starts operating at the end of the bus cycle. In module stop mode, the internal states of modules
other than the SCI and A/D converter are retained.

After reset clearance, all modules other than DMAC and DTC are in module stop mode.

When an on-chip supporting module is in module stop mode, read/write accessto its registersis
disabled.

Do not make atransition to sleep mode with MSTPCR set to H'FFFF or H'EFFF, as this will halt
operation of the bus controller.
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Table19-3 MSTP Bitsand Corresponding On-Chip Supporting Modules

Register Bit Module

MSTPCRH  MSTP15 DMA controller (DMAC)
MSTP14  Data transfer controller (DTC)
MSTP13  16-hit timer-pulse unit (TPU)
MSTP12  8-bit timer module
MSTP11 Programmable pulse generator (PPG)
MSTP10  D/A converter (channels 0 and 1)
MSTP9 A/D converter

MSTP8 —
MSTPCRL MSTP7 Serial communication interface (SCI) channel 2
MSTP6 Serial communication interface (SCI) channel 1

MSTP5 Serial communication interface (SCI) channel 0
MSTP4 D/A converter (channels 2 and 3)
MSTP3 —
MSTP2 —
MSTP1 —
MSTPO —
Note: Bits 8 and 3 to 0 can be read or written to, but do not affect operation.

1952 Usage Notes

DMAC*/DTC Module Stop: Depending on the operating status of the DMAC* or DTC, the
MSTP15 and MSTP14 bits may not be set to 1. Setting of the DMAC* or DTC module stop mode
should be carried out only when the respective module is not activated.

For details, refer to section 5, DMA Controller, and section 6, Data Transfer Controller.

On-Chip Supporting Module Interrupts. Relevant interrupt operations cannot be performed in
module stop mode. Consequently, if module stop mode is entered when an interrupt has been
reguested, it will not be possible to clear the CPU interrupt source or the DMAC* or DTC
activation source. Interrupts should therefore be disabled before entering modul e stop mode.

Writing to MSTPCR: MSTPCR should only be written to by the CPU.

Note: * Some models do not have an on-chip DMAC; see the reference manual for the relevant
model for confirmation.
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19.6  Software Standby Mode

19.6.1 Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, software standby
mode is entered. In this mode, the CPU, on-chip supporting modules, and oscillator all stop.
However, the contents of the CPU’ sinterna registers, RAM data, and the states of on-chip
supporting modules other than the SCI and A/D converter, and 1/O ports, are retained. Whether the
address bus and bus control signals are placed in the high-impedance state or retain the output
state can be specified by the OPE bit in SBY CR.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

19.6.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ7*), or
by means of the RES pin or STBY pin.

Clearing with an Interrupt: When an NMI or IRQO to IRQ7* interrupt request signal isinput,
clock oscillation starts, and after the elapse of the time set in bits STS2 to STS0 in SYSCR, stable
clocks are supplied to the entire H8S/2338 Series, H85/2328 Series, or H8S/2318 Series chip,
software standby mode is cleared, and interrupt exception handling is started.

When clearing software standby mode with an IRQO to IRQ7* interrupt, set the corresponding
enable bit to 1 and ensure that no interrupt with a higher priority than interrupts IRQO to IRQ7* is
generated. Software standby mode cannot be cleared if the interrupt has been masked on the CPU
side or has been designated as a DTC activation source.

Note: * Setting the IRQ37S bit to 1 enables IRQ3 to IRQ7 to be used as software standby mode
clearing sources.

Clearing with the RES Pin: When the RES pin is driven low, clock oscillation is started. At the
same time as clock oscillation starts, clocks are supplied to the entire H8S/2338 Series, H8S/2328
Series, or H85/2318 Series chip. Note that the RES pin must be held low until clock oscillation
stabilizes. When the RES pin goes high, the CPU begins reset exception handling.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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19.6.3  Setting Oscillation Stabilization Time after Clearing Softwar e Standby Mode
Bits STS2to STS0 in SBY CR should be set as described below.

Using a Crystal Oscillator: Set bits STS2 to STS0 so that the standby timeis at least 8 ms (the
oscillation stabilization time).

Table 19-4 shows the standby times for different operating frequencies and settings of bits STS2
to STSO.

Table19-4 Oscillation Stabilization Time Settings

25 20 16 12 10 8 6 4 2
STS2 STS1 STSO Standby Time MHz* MHz MHz MHz MHz MHz MHz MHz MHz Unit

0 0 0 8192 states 0.32 041 051 068 08 10 13 20 41 ms

1 16384states 065 0.82 1.0 13 16 20 27 4.1
1 0  32768states 1.3 16 20 27 33 41 55 16.4
1  65536states 2.6 33 41 55 66 16.4 32.8
1 0 0 131072 states 5.2 6.6 |8.2[10.9/[13.1) 164 21.8 32.8 655
1 262144 states 164 21.8 26.2 32.8 43.6 65.6 1312
1 0 Reserved - = = = = = = = = =
1 16 states 06 08 10 13 16 20 27 40 80 ps

D: Recommended time setting
Note: * In planning stage

Using an External Clock: Any value can be set. Normally, use of the minimum timeis
recommended.*

Note: * The 16-state standby time cannot be used in the F-ZTAT version; a standby time of 8192
states or longer should be used.

19.6.4  Software Standby Mode Application Example

Figure 19-2 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SY SCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.
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Software standby mode is then cleared at the rising edge on the NMI pin.

osaittor | || | [ || ][] o T

= [JUUUUUY UL
NMI —*

NMIEG
SSBY

NMI exception Software standby mode S NMI exception
handling (power-down mode) Oscillation handling
NMIEG=1 stabilization

SSBY=1 time tosco

SLEEP instruction

Figure19-2 Software Standby Mode Application Example

19.6.5 Usage Notes

I/0 Port Status: In software standby mode, 1/O port states are retained. If the OPE bit is set to 1,
the address bus and bus control signal output is also retained. Therefore, thereis no reduction in
current dissipation for the output current when a high-level signal is output.

Current Dissipation during Oscillation Stabilization Wait Period: Current dissipation
increases during the oscillation stabilization wait period.

Write Data Buffer Function: The write data buffer function and software standby mode cannot
be used at the same time. When the write data buffer function is used, the WDBE bit in BCRL
should be cleared to 0 to cancel the write data buffer function before entering software standby
mode. Also check that external writes have finished, by reading external addresses, etc., before
executing a SLEEP instruction to enter software standby mode. See section 4.9, Write Data
Buffer Function, for details of the write data buffer function.
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19.7 Hardware Standby Mode

19.7.1 Hardware Standby Mode
When the STBY pinisdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power dissipation. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. 1/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME hit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD, to MD,) while the H8S/2338 Series, H852328
Series, or H85/2318 Series chip isin hardware standby mode.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin islow, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillator stabilizes (at |east 8 ms—the
oscillation stabilization time—when using a crystal oscillator). When the RES pin is subsequently
driven high, atransition is made to the program execution state via the reset exception handling
state.

19.7.2 Hardware Standby Mode Timing
Figure 19-3 shows an example of hardware standby mode timing.

When the STBY pinisdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby modeis cleared by driving the STBY pin high,
waiting for the oscillation stabilization time, then changing the RES pin from low to high.
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osaittor | | | [ || [ ]]]]]

AT

RES }

——

STBY

i
Oscillation Reset

stabilization exception
time handling

Figure19-3 Hardware Standby Mode Timing

19.8 @ Clock Output Disabling Function

Output of the @ clock can be controlled by means of the PSTOP hit in SCKCR, and DDR for the
corresponding port. When the PSTOP hit is set to 1, the @ clock stops at the end of the bus cycle,
and @ output goes high. @ clock output is enabled when the PSTOP hit is cleared to 0. When DDR

for the corresponding port is cleared to 0, @ clock output is disabled and input port mode is set.
Table 19-5 shows the state of the @ pin in each processing state.

Table19-5 gPin Statein Each Processing State

DDR 0

PSTOP — 1
Hardware standby mode High impedance

Software standby mode High impedance Fixed high

Sleep mode High impedance @ output Fixed high
Normal operating state High impedance @ output Fixed high

HITACHI
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Appendix A Instruction Set

Al Instruction List

Operand Notation

Rd General register (destination)**

Rs General register (source)**

Rn General register**

ERnN General register (32-bit register)

MAC Multiply-and-accumulate register (32-bit register)*?

(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Add

- Subtract

X Multiply

+ Divide

O Logical AND

O Logical OR

O Logical exclusive OR

- Transfer from the operand on the left to the operand on the right, or
transition from the state on the left to the state on the right

- Logical NOT (logical complement)

() <> Contents of operand

:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Notes: 1. General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).

2. The MAC register cannot be used in the H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series.
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Condition Code Notation

Symbol

7 Changes according to the result of the instruction
* Undetermined (no guaranteed value)

0 Always cleared to 0

1 Always set to 1

— Not affected by execution of the instruction
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TableA-1

Instruction Set

(1) DataTransfer Instructions

Instruction Length (Bytes)

Addressing Mode/

3
S 14
® -|®
% c E:CJ E g P iti
. g <| % = LIIJ s|s @c; Condition Code | No. of States**
Mnemonic <R EEIEEEE Operation I|H|N|z|v|c| Advanced
MOV MOV.B #xx:8,Rd B|2 #xx:8 - Rd8 —|—|t]| t]0|— 1
MOV.B Rs,Rd B 2 Rs8 - Rd8 —|—| t] |0 |— 1
MOV.B @ERs,Rd B 2 @ERs - Rd8 —|—| t] |0 |— 2
MOV.B @(d:16,ERs),Rd | B @(d:16,ERs) -~ Rd8 —|—| | t]0|— 3
MOV.B @(d:32,ERs),Rd | B @(d:32,ERs) - Rd8 —|—| t] |0 |— 5
MOV.B @ERs+,Rd B 2 @ERs - Rd8,ERs32+1 ERs32 |—|—| t| 1|0 |— 3
MOV.B @aa:8,Rd B @aa:8 - Rd8 —|—|t]t|0O|— 2
MOV.B @aa:16,Rd B @aa:16 -~ Rd8 —|—] ] t]0|— 3
MOV.B @aa:32,Rd B @aa:32-Rd8 —|—| t| |0 |— 4
MOV.B Rs,@ERd B 2 Rs8 - @ERd —|—| t] |0 |— 2
MOV.B Rs,@(d:16,ERd) | B 4 Rs8 - @(d:16,ERd) —|—|t|1]o|— 3
MOV.B Rs,@(d:32,ERd) | B Rs8- @(d:32,ERd) —|—| |0 |— 5
MOV.B Rs,@-ERd B 2 ERd32-1-ERd32,Rs8 - @ERd |—|—| t| *|0 |— 3
MOV.B Rs,@aa:8 B 2 Rs8- @aa:8 —|—| | t|0|— 2
MOV.B Rs,@aa:16 B Rs8 - @aa:16 —|—|t]t|O|— 3
MOV.B Rs,@aa:32 B Rs8 - @aa:32 — =] t] 2|0 |— 4
MOV.W #xx:16,Rd W\ 4 #xx:16 - Rd16 —|—| | t]0|— 2
MOV.W Rs,Rd w 2 Rs16 - Rd16 —|—| t] |0 |— 1
MOV.W @ERs,Rd w 2 @ERs - Rd16 —|—| t] |0 |— 2
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TableA-1 Instruction Set (cont)

(1) Data Transfer Instructions (cont)

IHOVL1IH

Addressing Mode/
Instruction Length (Bytes)
:
8 @
o ||
2 Z|s| |C
S 5 S:CJ _("';» S:T' 5 & é; Condition Code | No. of States*!
Mnemonic EEEIEEIEER Operation I|H|N|z|v|c| Advanced
MOV MOV.W @(d:16,ERs),Rd |W 4 @(d:16,ERs) - Rd16 —|—lt|t|o|— 3
MOV.W @(d:32,ERs),Rd W 8 @(d:32,ERs) -~ Rd16 —|—|t|t]0|— 5
MOV.W @ERs+,Rd W 2 @ERs - Rd16,ERs32+2 - ERS32 | —|—| ¢ | ¢ |0 |— 3
MOV.W @aa:16,Rd W 4 @aa:16 - Rd16 — =t t|0|— 3
MOV.W @aa:32,Rd W 6 @aa:32 - Rd16 —|—|t|t]0|— 4
MOV.W Rs,@ERd W 2 Rs16 - @ERd —|— | |0 |— 2
MOV.W Rs,@(d:16,ERd) (W Rs16 - @(d:16,ERd) —|—|t|t]0]|— 3
MOV.W Rs,@(d:32,ERd) (W Rs16 - @(d:32,ERd) —|—|t|t]0|— 5
MOV.W Rs,@-ERd W 2 ERd32-2 - ERd32,Rs16 - @ERd | —|—| ¢ | t |0 |— 3
MOV.W Rs,@aa:16 w 4 Rs16 - @aa:16 —|—]t|t|0|— 3
MOV.W Rs,@aa:32 W 6 Rs16 - @aa:32 —|—|t|t]0]|— 4
MOV.L #xx:32,ERd L6 #xx:32 -~ ERd32 —|— | |0 |— 3
MOV.L ERs,ERd L 2 ERs32 - ERd32 —|—|t|t]0]|— 1
MOV.L @ERs,ERd L 4 @ERs - ERd32 —|—] t| *|0|— 4
MOV.L @(d:16,ERs),ERd | L 6 @(d:16,ERs) ~ ERd32 —|—|t|t]0]|— 5
MOV.L @(d:32,ERs),ERd | L 10 @(d:32,ERs) - ERd32 —|—| ] t]o|— 7
MOV.L @ERs+,ERd L 4 @ERS - ERd32,ERs32+4 - @ERs32 | —|—| ¢ | ¢ |0 |— 5
MOV.L @aa:16,ERd L 6 @aa:16 - ERd32 —|—|t|t]0]|— 5
MOV.L @aa:32,ERd L 8 @aa:32 - ERd32 — =]t t|0]|— 6
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Table A-1 Instruction Set (cont)

(1) Data Transfer Instructions (cont)

Addressing Mode/

Instruction Length (Bytes)

p
S @
= [}
(7] ~|®
° c| 2 ~
c x|c O © iy
o cluix Qg Condition Code | No. of States**
AR
Mnemonic EREREEEEEEN Operation I|[H|N|Z|V|C Advanced
MOV MOV.L ERs,@ERd L 4 ERs32 - @ERd —|—|*|*|0|— 4
MOV.L ERs,@(d:16,ERd) | L 6 ERs32 - @(d:16,ERd) —|—|*|*|0|— 5
MOV.L ERs,@(d:32,ERd) | L 10 ERs32 - @(d:32,ERd) —|—| |0 |— 7
MOV.L ERs,@-ERd L 4 ERd32-4 . ERd32,ERs32 - @ERd |—|—| * | * | O |[— 5
MOV.L ERs,@aa:16 L ERs32 - @aa:16 —|—|t| Y| 0|— 5
MOV.L ERs,@aa:32 L 8 ERs32 - @aa:32 —|—| |0 |— 6
POP POP.W Rn W 2 | @SP-Rn16,SP+2 - SP —|—|t || 0|— 3
POP.L ERN L 4 | @SP - ERN32,SP+4 - SP —|—| |0 |— 5
PUSH PUSH.W Rn w 2 | SP-2-.SP,Rn16 - @SP —|—| |0 |— 3
PUSH.L ERn L 4 | SP-4SP,ERN32 - @SP —|—|*|*|0|— 5
LDM LDM @SP+,(ERm-ERn) | L 4 | (@SP -ERN32,SP+4 - SP) —|—|—=|—=|—|— 7/9/11 [1]
Repeated for each register restored
STM STM (ERm-ERn),@-SP | L 4 | (SP-4 . SP,ERN32 - @SP) —|—|—|—|—|—| 7Pni[n)
Repeated for each register saved
MOVFPE | MOVFPE @aa:16,Rd Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series [2]
MOVTPE | MOVTPE Rs,@aa:16 Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series [2]
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TableA-1

(2) Arithmetic Instructions

Instruction Set

Addressing Mode/
Instruction Length (Bytes)

3
S @
2 =&
-cgs c S:EJ E 9 ] iti
. g «| % = LIIJ s|s é Condition Code | No. of States**
Mnemonic <EREEEIEEEENR Operation I|[H|N|zZ|V|C Advanced
ADD ADD.B #xx:8,Rd B|2 Rd8+#xx:8 - Rd8 N R A 1
ADD.B Rs,Rd B 2 Rd8+Rs8 - Rd8 R 1
ADD.W #xx:16,Rd Wi 4 Rd16+#xx:16 -~ Rd16 —IB et 2
ADD.W Rs,Rd w 2 Rd16+Rs16 —» Rd16 —IB st 1
ADD.L #xx:32,ERd L|6 ERd32+#xx:32 -~ ERd32 —|[4] e 3
ADD.L ERs,ERd L 2 ERd32+ERs32 - ERd32 —Ia st 1
ADDX ADDX #xx:8,Rd B|2 Rd8+#xx:8+C - Rd8 —| v BT 1
ADDX Rs,Rd B 2 Rd8+Rs8+C - Rd8 — Y] tEl e 1
ADDS ADDS #1,ERd L 2 ERd32+1 - ERd32 — === |— 1
ADDS #2,ERd L 2 ERd32+2 - ERd32 — === — 1
ADDS #4,ERd L 2 ERd32+4 -, ERd32 ——|—|——|— 1
INC INC.B Rd B 2 Rd8+1 - Rd8 — |ttt — 1
INC.W #1,Rd W 2 Rd16+1 - Rd16 —— || — 1
INC.W #2,Rd W 2 Rd16+2 - Rd16 — =ttt — 1
INC.L #1,ERd L 2 ERd32+1 - ERd32 — |ttt — 1
INC.L #2,ERd L 2 ERd32+2 -, ERd32 —— || — 1
DAA DAA Rd B 2 Rd8 decimal adjust - Rd8 — x|t * |t 1
SUB SUB.B Rs,Rd B 2 Rd8-Rs8 - Rd8 —| st 1
SUB.W #xx:16,Rd W| 4 Rd16-#xx:16 - Rd16 —I|[B] sttt 2
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Table A-1 Instruction Set (cont)

