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NEC

THE ,COM 87 FAMILY

8-BIT SINGLE CHIP MICROCOMPUTER
uPD7800 uPD7801 uPD7802 uPD78CO05A
uPD78CO06A uPD7807 uPD7808 uPD7809
uPD78P09 uPD7810 uPD7811 uPD78PG11E
pwPD7810H LPD7811H pPD78C10 pPD78C11 uPD78C14
PRODUCT PACKAGE ROM INSTRUCTIONS INTERRUPTS SPECIAL
RAM /O LINES  —EXTERNAL FEATURES
— INTERNAL
uPD7800 64 QUIL - 140 3 EVACHIP FOR
128 a8 2 uPD7801/02
uPD7801 64 QUIL 4096 140 3
128 48 2
uPD7802  64QUIL 6144 140 3
64 a8 2
uPD78C05A 64 QUIL - 101 2 EVACHIP FOR
128 46 1 uPD78CO6A
CMOS-TECHNOLOGY
uPD78CO6A 64 FLAT 4096 101 2 cMmos
64 QUIL 128 46 1
uPD7807 64 QUIL - 157 3 EVACHIP FOR
64 SDIP 256 40 8 uPD7809
uPD7808  64QUIL 4096 157 3 4K VERSION
64 SDIP 256 40 8 OF 7809
uPD7809  64QUIL 8192 157 3 8 COMPARATOR
64 SDIP 256 40 8 INPUTS, TWO 8-BIT
TIMERS, ONE 16-BIT
TIMER / COUNTER
uPD78P09 64 QUIL 8192 157 3 EPROM-VERSION
256 40 8 OF uPD7809
uPD7810 64 QUIL - 157 3 EVACHIP FOR
64 SDIP 256 a4 8 uPD7811
uPD7811  64QUIL 4096 157 3 8 A/D-CONVERTER
64 SDIP 256 44 8 INPUTS, TWO 8-BIT
TIMERS, ONE 16-BIT
TIMER / COUNTER
WPD78PGHE 64 QUIL 4096 157 3 PIGGY BACK VERSION
256 44 8 OF uPD7811
WPD7810H 64 QUIL - 157 3 HIGH SPEED VERSION
64 SDIP 256 4 8 OF uPD7810 (15 MH,)
uPD781H 64 QUIL 4096 157 3 HIGH SPEED VERSION
64 SDIP 256 44 8 OF LPD7811 (15 MHy)
WPD78C10 64 QUIL - 158 3 CMOS VERSION OF
64 FLAT 256 a4 8 uPD7810
64 SDIP
D78C11  64QUIL 4096 158 3 CMOS VERSION OF
o 64 FLAT 256 a4 8 uPD7811
64 SDIP
uPD78C14  64QUIL 16384 158 3 CMOS VERSION OF
64 FLAT 256 4 8 WPD7811
64 SDIP
3/86 V12




uPD7800 NEC

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
ROM-LESS DEVELOPMENT DEVICE

The NEC uPD7800 is an advanced 8-bit general purpose single-chip microcomputer fabricated DESCRIPTION
with N-channel Silicon Gate MOS Technology. Intended as a ROM-less development device for

NEC uPD7801/7802 designs, the uPD7800 can also be used as a powerful microprocessor in

volume production enabling program memory flexibility. Basic on-chip functional blocks

include 128 bytes of RAM data memory, 8-bit ALU, 16-bit adress bus, 32 1/0 lines, Serial

1/0 port, and 12-bit timer. Fully compatible with the industry standard 8080A bus structure,

expanded system operation can-be easily implemented using any of 8080A/8085A peripheral

and memory products. Total memory address space is 64K bytes.

* NMOS Silicon Gate Technology Requiring Single +5V Supply FEATURES
Single-Chip Microcomputer with On-Chip ALU, RAM and |/O

— 128 Bytes RAM

— 321/0 Lines

e |nternal 12-Bit Programmable Timer
e On-Chip 1 MHz Serial Port
e Five-Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Interrupts
® Bus Expansion Capabilities
— Fully 8080A Bus Compatible
— 64K Byte Memory Address Range
¢ Wait State Capability
e Alternate Z80TM Type Register Set
» 140 powerful instructions
e 8 Address Modes; Including Auto-Increment/Decrement
e Multi-Level Stack-Capabilities
e Fast 2 us Cycle Time
e Bus Sharing Capabilities (DMA)
Ay 1 S 64D vc (+5v) PIN CONFIGURATION
EXT— 2 63 F—3 ABy4
DBy 43 62 ABy3
DBg—] 4 61— ABy;
DBs 5 603 AByy
DBy 6 59 [ AB1o
DBy 7 58 ABg
DB t—] 8 57— ABg
o8] o 56— ABy
DBp —10 55— ABg
INT2 543 ABg
INT; =12 53— ABg
INTg €13 52  AB3
—Ja s1 = AB;
M1 15 uPD 50  ABy
WRc—F16 7800 49 = ABg
L= ) 8 PBy
PC; {18 47— PBg
PCs 19 a6 % PBg
PCs 20 45 PBg
PCs 20 44 PB3
PC3c—]22 43 =/ PBy
PC; 23 a2  PBy
PC 24 41— PBy
s"ég J25 40 PA7
—32 39 £ PAg
S 27 38 PAg
soc—q28 37 rag
RESET 429 36 PA3
STB 30 35 = PAy
X1 g3 D PAy
Vss (V) —132 33 /7 PAy




NEC

uPD7800

PIN DESCRIPTION

PIN NO.

DESIGNATION

FUNCTION

1,49-63

2

3-10

n
12

18-25

26

27

28

29
30

31
3340
41.48

ABp-AB15

EXT

DB-DB7

INTo
INTH

INT2

WAIT

M1

Ell

SO

RESET
sSTB

X1
PAQ-PA7
PBo-PB7

during HALT, HOLD, and RESET.

(Tri-State, Output) 16-bit address bus.

(Output) EXT is used to simulate uPD7801/7802
external memory reference operation. EXT distin-
guishes between internal and external memory
references, and goes low when locations 4096
through 65407 are accessed.

{Tri-State Input/Output, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/0 and memory.

{Input, active-high) Level-sensitive interrupt input.

(Input, active high) Rising-edge sensitive interrupt
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled.

(Input) INT2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask
Register to a 1, INT2 is rising edge sensitive. When
ES is set to 0, INT2 is falling edge sensitive.

(Input, active low) WAIT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WAIT is sampled at
the end of T2, if active processor enters a wait
state TW and remains in that state as long as
WAIT is active.

{Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

(Tri-State Output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations, WR goes to the high impedance state
during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a
strobe to gate data from external devices on the
data bus. RD goes to the high impedance state

(Input/Output) 8-bit 1/O configured as a nibble
1/0 port or as control lines.

(Input/Output) SCK provides control clocks for
Serial Port Input/Qutput operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

(Input) Serial data is input to the processor
through the Si line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

(Output) SO is the Serial Output Port. Serial data

is output on this line on the falling edge of SCK,
MSB to LSB.

(Input, active low) RESET initializes the uPD7800.
(Output) Used to simulate uPD7801/7802 Port E
operation, indicating that a Port E operation is
being performed when active.

(Input) Clock Input

(Output) 8-bit output port with latch capability.
(Tri-State Input/Output) 8-bit programmable 1/0

port. Each line configurable independently as an
input or output.
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BLOCK DIAGRAM
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NEC uPD7800

FUNCTIONAL Architecturally consistent with uPD7801/7802 devices, the uPD7800 uses a slightly different

DESCRIPTION pin-out to accommodate for the address bus and lack of on-chip clock generator. For complete
uPD7800 functional operation, please refer to uPD7801 product information. Listed below are
functional differences that exist between uPD7800 and uPD7801 devices.