(2) Arithmetic Instructions (cont)

Instruction Length (Bytes)

Addressing Mode/

p
0 x
5 || )8
-rgu c E::J E g o it 1
' g «| % = ng Condition Code | No. of States*
Mnemonic <R EEIEEEE Operation I|[H|N|zZ|Vv|C| Advanced
SuB SUB.W Rs,Rd W 2 Rd16-Rs16 - Rd16 —I|[B]j ¢t ||t 1
SUB.L #xx:32,ERd L|6 ERd32-#xx:32 — ERd32 —Il[4 sttt 3
SUB.L ERs,ERd L 2 ERd32-ERs32 - ERdA32 —l[4 ]t 1
SUBX SUBX #xx:8,Rd B|2 Rd8-#xx:8-C -~ Rd8 —| s |([B]) ¢ 1
SUBX Rs,Rd B 2 Rd8-Rs8-C - Rd8 —|t|t|[B] ]| 1
SUBS SUBS #1,ERd L 2 ERd32-1- ERd32 — == |=|—]— 1
SUBS #2,ERd L 2 ERd32-2 - ERd32 —|—|—=|=|=]— 1
SUBS #4,ERd L 2 ERd32-4 - ERd32 —|— === 1
DEC DEC.B Rd B 2 Rd8-1 -, Rd8 — ]t |— 1
DEC.W #1,Rd W 2 Rd16-1-Rd16 — =]ttt |— 1
DEC.W #2,Rd W 2 Rd16-2 - Rd16 — =]t |— 1
DEC.L #1,ERd L 2 ERd32-1- ERd32 — ||t — 1
DEC.L #2,ERd L 2 ERd32-2 - ERd32 — == 1
DAS DAS Rd B 2 Rd8 decimal adjust — Rd8 —| ¥ — 1
MULXU MULXU.B Rs,Rd B 2 Rd8xRs8 — Rd16 (unsigned multiplication) | —|—|—|—|—|— 12
MULXU.W Rs,ERd W 2 Rd16xRs16 —» ERd32 —|— === 20
(unsigned multiplication)
MULXS MULXS.B Rs,Rd B 4 Rd8xRs8 - Rd16 (signed multiplication) |—|—| ¢ | ¢ |—|— 13
MULXS.W Rs,ERd w Rd16xRs16 — ERd32 —|—| |t |—=]— 21
(signed multiplication)
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Table A-1 Instruction Set (cont)
(2) Arithmetic Instructions (cont)

Instruction Length (Bytes)

Addressing Mode/

2
8 14
P [}
2 =|®
-] c| ~
c x| c O ©
o AT =R Condition Code | No. of States*!
. SIx| WS T|s8©
Mnemonic O|£|2|®B8|00|8® Operation I/H[N|Z|V|C Advanced
DIVXU DIVXU.B Rs,Rd B 2 Rd16+Rs8 - Rd16 (RdH: remainder, | —| —|[6]|[7]| —| — 12
RdL: quotient) (unsigned division)
DIVXU.W Rs,ERd w 2 ERd32+Rs16 — ERd32 (Ed: remainder,| —| —|[6]|[7]| —| — 20
Rd: quotient) (unsigned division)
DIVXS DIVXS.B Rs,Rd B 4 Rd16+Rs8 - Rd16 (RdH: remainder, | —| —| [8]|[7]| —| — 13
RdL: quotient) (signed division)
DIVXS.W Rs,ERd W 4 ERd32+Rs16 - ERd32 (Ed: remainder, | —| —| [8]|[7]| —| — 21
Rd: quotient) (signed division)
CMP CMP.B #xx:8,Rd B2 Rd8-#xx:8 —|tlt|e ]|t 1
CMP.B Rs,Rd B 2 Rd8-Rs8 —| Pttt 1
CMP.W #xx:16,Rd W4 Rd16-#xx:16 —|[8] ||| 2
CMP.W Rs,Rd w| |2 Rd16-Rs16 —I@E ]|t 1
CMP.L #xx:32,ERd L|6 ERd32-#xx:32 —[[4] ||| 3
CMP.L ERs,ERd L 2 ERd32-ERs32 —I|[4] ||t 1
NEG NEG.B Rd B 2 0-Rd8 - Rd8 —| |t 1
NEG.W Rd w 2 0-Rd16 ~ Rd16 —|tjt|r]tt 1
NEG.L ERd L 2 0-ERd32 - ERd32 —l ettt 1
EXTU EXTU.W Rd W 2 0 - (<bits 15 to 8> of Rd16) —|— ! — 1
EXTU.L ERd L 2 0 - (<bits 31 to 16> of ERd32) —|— ! — 1
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Table A-1 Instruction Set (cont)
(2) Arithmetic Instructions (cont)

Addressing Mode/
Instruction Length (Bytes)
3
Q 4
D w
=I®
=] C | —~
c x| c O <
o AR =R Condition Code | No. of States**
) Slixlc|lu|Z|T|s(2® )
Mnemonic RIEAAECICICICCICIN Operation I/H[N|Z|V|C Advanced
EXTS EXTS.W Rd w| |2 (<bit 7> of Rd16) ——|;|:]0|— 1
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - —|—| 1|0 |— 1
(<bits 31 to 16> of ERd32)
TAS TAS @ERd B 4 @ERd-0-CCR set, (1) - —|—|t]|t]0|— 4
(<bit 7> of @ERd)
MAC MAC @ERNn+, @ERmM+ Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series 2]
CLRMAC CLRMAC
LDMAC LDMAC ERs,MACH
LDMAC ERs,MACL
STMAC STMAC MACH,ERd

STMAC MACL,ERd
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TableA-1

Instruction Set

(3) Logical Instructions

Instruction Length (Bytes)

Addressing Mode/

3
& o
s |28
g c Ij.:CJ E g it iti 1
. g «| 5 =) LIIJ s|s (@5 Condition Code | No. of States*
Mnemonic R EEIEEEE Operation I|H[N|Z|v|c| Advanced
AND AND.B #xx:8,Rd B|2 Rd8[#xx:8 ~ Rd8 —|—lt|t|0|— 1
AND.B Rs,Rd B 2 Rd8[Rs8 - Rd8 —|—t|t]|0|— 1
AND.W #xx:16,Rd W\ 4 Rd16[#xx:16 - Rd16 —|—|t|t|0|— 2
AND.W Rs,Rd w 2 Rd16[Rs16 -~ Rd16 —|—t|t]|0|— 1
AND.L #xx:32,ERd L|6 ERd32[#xx:32 - ERd32 —|—t|t]|0|— 3
AND.L ERs,ERd L 4 ERd32CERs32 - ERd32 —|—|t|t|0|— 2
OR OR.B #xx:8,Rd B|2 Rd8H#xx:8 - Rd8 —|—]t]|t|0|— 1
OR.B Rs,Rd B 2 Rd8CRs8 - Rd8 —|—|t|t|0|— 1
OR.W #xx:16,Rd W|4 Rd16[#xx:16 -~ Rd16 —|—|t|t|0|— 2
OR.W Rs,Rd W 2 Rd160Rs16 - Rd16 —|—t|t|0|— 1
OR.L #xx:32,ERd L|6 ERd320#xx:32 - ERd32 —|—|t|t|0|— 3
OR.L ERs,ERd L 4 ERd32[ERs32 - ERd32 —|—t|t|0|— 2
XOR XOR.B #xx:8,Rd B|2 Rd8#xx:8 -~ Rd8 —|—|t|t|0|— 1
XOR.B Rs,Rd B 2 Rd80Rs8 - Rd8 —|—]t]|t|0|— 1
XOR.W #xx:16,Rd W4 Rd160#xx:16 - Rd16 —|—t|t]|0|— 2
XOR.W Rs,Rd W 2 Rd160Rs16 - Rd16 —|—]t|t|0|— 1
XOR.L #xx:32,ERd L|6 ERd320#xx:32 -~ ERd32 —|—|t|t|0|— 3
XOR.L ERs,ERd L 4 ERd3200ERs32 - ERd32 —|—t]t|0|— 2
NOT NOT.B Rd B 2 - Rd8-Rd8 —|—|t|t|0|— 1
NOT.W Rd W 2 - Rd16 - Rd16 —|—t|t]|0|— 1
NOT.L ERd L 2 - ERd32 - ERd32 —|—t|t]|0|— 1




Table A-1 Instruction Set
(4) Shift Instructions

Addressing Mode/
Instruction Length (Bytes)

Condition Code | No. of States**

@-ERN/@ERN+

@aa
@(d,PC)

H#XX
@ERnN
@(d,ERn)
@@aa

Mnemonic | Operation I |[H|N|z|v|C| Advanced

— =t T

[y

SHAL SHAL.B Rd

SHAL.B #2,Rd —|—| ]t

=L o I

SHAL.W Rd

C MSB =— LSB —

I
-
-
-
-

SHAL.W #2,Rd

I
I
-
-
-
-

SHAL.L ERd

I
I
-
-
-
-

SHAL.L #2,ERd

IHOVL1IH

SHAR SHAR.B Rd

SHAR.B #2,Rd

SHAR.W Rd

SHAR.W #2,Rd MSB LsB ¢ |—|—[']¢

SHAR.L ERd

SHAR.L #2,ERd

SHLL SHLL.B Rd

SHLL.B #2,Rd

SHLL.W Rd

SHLL.W #2,Rd C wMsB = LSB —|—] ]

SHLL.L ERd

rirlg|lg|low|w|r|r|S|S|w|w|r |- |S|S|w|w |Operand Size

NN NN NN (N (NN NN (NN N[N N[N RN
o
o

H
RlRrlRriRr|R|P|RPIRIRIR|RP|RP|IR|IR|R|RL|R

I

I

o

o
oOlojlojlojlojojlo|jlojo|o|o|O

-

SHLL.L #2,ERd

€€9
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Table A-1 Instruction Set (cont)
(4) shift Instructions (cont)

IHOVL1IH

Addressing Mode/
Instruction Length (Bytes)
t
Q 4
o |8
2 gls| |G
g . E:CJ 1“;» B:I_, g _i'; éé) Condition Code | No. of States**
Mnemonic SEEEIEEIEER Operation I|[H|N|z|v|c| Advanced
SHLR SHLR.B Rd B 2 —|—|o| |0t 1
SHLR.B #2,Rd B 2 —|—]o|s|o]t 1
SHLR.W Rd w2 o~ ] |—~|—]o|t]o]: 1
SHLR.W #2,Rd w| |2 MSB LSB C |—|—|o0|1|0] 1
SHLR.L ERd L 2 —|—]o|zs|o]t 1
SHLR.L #2,ERd L 2 —|—|o| |0t 1
ROTXL ROTXL.B Rd B 2 —|—]s|sl0] 1
ROTXL.B #2,Rd B 2 B S A 1
ROTXL.W Rd W 2 LD“:M —|—|¢t|t|o]: 1
ROTXL.W #2,Rd w| |2 C MsB T e BRI LA 1
ROTXL.L ERd L 2 —|—]s]|slo]s 1
ROTXL.L #2,ERd L 2 —|—]s|sl0]s 1
ROTXR | ROTXR.BRd B 2 —|—]s]|sl0] 1
ROTXR.B #2,Rd B 2 —|—|s|slo]s 1
ROTXR.W Rd w 2 L:.DJ —|—|t|t]0]|¢ 1
ROTXR.W #2,Rd w| |2 MSB LISB C |—|—|¢t|s|0]¢ 1
ROTXR.L ERd L 2 —|—|s|slo]s 1
ROTXR.L #2,ERd L 2 —|—]s|sl0]t 1
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TableA-1 Instruction Set (cont)
(4) Shift Instructions (cont)

Mnemonic

Instruction Length (Bytes)

Addressing Mode/

H#XX

@-ERN/@ERN+

@aa
@(d,PC)

@ERnN
@(d,ERn)
@@aa

Operation

Condition Code

No. of States**

I'|HIN|Z C

<

Advanced

ROTL

ROTL.B Rd

ROTL.B #2,Rd

ROTL.W Rd

ROTL.W #2,Rd

ROTL.L ERd

ROTL.L #2,ERd

— =t ? !

=

Gl

C MSB

—— |t !

ROTR

ROTR.B Rd

ROTR.B #2,Rd

ROTR.W Rd

ROTR.W #2,Rd

ROTR.L ERd

ROTR.L #2,ERd

r|lr|g|S|w|w|r|r|S|S |w|m |Operand Size

NN (NN NN NN N NN N R

N —

MSB — LSB C

|

|

-

o
oO|lojlojlojo|ojlo|o|lo|o|o|oO

-

RPlRr|Pr|(P|P|RP|(RP|IRP|RP|P|P
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TableA-1

Instruction Set

(5) Bit-Manipulation I nstructions

Addressing Mode/
Instruction Length (Bytes)

2
S v
2 S
-fgﬁ < Iil.:‘j E 9 o] HH 1
. g x| i S|llg|s Cg Condition Code | No. of States*
Mnemonic <EREEEIEEEENR Operation I|lH|N|z|v|c| Advanced
BSET BSET #xx:3,Rd B 2 (#xx:3 of Rd8) ~ 1 —|—|—| === 1
BSET #xx:3,@ERd B 4 (#xx:3 of @ERd) -1 —|—|—=|—|—|— 4
BSET #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) -1 —|—|—=|=|=]— 4
BSET #xx:3,@aa:16 B (#xx:3 of @aa:16) ~ 1 —|—|—=|—=|—=]— 5
BSET #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) ~ 1 —|—|—|—|—|— 6
BSET Rn,Rd B 2 (Rn8 of Rd8) ~ 1 —|—|—|—|—]— 1
BSET Rn,@ERd B 4 (Rn8 of @ERd) 1 — === |—]|— 4
BSET Rn,@aa:8 B 4 (Rn8 of @aa:8) ~ 1 — === == 4
BSET Rn,@aa:16 B 6 (Rn8 of @aa:16) ~ 1 — === |—]— 5
BSET Rn,@aa:32 B 8 (Rn8 of @aa:32) ~1 — === |—=]= 6
BCLR BCLR #xx:3,Rd B 2 (#xx:3 of Rd8) ~ 0 —|—|—|—|—]— 1
BCLR #xx:3,@ERd B 4 (#xx:3 of @ERd) -0 — === |—]|— 4
BCLR #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) -0 — === == 4
BCLR #xx:3,@aa:16 B (#xx:3 of @aa:16) ~0 — === |—]— 5
BCLR #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) -0 —|—|—|—=|—=|— 6
BCLR Rn,Rd B 2 (Rn8 of Rd8) -0 == —=]= 1
BCLR Rn,@ERd B 4 (Rn8 of @ERd) 0 === 4
BCLR Rn,@aa:8 B 4 (Rn8 of @aa:8) -0 —|—|— === 4
BCLR Rn,@aa:16 B (Rn8 of @aa:16) -0 —|—|— === 5
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Table A-1 Instruction Set (cont)

(5) Bit-Manipulation Instructions (cont)

Instruction Length (Bytes)

Addressing Mode/

2
I o4
o |8
. g < % sulsls C% Condition Code | No. of States*
Mnemonic <R EEIEEEE Operation I|H|N|z|Vv|Cc| Advanced
BCLR BCLR Rn,@aa:32 B 8 (Rn8 of @aa:32) -0 —|— == |—|— 6
BNOT BNOT #xx:3,Rd B 2 (#xx:3 of Rd8) ~ [~ (#xx:3 of Rd8)]| —| —|—|—|—|— 1
BNOT #xx:3,@ERd B 4 (#xx:3 of @ERd) ~ — === == 4
[~ (#xx:3 of @ERd)]
BNOT #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) — —|—|—=|—=|—|— 4
[~ (#xx:3 of @aa:8)]
BNOT #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) — — === |—|— 5
[~ (#xx:3 of @aa:16)]
BNOT #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) — — === |—|— 6
[= (#xx:3 of @aa:32)]
BNOT Rn,Rd B| |2 (Rn8 of Rd8) —[- (Rn8 of Rd8)] | —|—|—|—|—|— 1
BNOT Rn,@ERd B 4 (Rn8 of @ERd) [~ (Rn8 of @ERM)] | —|—|—|—|—|— 4
BNOT Rn,@aa:8 B 4 (Rn8 of @aa:8) — [~ (Rn8 of @aa:8)] | —|—|—|—|—|— 4
BNOT Rn,@aa:16 B 6 (Rn8 of @aa:16) — —|—|—|=]=|— 5
[= (Rn8 of @aa:16)]
BNOT Rn,@aa:32 B 8 (Rn8 of @aa:32) — —|—|—=|=|=|— 6
[~ (Rn8 of @aa:32)]
BTST BTST #xx:3,Rd B 2 - (#xx:3 of Rd8) - Z — ==t |—|— 1
BTST #xx:3,@ERd B 4 - (#xx:3 of @ERd) - Z — ==t |—|— 3
BTST #xx:3,@aa:8 B 4 - (#xx:3 of @aa:8) -~ Z ——|—=] 1 |—|— 3
BTST #xx:3,@aa:16 B - (#xx:3 of @aa:16) - Z — ==t |—|— 4
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Table A-1 Instruction Set (cont)

(5) Bit-Manipulation Instructions (cont)

Addressing Mode/
Instruction Length (Bytes)