#PD7800/7801 Functional Differences

1. The functionality of uPD7801 Port E is somewhat different on the uPD7800. Because the
uPD7800 contains no program memory, the address bus is made accessible to address
external program memory. Thus, lines normally used for Port E operation with the uPD7801
are used as the address bus on the uPD7800. ABg-AB 15 is active during memory access
0 through 4095.

2. Consequently Port E instructions (PEX, PEN, and PER) have different functionality.

PEX Instruction — The contents of B and C register are output to the address bus. The value
01H is output to the data bus. STB becomes active.

PEN Instruction — B and C register contents are output to the address bus. The value 02H is
output to the data bus. STB becomes active.

PER Instruction — The address bus goes to the high impedance state. The value 04H is
output to the data bus. STB becomes active.

3. ON-CHIP CLOCK GENERATOR. The uPD7800 contains no internal clock generator. An
external clock source is input to the X1 input.

4. PIN 30. This pin functions as the X2 crystal connection on the uPD7801. On the uPD7800,
pin 30 functions as a strobe output (STB) and becomes active when a Port E instruction is
executed. This control signal is useful in simulating uPD7801 Port E operation — indicating
that a port E operation is being performed.

5. PIN 2. Functions as the ® out clock output used for synchronizing system external memory
and 1/0 devices, on the uPD7801. On the uPD7800, this pin is used to simulate external
memory reference operation of the uPD7801. EXT is used to distinguish between internal
and external memory references and goes low when location 4096 through 65407 are
accessed.

RECOMMENDED CLOCK DRIVE CIRCUIT

-
wPO7800
01 uF ¢ h ok
cK 31},




uPD7801 NEC

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH 4K ROM

The NEC uPD7801 is an advanced 8-bit general purpose single-chip microcomputer fabricated PRODUCT
with N-Channel Silicon Gate MOS technology. DESCRIPTION

The NEC uPD7801 is intended to serve a.broad spectrum of 8-bit designs ranging from
enhanced single chip applications extending into the multi-chip microprocessor range. All the
basic functional blocks — 4096 x 8 of ROM program memory, 128 x 8 of RAM data memory,
8-bit ALU, 48 1/0 lines, Serial 1/O port, 12-bit timer, and clock generator are provided on-chip
to enhance standalone applications. Fully compatible with the industry standard 8080A bus
structure, expanded system operation can be easily implemented using any of the 8080A/
8085A peripherals and memory products. Total memory space can be increased to 64K bytes.

The powerful 140 instructions coupled with 4K bytes of ROM program memory and

128 bytes of RAM data memory greatly extends the range of single chip microcomputer
applications. Five level vectored interrupt capability combined with a 2 microsecond cycle time
enable the uPD7801 to compete with multi-chip microprocessor systems with the advantage
that most of the support functions are on-chip.

e NMOS Silicon Gate Technology Requiring +5V Supply FEATURES
e Complete Single-Chip Microcomputer with On-Chip ROM, RAM and 1/0
— 4K Bytes ROM
— 128 Bytes RAM
— 48 1/0 Lines
e |nternal 12-Bit Programmable Timer
e On-Chip 1 MHz Serial Port
e Five Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Interrupts
e Bus Expansion Capabilities
— Fully 8080A Bus Compatible
— 60K Bytes External Memory Address Range
On-Chip Clock Generator
Wait State Capability
Alternate Z80TM Type Register Set
Powerful 140 Instructions
8 Address Modes; Including Auto-Increment/Decrement
Multi-Level Stack Capabilities
Fast 2 us Cycle Time
Bus Sharing Capabilities (DMA)

PIN CONFIGURATION




NEC

uPD7801

PIN DESCRIPTION

PIN NO. | DESIGNATION FUNCTION
1,49-63 PEQ/ABQ- (Tri-State, Output) 16-bit address bus.
PE15/AB15

2 P0OUT (Output) pOUT provides a prescaled output clock
for use with external 1/0 devices or memories.
¢OUT frequency is fxTAL/2.

3-10 DBp-DB7 (Tri-State Input/Output, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/O and memory.

1 INTo (Input, active high) Level-sensitive interrupt input.

12 INT4 (Input, active high) Rising-edge sensitive interrupt
input. Interrupts are initiated on iow-to-high transi-
tions, providing interrupts are enabled.

13 INT2 (Input) INT2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask
Register to a.1, INT2 is rising edge sensitive. When
ESis set to 0, INT2 is falling edge sensitive.

14 WAIT (Input, active low) WATT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WAIT is sampled at
the end of T2, if active processor eriters a wait
state TW and remains in that state as long as
WAIT is active.

15 M1 (Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

16 WR (Tri-State Output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

17 RD (Tri-State Output, active low) RD is used as a
strobe to gate data from external devices onto the
data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

18-25 PCo-PC7 (Input/Output) 8-bit 1/O configured as a nibble
1/0 port or as control lines.

26 SCK (Input/Output) SCK provides control clocks for
Serial Port Input/Output operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

27 S (Input) Serial data is input to the processor
through the SI line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

28 SO (Output) SO is the Serial Output Port. Serial data
is output on this line on the falling edge of SCK,
MSB to LSB.

29 RESET (Input, active low) RESET initializes the uPD7801.

30 X2 (Output) Oscillator output.

31 X1 (Input) Clock Input.

33-40 PAQ-PA7 (Output) 8-bit output port with latch capability.

4148 PBQ-PB7 (Tri-State Input/Output) 8-bit programmable 1/0

port. Each line configurable independently as an
input or output.




nPD7801 NEC

BLOCK DIAGRAM
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mor FUNCTIONAL
The uPD7801 can directly address up to 64K bytes of memory. Except for the on-chip ROM DESCRIPTION

(0-4096) and RAM (65.408-65.535), any memory location can be used as either ROM or RAM.
The following memory map defines the 0-64K byte memory space for the uPD7801 showing
that the Reset Start Address, Interrupt Start Address, Call Tables, etc., are located in the
Internal ROM area.
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NEC uPD7802

HIGH END SINGLE CHIP 8-BIT
MICROCOMPUTER WITH 6K ROM

PRODUCT The NEC uPD7802 is an advanced 8-bit general purpose single-chip microcomputer fabricated
DESCRIPTION with N-Channel Silicon Gate MOS technology.

The NEC uPD7802 is intended to serve a broad spectrum of 8-bit designs ranging from
enhanced single chip applications extending into the multi-chip microprocessor range. All the
basic functional blocks — 6144 x 8 of ROM program memory, 64 x 8 of RAM data memory,
8-bit ALU, 48 1/0 lines, Serial 1/0 port, 12-bit timer, and clock generator are provided on-chip
to enhance standalone applications. Fully compatible with the industry standard 8080A bus
structure, expanded system operation can be easily implemented using any of the 8080A/
8085A peripherals and memory products. Total memory space can be increased to 64K bytes.

The powerful 140 instruction set coupled with 6K bytes of ROM program memory and
64 bytes of RAM data memory greatly extends the range of single chip microcomputer
applications. Five level vectored interrupt capability combined with a 2 microsecond cycle time
enable the uPD7802 to compete with multi-chip microprocessor systems with the advantage
that most of the support functions are on-chip.
FEATURES * NMOS Silicon Gate Technology Requiring +5V Supply
¢ Complete Single-Chip Microcomputer with On-Chip ROM, RAM and 1/0
— 6K Bytes ROM
— 64Bytes RAM
— 481/0 Lines
Internal 12-Bit Programmable Timer
On-Chip 1 MHz Serial Port
Five Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Interrupts
® Bus Expansion Capabilities
— Fully 8080A Bus Compatible
— 58K Bytes External Memory Address Range

® On-Chip Clock Generator
* Wait State Capability
® Alternate Z80TM Type Register Set
® Powerful 140 Instructions
* 8 Address Modes; Including Auto-Increment/Decrement
® Multi-Level Stack Capabilities
® Fast 2 us Cycle Time
® Bus Sharing Capabilities (DMA)
PIN CONFIGURATION PEis 1 N/ e vecsw
oouT] 2 63 PEq4
087 O 3 62 PEq3
DB 4 61[1PEqy
0Bs O 5 603 PEy;
DBa(—] 6 59 [ PEqg
oBz g 7 58 PEg
DB2r—] 8 57 PEg
081 4 9 s6 0 Pe;
pBoC—] 10 55 [ Peg
INT2 ] 11 540 peg
INTI ] 12 53 e,
INTg [ 13 523 pey
WATT ] 14 51 ':lpez
=L uPD 500 PE)
WRC 16 02 e
5 oi17 78 a8 P8y
pCc7] 18 47 [Peg
PCe 19 460 PBs
PCs 20 a5 1PBa
PCa 21 443 PB3
PC3Co 22 a3fre2
PC2 [J23 a2y PBq
PC1 24 a1 FPeo
PCo (425 40f Pay
§TR ] 26 39 [PAe
s 27 38 PAs
Sso 28 37 FPag
RESET (29 36Q PA3
X2 C30 35 FPA2
x1 31 34 PAy
vss(ov) 132 33 f—PAo

9



E

uPD7802
PIN DESCRIPTION
PIN NO. | DESIGNATION FUNCTION
1,49-63 PE@/ABp- {Tri-State, Output) 16-bit address bus.
PE15/AB15

2 o0uUT (Output) poyT provides a prescaled output
clock for use with external 1/O devices or
memories. pQUT frequency is fxTAL/2.

3-10 DBg-DB7 {Tri-State Input/Output, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/0 and memory.

1 INTQ (Input, active high) Level-sensitive interrupt input.

12 INT, {Input, active high) Rising-edge sensitive interrupt
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled.

13 INT2 (Input) INT2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask
Register to a 1, INT2 is rising edge sensitive. When
ESisset to 0, INT2 is falling edge sensitive.

14 WAIT (Input, active low) WAIT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WAIT is sampled at
the end of T2, if active processor enters a wait
state T\ and remains’in that state as long as
WAIT is active

15 M1 (Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

16 WR (Tri-State Output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

17 RD (Tri-State Output, active low) RD is used as a
strobe to gate data from external devices onto the
data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

18-25 PCo-PC7 (Input/Output) 8-bit 1/O configured as a nibble
1/0 port or as control lines.

26 SCK (Input/Output) SCK provides control clocks for
Serial Port Input/Output operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

27 SI (Input) Serial data is input to the processor
through the Sl line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

28 SO (Output) SO is the Serial Output Port. Serial data
is output on this line on the falling edge of SCK,
MSB to LSB.

29 RESET (Input, active low) RESET initializes the uPD7802.

30 X2 (Output) O

31 X1 (Input) Clock Input

3340 PAQ-PA7 (Output) 8-bit output port with latch capability.

41.48 PBo-PB7 (Tri-State Input/Output) 8-bit programmable |/0
port. Each line configurable independently as an
Input or output.

10
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uPD7802
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FUNCTIONAL Memory Map

DESCRIPTION

The uPD7802 can directly address up to 64K bytes of memory. Except for the on-chip ROM
(0-6143) and RAM(65.472-65.535), any memory location can be used as either ROM or RAM.
The following memory map defines the 0-64K byte memory space for the uPD7802 showing
that the Reset Start Address, Interrupt Start Address, Call Tables, etc., are located in the
Internal ROM area.

0 RESET

INTERNAL|

a INT

ROM
8 (0-6143) o

8 INT4

6143 ]
6144 > E
EXTERNAL % INT
’MEMORY‘

A

32 TNTg
59,328 x 8 f
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65471 SOFT |

65472

LOW ADDR
HIGH ADDR
LOW ADDR
HIGH ADDR

1
o

INTERNAL]
RAM

——
i

65535

ks

LOW ADDR ||
+1GH ADDR |
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FUNCTIONAL DESCRIPTION

1/0 PORTS
PORT FUNCTIONS
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Output port w/latch
Port C 8-bit nibble 1/0 or Control port
Port E 16-bit Address/Output Port
Port A

Port A is an 8-bit latched output port. Data can be readily transferred between the accumulator
and the output latch buffers. The contents of the output latches can be modified using
Arithmetic and Logic instructions. Data remains latched at Port A unless acted on by another
Port A instruction or a RESET is issued.

Port B

Port B is an 8-bit 1/0O port. Data is latched at Port B in both the Input or Output modes. Each
bit of Port B can be independently set to either Input or Output modes. The Mode B register
programs the individual lines of Port B to be either an Input (Mode B, = 1) or an Output
(Mode By = o).

Port C

Port C is an 8-bit 1/0O port. The Mode C register is used to program the upper 6 bits of Port C to
provide control functions or to set the 1/O structure per the following table.

MODE Cph = MODE Cph =1
PCo Qutput Input
PCyq Qutput Input
PC2 'SCS Input Input
PC3 SAK OQutput Output
PCa To Output Output
PCsg 10/M Output Output
PCg HLDA Qutput Output
PC7 HOLD Input Input

Port E

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes using
the PER, PEN, or PEX instructions.

e 16-Bit Address Bus — the PER instruction sets this mode for use with external /0 or
memory expansion (up to 60K bytes, externally).

e 4-Bit Output Port/12 Bit Address Bus — the PEN instruction sets this mode which allows for
memory expansion of an additional 4K bytes, externally, plus the transfer of 4-bit nibbles.

e 16-Bit Output Port — the PEX instructions sets Port E to a 16-bit output port. The contents
of B and C registers appear on PEg.15 and PEQ.7, respectively.

12



N E C 4PD7801/02

FUNCTIONAL TIMER OPERATION
DESCRIPTION
(CONT.)
J ST™M
PRE-
SCALER 12 BIT DOWN COUNTER TMER o TO
(4 ps) ‘S
BORROW
12]
TIMER - REGO | THAER”
0 (TM1)

(T™MO)
iSi i4i
! INTERNAL BUS

TIMER BLOCK DIAGRAM
A programmable 12-bit timer is provided on-chip for measuring time intervals, generating pulses,
and general time-related control functions. It is capable of measuring time intervals from
4 us to 16 ms in duration. The timer consists of a prescaler which decrements a 12-bit counter
at a fixed 4 us rate. Count pulses are loaded into the 12-bit down counter through timer register
(TMO and TM1). Count-down operation is initiated upon extension of the STM instruction
when the contents of the down counter are fully decremented and a borrow operation occurs,
an interval interrupt (INTT) is generated. At the same time, the contents of TMO and TM1 are
reloaded into the down-counter and countdown operation is resumed. Count operation may be
restarted or initialized with the STM instruction. The duration of the timeout may be altered
by loading new contents into the down counter.

The timer flip flop is set by the STM instruction and reset on a countdown operation. Its
output (TO) is available externally and may be used in a single pulse mode or general external
synchronization.

Timer interrupt (INTT) may be disabled through the interrupt.