2
S x
5 |||
% c S:CJ E g o it 1
' E’_ < % = L'|J s|s (% Condition Code | No. of States*
Mnemonic EAAECECICICIECEIR! Operation I[H|N|Z|V|C Advanced
BTST BTST #xx:3,@aa:32 B 8 - (#xx:3 of @aa:32)»Z — =t |—]— 5
BTST Rn,Rd B 2 - (Rn8 of Rd8) -~ Z —|—|—] t |—]— 1
BTST Rn,@ERd B 4 - (Rn8 of @ERd) »Z — == | —=]|— 3
BTST Rn,@aa:8 B 4 - (Rn8 of @aa:8)-»Z =] == 3
BTST Rn,@aa:16 B - (Rn8 of @aa:16) »Z — == | =] 4
BTST Rn,@aa:32 B - (Rn8 of @aa:32)-Z — =] == 5
BLD BLD #xx:3,Rd B 2 (#xx:3 of Rd8) -~ C —|—|—]—=]—]? 1
BLD #xx:3,@ERd B 4 (#xx:3 of @ERd) -~ C —|—|—|—]—]* 3
BLD #xx:3,@aa:8 B (#xx:3 of @aa:8)-~C — | — === 3
BLD #xx:3,@aa:16 B (#xx:3 of @aa:16) - C — | —|—|—]—=] 4
BLD #xx:3,@aa:32 B (#xx:3 of @aa:32) - C —|—|—|—|—]? 5
BILD BILD #xx:3,Rd B 2 - (#xx:3 of Rd8) -~ C —|—|—]—]—]? 1
BILD #xx:3,@ERd B 4 = (#xx:3 of @ERd) - C —|—|—|—|—]? 3
BILD #xx:3,@aa:8 B - (#xx:3 of @aa:8)-C — === ! 3
BILD #xx:3,@aa:16 B - (#xx:3 of @aa:16) - C — | —|—|—]—=]? 4
BILD #xx:3,@aa:32 B - (#xx:3 of @aa:32) - C — === ! 5
BST BST #xx:3,Rd B 2 C - (#xx:3 of Rd8) —|—|—|—=|—=]— 1
BST #xx:3,@ERd B 4 C - (#xx:3 of @ERd) — | ——|—|=]= 4
BST #xx:3,@aa:8 B 4 C - (#xx:3 of @aa:8) — === =] 4
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TableA-1 Instruction Set (cont)

(5) Bit-Manipulation Instructions (cont)

Addressing Mode/
Instruction Length (Bytes)

:
[ [vd
%) Ll
=®
ke c | —~
cCts c EE Q ]
o glYE gl e Condition Code | No. of States*!
. i8I |s8®
Mnemonic <DEIHEEIEEIEEER Operation I'|[H|N|z|v|c]| Advanced
BST BST #xx:3,@aa:16 B 6 C - (#xx:3 of @aa:16) —|—=|—=|—=|=]— 5
BST #xx:3,@aa:32 B 8 C - (#xx:3 of @aa:32) — === =] 6
BIST BIST #xx:3,Rd B 2 - C - (#xx:3 of Rd8) —|—|—|—|—|— 1
BIST #xx:3,@ERd B 4 - C - (#xx:3 of @ERd) — = === 4
BIST #xx:3,@aa:8 B 4 - C - (#xx:3 of @aa:8) — === =] 4
BIST #xx:3,@aa:16 B - C - (#xx:3 of @aa:16) — == === 5
BIST #xx:3,@aa:32 B - C (#xx:3 of @aa:32) — = |—=|—|—— 6
BAND BAND #xx:3,Rd B 2 CO#xx:3 of Rd8) -~ C —|—|—|——]? 1
BAND #xx:3,@ERd B 4 CO#xx:3 of @ERd) - C —|— === 3
BAND #xx:3,@aa:8 B CO#xx:3 of @aa:8) -~ C —|—|—=|—|—] 3
BAND #xx:3,@aa:16 B CO#xx:3 of @aa:16) - C —|—|—|—]—]? 4
BAND #xx:3,@aa:32 B 8 CO#xx:3 of @aa:32)-C — ===t 5
BIAND BIAND #xx:3,Rd B 2 C~ (#xx:3 of Rd8)] - C —|—|—=]=|—]? 1
BIAND #xx:3,@ERd B 4 CO- (#xx:3 of @ERd)] - C —|— ===t 3
BIAND #xx:3,@aa:8 B 4 CO- (#xx:3 of @aa:8)]-C — =] ===t 3
BIAND #xx:3,@aa:16 B CO~ (#xx:3 of @aa:16)]-C e el el el el I 4
BIAND #xx:3,@aa:32 B CO- (#xx:3 of @aa:32)]-C o e el el e 5
BOR BOR #xx:3,Rd B 2 CO#xx:3 of Rd8) -~ C —|—|—|—|—] 1
BOR #xx:3,@ERd B 4 CO#xx:3 of @ERd) - C — === ? 3
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Table A-1 Instruction Set (cont)

(5) Bit-Manipulation Instructions (cont)

Addressing Mode/
Instruction Length (Bytes)

3
& od
o || o8
% c B:CJ E 9 o it 1
. g «| % = uIJ s|s é Condition Code | No. of States*
Mnemonic O|¥|x|® BB e | Operation I'lH[N|Z|Vv|Cc| Advanced
BOR BOR #xx:3,@aa:8 B 4 CO#xx:3 of @aa:8)-C —|— == ? 3
BOR #xx:3,@aa: 16 B 6 CO#xx:3 of @aa:16) - C — === 4
BOR #xx:3,@aa:32 B 8 CO#xx:3 of @aa:32) - C RN PR R PR R 5
BIOR BIOR #xx:3,Rd B 2 C- (#xx:3 of Rd8)] -~ C —|— === 1
BIOR #xx:3,@ERd B 4 CO- (#xx:3 of @ERd)]-C — ===t 3
BIOR #xx:3,@aa:8 B C~ (#xx:3 of @aa:8)] - C —|—|—[—|—]? 3
BIOR #xx:3,@aa:16 B Cl- (#xx:3 of @aa:16)] - C — === 4
BIOR #xx:3,@aa:32 B 8 C- (#xx:3 of @aa:32)] - C —|—|—|—]—* 5
BXOR BXOR #xx:3,Rd B 2 CO(#xx:3 of Rd8) - C —|—|—]—]—]? 1
BXOR #xx:3,@ERd B 4 CO@#xx:3 of @ERd) -~ C —|— == ? 3
BXOR #xx:3,@aa:8 B 4 CO(#xx:3 of @aa:8)-»C —|—|—=]—=]—]? 3
BXOR #xx:3,@aa:16 B CO#xx:3 of @aa:16) - C —|—|—=]—=]—]? 4
BXOR #xx:3,@aa:32 B CO(#xx:3 of @aa:32) - C —|—|—=|=]—]? 5
BIXOR BIXOR #xx:3,Rd B 2 CO[~ (#xx:3 of Rd8)] - C —|—|—=]=]—]? 1
BIXOR #xx:3,@ERd B 4 CO[- (#xx:3 of @ERd)] - C — = === 3
BIXOR #xx:3,@aa:8 B CO[- (#xx:3 of @aa:8)] - C e el b e el 3
BIXOR #xx:3,@aa:16 B CO[- (#xx:3 of @aa:16)] - C —|—|—=]—]—|? 4
BIXOR #xx:3,@aa:32 B 8 CO[- (#xx:3 of @aa:32)] - C —|—|—|——|? 5
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TableA-1

Instruction Set

(6) Branch Instructions

Instruction Length (Bytes)

Addressing Mode/

2

8 4

= El= o Operation Condition Code | No. of States*?

c c W ol

. g x| o % I (g) Branching
Mnemonic PIE A ICICCKCS) Condition | | |[HIN|z|v|c| Advanced
Bce BRA d:8(BT d:8) — 2 if condition is true then | Always | —|—|—|—|—|— 2

BRA d:16(BT d:16) — 4 PC —PC+d || —| =] —|— 3
BRN d:8(BF d:8) — 2 else next; Never |—|—|—|—|—|— 2
BRN d:16(BF d:16) — 4 === 3
BHI d:8 — 2 CZ=0 |—|—|—|—|—|— 2
BHI d:16 — 4 === 3
BLS d:8 — 2 CczZz=1 |—|—|—|—|—|— 2
BLS d:16 — 4 || =] =] = 3
BCC d:B(BHS d:8) — 2 c=0 == === 2
BCC d:16(BHS d:16) — 4 —|—|—=|—=|—|— 3
BCS d:8(BLO d:8) — 2 c=1 === 2
BCS d:16(BLO d:16) — 4 = === 3
BNE d:8 — 2 Z=0 || === 2
BNE d:16 — 4 —|— = === 3
BEQ d:8 — 2 7=1 = — 2
BEQ d:16 — 4 = === 3
BVC d:8 — 2 V=0 === 2
BVC d:16 — 4 R R R R 3
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TableA-1 Instruction Set (cont)
(6) Branch Instructions (cont)

IHOVL1IH

Addressing Mode/
Instruction Length (Bytes)
p
X @
P [}
e o/® . .
© S ~ Operation Condition Code | No. of States**
c x| c O
I clu|x als
02 x IIEIRE Branching
Mnemonic Ol%| %666 e | Condition | | |[H|N|Z|V|C Advanced
Bcc BVS d:8 — 2 V=1 == 2
BVS d:16 — 4 —|— = === 3
BPL d:8 — 2 N=0 = = — 2
BPL d:16 — 4 === 3
BMI d:8 — 2 N=1 === 2
BMI d:16 — 4 — === == 3
BGE d:8 — 2 NOV=0 |—|—|—|—|—|— 2
BGE d:16 — 4 N IR R R DU P 3
BLT d:8 — 2 NOV=1 | —|—|—|—|—|— 2
BLT d:16 — 4 —|— = === 3
BGT d:8 — 2 ZOINOV)=0| — | —| —| —|—|— 2
BGT d:16 — 4 === 3
BLE d:8 — 2 ZONOV)=1| — | — | — | —|—| — 2
BLE d:16 — 4 | — =] == 3




TableA-1 Instruction Set (cont)
(6) Branch Instructions (cont)

IHOVL1IH

Addressing Mode/
Instruction Length (Bytes)
:
N &x
0 _ EJ@
] c |2 ~
% - x| c O\ & .
s £ 1'-';, Bl % 6 Condition Code | No. of States*!
) x welim el
Mnemonic SRR Operation I[HIN|Zz|Vv|c| Advanced
JMP JMP @ERN — 2 PC~ERN — | —|—|—|—|— 2
IMP @aa:24 — 4 PC —aa:24 —|—|—|—|—]— 3
JMP @ @aa:8 — 2 PC - @aa:8 = = — 5
BSR BSR d:8 — 2 PC- @-SP,PC —PC+d:8 —|—|—|—|—|— 4
BSR d:16 — 4 PC- @-SP,PC - PC+d:16 —|—|—|—|—=]— 5
JSR JSR @ERn — 2 PC- @-SP,PC —ERn === 4
JSR @aa:24 — 4 PC- @-SP,PC~aa:24 —|—|—|—|—|— 5
JSR @@aa:8 — 2 PC- @-SP,PC - @aa:8 —|— === 6
RTS RTS — 2| PC- @SP+ — === == 5

€v9
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Table A-1

(7) System Control Instructions

Instruction Set

Instruction Length (Bytes)

Addressing Mode/

p
S @
o || o8
-c% c S:CJ E 9 it iti 1
. g «| % = LIIJ s|s é Condition Code | No. of States*
Mnemonic kR EEIEEEE Operation I|[H|N|z|Vv|C| Advanced
TRAPA TRAPA #xx:2 PC - @-SP,CCR- @-SP, 1|—|—|—|—|— 81[9]
EXR - @-SP,<vector> - PC
RTE RTE — EXR « @SP+,CCR - @SP+, slelels]e]s 5[9]
PC - @SP+
SLEEP SLEEP — Transition to power-down state | —|—|—|—|—|— 2
LDC LDC #xx:8,CCR B|2 #xx:8 - CCR AR 1
LDC #xx:8,EXR B|4 #xx:8 - EXR —|—|—|—|—|— 2
LDC Rs,CCR B 2 Rs8 - CCR 3 T T A R I 1
LDC Rs,EXR B Rs8 - EXR o e el el 1
LDC @ERSs,CCR w @ERs-CCR N A R A 3
LDC @ERs,EXR w @ERs - EXR — == |—|—|— 3
LDC @(d:16,ERs),CCR W 6 @(d:16,ERs) - CCR E 3 B I A R S 4
LDC @(d:16,ERs),EXR  |W 6 @(d:16,ERs) - EXR —|—|—=]—=|—|— 4
LDC @(d:32,ERs),CCR |W 10 @(d:32,ERs) - CCR tltle|t|e]s 6
LDC @(d:32,ERs),EXR  |W 10 @(d:32,ERs) - EXR —|—|—=|=|—=]— 6
LDC @ERs+,CCR W @ERs -CCR,ERS32+2ERs32 |t |t |t |t ||t 4
LDC @ERs+,EXR W @ERs - EXR,ERs32+2 - ERs32 |—|—|—|—|—|— 4
LDC @aa:16,CCR W 6 @aa:16 - CCR F S O I O 4
LDC @aa:16,EXR w 6 @aa:16 - EXR — == |—=|=|— 4
LDC @aa:32,CCR W 8 @aa:32-CCR 2 B2 A A I 4 5
LDC @aa:32,EXR W 8 @aa:32 - EXR — == |—|—|— 5
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Table A-1 Instruction Set (cont)
(7) System Control Instructions (cont)

Instruction Length (Bytes)

Addressing Mode/

p
S x
a8
% c é E 9 ot iti 1
| E’_ < 5 = LIIJ s|s C% Condition Code | No. of States*
Mnemonic <EREREIEEIEEEE Operation I /HIN|Z|V|C| Advanced
STC STC CCR,Rd B 2 CCR-Rd8 — === == 1
STC EXR,Rd B 2 EXR - Rd8 — | ——|—=|—=]— 1
STC CCR,@ERd w 4 CCR- @ERd — === =] 3
STC EXR,@ERd W 4 EXR - @ERd —|—|—|—=|—|— 3
STC CCR,@(d:16,ERd) W CCR - @(d:16,ERd) e e e el el 4
STC EXR,@(d:16,ERd) |W 6 EXR - @(d:16,ERd) —|—|—=|—|—]— 4
STC CCR,@(d:32,ERd) |W 10 CCR - @(d:32,ERd) e o e el e 6
STC EXR,@(d:32,ERd) |W 10 EXR - @(d:32,ERd) —|—|—=|—=|=]— 6
STC CCR,@-ERd W ERd32-2 - ERd32,CCR- @ERd |—|—|—|—|—|— 4
STC EXR,@-ERd W ERd32-2 -ERd32,EXR - @ERd |—|—|—|—|—|— 4
STC CCR,@aa:16 w 6 CCR- @aa:16 —|— === 4
STC EXR,@aa:16 W 6 EXR - @aa:16 — == |—=|—]— 4
STC CCR,@aa:32 ' 8 CCR- @aa:32 — === —|— 5
STC EXR,@aa:32 W 8 EXR- @aa:32 —_ == =] — 5
ANDC ANDC #xx:8,CCR B|2 CCR[#xx:8 - CCR I R R A A 1
ANDC #xx:8,EXR B|4 EXR#xx:8 - EXR —|—|—=|—=]—=]— 2
ORC ORC #xx:8,CCR B|2 CCR#xx:8 - CCR F B A T B 1
ORC #xx:8,EXR B4 EXR#xx:8 - EXR —|—|—=|—|—|— 2
XORC XORC #xx:8,CCR B|2 CCRO#xx:8 -CCR N B 2 B A 1
XORC #xx:8,EXR B4 EXRO#xx:8 -~ EXR —|—|—|—|—|— 2
NOP NOP — PC ~PC+2 — == === 1
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Table A-1 Instruction Set
(8) Block Transfer Instructions

Addressing Mode/
Instruction Length (Bytes)
+
g @
2 ] g8
o] C | —~
c x| c O
© glyjx alg Condition Code | No. of States*!
Slix|c|w|Z= H8zie
Mnemonic IEIFHECICCICIECIEIR Operation I/H|N|Z|V|C Advanced
EEPMOV | EEPMOV.B — 4| if RAL£O = === 4+2n *2
Repeat @ER5 - @ER6
ER5+1 - ER5
ER6+1 - ER6
R4L-1 - R4L
Until R4L=0
else next;
EEPMOV.W — 4 | if R4£0 = === 4420 *2
Repeat @ER5 - @ER6
ER5+1 - ER5
ER6+1 - ER6
R4-1-R4
Until R4=0
else next;
Notes: 1. The number of states is the number of states required for execution when the instruction and its operands are located in on-chip memory.
2. nisthe initial value of R4L or R4.
[1] Seven states for saving or restoring two registers, nine states for three registers, or eleven states for four registers.
[2] Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series.
[3] Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
[4] Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

[5]
6]
[7]
8]
[0

Retains its previous value when the result is zero; otherwise cleared to 0.
Set to 1 when the divisor is negative; otherwise cleared to 0.

Set to 1 when the divisor is zero; otherwise cleared to 0.

Set to 1 when the quotient is negative; otherwise cleared to 0.

One additional state is required for execution when EXR is valid.




A2 Instruction Codes

Table A-2 shows the instruction codes.
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Table A-2

Instruction Codes

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte
ADD ADD.B #xx:8,Rd B| 8 | rd IMM
ADD.B Rs,Rd B 0 8 rs rd
ADD.W #xx:16,Rd w| 7 9|1 IMM
ADD.W Rs,Rd w 0 9 rs rd
ADD.L #xx:32,ERd L| 7 A | 1 ioed IMM
ADD.L ERs,ERd L| o i A [iliersi0ierd
ADDS  |ADDS #1,ERd Ll o i B | o ioed
ADDS #2,ERd L| o i B | 8 ioed
ADDS #4,ERd L| o i B | 9 ioed
ADDX | ADDX #xx:8,Rd B| 9 | rd IMM
ADDX Rs,Rd Bl o i E|rrimd
AND AND.B #xx:8,Rd B| E | rd IMM
AND.B Rs,Rd B 1 6 rs rd
AND.W #xx:16,Rd w| 7 9|6 i IMM
AND.W Rs,Rd w|l 66 |rs i |
AND.L #xx:32,ERd L| 7 A | 6 ioed IMM
AND.L ERs,ERd Lo 1| F o] 6! 6 [oesioend
ANDC | ANDC #xx:8,CCR Bl o ! & IMM
ANDC #xx:8,EXR Bloi1]l4ai1]0i6] mm
BAND BAND #xx:3,Rd B 7 6 |[0:IIMM: rd
BAND #xx:3,@ERd B| 7 i c |oiedi 0 | 7 | 6 [0iMM| O
BAND #xx:3,@aa:8 B 7 E abs 7 6 |[0:IIMM: O
BAND #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 6 |oiMMi 0
BAND #xx:3,@aa:32 B| 6 | A | 3 abs 7 1 6 |oiMMi 0
Bcc BRA d:8 (BT d:8) — | a0 disp |
BRA d:16 (BT d:16) — | 5i8]o0oio disp
BRN d:8 (BF d:8) N disp |
BRN d:16 (BF d:16) — |5 i8] 110 disp
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Table A-2 Instruction Codes (cont)

Instruc-

Instruction Format

> Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte
Bcc BHI d:8 — | 4 2 disp
BHI d:16 —| 5 i8] 210 disp
BLS d:8 —| 4 3 disp |
BLS d:16 — |5 i8] 31io0 disp
BCC d:8 (BHS d:8) —| 4 4 disp |
BCC d:16 (BHS d:16) —| s i8 |4 io0 disp
BCS d:8 (BLO d:8) —| 4 s disp |
BCS d:16 (BLO d:16) —| s i8 |5 o0 disp
BNE d:8 — |4 6 disp |
BNE d:16 —| s 8 6 | 0 disp
BEQ d:8 —| a7 disp |
BEQ d:16 —| s 8 710 disp
BVC d:8 —| 4 8 disp |
BVC d:16 —| s 8 8 | 0 disp
BVS d:8 — | 4 i 9 disp |
BVS d:16 —| s 8 9 | 0 disp
BPL d:8 — | a4 A disp |
BPL d:16 —| s 8 | Ao disp
BMI d:8 —| 4 8 disp |
BMI d:16 —| s 8 B | 0 disp
BGE d:8 —| 4 c disp |
BGE d:16 —| s 8 | cio disp
BLT d:8 —| 4 D disp |
BLT d:16 —| s 8 | bio disp
BGT d:8 — |4 E disp |
BGT d:16 —| 5 8 E i 0 disp
BLE d:8 —| 4 F disp |
BLE d:16 —| 5 8 Fio disp
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Table A-2 Instruction Codes (cont)

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte

BCLR | BCLR #xx:3,Rd B| 7 | 2 [oiMMi rd

BCLR #xx:3,@ERd B| 7 | D [oiedi 0 | 7 | 2 |oiMM{ O

BCLR #xx:3,@aa:8 B 7 F abs 7 2 [0iIMM: O

BCLR #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 2 |oimmi o

BCLR #xx:3,@aa:32 B| 6 | A| 3 i 8 abs 7 i 2 |oimmi o

BCLR Rn,Rd B 6 2 m rd

BCLR Rn,@ERd B| 7 | D |oierdi O 2 | mio

BCLR Rn,@aa:8 B 7 F abs 6 2 m 0

BCLR Rn,@aa:16 B 6 A 1 abs 6 2 m 0

BCLR Rn,@aa:32 B| 6 | A | 3 abs 6 i 2 | mio
BIAND | BIAND #xx:3,Rd B| 7 | 6 [1iIMM

BIAND #xx:3,@ERd B| 7 i c |oiedi 0 | 7 | 6 [|1iMM| O

BIAND #xx:3,@aa:8 B 7 E abs 7 6 [LIMM: O

BIAND #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 6 |liMMi 0

BIAND #xx:3,@aa:32 B| 6 | A | 3 abs 7 i 6 [1iMmMi o
BILD BILD #xx:3,Rd B| 7 | 7 [1iMM

BILD #xx:3,@ERd B| 7 i c |oiedi 0 | 7 | 7 |1iMM| O

BILD #xx:3,@aa:8 B 7 E abs 7 7 [1IMM: O

BILD #xx:3,@aa:16 B| 6 | A | 1 abs 7 0 7 |1immi o

BILD #xx:3,@aa:32 B| 6 | A | 3 abs 7 1 7 [1imMmi o
BIOR | BIOR #xx:3,Rd B| 7 | 4 [1iMM

BIOR #xx:3,@ERd B 7 C |Oierd! O 7 LIMM: 0

BIOR #xx:3,@aa:8 B 7 E abs 7 1LiIMM: 0

BIOR #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 4 |1iMmi o

BIOR #xx:3,@aa:32 B| 6 | A | 3 abs 7 i 4 [1imMmi o
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Table A-2 Instruction Codes (cont)

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte

BIST  |BIST #xx:3,Rd B| 6 | 7 [1iMM

BIST #xx:3,@ERd B| 7 | D |oierdi O 7 |1iMMmi 0

BIST #xx:3,@aa:8 B 7 F abs 7 |[LiIMM: O

BIST #xx:3,@aa:16 B| 6 | A | 1 abs 6 | 7 |1iMMi o

BIST #xx:3,@aa:32 B| 6 | A| 3 i 8 abs 6 | 7 [1IMMi o
BIXOR |BIXOR #xx:3,Rd B| 7 | 5 |1iMM rd

BIXOR #xx:3, @ERd B| 7 i c |olerdi O | 7 | 5 [1IMM| 0O

BIXOR #xx:3,@aa:8 B 7 E abs 7 5 [LIMM: O

BIXOR #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 5 |1iMMi o

BIXOR #xx:3,@aa:32 B| 6 | A | 3 abs 7 i 5 [1iMmMi o
BLD BLD #xx:3,Rd B| 7 | 7 [oiMMi rd

BLD #xx:3,@ERd B| 7 i c |olerdi O | 7 | 7 |0IMM| O

BLD #xx:3,@aa:8 B 7 E abs 7 7 |0iIMM: O

BLD #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 7 |oimmi o

BLD #xx:3,@aa:32 B| 6 | A | 3 abs 7 i 7 |oimmi o
BNOT  |BNOT #xx:3,Rd B| 7 | 1 [oiMMi rd

BNOT #xx:3,@ERd B| 7 | D [oiedi 0 | 7 | 1 [oiMM| O

BNOT #xx:3,@aa:8 B 7 F abs 7 1 |0IMM: O

BNOT #xx:3,@aa:16 B| 6 | A | 1 abs 7 1 |oiMmi o

BNOT #xx:3,@aa:32 B| 6 | A| 3 i 8 abs 7 i 1 |oimmi o

BNOT Rn,Rd B 6 1 m rd

BNOT Rn,@ERd B| 7 | D |oierdi O 1 | mio

BNOT Rn,@aa:8 B 7 F abs 1 m 0

BNOT Rn,@aa:16 B 6 A 1 abs 6 1 m 0

BNOT Rn,@aa:32 B 6 A 3 abs 6 1 m 0
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Table A-2 Instruction Codes (cont)

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte

BOR BOR #xx:3,Rd B| 7 | 4 [oiMM rd

BOR #xx:3,@ERd B| 7 | c |oledi 0 | 7 0iIIMM 0

BOR #xx:3,@aa:8 B 7 E abs 7 0iIMM: 0

BOR #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 4 |oiMmi o

BOR #xx:3,@aa:32 B| 6 | A | 3 abs 7 i 4 |oimmi o
BSET  |BSET #xx:3,Rd B| 7 i 0 [oiMM rd

BSET #xx:3,@ERd B| 7 | D |oledi 0 | 7 0iIIMM 0

BSET #xx:3,@aa:8 B 7 F abs 7 OiIMM: 0

BSET #xx:3,@aa:16 B| 6 | A | 1 abs 7 i o |oiMmi o

BSET #xx:3,@aa:32 B| 6 | A | 3 abs 7 i o |oimMmi o

BSET Rn,Rd Bl 6 0 |mim

BSET Rn,@ERd B| 7 | D |oierdi O m i 0

BSET Rn,@aa:8 B 7 F abs m 0

BSET Rn,@aa:16 B 6 A 1 8 abs 6 0 m 0

BSET Rn,@aa:32 B 6 A 3 abs 6 0 m 0
BSR BSR d:8 — 5 5 disp

BSR d:16 — 5 C 0 0 disp
BST BST #xx:3,Rd B| 6 | 7 [oiMMi rd

BST #xx:3,@ERd B 7 D |(Oierdi O 7 |0iIMM: O

BST #xx:3,@aa:8 B 7 F abs 6 7 |0iIMM: O

BST #xx:3,@aa:16 B| 6 | A | 1 abs 6 | 7 |oiMMi o

BST #xx:3,@aa:32 B| 6 | A | 3 abs 6 | 7 [oimMMi o
BTST  |BTST #xx:3,Rd B| 7 | 3 |oiMM rd

BTST #xx:3,@ERd B| 7 i c |olerdi O | 7 | 3 [0IMM| O

BTST #xx:3,@aa:8 B 7 E abs 7 3 [0iIMM: O

BTST #xx:3,@aa:16 B| 6 | A | 1 abs 7 i 3 |oimmi o

BTST #xx:3,@aa:32 B| 6 | A | 3 abs 7 i 3 |oimmi o

BTST Rn,Rd B 6 3 m rd

BTST Rn,@ERd B| 7 i c |oleedi 0 | 6 1 3 | m | 0
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Table A-2 Instruction Codes (cont)

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte oth byte 10th byte
BTST |BTST Rn,@aa:8 B| 7 E abs 6 i 3 | mi o
BTST Rn,@aa:16 B 6 A 1 abs 6 3 m 0
BTST Rn,@aa:32 B 6 A 3 abs 6 3 m 0
BXOR BXOR #xx:3,Rd B 7 5 |0:!IMM: rd
BXOR #xx:3,@ERd B 7 C |Oierdi O 7 5 |0:iIMM: O
BXOR #xx:3,@aa:8 B 7 E abs 7 5 [0iIMM: O
BXOR #xx:3,@aa:16 B| 6 | A 1i 0 abs 7 {5 |oiMMmi 0
BXOR #xx:3,@aa:32 B| 6 | A 310 abs 7 i 5 |oiMMi 0
CLRMAC|CLRMAC — | Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
CMP CMP.B #xx:8,Rd B A rd IMM
CMP.B Rs,Rd B 1 C rs rd
CMP.W #xx:16,Rd w 7 9 2 rd IMM
CMP.W Rs,Rd w 1 D rs rd
CMP.L #xx:32,ERd L 7 A 2 i0ierd IMM
CMP.L ERs,ERd L 1 F 1 ers i0ierd
DAA DAA Rd B 0 F 0 rd
DAS DAS Rd B 1 F 0 rd
DEC DEC.B Rd B 1 A 0 rd
DEC.W #1,Rd w 1 B 5 rd
DEC.W #2,Rd w 1 B D rd
DEC.L #1,ERd L 1 B 7 i0ierd
DEC.L #2,ERd L 1 B F iOierd
DIVXS DIVXS.B Rs,Rd B 0 1 D 0 1 rs rd
DIVXS.W Rs,ERd w| o 1 Di{ o 3 | rs i0ierd
DIVXU DIVXU.B Rs,Rd B 5 1 s rd
DIVXU.W Rs,ERd w 5 3 rs 0 erd
EEPMOV|EEPMOV.B — 7 B C 9 8
EEPMOV.W — 7 B D 4 9 8
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Table A-2 Instruction Codes (cont)

Instruc-

Instruction Format

> Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte

EXTS EXTS.W Rd w 1 7 D rd
EXTS.L ERd Ll 14 7 F ioierd

EXTU EXTU.W Rd w 1 7 5 rd
EXTU.L ERd Ll 14 7 7 ioierd

INC INC.B Rd B 0 A 0 rd
INC.W #1,Rd w 0 B 5 rd
INC.W #2,Rd w 0 B D rd
INC.L #1,ERd L 0 B 7 i0ierd
INC.L #2,ERd L 0 B F iOierd

IMP JMP @ERn —| 5 1 9 |olemi 0
JMP @aa:24 — 5 A abs
IJMP @@aa:8 — 5 B abs

JSR JSR @ERn — 1| 5 i D |oiemi 0
JSR @aa:24 — 5 E abs
JSR @@aa:8 — 5 F abs

LDC LDC #xx:8,CCR B 0 7 IMM
LDC #xx:8,EXR B 0 1 4 1 0 7 IMM
LDC Rs,CCR B 0 3 0 rs
LDC Rs,EXR B 0 3 1 rs
LDC @ERs,CCR w 0 1 4 0 6 9 |Oiers: O
LDC @ERs,EXR w 0 1 4 1 6 9 |Oiers: O
LDC @(d:16,ERs),CCR w 0 1 4 0 6 F |[Oiers: O disp
LDC @(d:16,ERs),EXR w 0 1 4 1 6 F |[Oiers: O disp
LDC @(d:32,ERs),CCR | W | 0 1 4 0 7 8 |[Oiersi 0 6 B 2 disp
LDC @(d:32,ERs),EXR | W | 0 1 4 1 7 8 |Oiersi 0 6 B 2 disp
LDC @ERs+,CCR w 0 1 4 0 6 D |Oiers: O
LDC @ERs+,EXR w 0 1 4 1 6 D |Oiers: O
LDC @aa:16,CCR w 0 1 4 0 6 B 0 0 abs
LDC @aa:16,EXR w 0 1 4 1 6 B 0 0 abs
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Table A-2 Instruction Codes (cont)

Instruction Format

Instruc- Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte
LDC LDC @aa:32,CCR w 0 1 4 0 6 B 2 0 abs
LDC @aa:32,EXR w 0 1 4 1 6 B 2 0 abs
LDM LDM.L @SP+, (ERn-ERn+1)| L 0 1 1 0 6 D 7 i0emntl
LDM.L @SP+, (ERn-ERn+2)| L 0 1 2 0 6 D 7 0iem+2
LDM.L @SP+, (ERn-ERn+3)| L 0 1 3 0 6 D 7 :0:emn+3
LDMAC |LDMAC ERs,MACH L Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
LDMAC ERs,MACL L
MAC MAC @ERN+,@ERmM+ —_
MOV MOV.B #xx:8,Rd B F rd IMM
MOV.B Rs,Rd B 0 C rs rd
MOV.B @ERs,Rd B 6 8 |[Oiersi rd
MOV.B @(d:16,ERs),Rd | B 6 E |[Oiersi rd disp
MOV.B @(d:32,ERs),Rd | B 7 8 |Oiers: O 6 A 2 rd disp
MOV.B @ERs+,Rd B 6 C |Oiersi rd
MOV.B @aa:8,Rd B 2 rd abs
MOV.B @aa:16,Rd B 6 A 0 rd abs
MOV.B @aa:32,Rd B 6 A 2 rd abs
MOV.B Rs,@ERd B 6 8 |[lierd:! rs
MOV.B Rs,@(d:16,ERd) | B | 6 E |lierdi rs disp
MOV.B Rs,@(d:32,ERd) | B 7 8 |Oierd! O 6 A A rs disp
MOV.B Rs,@-ERd B 6 C |lierdi rs
MOV.B Rs,@aa:8 B 3 rs abs
MOV.B Rs,@aa :16 B 6 A 8 s abs
MOV.B Rs,@aa:32 B 6 A A s abs
MOV.W #xx:16,Rd w 7 9 0 rd IMM
MOV.W Rs,Rd w 0 D rs rd
MOV.W @ERs,Rd w 6 9 |[Oiersi rd
MOV.W @(d:16,ERs),Rd | W 6 F |[Oiersi rd disp
MOV.W @(d:32,ERs),Rd | W 7 8 |[Oiersi O 6 B 2 rd disp
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Table A-2 Instruction Codes (cont)

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte
MOV MOV.W @ERs+,Rd w 6 D 0 ersi rd
MOV.W @aa:16,Rd w 6 B 0 rd abs
MOV.W @aa:32,Rd w 6 B 2 rd abs
MOV.W Rs,@ERd w 6 9 |lierd! rs
MOV.W Rs,@(d:16,ERd) | W 6 F |lierd! rs disp
MOV.W Rs,@(d:32,ERd) | W | 7 8 |oierdi © 6 B | A |rs disp
MOV.W Rs,@-ERd w 6 D (lierdi rs
MOV.W Rs,@aa:16 w 6 B 8 s abs
MOV.W Rs,@aa:32 w 6 B A s abs
MOV.L #xx:32,Rd L 7 A 0 :Oierd IMM
MOV.L ERs,ERd L| o i F [iliersiOierd
MOV.L @ERs,ERd L 0 1 0 0 6 9 |OiersOierd
MOV.L @(d:16,ERs),ERd| L 0 1 0 0 6 F |OiersOierd disp
MOV.L @(d:32,ERs),ERd| L | 0 1| 0 i o | 7 i 8 [oesi 0| 6 { B | 2 i0erd disp
MOV.L @ERs+,ERd L 0 1 0 0 6 D |OiersiOierd
MOV.L @aa:16 ,ERd L 0 1 0 0 6 B 0 iOierd abs
MOV.L @aa:32 ,ERd L 0 1 0 0 6 B 2 i0ierd abs
MOV.L ERs,@ERd L 0 1 0 0 6 9 |lierd:O;ers
MOV.L ERs,@(d:16,ERd) | L 0 1 0 0 6 F |lierdiO:ers disp
MOV.L ERs,@(d:32,ERd)*| L | © 1| 0 io0o | 7 i 8 [oedi 0| 6 | B | A iDiers disp
MOV.L ERs,@-ERd L 0 1 0 0 6 D |lierdiOiers
MOV.L ERs,@aa:16 L 0 1 0 0 6 B 8 i0iers abs
MOV.L ERs,@aa:32 L 0 1 0 0 6 B A O:iers abs
MOVFPE|MOVFPE @aa:16,Rd B Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
MOVTPE|MOVTPE Rs,@aa:16 B
MULXS |MULXS.B Rs,Rd B 0 1 C 5 0 rs rd
MULXS.W Rs,ERd w| o 1| ¢ 2 | rs i0ierd
MULXU |MULXU.B Rs,Rd B 5 0 rs rd
MULXU.W Rs,ERd w| 5 i 2 | rs ioled
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Table A-2 Instruction Codes (cont)