SERIAL PORT OPERATION

Internal Bus ]
fof Ie
ROs = | J=wns
g
sl Serial Buffer Register
LSB) L1 1 L | MSB

[ N WS W U M N N

INTERNAL SCK

Start SI/0
MmCc7

T8
PC2/5CS

SERIAL PORT BLOCK DIAGRAM
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uPD7801/02

NEC

The on-chip serial port provides basic synchronous serial communication functions allowing the
NEC uPD7801/02 to serially interface with external devises.

Serial Transfers are synchronized with either the internal clock or an external clock input
(SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used or is variable
between DC and 1 Mbit/second when an externai clock is used. The Clock Source Select is
determined by the Mode C register. The serial clock (internal or external SCK) is enabled when
the Serial Chip Select Signal (SCS) goes low. At this time receive and transmit operations
through the Serial Input port (S!)/Serial Output port (SO) are enabled. Receive and transmit
operations are performed MSB first.

Serial Acknowledge (SAK) goes high when data transfers between the accumulator and Serial
Register is completed. SAK goes low when the buffer becomes full after the completion of
serial data receive or transmit operations. While SAK is low, no further data can be received.

INTERRUPT STRUCTURE

The uPD7801/02 provides a maskable interrupt structure capable of handling vectored
prioritized interrupts. Interrupts can be generated from six different sources; three external
interrupts, two internal interrupts, and a non-maskable software interrupt. Each interrupt when
activated branches to a designated memory vector location for that interrupt.

int | VECTORED MEMORY | prioRITY TYPE

INTT 8 3 Internal, Timer
Overflow

INTS 64 6 Internal, Serial
Buffer Full/Empty

INTO 4 2 Ext., level sensitive

INT? 16 4 Ext., Rising edge
sensitive

INT2 32 5 Ext., Rising/Falling
edge sensitive

SOFTI 96 1 Software Interrupt

RESET (Reset)

An active low-signal on this input for more than 4 us forces the uPD7801/02 into a Reset
condition. RESET affects the following internal functions:

The Interrupt Enable Flags are reset, and Interrupts are mhlbuted

The Interrupt Request Flag ist reset.

The HALT flip flop is reset, and the Halt-state is released.

The contents of the MODE B register are set to FFH, and Port B becomes an input port.
The contents of the MODE C register are set to FFH. Port C becomes an |/O port and
output lines go low.

All Flags are reset to 0.

The internal COUNT register for timer operation is set to FFFH and the timer F/F is reset.
The ACK F/F is set.

The HLDA F/F is reset.

The contents of the Program Counter are set to 0000H.

The Address Bus (PEQ.15), Data Bus (DB(.7), RD, and WR go to a high impedance state.

Once the RESET input goes high, the program is started at location 0000H.

14
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NEC

uPD7801/02
FUNCTIONAL
DESCRIPTION
(CONT.)
REGISTERS The uPD7801/02 contains sixteen 8-bit registers and two 16-bit registers.
15 0
PC
SP
7 07 0
[ \ [ A J
8 ¢ Main
E
L
[ v | A |
8 ¢ Alternate
D’ E
H L

General Purpose Registers (B, C, D, E, H. L)

There are two sets of general purpose registers (Main: B, C, D, E, H, L: Alternate: B, C’, D’, E’
H’, L'). They can function as auxiliary registers to the accumulator or in pairs as data pointers
(BC, DE, HL, B'C’, D’E’, H’L’). Auto Increment and Decrement adressing mode capabilities
extend the uses for the DE, HL, D'E’, and H'L’ register-pairs. The contents of the BC, DE, and
HL register-pairs can be exchanged with their Alternate Register counterparts using the EXX
instruction.

Vector Register (V)

When defining a scratch pad area in the memory space, the upper 8-bit memory address is
defined in the V-register and the lower 8-bits is defined by the immediate data of an instruction.
Also the scratch pad indicated by the V-Register can be used as 256 x 8-bit working registers for
storing software flags, parameters and counters immediately or directly.

Accumulator (A)

All data important data treatments on uPD7801/02 are done through the accumulator. The
contents of the Accumulator and Vector Register can be exchanged with their Alternate
Registers using the EX instruction.

Program Counter (PC)

The PC is a 16-bit register containing the address of the next instruction to be fetched. Under
normal program flow, the PC is automatically incremented. However, in the case of a branch
instruction, the PC contents comes from another register or an instruction’s immediate data.
A reset sets the PC to 0000H.

Stack Pointer (SP)

The stack pointer is a 16-bit register used to maintain the top of the stack area (last-in-first-out).
The contents of the SP are decremented during a CALL or PUSH instruction or if an interrupt
occurs. The SP is incremented duringa RETURN or POP instruction.

15
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Register Addressing Working Register Addressing ADDRESS MODES
Register Indirect Addressing Direct Addressing

Auto-Increment Addressing Immediate Addressing

Auto-Decrement Addressing Immediate Extended Addressing

Accumulator Indirect Adressing

Register Addressing

r

I OPCODE E —! OPERANDI

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing

P memory
OPCODE ADDRESS OPERAND

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are ending this address mode.

Auto-Increment Addressing

p
lopcooe——={ADDRESS

memory

The opcode specifies a register palr which contains the memory address of the operand. The
er p cremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

contents of the re

Auto Decrement Addressing

memory

»
|opcope }——={apoRESs OPERAND

Working Register Addressing

memory

V Register
PC OPCODE Contents | OPERANDI

PC +1 displacement

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in acommon
memory page where only 1 additional byte is required for the address. The memory contents
can be influenced directly or immediately. Mnemonics with a W suffix ending this address mode.

16
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uPD7801/02

ADDRESS MODES
(CONT.)

INSTRUCTION SET

Notes:

The two bytes following the opcode specify an address of a location containing the operand.

Direct Addressing
PC QPCODE Memory
PC+1 Low Address ‘__"&9_’3_"‘;] Low Operand
PC +2 High Address 1 byte High Operand
2 byte
Immediate Addressing (8 bit)
PC OPCODE
PC+1 OPERAND
Immediate Extended Addressing (16 bit)
PC OPCODE
PC+1 Low Operand
PC+2 High Operand

Accumulator Indirect Adressing (Select Table)
C«<(PC+2+A)
B« (PC+2+A+1)
Operand Description

OPERAND DESCRIPTION
r V,A,B,C,D,EH L
al B,C,D,E H,L
r2 A,B,C
sr PA PB PC MK MB MC TMO TM1 S
srl PA PB PC MK S
sr2 PA PB PC MK
p SP,B,D,H
rpl1 V,B,D,H
rpa B, D, H, D+, H+, D-, H-
rpal B,D,H
wa 8 bit immediate data
word 16 bit immediate data
byte 8 bit immediate data
bit 3 bit immediate data
f FO,F1,F2, FT, FS,

1. When special register operands sr, sr1, sr2 are used; PA = Port A, PB=Port B,
PC = Port C, MK = Mask Register, MB = Mode B Register, MC = Mode C Register,
TMO = Timer Register 0, TM1 = Timer Register 1, S = Serial Register.

. When register pair operands rp, rp1 are used; SP = Stack Pointer, B = BC, D = DE,
H=HL,V=VA

3. Operands rpa, rpal, wa are used in indirect addressing and auto-increment/auto-

decrement addressing modes.

B =(BC), D = (DE), H = (HL)

D+ = (DE)+, H+ = (HL)+, D—= (DE)—, H—= (HL)—.

N

4. When the interrupt operand f is used; FO = INTFQ, F1 = INTF1, F2 = INTF2,

FT = INTFT, FS=INTFS.