Instruc-

Instruction Format

> Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte oth byte 10th byte

NEG NEG.B Rd Bl 17 |8 imd

NEG.W Rd w|1i7 |9 i

NEG.L ERd Ll 1 i 7 | B ioerd
NOP NOP —|loiofoio
NOT NOT.B Rd Bl 1 {7 |0 im

NOT.W Rd w|l1i7 |1

NOT.L ERd Ll 1 7 | 3 ioed
OR OR.B #xx:8,Rd Bl C i IMM

OR.B Rs,Rd B 1 4 rs rd

OR.W #xx:16,Rd w| 7 9| 4 i IMM

OR.W Rs,Rd w 6 4 rs rd

OR.L #xx:32,ERd Ll 7 A 0ierd IMM

OR.L ERs,ERd L| o 1| F 0| 6 i 4 |oiersioierd
ORC  |ORC #xx:8,CCR B| O | 4 IMM

ORC #xx:8,EXR Bl o i 1| 4i1]| o014 IMM
POP POP.W Rn w| 6 D |7 im

POP.L ERn L| o 1| 0io0o |6 i D| 7 ioem
PUSH [PUSH.W Rn w| 6  D|Fim

PUSH.L ERn L| o 1| 0io0o |6 i D/| F oem
ROTL |ROTL.BRd B| 12 |8 imd

ROTL.B #2, Rd Bl 12| cim

ROTL.W Rd w|l1i2 |9 i

ROTL.W #2, Rd w|1i2|Dir

ROTL.L ERd Ll 1 2| B ioed

ROTL.L #2, ERd Ll 1 2 | F ioed
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Table A-2 Instruction Codes (cont)

Instruc-

Instruction Format

> Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte

ROTR ROTR.B Rd B 1 3 8 rd
ROTR.B #2, Rd B 1 3 C rd
ROTR.W Rd w 1 3 9 rd
ROTR.W #2, Rd w 1 3 D rd
ROTR.L ERd L 1 3 B iOierd
ROTR.L #2, ERd L 1 3 F Oierd

ROTXL |ROTXL.B Rd B 1 2 0 rd
ROTXL.B #2, Rd B 1 2 4 rd
ROTXL.W Rd w 1 2 1 rd
ROTXL.W #2, Rd w 1 2 5 rd
ROTXL.L ERd L 1 2 3 Oierd
ROTXL.L #2, ERd L 1 2 7 Oierd

ROTXR |ROTXR.B Rd B 1 3 0 rd
ROTXR.B #2, Rd B 1 3 4 rd
ROTXR.W Rd w 1 3 1 rd
ROTXR.W #2, Rd w 1 3 5 rd
ROTXR.L ERd L 1 3 3 Oierd
ROTXR.L #2, ERd L 1 3 7 Oierd

RTE RTE — 5 6 7 0

RTS RTS — 5 4 7 0

SHAL SHAL.B Rd B 1 0 8 rd
SHAL.B #2, Rd B 1 0 C rd
SHAL.W Rd w 1 0 9 rd
SHAL.W #2, Rd w 1 0 D rd
SHAL.L ERd L 1 0 B Oierd
SHAL.L #2, ERd L 1 0 F iOierd
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Table A-2 Instruction Codes (cont)

Instruc- Mnemonic Size Instruction Format
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte oth byte 10th byte
SHAR SHAR.B Rd B 1 1 8 rd
SHAR.B #2, Rd B 1 1 C rd
SHAR.W Rd w 1 1 9 rd
SHAR.W #2, Rd w 1 1 D rd
SHAR.L ERd L 1 1 B iOierd
SHAR.L #2, ERd L 1 1 F Oierd
SHLL SHLL.B Rd B 1 0 0 rd
SHLL.B #2, Rd B 1 0 4 rd
SHLL.W Rd w 1 0 1 rd
SHLL.W #2, Rd w 1 0 5 rd
SHLL.L ERd L 1 0 3 Oierd
SHLL.L #2, ERd L 1 0 7 Oierd
SHLR SHLR.B Rd B 1 1 0 rd
SHLR.B #2, Rd B 1 1 4 rd
SHLR.W Rd w 1 1 1 rd
SHLR.W #2, Rd w 1 1 5 rd
SHLR.L ERd L 1 1 3 Oierd
SHLR.L #2, ERd L 1 1 7 Oierd
SLEEP |SLEEP — 0 1 8 0
STC STC.B CCR,Rd B 0 2 0 rd
STC.B EXR,Rd B 0 2 1 rd
STC.W CCR,@ERd w 0 1 4 0 6 9 |(lierd: O
STC.W EXR,@ERd w 0 1 4 1 6 9 |(lierd: O
STC.W CCR,@(d:16,ERd)| W | 0 1 a4 0 6 F |1ierd] © disp
STC.W EXR,@(d:16,ERd)| W | 0 1 4 1 6 F |1ierd] © disp
STC.W CCR,@(d:32,ERd)| W 0 1 4 0 7 8 |[Oierd! O 6 A disp
STC.W EXR,@(d:32,ERd)| W | 0 1 a4 1 7 8 |oierdi 0 6 A disp
STC.W CCR,@-ERd w 0 1 4 0 6 D |lierd! O
STC.W EXR,@-ERd w 0 1 4 1 6 D |lierd! O
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Table A-2 Instruction Codes (cont)

Instruc-

Instruction Format

> Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte 9th byte 10th byte
STC STC.W CCR,@aa:16 w| o 1| 4i0| 6 iBJ| 8io0 abs
STC.W EXR,@aa:16 w| o 1| 4i1]|6 iBJ|8io0 abs
STC.W CCR,@aa:32 w| o 1| 4i0| 6 iBJ|AioO abs
STC.W EXR,@aa:32 w| o 1| 4i1|6iBJ|AioO abs
STM STM.L(ERn-ERn+1), @-SP | L | © 1 10| 6 {D/| F 0em
STM.L (ERn-ERn+2), @-SP| L | © 1| 20| 6 D] F oem
STM.L (ERn-ERn+3), @-SP| L | © 1| 3i0 1| 6 D] F {oem
STMAC |STMAC MACH,ERd L Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
STMAC MACL ERd L
SUB  |SUB.BRsRd Bl 118 i |
SUB.W #xx:16,Rd wl 7 i 9 30 rd IMM
SUB.W Rs,Rd Wl 19| s |
SUB.L #xx:32,ERd Ll 7 A 3 oierd IMM
SUB.L ERs,ERd Ll 1 i A [tiersioierd
SUBS |SUBS #1,ERd Ll 1B 0 ioierd
SUBS #2,ERd L 1 B 8 ioierd
SUBS #4,ERd L 1 B 9 ioierd
SUBX  |SUBX #xx:8,Rd B| B | IMM
SUBX Rs,Rd B 1 E rs rd
TAS TAS @ERd B| o E 7 i B |olerdi C
TRAPA | TRAPA #x:2 — 1 5 i 7 |ooimm
XOR XOR.B #xx:8,Rd B| D i IMM
XOR.B Rs,Rd B 1 5 rs rd
XOR.W #xx:16,Rd w 7 9 5 rd IMM
XOR.W Rs,Rd w 6 5 rs rd |
XOR.L #xx:32,ERd Ll 7 A 5 ioierd IMM
XOR.L ERs,ERd L] o 1 Fiol| 615 |0§ ers 0ierd
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Table A-2 Instruction Codes (cont)

Instruction Format

Instruc- Mnemonic Size
tion 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte oth byte 10th byte
XORC XORC #xx:8,CCR B 0 5 IMM
XORC #xx:8,EXR B| oi 1 | 4 i1 0} 5 IMM

Note: * Bit 7 of the 4th byte of the MOV.L ERs, @(d:32,ERd) instruction can be either 1 or O.

Legend
IMM:
abs:
disp:

rs, rd, rn:

ers, erd, ern, erm:

Immediate data (2, 3, 8, 16, or 32 bits)
Absolute address (8, 16, 24, or 32 hits)

Displacement (8, 16, or 32 hits)
Register field (4 bits specifying an 8-bit or 16-bit register. The symbols rs, rd, and rn correspond to operand symbols Rs, Rd,and Rn.)

symbols ERs, ERd, ERn, and ERm.)

The register fields specify general registers as follows.

Address Register
32-Bit Register

16-Bit Register

8-Bit Register

Register General Register General Register General
Field Register Field Register Field Register
000 ERO 0000 RO 0000 ROH
001 ER1 0001 R1 0001 R1H
111 ER7 0111 R7 0111 R7H
1000 EO 1000 ROL
1001 E1l 1001 R1L
1111 E7 1111 R7L

Register field (3 bits specifying an address register or 32-bit register. The symbols ers, erd, ern, and erm correspond to operand




Operation Code Map

A3

Table A-3 shows the operation code map.
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Table A-3 Operation Code Map (2)

Instruction code 1st byte 2nd byte
AH ‘ AL | BH ‘ BL
BH| ¢ 1 ‘ 2 ‘ 3 4 5 6 7 8 9 A B c D E F
AH AL

01 | Mov | LDM stm P MAC* SLEEP CLRMAC® Ao | A | TAs | AT
0A INC ADD
0B | ADDS ‘ INC ‘ ‘ INC ADDS ‘ INC ‘ ‘ INC
oF DAA MOV
10 SHLL SHLL SHLL SHAL SHAL SHAL
11 SHLR SHLR SHLR SHAR SHAR SHAR
12 ROTXL ROTXL ROTXL ROTL ROTL ROTL
13 ROTXR ROTXR ROTXR ROTR ROTR ROTR
17 NOT NOT ‘ ‘ EXTU EXTU NEG NEG ‘ ‘ EXTS EXTS
1A DEC suB
1B | SUBS ‘ DEC ‘ ‘ DEC SUBS ‘ DEC ‘ ‘ DEC
1F DAS CMP
58 BRA | BRN | BHI | BLS | Bcc | BCS ‘ BNE ‘ BEQ | BVC | BVS | BPL | BMI | BGE | BLT ‘ BGT ‘ BLE
6A | Mov AT%'E'f) MoV /I%kflf) MOVFPE" MOV MOV MOVTPE"
79 MOV | ADD | CMP | SUB OR | XOR | AND
7A MOV | ADD | CMP | SUB OR | XOR | AND

Note: * Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series.

€99
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Table A-3 Operation Code Map (3)

Instruction code 1st byte 2nd byte 8rd byte 4th byte Instruction when most significant bit of DH is 0.
AH AL BH ‘ BL CH ‘ cL DH DL @: Instruction when most significant bit of DH is 1.

[AH AL BH BL CH ct 0 1 2 3 4 5 6 7 9 A B C D E E

01C05 MULXS MULXS

01D05 DIVXS DIVXS

01F06 OR | XOR | AND

7Cro6 *1 BTST

reror BTST PO R RoR,  BAND. — BILD

7Dr06* | BSET | BNOT | BCLR BSTBl o

7Dr07*L | BSET | BNOT | BCLR

7Eaab *2 BTST

7Eaar 2 BTST BORI;IOR BXOBRIXOR BANIEB)IAND BLDBILD

7Faa6*2 | BSET | BNOT | BCLR BSTBl o

7Faa7*2 | BSET | BNOT | BCLR

Notes: 1. ris the register specification field.
2. aais the absolute address specification.
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Table A-3 Operation Code Map (4)

G99

Instruction code 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte
AH AL BH ‘ BL CH ‘ CL DH DL EH EL FH ‘ FL
Instruction when most significant bit of FH is 0.
Instruction when most significant bit of FH is 1.
EL
0 1 2 3 4 5 6 7 8 9 A B C D E F
AHALBHBLCHCLDHDLEH!
6Al10aaaab*
ALORAAT" BTST /80R_—BXOR— BAND_— |BLD
BIOR| BIXOR BIAND BILD
6A18aaaab* BSTBIST
BSET | BNOT | BCLR
6Al8aaaar*
Instruction code 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte 8th byte
AH AL BH BL CH CL DH DL EH EL FH ‘ FL GH ‘ GL HH ‘ HL
Instruction when most significant bit of HH is 0.
Instruction when most significant bit of HH is 1.
GL
0 1 2 3 4 5 6 7 8 9 A B C D E F
AHALBHBL ... FHFLGH
6A30aaaaaaaab*
BTST
BOR BXOR BAND BLD
%
6A30aaazaaaal BIOR|—BIXOR|_—BIAND_— BILD|
6A38aaaaaaaat* BSTBI ST
BSET | BNOT | BCLR
6A3Baaaaaaaa’*

Note: * aa is the absolute address specification.



A4 Number of States Required for Instruction Execution

The tables in this section can be used to cal culate the number of states required for instruction
execution by the CPU. Table A-5 indicates the number of instruction fetch, data read/write, and
other cycles occurring in each instruction. Table A-4 indicates the number of states required for
each cycle. The number of states required for execution of an instruction can be calculated from
these two tables as follows:

Execution states=1 x§+Jx S+ K xS +L xS +M xS, + N x S

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in three
states with one wait state and 16-bit bus width.

1. BSET #0, @QFFFFC7:8
From table A-5:

I=L=2 J=K=M=N=0

From table A-4:

S =4, S =2

Number of states required for execution=2 x4 +2x2=12

2. JSR @@30
From table A-5:

|1=J=K=2, L=M=N=0
From table A-4:
S5=5=5%=4

Number of states required for execution=2x4+2x4+2x4=24
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Table A-4 Number of Statesper Cycle

Access Conditions

On-Chip Supporting External Device
Module 8-Bit Bus 16-Bit Bus

On-Chip 8-Bit 16-Bit 2-State 3-State 2-State 3-State
Cycle Memory Bus Bus Access Access Access Access
Instruction fetch S, 1 4 2 4 6+2m 2 3+m
Branch address read S,
Stack operation S«
Byte data access S, 2 2 3+m
Word data access Sy 4 4 6 +2m
Internal operation Sy 1 1 1 1 1 1

Legend
m: Number of wait states inserted into external device access
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Table A-5 Number of Cyclesin Instruction Execution

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

ADD ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS ADDS #1/2/4,ERd

ADDX ADDX #xx:8,Rd
ADDX Rs,Rd

AND AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC ANDC #xx:8,CCR
ANDC #xx:8,EXR

BAND BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

R Rk R e

Bcc BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8

N NN N N N DN DNDNMNDNDNDNDNE ODNMDNDMEPEINPEPIDN OFRPDNPRPPRPIP PP O FP NP P
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic [ J K L M N
Bcc BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8
BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

R R R R R R R R R R R PR R R BB

BCLR BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd
BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

AW NN P B WO DN DN PN DNDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDNDNDDNDNDNDDNDNDN
N N NN

N N NN
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

BIAND BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

R

BILD BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

R R R e

BIOR BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

R R R R

BIST BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

N N NN

BIXOR BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

R R R e

BLD BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

AW N DN PP O DNMNDNDNPREPEAE ODNMDNDERPRPIEAE ODNOMDNDMPEPDAR ODNMNDNEP S ODNNMNDDEPRE

S
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Instruction

Mnemonic

Fetch

Branch
Instruction Address Stack
Operation

Read

Byte Word

Data Data Internal
Access Access Operation

J

K

L M N

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd

BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

N N NN

N N NN

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

N

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8
BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd

BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

N N NN

N N NN

BSR

BSR d:8 Advanced

BSR d:16 Advanced

BST

BST #xx:3,Rd

BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

A W NN PFPINMNDN A ODNMNDNDNDEP D ODNMDNDPEAE ODNMDNDPRPIEAARODDMDDNDME M&MODNMDNDPRP

N N NN
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BTST BTST #xx:3,Rd 1
BTST #xx:3,@ERd 2 1
BTST #xx:3,@aa:8 2 1
BTST #xx:3,@aa:16 3 1
BTST #xx:3,@aa:32 4 1
BTST Rn,Rd 1
BTST Rn,@ERd 2 1
BTST Rn,@aa:8 2 1
BTST Rn,@aa:16 3 1
BTST Rn,@aa:32 4 1
BXOR BXOR #xx:3,Rd 1
BXOR #xx:3,@ERd 2 1
BXOR #xx:3,@aa:8 2 1
BXOR #xx:3,@aa: 16 3 1
BXOR #xx:3,@aa:32 4 1

CLRMAC CLRMAC Cannot be used in the H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series

CMP CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

[N

DAA DAA Rd

DAS DAS Rd

DEC DEC.B Rd
DEC.W #1/2,Rd
DEC.L #1/2,ERd

DIVXS DIVXS.B Rs,Rd
DIVXS.W Rs,ERd

11
19

DIVXU DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

11
19

B R[N NP P RP[(R[(PIRP O R N R
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Instruction

Mnemonic

Fetch

Branch
Instruction Address Stack

Read Operation

Byte Word
Data Data Internal
Access Access Operation

J

K

L M N

EEPMOV

EEPMOV.B
EEPMOV.W

2n+2*2

2n+2*2

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd

INC.L #1/2,ERd

JMP

JMP @ERnN
JMP @aa:24

JMP @@aa:8

Advanced

JSR

JSR @ERn

Advanced

JSR @aa:24

Advanced

JSR @@aa:8

Advanced

LDC LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR
LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR
LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

A b W W NN OO OO W WDNDNPERP RPDNPINDNDMNDNDNDNDDNDDNDPE P P[P P[P P[INDDN

R R R R R R R R R R R R
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

LDM LDM.L @SP+, 2 4 1
(ERn-ERN+1)

LDM.L @SP+, 2 6 1
(ERn-ERN+2)

LDM.L @SP+, 2 8 1
(ERn-ERN+3)

LDMAC LDMAC ERs,MACH Cannot be used in the H8S/2338 Series, H8S/2328 Series, or
LDMAC ERs,MACL H8S/2318 Series

MAC MAC @ERN+@ERM+ Cannot be used in the H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series

MOV MOV.B #xx:8,Rd
MOV.B Rs,Rd
MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd
MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd

-

e e = T e = T T = T S e S S =

P W N PP AN P PN ODNPFPPRFPDMMDNDE ODNPPRPD™MDNDPRE PR

S
[
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Instruction

Mnemonic

Branch

Instruction Address Stack
Operation Access

Fetch Read

Byte
Data

Word
Data Internal
Access Operation

| J

K

L

M N

MOV

MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
MOV.L ERs,ERd

MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)
MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:32

A W N OO WO N D ODN OO WDNEFP WWOWDNDPFPMSMDN

1
1
1 1
1
1

N NN DN N DN DN DN DN

N

MOVFPE

MOVFPE @:aa:16,Rd

MOVTPE

MOVTPE Rs,@:aa:16

Can not be used in the H8S/2338 Series, H8S/2328 Series, or

H8S/2318 Series

MULXS

MULXS.B Rs,Rd

11

MULXS.W Rs,ERd

19

MULXU

MULXU.B Rs,Rd

11

MULXU.W Rs,ERd

19

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

R R R[(RPR|RPr P R[R|[RLrIN|N

HITACHI
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

OR OR.B #xx:8,Rd
OR.B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC ORC #xx:8,CCR
ORC #xx:8,EXR

POP POP.W Rn
POP.L ERn

PUSH PUSH.W Rn
PUSH.L ERn

N RN R
I )

ROTL ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

ROTR ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

ROTXL ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

P R R R R R[(RP R R R R RPR[RPR R R R R RINRPINRPINMNRPIN®WERPLRDN R R
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Instruction

Mnemonic

Branch Byte Word

Instruction Address Stack Data Data Internal

Fetch

Read Operation Access Access Operation

J K L M N

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3*1 1

RTS

RTS Advanced

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

SHLR

SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP

SLEEP

RlRPr P P P P PP P P R R R(RPR PR R R PR PR[(RP PP PR RINNPRPR PR R R PR
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Instruction

Mnemonic

Fetch

Branch
Instruction Address Stack
Operation Access

Read

Byte
Data

Word
Data Internal
Access Operation

J

K

L

M N

STC

STC.B CCR,Rd
STC.B EXR,Rd
STC.W CCR,@ERd
STC.W EXR,@ERd

STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)

STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

P R R R R R R R R R R R

STM

STM.L (ERn-ERn+1),
@-SP

STM.L (ERn-ERn+2),
@-SP

STM.L (ERn-ERn+3),
@-SP

NS A W W NN OO O W W NDN P -

STMAC

STMAC MACH,ERd
STMAC MACL,ERd

Cannot be used in the H8S/2338 Series, H8S/2328 Series, or
H8S/2318 Series

SUB

SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

SUBS

SUBS #1/2/4,ERd

SUBX

SUBX #xx:8,Rd
SUBX Rs,Rd

TAS

TAS @ERd

TRAPA

TRAPA #x:2 Advanced

NIN|RP R[RP|[FP WP N PR

2/3*t
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Table A-5 Number of Cyclesin Instruction Execution (cont)

Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic [ J K L M N
XOR XOR.B #xx:8,Rd 1
XOR.B Rs,Rd 1
XOR.W #xx:16,Rd 2
XOR.W Rs,Rd 1
XOR.L #xx:32,ERd 3
XOR.L ERs,ERd 2
XORC XORC #xx:8,CCR 1
XORC #xx:8,EXR 2
Notes: 1. 2 when EXR is invalid, 3 when EXR is valid.
2. When n bytes of data are transferred.
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A.5 Bus States During Instruction Execution

Table A-6 indicates the types of cyclesthat occur during instruction execution by the CPU. See
table A-4 for the number of states per cycle.

How to Read the Table:

Order of execution

Y Y Y
Instruction 1 2 3 4 5 6 7 8
IMP@aa24  |RW 2nd |ferd PN Ry A

A

A {
End of instruction

Read effective address (word-size read)
No read or write

Read 2nd word of current instruction
(word-size read)

Legend

R:B Byte-size read

R:wW Word-size read

W:B Byte-size write

W:wW Word-size write

‘M Transfer of the bus is not performed immediately after this cycle
2nd Address of 2nd word (3rd and 4th bytes)
3rd Address of 3rd word (5th and 6th bytes)
4th Address of 4th word (7th and 8th bytes)
5th Address of 5th word (9th and 10th bytes)
NEXT Address of next instruction

EA Effective address

VEC Vector address
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Figure A-1 shows timing waveforms for the address bus and the RD, HWR, and LWR signals
during execution of the above instruction with an 8-hit bus, using three-state access with no wait
states.

S Ry Ry pEE

HWR LWR | | | High | | |
| i - i |
| R:W 2nd Internal R:W EA |
| | operation | |
- - - -
| Fetching | Fetching | | Fetching | Fetching |

3rd byte 4th byte 1st byte of 2nd byte of
of instruction of instruction instruction at instruction at

jump address jump address

FigureA-1 AddressBus, RD, HWR, and LWR Timing
(8-Bit Bus, Three-State Access, No Wait States)
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Table A-6 Instruction Execution Cycles

Instruction 1 2 3 4 5
ADD.B #xx:8,Rd R:W NEXT
ADD.B Rs,Rd R:W NEXT
ADD.W #xx:16,Rd R:W 2nd R:W NEXT
ADD.W Rs,Rd R:W NEXT
ADD.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
ADD.L ERs,ERd R:W NEXT
ADDS #1/2/4,ERd R:W NEXT
ADDX #xx:8,Rd R:W NEXT
ADDX Rs,Rd R:W NEXT
AND.B #xx:8,Rd R:W NEXT
AND.B Rs,Rd R:W NEXT
AND.W #xx:16,Rd R:W 2nd R:W NEXT
AND.W Rs,Rd R:W NEXT
AND.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
AND.L ERs,ERd R:W 2nd R:W NEXT
ANDC #xx:8,CCR R:W NEXT
ANDC #xx:8,EXR R:W 2nd R:W NEXT
BAND #xx:3,Rd R:W NEXT
BAND #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BAND #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BAND #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BAND #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BRA d:8 (BT d:8) R:W NEXT R:W EA
BRN d:8 (BF d:8) R:W NEXT R:W EA
BHI d:8 R:W NEXT R:W EA
BLS d:8 R:W NEXT R:W EA
BCC d:8 (BHS d:8) R:W NEXT R:W EA
BCS d:8 (BLO d:8) R:W NEXT R:W EA
BNE d:8 R:W NEXT R:W EA
BEQ d:8 R:W NEXT R:W EA
BVC d:8 R:W NEXT R:W EA
BVS d:8 R:W NEXT R:W EA
BPL d:8 R:W NEXT R:W EA
BMI d:8 R:W NEXT R:W EA
BGE d:8 R:W NEXT R:W EA
BLT d:8 R:W NEXT R:W EA
BGT d:8 R:W NEXT R:W EA
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5
BLE d:8 R:W NEXT R:W EA
BRA d:16 (BT d:16) R:W 2nd Internal operation, | R:W EA
1 state
BRN d:16 (BF d:16) R:W 2nd Internal operation, | R:W EA
1 state
BHI d:16 R:W 2nd Internal operation, | R:W EA
1 state
BLS d:16 R:W 2nd Internal operation, | R:W EA
1 state
BCC d:16 (BHS d:16) R:W 2nd Internal operation, | R:W EA
1 state
BCS d:16 (BLO d:16) R:W 2nd Internal operation, | R:W EA
1 state
BNE d:16 R:W 2nd Internal operation, | R:W EA
1 state
BEQ d:16 R:W 2nd Internal operation, | R:W EA
1 state
BVC d:16 R:W 2nd Internal operation, | R:W EA
1 state
BVS d:16 R:W 2nd Internal operation, | R:W EA
1 state
BPL d:16 R:W 2nd Internal operation, | R:W EA
1 state
BMI d:16 R:W 2nd Internal operation, | R:W EA
1 state
BGE d:16 R:W 2nd Internal operation, | R:W EA
1 state
BLT d:16 R:W 2nd Internal operation, | R:W EA
1 state
BGT d:16 R:W 2nd Internal operation, | R:W EA
1 state
BLE d:16 R:W 2nd Internal operation, | R:W EA
1 state
BCLR #xx:3,Rd R:W NEXT
BCLR #xx:3,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BCLR #xx:3,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BCLR #xx:3,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT | W:B EA
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6
BCLR #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BCLR Rn,Rd R:W NEXT
BCLR Rn,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BCLR Rn,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BCLR Rn,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BCLR Rn,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BIAND #xx:3,Rd R:W NEXT
BIAND #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BIAND #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BIAND #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BIAND #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BILD #xx:3,Rd R:W NEXT
BILD #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BILD #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BILD #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BILD #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BIOR #xx:3,Rd R:W NEXT
BIOR #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BIOR #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BIOR #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BIOR #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BIST #xx:3,Rd R:W NEXT
BIST #xx:3,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BIST #xx:3,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BIST #xx:3,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BIST #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BIXOR #xx:3,Rd R:W NEXT
BIXOR #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BIXOR #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BIXOR #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BIXOR #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BLD #xx:3,Rd R:W NEXT
BLD #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BLD #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BLD #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BLD #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BNOT #xx:3,Rd R:W NEXT
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6
BNOT #xx:3,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BNOT #xx:3,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BNOT #xx:3,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BNOT #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BNOT Rn,Rd R:W NEXT
BNOT Rn,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BNOT Rn,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BNOT Rn,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BNOT Rn,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BOR #xx:3,Rd R:W NEXT
BOR #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BOR #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BOR #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BOR #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BSET #xx:3,Rd R:W NEXT
BSET #xx:3,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BSET #xx:3,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BSET #xx:3,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BSET #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BSET Rn,Rd R:W NEXT
BSET Rn,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BSET Rn,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BSET Rn,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BSET Rn,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BSR d:8 Advanced |R:W NEXT R:W EA W:W:M stack (H) | W:W stack (L)
BSR d:16 |Advanced |R:W 2nd Internal operation, | R:W EA W:W:M stack (H) | W:W stack (L)

1 state

BST #xx:3,Rd R:W NEXT
BST #xx:3,@ERd R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BST #xx:3,@aa:8 R:W 2nd R:B:M EA R:W:M NEXT |W:B EA
BST #xx:3,@aa:16 R:W 2nd R:W 3rd R:B:M EA R:W:M NEXT |W:B EA
BST #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B:M EA R:W:M NEXT | W:B EA
BTST #xx:3,Rd R:W NEXT
BTST #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6
BTST #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BTST #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BTST #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BTST Rn,Rd R:W NEXT
BTST Rn,@ERd R:W 2nd R:B EA R:W:M NEXT
BTST Rn,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BTST Rn,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BTST Rn,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
BXOR #xx:3,Rd R:W NEXT
BXOR #xx:3,@ERd R:W 2nd R:B EA R:W:M NEXT
BXOR #xx:3,@aa:8 R:W 2nd R:B EA R:W:M NEXT
BXOR #xx:3,@aa:16 R:W 2nd R:W 3rd R:B EA R:W:M NEXT
BXOR #xx:3,@aa:32 R:W 2nd R:W 3rd R:W 4th R:B EA R:W:M NEXT
CLRMAC Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
CMP.B #xx:8,Rd R:W NEXT
CMP.B Rs,Rd R:W NEXT
CMP.W #xx:16,Rd R:W 2nd R:W NEXT
CMP.W Rs,Rd R:W NEXT
CMP.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
CMP.L ERs,ERd R:W NEXT
DAA Rd R:W NEXT
DAS Rd R:W NEXT
DEC.B Rd R:W NEXT
DEC.W #1/2,Rd R:W NEXT
DEC.L #1/2,ERd R:W NEXT
DIVXS.B Rs,Rd R:W 2nd R:W NEXT Internal operation, 11 states
DIVXS.W Rs,ERd R:W 2nd R:W NEXT Internal operation, 19 states
DIVXU.B Rs,Rd R:W NEXT Internal operation, 11 states \
DIVXU.W Rs,ERd R:W NEXT Internal operation, 19 states
EEPMOV.B R:W 2nd R:BEAs'! |R:BEAd'! |RiBEAs*?2 |WBEAd'? |R:W NEXT
EEPMOV.W R:W 2nd R:BEAs'! |R:BEAd'! |R:BEAs'? |W:BEAd™? |R:W NEXT
EXTS.W Rd R:W NEXT — Repeated n times™2
EXTS.L ERd R:W NEXT
EXTU.W Rd R:W NEXT
EXTU.L ERd R:W NEXT
INC.B Rd R:W NEXT
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Table A-6 Instruction Execution Cycles (cont)

(ERN—ERN+1)

1 state

Instruction 1 2 3 4 5 6
INC.W #1/2,Rd R:W NEXT
INC.L #1/2,ERd R:W NEXT
JMP @ERN R:W NEXT R:W EA
JMP @aa:24 R:W 2nd Internal operation, | R:W EA
1 state
JMP @@aa:8| Advanced |R:W NEXT R:W:M aa:8 |R:W aa:8 Internal operation, | R:W EA
1 state
JSR @ERn | Advanced |R:W NEXT R:W EA W:W:M stack (H)| W:W stack (L)
JSR @aa:24 |Advanced |R:W 2nd Internal operation, | R:W EA W:W:M stack (H)| W:W stack (L)
1 state
JSR @@aa:8|Advanced |R:W NEXT R:W:M aa:8 |R:W aa:8 W:W:M stack (H)| W:W stack (L) |R:W EA
LDC #xx:8,CCR R:W NEXT
LDC #xx:8,EXR R:W 2nd R:W NEXT
LDC Rs,CCR R:W NEXT
LDC Rs,EXR R:W NEXT
LDC @ERs,CCR R:W 2nd R:W NEXT R:W EA
LDC @ERs,EXR R:W 2nd R:W NEXT R:W EA
LDC @(d:16,ERs),CCR |R:W 2nd R:W 3rd R:W NEXT R:W EA
LDC @(d:16,ERs),EXR |R:W 2nd R:W 3rd R:W NEXT R:W EA
LDC @(d:32,ERs),CCR |R:W 2nd R:W 3rd R:W 4th R:W 5th R:W NEXT R:W EA
LDC @(d:32,ERs),EXR |R:W 2nd R:W 3rd R:W 4th R:W 5th R:W NEXT R:W EA
LDC @ERs+,CCR R:W 2nd R:W NEXT Internal operation, | R:W EA
1 state
LDC @ERs+,EXR R:W 2nd R:W NEXT Internal operation, | R:W EA
1 state
LDC @aa:16,CCR R:W 2nd R:W 3rd R:W NEXT R:W EA
LDC @aa:16,EXR R:W 2nd R:W 3rd R:W NEXT R:W EA
LDC @aa:32,CCR R:W 2nd R:W 3rd R:W 4th R:W NEXT R:W EA
LDC @aa:32,EXR R:W 2nd R:W 3rd R:W 4th R:W NEXT R:W EA
LDM.L @SP+, R:W 2nd R:W:M NEXT | Internal operation, | R:\W:M stack (H)*3| R:W stack (L)*3
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Table A-6 Instruction Execution Cycles (cont)

1 state

Instruction 1 2 3 4 5
LDM.L @SP+,(ERn-ERn+2) | R:W 2nd R:W NEXT Internal operation, | R:W:M stack (H)*3| R:W stack (L)*3
1 state
LDM.L @SP+,(ERn-ERn+3) | R:W 2nd R:W NEXT Internal operation, | R:W:M stack (H)*3| R:W stack (L)*3

LDMAC ERs,MACH

LDMAC ERs,MACL

MAC @ERn+ @ERm+

Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series

MOV.B #xx:8,Rd R:W NEXT
MOV.B Rs,Rd R:W NEXT
MOV.B @ERs,Rd R:W NEXT R:B EA
MOV.B @(d:16,ERs),Rd R:W 2nd R:W NEXT R:B EA
MOV.B @(d:32,ERs),Rd R:W 2nd R:W 3rd R:W 4th R:W NEXT R:B EA
MOV.B @ERs+,Rd R:W NEXT Internal operation, | R:B EA
1 state
MOV.B @aa:8,Rd R:W NEXT R:B EA
MOV.B @aa:16,Rd R:W 2nd R:W NEXT R:B EA
MOV.B @aa:32,Rd R:W 2nd R:W 3rd R:W NEXT R:B EA
MOV.B Rs,@ERd R:W NEXT W:B EA
MOV.B Rs,@(d:16,ERd) R:W 2nd R:W NEXT W:B EA
MOV.B Rs,@(d:32,ERd) R:W 2nd R:W 3rd R:W 4th R:W NEXT W:B EA
MOV.B Rs,@-ERd R:W NEXT Internal operation, | W:B EA
1 state
MOV.B Rs,@aa:8 R:W NEXT W:B EA
MOV.B Rs,@aa:16 R:W 2nd R:W NEXT W:B EA
MOV.B Rs,@aa:32 R:W 2nd R:W 3rd R:W NEXT W:B EA
MOV.W #xx:16,Rd R:W 2nd R:W NEXT
MOV.W Rs,Rd R:W NEXT
MOV.W @ERs,Rd R:W NEXT R:W EA
MOV.W @(d:16,ERs),Rd | R:W 2nd R:W NEXT R:W EA
MOV.W @(d:32,ERs),Rd | R:W 2nd R:W 3rd R:W 4th R:W NEXT R:W EA
MOV.W @ERs+, Rd R:W NEXT Internal operation, | R:W EA
1 state
MOV.W @aa:16,Rd R:W 2nd R:W NEXT R:W EA
MOV.W @aa:32,Rd R:W 2nd R:W 3rd R:W NEXT R:B EA
MOV.W Rs,@ERd R:W NEXT W:W EA
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6 7
MOV.W Rs,@(d:16,ERd) | R:W 2nd R:W NEXT W:W EA
MOV.W Rs,@(d:32,ERd) | R:W 2nd R:W 3rd R:E 4th R:W NEXT W:W EA
MOV.W Rs,@-ERd R:W NEXT Internal operation, | W:W EA
1 state
MOV.W Rs,@aa:16 R:W 2nd R:W NEXT W:W EA
MOV.W Rs,@aa:32 R:W 2nd R:W 3rd R:W NEXT W:W EA
MOV.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
MOV.L ERs,ERd R:W NEXT
MOV.L @ERs,ERd R:W 2nd R:W:M NEXT |R:W:M EA R:W EA+2
MOV.L @(d:16,ERs),ERd | R:W 2nd R:W:M 3rd R:W NEXT R:W:M EA R:W EA+2
MOV.L @(d:32,ERs),ERd | R:W 2nd R:W:M 3rd R:W:M 4th R:W 5th R:W NEXT R:W:M EA R:W EA+2
MOV.L @ERs+,ERd R:W 2nd R:W:M NEXT | Internal operation, | R:W:M EA R:W EA+2
1 state
MOV.L @aa:16,ERd R:W 2nd R:W:M 3rd R:W NEXT R:W:M EA R:W EA+2
MOV.L @aa:32,ERd R:W 2nd R:W:M 3rd R:W 4th R:W NEXT R:W:M EA R:W EA+2
MOV.L ERs,@ERd R:W 2nd R:W:M NEXT |W:W:M EA W:W EA+2
MOV.L ERs,@(d:16,ERd) | R:W 2nd R:W:M 3rd R:W NEXT W:W:M EA W:W EA+2
MOV.L ERs,@(d:32,ERd) | R:W 2nd R:W:M 3rd R:W:M 4th R:W 5th R:W NEXT W:W:M EA W:W EA+2
MOV.L ERs,@-ERd R:W 2nd R:W:M NEXT | Internal operation, | W:W:M EA W:W EA+2
1 state
MOV.L ERs,@aa:16 R:W 2nd R:W:M 3rd R:W NEXT W:W:M EA W:W EA+2
MOV.L ERs,@aa:32 R:W 2nd R:W:M 3rd R:W 4th R:W NEXT W:W:M EA W:W EA+2