17
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No. | cLock SKIP FLAGS
MNEMONIC | OPERANDS | BYTES |CYCLES OPERATION CONDITION CVI Z
8-BIT DATA TRANSFER
MoV A 1 4 MeA
Mov A, rl 1 4 A-nl
Mov sr, A 2 10 sre—A
MoV A, st 2 10 A~ sl
MOV r, word a4 17 r « (word)
MOV word, r 4 17 (word) «~r
Mvi r, byte 2 7 r+— byte
MVIW wa, byte 3 13 (V, wa) «~ byte
MVIX rpal, byte 2 10 (rpal) ~—byte
STAW we 2 10 (V, wa) = A
LDAW wa 2 10 A (V, wa)
STAX rpa 1 7 (rpa) - A
LDAX rps 1 7 A « (rpa)
EXX 1 4 Exchange register sets
EX 1 4 V,Ae V', A"
BLOCK T |rstcen | mrariyc o
HL <HL+ 1
16-8IT DATA TRANSFER
SBCD word 4 20 (word) «~C, (word + 1) - B
SDED word 4 20 (word) « E, (word + 1) ~ D
SHLD word 4 20 (word) « L, (word + 1) = H
SSPD word 4 20 {word) « SP|, (word + 1) « SPy
LBCD word 4 20 C + (word), B « (word + 1)
LDED word 4 20 E « (word), D « (word + 1)
LHLD word 4 20 L + (word), H « (word + 1)
LSPD word a 20 | SPL ~ (word), SPH « (word + 1)
PUSH et 2 17 (SP - 1) = rp1y, (SP - 2) —rp1
pop ! 2 '8 :::::‘(i:)o 1),SP—SP+2
Lxit rp, word 3 10 rp + word
NN

18
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INSTRUCTION GROUPS - —
(CONT) MNEMONIC | OPERANDS !VTéS :\I"COLCEKS OPERATION CONSIZ‘)(I'YPION CY[ zZ
ARITHMETIC
ADD A 2 8 A A+ k3 +
ADD rA 2 8 ferdA ]
ADDX rPa 2 n A« A+ (rpa) I
ADC A r 2 8 A—=A+(+CY t T
ADC A 2 8 r=r+A+CY R K
ADCX rpa 2 1" A+ A+ (rpa) + CY LN
sus Ar 2 8 A-A-r ts
sus A 2 8 rer=-A 1t
suBXx rpa 2 " A+~ A~ (rpa) s
SBB Ar 2 8 A-A-r-CY Tt
see nA 2 8 re=r-A-~CY RN B3
SBBX rpa 2 " A« A - {rpa) - CY t ]
ADDNC Ar 2 8 A-A+r No Carry k2N B3
ADDNC nA 2 8 rer+A No Carry E3
ADDNCX rpa 2 n A« A+ (rpa) No Carry LN
SUBNB A 2 8 A-A-r No Borrow EI
SUBNB LA 2 8 rer-A No Borrow RN 1
SUBNBX rpa 2 " A~ A - (rpa) No Borrow L2 4
LOGICAL
ANA Ar 2 8 A—AAT 1
ANA oA 2 8 r=rAA t
ANAX rpa 2 11 A+~ A Alrpa) t
ORA Ar 2 8 A=Avr 1
ORA LA 2 8 r—ivA t
ORAX rpa 2 " A~ AV (rpa) H
XRA A 2 8 AcAvr t
XRA nA 2 8 A-rVvA 3
XRAX rps 2 " A« A ¥ (rpa} 1
GTA Ar 2 8 A-r=1 NoBorrow | t |t

19
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No. | cLock skip | FLAGS
MNEMONIC| OPERANDS | BYTES | CYCLES OPERATION CONDITION CVI r4
LOGICAL (CONT.)
GTAX rpa 2 " A - (rpa) - 1 No Borrow 1]t
LTA Ar 2 8 A-r Borrow 1]t
LTA rA 2 8 r-A Borrow k3 b3
LTAX rpa 2 n A - (rpa) Borrow tlt
ONA A 2 8 AAT No Zero t
ONAX rpa 2 n A Alrpa) No Zero k3
OFFA A r 2 8 AAT Zero 1
OFFAX rpa 2 n AA (rpa) Zero 1
NEA Ar 2 8 A-r No Zero 1]t
NEA LA 2 8 r-A No Zero 1]t
NEAX rpa 2 " A - (rpa) No Zero Tt
EQA A r 2 8 A-r Zero 1 $
EQA rA 2 8 r-A Zero t]
EQAX rpa 2 1" A - (rpa) Zero Ll I
IMMEDIATE DATA TRANSFER (ACCUMULATOR)
XR1 A, byte 2 7 A« AV byte $
ADINC A, byte 2 7 A~ A +byte Na Carry E N I 1
SUINB A, byte 2 7 A+ A -byte No Boriow tt
ADI A, byte 2 7 A« A +byte ]
ACI A, byte 2 7 A« A+byte+CY 1]t
sul A, byte 2 7 A~ A -byte L3 I
B1:1) A, byte 2 7 A+~ A-pbyte-CY E 3 IR 3
ANI A, byte 2 7 A~ AAbyte k3
OR! A, byte 2 7 A~ AvVbyte 3
GTi A, bV.IG 2 7 A-byre-1 No Borrow 11t
LT A, byte 2 7 A - byte Borrow t
ONI A, byte 2 7 AAbyte No Zero 4
OFFI A, byte 2 7 AA byte 2ero t
NE! A, byte 2 7 A - byte No Zero $ 1t
EQ! A, byte 2 7 A - byte Zero i)t

20
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INSTRUCTION GROUPS TLAGS
(CONT.) No. | cLock sKip
MNEMONIC | oPERANDS | BYTES |cvcLes OPERATION conoimion [ev] <

IMMEDIATE DATA TRANSFER

XR1 r, byte 3 1" r—rV¥byte 1
ADINC r, byte 3 1" re—r+byte No Carry E3N I
SUINB r.byte 3 " rer-byte No Borrow ]t
ADI t, byte 3 11 rer+byte t]s
ACI r,byte 3 1 rer+byte +CY 1t
sul r,byte 3 1" rer-byte t ]
SBI r, byte 3 n rer=byte=-CY E I
ANI r,byte 3 n re—rAbyte 4 1
URJ r. byte 3 1" re—rvbyte 1
GTi r, byte 3 1 r-byte-1 No Borrow b 1
LTI r, byte 3 " 7 - byte Borrow 1 1
ONI r, byte 3 n rAbyte No Zero H
OFFI r, byte 3 1" rAbyte Zero t
NEI r, byte 3 1" r~ byte No Zero 1 b
EQl r, byte 3 1 r - byte Zero 11t

IMMEDIATE DATA TRANSFER (SPECIAL REGISTER)

XRI sr2, byte 3 17 $r2 < sr2 ¥ byte H
ADINC sr2, byte 3 17 $r2 —sr2 + byte No Carry tit
SUINB sr2, byte. 3 17 sr2 —sr2 - byte No Borrow t]t
ADI sr2, byte 3 17 sr2 — 52 + byte Tyt
ACH sr2, byte 3 17 sr2 < sr2 + byte + CY 1 1
SuUI sr2, byte 3 17 sr2 «— sr2 - byte 3 k3
s8B! sr2, byte 3 17 572 +- 512 - byte - CY L
ANI sr2, byte 3 17 $r2 ~ sr2 Abyte 1
OR!i sr2, byte 3 17 sr2 — sr2 vbyte 1
GTI sr2, byte 3 14 sr2 - byte - 1 No Borrow k3 1
LTt sr2, byte 3 14 sr2 - byte Borrow ]t
ONI sr2, byte 3 14 sr2A byte No Zero 1

21



nPD7801/02

no. | crock P Fas | INSTRUCTION GROUPS
MNEMONIC | OPERANDS | BYTES |CYCLES OPERATION CONDITION t—Cvl—Z_ (CONT)
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.)
OFFI sr2, byte 3 14 $r2 Abyte Zero t
NE! s12, byte 3 14 sr2 - byte No Zero 1]t
EQI sr2, byte 3 14 sr2 - byte Zero RN I3
WORKING REGISTER
XRAW wa 3 14 A~ AVI(V, wa) t
ADDNCW wa 3 14 A~ A +(V, wa) No Carry ]t
SUBNBW wa 3 14 A« A-(V,wa) No Borrow 1]t
ADDW wa 3 14 A=A+(V, wa) s
ADCW wa 3 14 A—A+(V,wa)+CY ]
susw wa 3 14 A—A-(V,wa) t]e
SBBW wa 3 14 A-A-1{V,wal-CW ]t
ANAW wa 3 14 A—AAV, wa) !
ORAW wa 3 14 A—AvIV, wa) k3
GTAW wa 3 14 A= (V,wa) -1 No Borrow 1]t
LTAW wa 3 14 A -V, wa) Borrow e
ONAW wa 3 14 A ALV, wa) No Zero t
OFFAW wa 3 14 AA(V, wa) Zero t
NEAW wa 3 14 A -V, wa) No Zero |t
EQAW wa 3 14 A~ (V, wa) Zero t]t
ANIW wa, byte 3 16 (V, wa) — (V, wa) Abyte 1
ORIW wa, byte 3 16 (V. wa) — (V, wa) vbyte H
GTiw wa, byte 3 13 (V, wa) - byte - 1 No Borrow tyt
LTiw wa, byte 3 13 (V, wal - byte Borrow T H
ONIW wa, byte 3 13 (V, wai/ byte No Zero t
OFFIW wa, byte 3 13 (V, wa) A byte Zero t
NEIW wa, byte 3 13 (V, wa) - byte No Zero H !
EQw wa, byte 3 13 (V, wa) - byte Zero t]e
INCREMENT/DECREMENT
INR 2 1 4 2-r2+1 Carry t
INRW wa 2 13 (V, wa) = (V,wa) +1 Carry H

22
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INSTRUCTION GROUPS P VT

(CONT ) NO. CLOCK
. MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION CV[Z

INCREMENT/DECREMENT (CONT.)

DCR r2 1 4 2-r2-1 Borrow !
OCRW wa 2 13 (V,wa) — (V, wal -1 Borrow b4
INX o 1 7 perp

[a1e2 wm 1 7 perp-1

DAA 1 4 Decimal Adjust Accumulator 1 1
§TC 2 8 Cy -1 1
cLC 2 8 Cy-0 [}

ROTATE AND SHIFT

RLD 2 17 Rotate Left Digit
RRD 2 17 Rotate Right Digit
RAL 2 8 Am+ 1« Am,Ag~CY,CY ~ A7 H
RCL 2 8 Cm+1—-Cm,Co—CY,CY ~C7 1
RAR 2 8 Am -1+ Am,A7 —CY,CY — Ag t
RCR 2 8 Cm-1+<Cm,Cy—CY,CY ~Co 1
SHAL 2 8 Am + 1+ Am,Ag~0,CY — A7 1
SHCL 2 8 Cm+1+CM,Co—0,CY ~Cy t
SHAR 2 8 Am -1+ Am,A7+—0,CY ~— Ag 1
SHCR ] 2 8 Cm-1+-Cm,C7+-0,CY~-Co t
JumP
JmpP word 3 10 PC ~ word
JB 1 4 PCH+~B,PCL~C
JR word 1 13 PC—PC + 1 + jdisp1
JRE word 2 13 PC ~ PC + 2 + jdisp
CALL
o [ [ [
cALB 1 [ER s _',),: :,PCCH—: :;H }:((;S: .
S R N e
R e
SOFTI ) 19 (SP- 1) — PSW, SP - 2, (SP - 3) = PC

PC ~ 0060y, SIRQ ~ 1

23
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No. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION jCY | 2
RETURN
PCL ~ (SP),PCH = (SP + 1}
1
RET " SP+—SP -2
RETS 1 1142 PCL ~ (SP),PCH «~ (SP + 1),
SP—SP+2,PC~PC+n
RETI 4 15 PCL ~ (SP),PCHy — (SP +1)
PSW=—(SP+2),SP—SP+3,SIRQ~0
SKiP
BIT bit, wa 2 10 | Bittest S",M’D"
SKC 2 8 Skip if Carry CcY =1
SKNC 2 8 Skip if No Carry Cy =0
SKZ 2 8 Skip if Zero z=1
SKNZ 2 8 Skip if No Zero z=0
Skip it INT X =1
t . =
SKiT 2 8 then reset INT X =1
Skip if No INT X
SKNIT ! 2 8 otherwise reset INT X =0
CPU CONTROL
NOP 1 4 No Operation
El 2 8 Enable Interrupt
DI 2 8 Disable Interrupt
HLT 1 6 Halt
SERIAL PORT CONTROL
sio 1 4 Start (Trigger) Serial 1/0
ST™M 1 4 Start Timer
INPUT/OUTPUT
AB15.8 — B,AB7.0 — byte
IN byte 2 10 A-DBrg
AB15.8 — BAB7Q — byte
ouT byte 2 10 DB7g~ A
PEX 2 " PE158—B,PE79~C
PEN 2 n PEy5.12 - B74
PER 2 n Port E AB Mode

24
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Program Status Word (PSW) Operation

OPERATION o6 1 05 L0 103 {02 DO
REG, MEMORY IMMEDIATE SKIP 2 | sk {HC| LY ]Lo]cy
ADD ADDW ADDX ADI
ADC ADCW ADCX ACI ' 0 : 0 0 t
sus susw suBXx sut
SBB SBBW SBBX SBI
ANA ANAW ANAX AN} ANIW
ORA ORAW ORAX OR} ORIW 1 o . ] o] .
XRA XRAW XRAX XRi
ADDNC| ADDNCW| ADDNCX | ADINC
SUBNB SUBNBW SUBNBX SUINB p ' ' 0 0 1
GTA GTAW GTAX GTI GTiw
LTA LTAW LTAX LTI LTIW
ONA ONAW ONAX ONI ONIW 4 : o 0 0 -
OFFA OFFAW OFFAX OFFI OFFIw
NEA NEAW NEAX NEI NEW N s s 0 0 '
EQA EQAW EQAX EQI EQIW
INR INRW
DCR DCRW A A R B
DAA : 0 ! 0 (V]
RAL, RAR, RCL, RCR
SHAL, SHAR, SHCL, SHCR i R T R I O
RLD, RRD 1 0 . 0 0 °
sTC . 0 . 0 0 1
cLC [ 0 . 0 0 [
MVI A, byte . 0 . 1 0 .
MVI L, byte . o . o i .
LXI H, word
BIT
SKC
SKNC
SKz . k3 . 0 0 .
SKNZ
SKIT
SKNIT
RETS . 1 . 0 o .
All other instructions . 0 . 0 0 .
{ Flag affected according to result of operation
1 Flag set
0 Flag reset
o Flag not affected
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ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

uPD7800/uPD7801/uPD7802
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uPD7800