MOVFPE @aa:16,Rd

MOVTPE Rs,@aa:16

Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series

MULXS.B Rs,Rd R:W 2nd R:W NEXT Internal operation, 11 states
MULXS.W Rs,ERd R:W 2nd R:W NEXT Internal operation, 19 states
MULXU.B Rs,Rd R:W NEXT Internal operation, 11 states

MULXU.W Rs,ERd R:W NEXT Internal operation, 19 states

NEG.B Rd R:W NEXT

NEG.W Rd R:W NEXT

NEG.L ERd R:W NEXT

NOP R:W NEXT

NOT.B Rd R:W NEXT

NOT.W Rd R:W NEXT

NOT.L ERd R:W NEXT

OR.B #xx:8,Rd R:W NEXT

OR.B Rs,Rd R:W NEXT
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5
OR.W #xx:16,Rd R:W 2nd R:W NEXT
OR.W Rs,Rd R:W NEXT
OR.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
OR.L ERs,ERd R:W 2nd R:W NEXT
ORC #xx:8,CCR R:W NEXT
ORC #xx:8,EXR R:W 2nd R:W NEXT
POP.W Rn R:W NEXT Internal operation, | R:W EA
1 state
POP.L ERN R:W 2nd R:W:M NEXT | Internal operation, | R:W:M EA R:W EA+2
1 state
PUSH.W Rn R:W NEXT Internal operation, | W:W EA
1 state
PUSH.L ERn R:W 2nd R:W:M NEXT | Internal operation, | W:W:M EA W:W EA+2
1 state
ROTL.B Rd R:W NEXT
ROTL.B #2,Rd R:W NEXT
ROTL.W Rd R:W NEXT
ROTL.W #2,Rd R:W NEXT
ROTL.L ERd R:W NEXT
ROTL.L #2,ERd R:W NEXT
ROTR.B Rd R:W NEXT
ROTR.B #2,Rd R:W NEXT
ROTR.W Rd R:W NEXT
ROTR.W #2,Rd R:W NEXT
ROTR.L ERd R:W NEXT
ROTR.L #2,ERd R:W NEXT
ROTXL.B Rd R:W NEXT
ROTXL.B #2,Rd R:W NEXT
ROTXL.W Rd R:W NEXT
ROTXL.W #2,Rd R:W NEXT
ROTXL.L ERd R:W NEXT
ROTXL.L #2,ERd R:W NEXT
ROTXR.B Rd R:W NEXT
ROTXR.B #2,Rd R:W NEXT
ROTXR.W Rd R:W NEXT
ROTXR.W #2,Rd R:W NEXT
ROTXR.L ERd R:W NEXT
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6
ROTXR.L #2,ERd R:W NEXT
RTE R:W NEXT  [R:W stack (EXR) | R:W stack (H) | R:W stack (L) Internal operation, | R:W*4
1 state
RTS Advanced |R:W NEXT  [R:W:M stack (H) |R:W stack (L) Internal operation, | R:W*4
1 state
SHAL.B Rd R:W NEXT
SHAL.B #2,Rd R:W NEXT
SHAL.W Rd R:W NEXT
SHAL.W #2,Rd R:W NEXT
SHAL.L ERd R:W NEXT
SHAL.L #2,ERd R:W NEXT
SHAR.B Rd R:W NEXT
SHAR.B #2,Rd R:W NEXT
SHAR.W Rd R:W NEXT
SHAR.W #2,Rd R:W NEXT
SHAR.L ERd R:W NEXT
SHAR.L #2,ERd R:W NEXT
SHLL.B Rd R:W NEXT
SHLL.B #2,Rd R:W NEXT
SHLL.W Rd R:W NEXT
SHLL.W #2,Rd R:W NEXT
SHLL.L ERd R:W NEXT
SHLL.L #2,ERd R:W NEXT
SHLR.B Rd R:W NEXT
SHLR.B #2,Rd R:W NEXT
SHLR.W Rd R:W NEXT
SHLR.W #2,Rd R:W NEXT
SHLR.L ERd R:W NEXT
SHLR.L #2,ERd R:W NEXT
SLEEP R:W NEXT |Internal operation:M
STC CCR,Rd R:W NEXT
STC EXR,Rd R:W NEXT
STC CCR,@ERd R:W 2nd R:W NEXT W:W EA
STC EXR,@ERd R:W 2nd R:W NEXT W:W EA
STC CCR,@(d:16,ERd) |R:W 2nd R:W 3rd R:W NEXT W:W EA
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6 7 8 9
STC EXR,@(d:16,ERd) R:W 2nd R:W 3rd R:W NEXT W:W EA
STC CCR,@(d:32,ERd) |R:W 2nd R:W 3rd R:W 4th R:W 5th R:W NEXT W:W EA
STC EXR,@(d:32,ERd) |R:W 2nd R:W 3rd R:W 4th R:W 5th R:W NEXT W:W EA
STC CCR,@-ERd R:W 2nd R:W NEXT Internal operation, | W:W EA
1 state
STC EXR,@—-ERd R:W 2nd R:W NEXT Internal operation, | W:W EA
1 state
STC CCR,@aa:16 R:W 2nd R:W 3rd R:W NEXT |W:W EA
STC EXR,@aa:16 R:W 2nd R:W 3rd R:W NEXT W:W EA
STC CCR,@aa:32 R:W 2nd R:W 3rd R:W 4th R:W NEXT W:W EA
STC EXR,@aa:32 R:W 2nd R:W 3rd R:W 4th R:W NEXT W:W EA
STM.L(ERn-ERn+1),@-SP R:W 2nd R:W:M NEXT |Internal operation, | W:W:M stack (H)*3 | W:W stack (L)*3
1 state
STM.L(ERn-ERn+2),@-SP  |R:W 2nd R:W:M NEXT | Internal operation, | W:W:M stack (H)™3 | W:W stack (L)*3
1 state
STM.L(ERn-ERn+3),@-SP R:W 2nd R:W:M NEXT |Internal operation, | W:W:M stack (H)*3 | W:W stack (L)*3
1 state
STMAC MACH,ERd Cannot be used in the H8S/2338 Series, H8S/2328 Series, or H8S/2318 Series
STMAC MACL,ERd
SUB.B Rs,Rd R:W NEXT
SUB.W #xx:16,Rd R:W 2nd R:W NEXT
SUB.W Rs,Rd R:W NEXT
SUB.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
SUB.L ERs,ERd R:W NEXT
SUBS #1/2/4,ERd R:W NEXT
SUBX #xx:8,Rd R:W NEXT
SUBX Rs,Rd R:W NEXT
TAS @ERd R:W 2nd R:W NEXT R:B:M EA W:B EA
TRAPA #x:2 |Advanced |R:W NEXT |Intemal operation, | W:W stack (L) | W:W stack (H) | W:W stack (EXR)|R:W:M VEC |R:W VEC+2 |Internal operation, |R:W"7
1 state 1 state
XOR.B #xx8,Rd R:W NEXT
XOR.B Rs,Rd R:W NEXT
XOR.W #xx:16,Rd R:W 2nd R:W NEXT
XOR.W Rs,Rd R:W NEXT
XOR.L #xx:32,ERd R:W 2nd R:W 3rd R:W NEXT
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Table A-6 Instruction Execution Cycles (cont)

Instruction 1 2 3 4 5 6 7 8 9
XOR.L ERs,ERd R:W 2nd R:W NEXT
XORC #xx:8,CCR R:W NEXT
XORC #xx:8,EXR R:W 2nd R:W NEXT
Reset exception  |Advanced | R:W VEC R:W VEC+2 | Internal operation, R:W*5
handling 1 state
Interrupt exception [Advanced | R:W*6 Internal operation, | W:W stack (L) | W:W stack (H) | W:W stack (EXR) |R:W:M VEC |R:W VEC+2 |Internal operation, | R:W*7
handling 1 state 1 state
Notes: 1. EAs is the contents of ER5. EAd is the contents of ER6.

2. EAs is the contents of ER5. EAd is the contents of ER6. Both registers are incremented by 1 after execution of the instruction. n is the initial

value of R4L or R4. If n = 0, these bus cycles are not executed.

o0k w

operation is replaced by an internal operation.
7. Start address of the interrupt handling routine.

Repeated two times to save or restore two registers, three times for three registers, or four times for four registers.
Start address after return.

Start address of the program.
Prefetch address, equal to two plus the PC value pushed onto the stack. In recovery from sleep mode or software standby mode the read




A.6 Condition Code M odification

This section indicates the effect of each CPU instruction on the condition code. The notation used
in thetableis defined below.

31 for longword operands

m= 15 for word operands
7 for byte operands
Si Thei-th bit of the source operand
Di Thei-th bit of the destination operand
Ri Thei-th bit of the result

Dn The specified bit in the destination operand

— Not affected

I Modified according to the result of the instruction (see definition)
0 Always clearedto O

1 Alwayssetto 1

* Undetermined (no guaranteed value)

z Z flag before instruction execution

c C flag before instruction execution
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TableA-7 Condition Code M odification

Instruction H N zZz V C Definition

ADD K A A H=Sm-4 - Dm-4 + Dm-4 - Rm-4 + Sm—-4 - Rm—4
N =Rm
Z=RBm: -BRm—1: - RO

V=Sm Dm-Bm+Sm-Dm - Rm
C=Sm-Dm+Dm - RBm+Sm-Rm

ADDS @ @&|— — — — —

ADDX I H = Sm-4 . Dm-4 + Dm—-4 - Rm—4 + Sm-4 - Rm—4
N =Rm
Z=7-Bm: - -R0O
V=Sm-Dm-Rm+Sm Dm-Rm
C=Sm-Dm+Dm-Rm+Sm:Rm

AND — 7 71 0 — N =Rm
Z=Rm-RBRm=—1 - ------ - RO

ANDC ! 771 1 ¢ Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND —_ — — — 7 C=C'-Dn

Bcc =0 0—- — — — —

BCLR @ @ — — — — —

BIAND - — — =1 C=C'-Dn

BILD - — — =1 C=Dn

BIOR - — — =1 C=C'+Dn

BsT == - = — — —

BIXOR — — — — 1! Cc=C:Dn+C'-Dn

BLD —_ — — — 7 C=Dn

BNOT — — — — —

BOR — — — — 7 C=C'+Dn

BSET @~ @ — — — — —

BSR == - = — — —

Bstr @ 0- = — — —

BTST — — !t — — Z=Dn

BXOR - — — =1 C=C-Dn+C'-Dn

CLRMAC Cannot be used in the H8S/2338 Series, H8S/2328 Series,

or H8S/2318 Series
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Table A-7 Condition Code M odification (cont)

Instruction H N zZz V C Definition

CMP K A H=Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm-4 - Rm—4
N =Rm
Z=Rm- -Bm=1 - - - RO

V=Sm:-Dm-Rm+Sm-Dm -Rm
C=Sm-Dm+Dm-Rm+Sm-Rm

DAA * 71 7 N =Rm
Z=Bm-Bm=1 - - -RO
C: decimal arithmetic carry
DAS * 71 7 N =Rm
Z=Bm-Bm=1 - - -RO
C: decimal arithmetic borrow
DEC -7 71 7 — N =Rm
Z=Bm-Bm=1 - - - RO
V =Dm - Rm
DIVXS -7 7 - — N=Sm-Dm+Sm -Dm
Z=Sm -Sm—-1 - -+ - SO
DIVXU — ! ¢ — — N=Sm
Z=35m-Sm=1 - - - S0
EEPMOV ~~ — — — — —
EXTS — 1t 0 — =Rm
=Bm-Bm=1 - - -RO
EXTU —0 7 0 — =Rm-Rm-1 .- - RO
INC -1t 1 — =Rm
Z=Rm . Bm=1 - - - RO
V =Dm:Rm
v = = = — —
JSR = = — — —
LDC 11 17 Stores the corresponding bits of the result.
No flags change when the operand is EXR.
LbMm 0 - — — — —
LDMAC Cannot be used in the H8S/2338 Series, H8S/2328 Series,
MAC or H8S/2318 Series
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Table A-7 Condition Code M odification (cont)

Instruction H N zZ V C Definition
MOV — 7 71 0 — N =Rm
Z=Bm-Bm=1 - - - RO
MOVFPE Cannot be used in the H8S/2338 Series, H8S/2328 Series,
MOVTPE or H8S/2318 Series
MULXS -7 7 — — N =R2m
Z=R2m - R2m=1 - - - RO
MuULxXy - - — — — —
NEG K A H = Dm—4 + Rm—4
N =Rm
Z=Bm-Bm=1 - - - RO
V=Dm - Rm
C=Dm+ Rm
NOP - — — — —
NOT — 1 1 0 — N=Rm
Z=Bm - -Bm=1 - - -RO
OR — 171 1 0 — N =Rm
Z=Bm-Bm=1 - - - RO
ORC ! 771 1 ¢ Stores the corresponding bits of the result.
No flags change when the operand is EXR.
POP — 17 7 0 — N =Rm
Z=Bm-Bm=1 - - - RO
PUSH — 17 7 0 — N =Rm
Z=Bm-Bm=1- - -RO
ROTL — 1t o0 ¢ N =Rm
Z=BRm . .Rm=1 - - - RO
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTR — 17 7 0 ¢ N =Rm
Z=Bm-Bm=1 - - - RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
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Table A-7 Condition Code M odification (cont)

Instruction H N zZz V C Definition

ROTXL — 7 7 0 ¢ N =Rm

Z=Bm.Bm=1 - - - RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTXR — 1t o ¢ N =Rm

Z=BRm.-Bm=1 - - - RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
RTE T 771 10 ¢ Stores the corresponding bits of the result.
RTS = - = — — —
SHAL -t 1 13 N =Rm

Z=BRm.-Bm=1 - - - RO

V =Dm - Dm-1 + Dm - Dm—1 (1-bit shift)
V=Dm -Dm-1-Dm-2 - Dm - Dm-1 - Dm-2 (2-bit shift)
C = Dm (1-bit shift) or C = Dm—1 (2-bit shift)

SHAR — 1t 1t o ¢ N =Rm
Z=Bm . -Bm=1 - - -RO
C = DO (1-bit shift) or C = D1 (2-bit shift)
SHLL — 17 7 0 ¢ N =Rm
Z=Bm . -Bm=1 - - -RO
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
SHLR — 0 7 0 ¢ N =Rm
Z=Rm-Bm=1 - - -RO
C = DO (1-bit shift) or C = D1 (2-bit shift)
SLEEP = @ — — — — —
sTC 000 = — — — —
sTM - — — — —
STMAC Cannot be used in the H8S/2338 Series, H8S/2328 Series,
or H8S/2318 Series
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Table A-7 Condition Code M odification (cont)

Instruction H N zZz V C Definition

SuUB R H = Sm—4 - Dm—4 + Dm—4 - Rm—4 + Sm-4 - Rm—4
N =Rm
Z=Rm-RBm=1 - -+« - RO

V=Sm  Dm -BRm+Sm-Dm:-Rm
C=Sm:-Dm+Dm:Rm+Sm:Rm

suBS @00 - — — — —

SUBX ORI R H=Sm-4 . Dm—4 + Dm—4 - Rm-4 + Sm—4 - Rm-4
N =Rm
Z=7-BRm- - RO
V=8m-Dm-Rm+Sm-Dm:Rm
C=Sm-Dm+Dm:-Rm+ Sm-Rm

TAS — 7 71 0 — N =Dm
Z=Dm-Dm=1 - - -D0O

TRAPA  — — — — —

XOR — 171 1 0 — N =Rm
Z=Rm-Bm=1 - - -RO

XORC ! 771 1 ¢ Stores the corresponding bits of the result.