ABSOLUTE MAXIMUM Operating TEMPerature . . . .. ... ...vueuennuee e
RATINGS* Storage Temperature . . . .. ... ..o iu it ittt
Voltage On Any Pin .. .. ... . .. e

COMMENT : Stress above those listed under “Absolute Maximum Ratings’* may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification

is not implied. Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

*Ta=25°C

DC CHARACTERISTICS T, =—10 ~+70°C, Ve = +6.0V £ 10 %

CAPACITANCE

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 08 A
ViH1 20 Vee \% Except SCK, X1
Input High Voltage Vinz 78 Veo v; TR
Output Low Voltage VoL 0.45 \Y% loL=20mA
Output High Voltage Yom 24 M lop = 100 4A
VOH2 20 \ IOH = =500 uA
Low Level input Leakage Current IV -10 HA VN =0V
High Level Input Leakage Current ILIH 10 KA VIN = Vce
Low Level Output Leakage Current [ I oL -10 KA VouyT = 0.45Vv
High Level Output Leakage Current| I oH 10 uA VouT = Vee
Ve Power Supply Current Icc 110 |200 mA
Ta =25°C, Vcc = GND = 0V
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX | UNITS | CONDITIONS
Input Capacitance C) 10 pF fc = 1 MHz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 BF | under testat OV
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uPD7800

CLOCK TIMING

Ta=—10t0 +70°C, Vg = +5.0V £ 10 %, fosz max = 2 MHz, not devided internally AC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL| MIN MAX UNITS | CONDITIONS
XouyT Cycle Time tcyx 454 2000 ns tcYx
XOUT Low Level Width| txxL 212 ns tXXL
XOouUT High Level Width | txx 212 ns T XH

READ/WRITE OPERATION

LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
RD L.E.—» XgyT L.E. tRX 20 ns
Address (PEg.15) = Data| tap1 550 + 500 x N ns
Input
‘RD T.E. — Address tRA 200(T3); 700(T4) ns
RD L.E. - Data Input tRD 350 +500 x N | ns
RD T.E. - Data Hold tRDH 0 ns
Time
RD Low Level Width tRR 850 + 500 x N ns
RD L.E. = WAIT L.E. tRWT 450 ns
Address (PEg.15) = tAWT1 650 ns
WAIT L.E.
ﬁet Up Time WTS 180 ns
(Referenced from
Xoyt L-E)
[WAIT Hold Time WTH o] ns
(Referenced from
XoyT L.E)
M1 - RO L.E. tMR 200 ns
RO T.E =M "M 200 s |tCYX =800ns
10/M>RD L.E. HR 200 ns
RD T.E. - I10/M tR) 200 ns
XoyT L-E.~ WR L.E. tXW 270 ns
Address (PEg.15) ~ tAX 300 ns
XoyT T-E.
Address (PEg.15) — tAD2 450 ns
Data Output
Data Output -~ WR' tpw * | 600 +500 x N ns
T.E.
WR T.E. — Data twD 150 ns
Stabilization Time
Address (PEg.15) ~ tAW 400 ns
WR L.E. .
[WR T.€.— Address WA 200 ns
Stabilization Time
WR Low Level Width ww 600 + 500 x N ns
(1O/M — WK LE. Hw 500 ns
WRTE —1OM Wi 250 ns
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AC CHARACTERISTICS SERIAL 1/0 OPERATION

(CONT.)

PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
yora 800 ns SCK Input
SCK Cycle Time t

vele Tim CYK 17900 [2000 | ns | SCK Output
== 350 ns SCK Input
SCK Low Level Width tKKL 200 s SCK Output
T 350 ns SCK Input
SCK Hig 1 Vidth KKH 400 ns | SCK Output
S1 Set-Up Time (referenced from SCK T.E.) | tg|s 140 ns
S1 Hold Time (referenced frora SCK T.E.) tSIH 260 ns
SCK L.E. - SO Delay Time KN 180 ns
SCS High — SCK L.E. tesK 100 ns
SCK T.E. — SCS Low tKCs 100 ns
SCK T.E.— SAK Low tKSA 260 | ns

PEN, PEX, PER OPERATION

PARAMETER SYMBOL| MIN |[MAX | UNIT CONDITION
X1 L.E.—» EXT tXE 250 | ns
Address (ABQ.15) —~ STB L.E. tAST 200
Data (DBg.7) -» STB L.E. tDST 200 tcyx = 500 ns
STB Hold Time tSTST 300
STB - Data 1STD 400

HOLD OPERATION

PARAMETER SYMBOL | MIN [MAX | UNIT CONDITION
HOLD Set-Up Time (referenced from tHDS} 100 ns
XoyTt L-E) tHDSy 100 ns
HOLD Hold Time (referenced from BouT "HDH 100 ns
L.E.)

XoyT L-E.~ HLDA IXHA 100 ns

HLDA High — Bus Floating (High Z State) tHABF | -150| 150 ns

HLDA Low — Bus Enable tHABE 350 ns
Notes:

(‘D AC Signal waveform (unless otherwise specified)

24

2.0 > MEASURING <: 2.0
0.8 POINTS 0.8

0.45

(@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V
VoL = 0.8V
@ L.E. = Leading Edge, T.E. = Trailing Edge
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©PD7800

tcyx DEPENDENT AC PARAMETERS

AC CHARACTERISTICS

PARAMETER EQUATION MIN/MAX UNIT (CONT.)
tRX (1/25) T MIN ns
tAD, (3/2+N) T- 200 MAX ns
tra (T3) (1/2) T- 50 MIN ns
tRA (Tg) (3/2) T- 50 MIN ns
tRD (1+N)T- 150 MAX ns
RR (2+N) T- 150 MIN ns
TRWT (3/2) T- 300 MAX ns
tAWT, (2) T- 350 MAX ns
tMR (1/2) T - 50 MIN ns
tRM (1/2) T- 50 MIN ns
IR (1/2) T - 50 MIN ns
tRI (1/2) T- 50 MIN ns
IXw (27/50) T MAX ns
tAD2 T- 50 MIN ns
tow (3/2+N) T- 150 MIN ns
twp (1/2) T- 100 MIN ns
7\ T-100 MIN ns
twa (1/2) T- 50 MIN ns
tww (3/2+N) T- 150 MIN ns
tw T MIN ns
twi (1/2) T MIN ns
tHABE (1/2) T- 150 MAX ns
tAST (2/5) T MIN ns
tpsST (2/5) T MIN ns
tSTST (3/5) T MIN ns
tSTD (4/5) T MIN ns

Notes: (1) N = Number of Wait States
@ T=tcvx
@ Only above parameters are oY x dependent

@ When a crystal frequency other than 4 MHz is used ('CYX = 500 ns)
the above equations can be used to calculate AC parameter

values.

30



NEC

uPD7800

CLOCK TIMING

TIMING WAVEFORMS
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NEC

SERIAL 1/0 OPERATION

TIMING WAVEFORMS
(CONT.)