No flags change when the operand is EXR.
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Appendix B Internal 1/0 Registers

B.1 Addresses

Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
H'F800 MRA SM1 SMO DM1 DMO MD1 MDO DTS Sz DTC 16/32*
to SAR bits
H'FBFF

MRB CHNE DISEL CHNS — — — — —

DAR

CRA

CRB
HFE80 TCR3 CCLR2 CCLR1 CCLRO CKEG1l CKEGO TPSC2 TPSCl1l TPSCO TPU3 16 bits
H'FE81 TMDR3 — — BFB BFA MD3 MD2 MD1 MDO

H'FE82 TIOR3H 10B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0

H'FE83 TIOR3L 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10C0

HFE84 TIER3 TTGE — — TCIEV TGIED TGIEC TGIEB TGIEA

H'FE85 TSR3 —_ — — TCFV TGFD TGFC TGFB TGFA

H'FE86 TCNT3

H'FE87

H'FE88 TGR3A

H'FE89

H'FE8BA TGR3B

H'FESB

H'FESC TGR3C

H'FE8SD

H'FESE TGR3D

HFESF

Note: * Located in on-chip RAM. The bus width is 32 bits when the DTC accesses this area as
register information, and 16 bits otherwise.
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Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
HFE90 TCR4 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU4 16 bits
H'FE91 TMDR4 — — — — MD3 MD2 MD1 MDO
H'FE92 TIOR4 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
HFE94 TIER4 TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FE95 TSR4 TCFD — TCFU TCFV — — TGFB  TGFA
H'FE96 TCNT4
H'FE97
H'FE98 TGR4A
H'FE99
H'FE9A TGR4B
H'FE9B
H'FEAO TCRS5 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPUS 16 bits
HFEA1 TMDR5 — — — — MD3 MD2 MD1 MDO
H'FEA2 TIORS5 10B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0
H'FEA4 TIERS TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FEA5 TSR5 TCFD — TCFU TCFV — — TGFB  TGFA
H'FEA6 TCNT5
H'FEA7
H'FEA8 TGR5A
H'FEA9
H'FEAA TGR5B
H'FEAB
H'FEBO P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR Ports 8 bits
H'FEB1 P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR
H'FEB2 P3DDR — — P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR
H'FEB4 PS5DDR — — — — P53DDR P52DDR P51DDR P50DDR
H'FEB5 P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR
H'FEB6 P7DDR — — P75DDR P74DDR P73DDR P72DDR P71DDR P70DDR
H'FEB7 P8DDR — P86DDR P85DDR P84DDR P83DDR P82DDR P81DDR P80DDR
H'FEB8 P9DDR P97DDR P96DDR P95DDR P94DDR P93DDR P92DDR — —
H'FEB9 PADDR PA7DDR PA6DDR PA5SDDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR
H'FEBA PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PB1DDR PBODDR
H'FEBB PCDDR PC7DDRPC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR
H'FEBC PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR
H'FEBD PEDDR PE7DDR PE6DDR PE5DDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR
H'FEBE PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR
H'FEBF PGDDR — — — PG4DDRPG3DDRPG2DDRPG1DDRPGODDR
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HITACHI

Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
HFEC4 IPRA  — IPR6  IPR5  IPR4 — IPR2  IPRL  IPRO Interrupt 8 bits
HFEC5 IPRB  — IPR6  IPR5  IPR4 — IPR2  IPRL  IPRO controller
HFEC6 IPRC  — IPR6  IPR5  IPR4 — IPR2  IPRL  IPRO
HFEC7 IPRD  — IPRE  IPR5 IPR4 — IPR2  IPRL  IPRO
HFEC8 IPRE  — IPRE  IPR5 IPR4 — IPR2  IPRL  IPRO
HFECO IPRF  — IPR6  IPR5 IPR4 — IPR2  IPRL  IPRO
HFECA IPRG — IPR6  IPR5  IPR4 — IPR2  IPRL  IPRO
HFECB IPRH  — IPR6  IPR5  IPR4 — IPR2  IPRL  IPRO
HFECC IPRI  — IPR6  IPR5  IPR4 — IPR2  IPRL  IPRO
HFECD IPR]  — IPRE  IPR5 IPR4 — IPR2  IPRL  IPRO
HFECE IPRK  — IPRE  IPR5 IPR4 — IPR2  IPRL  IPRO
HFEDO ABWCR ABW7 ABW6 ABWS ABW4 ABW3 ABW2 ABW1 ABWO  Buscontroller 8 bits
HFED1 ASTCR AST7 AST6 AST5 AST4 AST3 AST2 ASTL ASTO
HFED2 WCRH W71 W70 W61 W60 W51 W50 W4l W40
HFED3 WCRL W31 W30 W21 W20 W1l W10 WOl  WO0O
HFED4 BCRH ICISI ICISO BRSTRM BRSTS1 BRSTSO RMTS2 RMTS1 RMSTO
HFED5 BCRL BRLE BREQOE EAE  — DDS = — WDBE WAITE
HFED6 MCR TPC  BE RCDM — MXC1 MXCO RLWL RLWO
HFED7 DRAMCRRFSHE RCW RMODE CMF CMIE CKS2 CKS1 CKSO
HFEDS RTCNT
HFED9 RTCOR
HFEDB RAMER — — — — RAMS RAM2 RAM1 RAMO
HFEEO MAROAH — — — — — — — — DMAC 16 bits
HFEEL
HFEE2 MAROAL
HFEE3
HFEE4 IOAROA
HFEES
HFEE6 ETCROA
HFEET7
HFEES MAROBH — — — — — — — —
HFEEQ
HFEEA MAROBL
HFEEB
HFEEC IOAROB
H'FEED
HFEEE ETCROB
HFEEF
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Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
HFEFO MAR1AH — — — — — — — — DMAC 16 bits
H'FEF1
HFEF2 MARIAL
H'FEF3
H'FEF4 IOAR1A
H'FEF5
H'FEF6 ETCR1A
H'FEF7
H'FEF8 MAR1BH — — — — — — — —
H'FEF9
HFEFA MARI1BL
H'FEFB
H'FEFC I10AR1B
H'’FEFD
H'FEFE ETCR1B
H'FEFF
HFFOO0O DMAWER— — — — WE1B WE1A WEOB WEOA 8 bits
HFFO1 DMATCR — — TEE1 TEEO — — — —
H'FFO2 DMACROA DTSZ DTID RPE DTDIR DTF3 DTF2 DTF1 DTFO Short address 16 bits
mode
DTSz SAID SAIDE BLKDIR BLKE — — —_ Full address
mode
H'FFO3  DMACROB DTSZ DTID RPE DTDIR DTF3 DTF2 DTF1 DTFO Short address
mode
— DAID DAIDE — DTF3 DTF2 DTF1 DTFO Full address
mode
H'FFO4 DMACR1A DTSZ DTID RPE DTDIR DTF3 DTF2 DTF1 DTFO Short address
mode
DTSz SAID SAIDE BLKDIR BLKE — — —_ Full address
mode
H'FFO5 DMACR1B DTSZ DTID RPE DTDIR DTF3 DTF2 DTF1 DTFO Short address
mode
— DAID DAIDE — DTF3 DTF2 DTF1 DTFO Full address
mode
H'FFO6 DMABCRH FAE1 FAEO SAE1l SAEO DTA1B DTAlA DTAOB DTAOA Short address
mode
FAE1 FAEO — — DTAL — DTAO — Full address
mode
H'FFO7 DMABCRL DTE1IB DTE1A DTEOB DTEOA DTIE1IB DTIEIA DTIEOB DTIEOA  Short address
mode
DTME1 DTE1 DTMEO DTEO DTIEIB DTIE1A DTIEOB DTIEOA Full address
mode
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Register Data Bus

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width

H'FF2C ISCRH IRQ7SCB IRQ7SCA IRQ6SCB IRQESCA IRQ5SCB IRQ5SCA IRQASCB IRQASCA  Interrupt 8 hits

HFF2D ISCRL IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQISCB IRQISCA IRQOSCB IRQosca  controller

H'FF2E IER IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQIE IRQOE

HFF2F ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQIF IRQOF

H'FF30to DTCER DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO DTC 8 hits

H'FF35

H'FF37 DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO

H'FF38 SBYCR SSBY STS2 STS1 STSO OPE  — — IRQ37S  Power-down 8 hits
mode

H'FF39 SYSCR — — INTM1 INTMO NMIEG LWROD IRQPAS RAME  MCU 8 hits

H'FF3A SCKCR PSTOP — DIV — — SCK2 SCK1 SCKO Clock pulse 8 bits
generator

HFF3B MDCR — — — — — MDS2 MDS1 MDSO  MCU 8 hits

H'FF3C MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP11 MSTP10 MSTP9 MSTP8  Power-down 8 bits

HFF3D MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTPL MsTpo Mode

H'FF42 SYSCR2 — — — — FLSHE — — — MCU 8 bits
*2

H'FF44 Reserved — — — — — — — — Reserved —

H'FF45 PFCR1 — — — — A23E A22E A21E  A20E Ports 8 bits

H'FF46 PCR G3CMS1G3CMS0G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCMS0 PPG 8 bits

HFF47 PMR G3INV  G2INV  GI1INV GOINV G3NOV G2NOV GINOV GONOV

H'FF48 NDERH NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8

H'FF49 NDERL NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO

H'FF4A PODRH POD15 POD14 POD13 POD12 POD11 POD10 POD9 PODS8

H'FF4B PODRL POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO

H'FF4AC** NDRH NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDRS8

H'FF4D*" NDRL NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO

HFF4E*' NDRH — — — — NDR11 NDR10 NDR9 NDRS8
HFF4F** NDRL  — — — — NDR3 NDR2 NDR1 NDRO
H'FF50 PORT1 P17 P16 P15 P14 P13 P12 P11 P10 Ports 8 bits

HFF51 PORT2 P27 P26 P25 P24 P23 P22 P21 P20

HFF52 PORT3 — — P35 P34 P33 P32 P31 P30

Notes: 1. If the pulse output group 2 and pulse output group 3 output triggers are the same
according to the PCR setting, the NDRH address will be H'FF4C, and if different, the
address of NDRH for group 2 will be H'FF4E, and that for group 3 will be H'FF4C.
Similarly, if the pulse output group 0 and pulse output group 1 output triggers are the
same according to the PCR setting, the NDRL address will be H'FF4D, and if different,
the address of NDRL for group 0 will be H'FF4F, and that for group 1 will be H'FF4D.

2. Available only in the F-ZTAT version.
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Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
H'FF53 PORT4 P47 P46 P45 P44 P43 P42 P41 P40 Ports 8 bits
H'FF54 PORT5 P57 P56 P55 P54 P53 P52 P51 P50
H'FF55 PORT6 P67 P66 P65 P64 P63 P62 P61 P60
H'FF56 PORT7 — — P75 P74 P73 P72 P71 P70
HFF57 PORT8 — P86 P85 P84 P83 P82 P81 P80
H'FF58 PORT9 P97 P96 P95 P94 P93 P92 — —
H'FF59 PORTA PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
H'FF5A PORTB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
H'FF5B PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
H'FF5C PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
H'FF5D PORTE PE7 PE6 PES5 PE4 PE3 PE2 PE1 PEO
H'FF5E  PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
HFF5F PORTG — — — PG4 PG3 PG2 PG1 PGO
H'FF60 P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR
H'FF61 P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR
HFF62 P3DR  — — P35DR P34DR P33DR P32DR P31DR P30DR
H'FF64 P5DR — — — — P53DR P52DR P51DR P50DR
H'FF65 P6DR P67DR P66DR P65DR P64DR P63DR P62DR P61DR P60DR
HFF66 P7DR  — — P75DR P74DR P73DR P72DR P71DR P70DR
H'FF67 P8DR — P86DR P85DR P84DR P83DR P82DR P81DR P80DR
H'FF68 P9DR P97DR P96DR P95DR P94DR P93DR P92DR — —
HFF69 PADR PA7DR PA6DR PASDR PA4DR PA3DR PA2DR PA1DR PAODR
H'FF6A PBDR PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PB1DR PBODR
H'FF6B PCDR PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PC1DR PCODR
HFF6C PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PD1DR PDODR
H'FF6D PEDR PE7DR PE6DR PES5DR PE4DR PE3DR PE2DR PE1DR PEODR
H'FF6E PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR
HFF6F PGDR — — — PG4DR PG3DR PG2DR PG1DR PGODR
H'FF70 PAPCR PA7PCR PA6PCR PA5PCR PA4PCR PA3PCR PA2PCR PA1PCR PAOPCR
H'FF71 PBPCR PB7PCR PB6PCR PB5PCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR
H'FF72 PCPCR PC7PCR PC6PCR PC5PCR PC4PCR PC3PCR PC2PCR PC1PCR PCOPCR
H'FF73 PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR
H'FF74 PEPCR PE7PCR PE6PCR PE5PCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR
H'FF76 P30ODR — — P350DR P340DR P330DR P320DR P310DR P300DR
H'FF77 PAODR PA70DRPA60ODR PA50DR PA40DR PA3ODR PA20DR PA10ODR PAOODR
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Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name Width
H'FF78 SMRO  C/A/ CHR/ PE OfE STOP/ MP/ CKS1  CKSO Slello} 8 hits
GM*® BLK** BCP1*® BCPO*® smart card
H'FE79 BRRO interface 0
H'FF7A SCRO TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FF7B  TDRO
H'FF7C SSRO TDRE RDRF ORER FER/  PER TEND MPB  MPBT
ERS*’
H'FF7D RDRO
H'FF7E SCMRO — — — — SDIR  SINV  — SMIF
HFF80 SMR1  C/A/ CHR/ PE OfE STOP/ MP/ CKS1  CKSO sci1, 8 bits
GM*? BLK** BCP1*® BCPO*® smart card
H'FF81 BRR1 interface 1
H'FF82 SCR1 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FF83 TDR1
H'FF84 SSR1 TDRE RDRF ORER FER/ PER TEND MPB  MPBT
ERS*’
H'FF85 RDR1
H'FF86 SCMR1 — — — — SDIR  SINV — — SMIF
H'FF88 SMR2  C/A/ CHR/  PE OfE STOP/ MP/ CKS1  CKSO ScCl2, 8 hits
GM*® BLK** BCP1*® BCPO*® smart card
H'FF89 BRR2 interface 2
H'FFBA SCR2 TIE RIE TE RE MPIE TEIE CKEl CKEO
H'FF8B TDR2
H'FF8C SSR2 TDRE RDRF ORER FER/ PER TEND MPB  MPBT
ERS*’
H'FF8D RDR2
H'FFBE SCMR2 — — — — SDIR  SINV = — SMIF
Notes: 3. Functions as C/A for SCI use, and as GM for smart card interface use.
4. Functions as CHR for SCI use, and as BLK for smart card interface use.
5. Functions as STOP for SCI use, and as BCP1 for smart card interface use.
6. Functions as MP for SCI use, and as BCPO for smart card interface use.
7. Functions as FER for SCI use, and as ERS for smart card interface use.
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Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
H'FF90 ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter 8 bits
H'FF91 ADDRAL AD1 ADO — — — — — —
H'FF92 ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF93 ADDRBL AD1 ADO — — — — — —
H'FF94  ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF95 ADDRCL AD1 ADO — — — — — —
H'FF96 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF97 ADDRDL AD1 ADO — — — — — —
H'FF98 ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO
HFF99 ADCR TRGS1 TRGSO — — CKS1 CH3 — —
HFFA4 DADRO D/A converter 8 bits
H'FFA5 DADR1
H'FFA6 DACR DAOEl1 DAOEO DAE — — — — —
H'FFA8 DADR2
H'FFA9 DADR3
H'FFAA DACR23 DAOE1 DAOEO DAE — — — — —
H'FFAC PFCR2 WAITPS BREQOPS CS167E CS25E ASOD — — — 8 bits
H'FFBO TCRO CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO 8-bit timer 16 bits
HFFB1 TCR1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO channels 0, 1
HFFB2 TCSRO CMFB CMFA OVF ADTE OS3 0S2 0Os1 0Sso0
HFFB3 TCSR1 CMFB CMFA OVF — 0S3 0S2 0Os1 0So
H'FFB4 TCORAO
H'FFB5 TCORA1
H'FFB6 TCORBO
H'FFB7 TCORB1
H'FFB8 TCNTO
H'FFB9 TCNT1
HFFBC TCSR  OVF WTIT TME — — CKS2 CKS1 CKSO WDT 16 bits
(read)
H'FFBD TCNT
(read)
H'FFBF RSTCSR WOVF RSTE — — — — — —
(read)
H'FFCO TSTR — — CST5 CST4 CST3 CST2 CST1 CSTO TPU 16 bits
H'FFC1 TSYR — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO
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Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name Width
H'FFC8*® FLMCR1 FWE SWE ESU PSU EV PV E P FLASH 8 bits
H'FFC9*® FLMCR2 FLER — — — — — — —
H'FFCA*® EBR1 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
H'FFCB*® EBR2 — — — — EB11 EB10 EB9 EB8
H'FFDO TCRO CCLR2 CCLR1 CCLRO CKEG1l CKEGO TPSC2 TPSCl1l TPSCO TPUO 16 bits
H'FFD1 TMDRO — — BFB BFA MD3 MD2 MD1 MDO
H'FFD2 TIOROH 10B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0
H'FFD3 TIOROL 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10C0O
H'FFD4 TIERO TTGE — — TCIEV TGIED TGIEC TGIEB TGIEA
H'FFD5 TSRO — — — TCFV TGFD TGFC TGFB TGFA
H'FFD6 TCNTO
H'FFD7
H'FFD8 TGROA
H'FFD9
H'FFDA TGROB
H'FFDB
H'FFDC TGROC
H'FFDD
H'FFDE TGROD
H'FFDF
HFFEO TCR1 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1l TPSCO TPU1 16 bits
HFFE1 TMDR1 — — — — MD3 MD2 MD1 MDO
H'FFE2 TIOR1 10B3 10B2 10B1 10BO I0A3 I10A2 I0A1 I0A0
H'FFE4 TIER1 TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FFE5S TSR1 TCFD — TCFU TCFV — — TGFB  TGFA
H'FFE6 TCNT1
H'FFE7
H'FFE8 TGRI1A
H'FFE9
H'FFEA TGR1B
H'FFEB
Notes: 8. Available only in the F-ZTAT version.



Register Data Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name  Width
HFFFO TCR2 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU2 16 bits
HFFF1 TMDR2 — — — — MD3 MD2 MD1 MDO
H'FFF2 TIOR2 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
HFFF4 TIER2 TTGE — TCIEU TCIEV — — TGIEB TGIEA
HFFF5 TSR2 TCFD — TCFU TCFV — — TGFB  TGFA
H'FFF6  TCNT2
H'FFF7
HFFF8 TGR2A
H'FFF9
H'FFFA TGR2B
H'FFFB
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