CYK
fe—t K L —| ——!ij

SCK —-1 }E—\____J'-_

s

—— f—tKO —o={ |=—1KO
so ). —{
:cs.(j l.' — t'xcs
SCs
TKSA —ammd

saK

PEN, PEX, PER OPERATION

T | . | n____.l
X1 ;‘ \ l/ \ / \ \ Ve
ABo.15 X
|
on0r | .
Aucl] Te
G133 T *
I_ _.{ il e TST Il I
T 1
HOLD OPERATION

THOLD ——e——— Ty 0~ Ty

nowo

HLoA

us

| \
— o . _—L‘J—\—,.‘.TM
7\ 1\
T coor ~ 4
S~ o

PACKAGE OUTLINES
Plastic Quil, uPD7800G
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uPD7801/02

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

Operating TEMPErature . ... ... ......ouverennnnnnneeeeeeeens —10°C to +70°C
Storage TEMPErature . . . ... covvevie e e naieiee e —65°C to +125°C
Voltage On Any Pin . . ... Lo e —0.3V to +7.0V

COMMENT : Stress above those listed under “Absolute Maximum Ratings’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification

is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

"Ta=25°C

Ta=—1010 + 70°C, VoG = +5.0V £ 10 %

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 08 \"
v 20 V v Except SCK, X1
Input High Voltage lall cc —
ViHz | 38 vee | V SCK, X1
Output Low Voltage VoL 0.45 v loL=20mA
V 24 \4 | =-100 uA
Output High Voltage OH1 OH
VoH2 | 20 v 10H = =500 uA
Low Level Input Leakage Current T -10 uA  fviy=0v
High Level Input Leakage Current ILIH 10 HA VIN = Vee
Low Level Output Leakage Current | I QL -10 HA VouTt = 045V
High Level Output Leakage Current| I QH 10 uA VouT = Vce
Ve Power Supply Current Icc 110 |200 mA
Ta=25°C, Vcc=GND =0V
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX | UNITS | CONDITIONS
Input Capacitance Cy 10 pF fc = 1 MHz2
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test at OV
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uPD7801/02 NE

CLOCK TIMING AC CHARACTERISTICS

—10 to +70°C, Ve = +5.0V £ 10 %, fosz max = 4 MHz, internally devided (1:2)

LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS |
X1 Input Cycle Time tCYX 227 1000 ns
X1 Input Low Level XL 106 ns
Width
X1 Input High Level IXXH 106 ns
Width
¢oyuT Cycle Time tcyg 454 2000 ns
PoUT Low Level Width ol 150 ns
$oUT High Level Width | tgen 150 ns
#ouT Rise/Fall Time tetf 40 ns
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
RD L.E.—» ¢ouT L.E. Ro 100 ns
Address (PEg.15) —= Data| tap1 550 + 500 x N ns
Input
RO T.E. » Address tRA 200(T3); 700(T4) ns
RD L.E. - Data Input tRD 350 + 500 x N ns
RD T.E. —~ Data Hold tRDH 0 ns
Time
RD Low Level Width tRR 850 + 500 x N ns
m L.E. TRWT 450 ns
Address (PEg.15) = TAWT1 650 ns
WAIT L.E.
WAIT Set Up Time tWTS 290 ns
(Referenced from
oouT L.E)
[WAIT Hold Time TWTH 0 120 ns
(Referenced from
oouUT LE)
M1 -RD LE. tMR 200 ns
RDT.E. - M1 T 200 e |1CYp =500ns
10/M -~ RD L.E. YR 200 ns
RDT.E.~ IO/M Ry 200 ns
60UT LE. ~WRLE. | oW 40 125 ns
Address (PEg.15) = tA¢ 100 ns
oouT T-E.
Address (PEg_15) = tAD2 450 ns
Data Output
Data Output - WR tpw 600 + 500 x N ns
TE.
'WH T.E. -+ Data twD . 150 ns
Stabilization Time
Address (PEg.15) - AW 400 ns
WR L.E.
Ay T.E. - Address WA 200 ns
Stabilization Time
WR Low Level Width TWwW 600 + 500 x N ns
m L.E. fTw 500 ns
T.E.~10/M twi 250 ns
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uPD7801/02

SERIAL 1/0 OPERATION

PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
— 800 ns SCK Input
CK le Ti
SCK Cycle Time 'CYK  1™900[4000 | ns | SCK Output
T ) 350 ns SCK Input
SCK Low Level Width tKKL 200 s SCK Output
— K|
SCK High Level Width tKKH i: :: —"':g'( (;&‘::ut
SI Set-Up Time (referenced from SCK T.E.) | tgig 80 ns
SI Hold Time (referenced from SCK T.E.) tSIH 260 ns
SCK L.E. - SO Delay Time tKO 180 ns
SCS High — SCK L.E. tesSK 100 ns
SCK T.E. — SCS Low tKes 100 ns
SCK T.E. - SAK Low tKSA 260 ns
HOLD OPERATION
PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
HOLD Set-Up Time (referenced from tHDS 200 ns
gouT L.E) tHDSy | 200 ns
HOLD Hold Time (referenced from BouT ,
LE) THDH 0 ns tCYg = 500 ns
PgouT L.E.» HLDA toHA | -110| 100 | ns
HLDA High - Bus Floating (High Z State) tHABF | -150| 150 ns
HLDA Low — Bus Enable tHABE 350 ns
Notes:

@ AC Signal waveform (uniess otherwise specified)

24

—

' 20 :> MEASURING
08 POINTS
0.45

@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V
VoL = 0.8V

@ L.E. = Leading Edge, T.E. = Trailing Edge
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NEC

tcyy DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX UNIT
tR¢ (1/8) T MIN ns
tAD, (3/2+N) T~ 200 MAX ns
tRA (T3) (1/2) T- 50 MIN ns
tra (Tg) (3/2) T- 50 MIN ns
tRD (1+N) T- 150 MAX ns
tRR (2+N) T- 150 MIN ns
tRWT (3/2) T - 300 MAX ns
TAWT, (2) T- 350 MAX ns
tMR (1/2) T- 50 MIN ns
tRM (1/2) T- 50 MIN ns
[T (1/2) T- 80 MIN ns
tR) (1/2) 7 - 50 MIN ns
tow (1/a) T MAX ns
tA¢ (18T MIN ns
tA[)2 T-50 MIN ns
tow (3/2+N) T~ 150 MIN ns
twpD (1/2) T- 100 MIN ns
tAw T-100 MIN ns
twa (1/2) T- 50 MIN ns
ww (3/2+N) T- 150 MIN ns
uw T MIN ns
twi (/2T MIN ns
'HABE (1/2) T- 150 MAX ns

tKKH (SCK Output) (1/2) (2T -109) MIN ns

tKKL (SCK Output) (1/2) (2T -109) MIN ns

Notes: (1) N = Number of Wait States

@ T=tcve

@ Only above parameters are tcyq) dependent

(@ When a crystal frequency other than 4 MHz is used (tcy , = 500 ns)
the above equations can be used to calculate AC parameter

values.

CLOCK TIMING

cyYx
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AC CHARACTERISTICS
(CONT.)

TIMING WAVEFORMS
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TIMING WAVEFORMS
(CONT.)

uPD7801/02
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SERIAL 1/0 OPERATION
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PACKAGE OUTLINES

Plastic Quil, uPD7801G/02G
Plastic Shrinkdip, uPD7801CW, uPD7802CW
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NEC

PACKAGE OUTLINE
64-PIN SHRINK DIP

pPD7801CW-xxx
pPD7802CW-xxx
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NEC

ELECTRICAL SPECIFICATIONS
FOR EXTENDED TEMPERATURE RANGE
OF -40 °C TO +85 °C
uPD7800/uPD7801/uPD7802
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uPD7800

E

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

AC CHARACTERISTICS

Operating Temperature . . . ... ...t iin ettt it een —40°C to +85°C
Storage TEMPerature . . . .. ... v it ittt ittt e —65°C to +125°C
Voltage On Any Pin . . ... ... . —0.3V to +7.0V

COMMENT : Stress above those listed under “’Absolute Maximum Ratings* may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

*Ta=25°C

Ta=-40~+85°C, Voo =+5.0V £10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS
Input Low Voltage ViL o 0.7 \
ViH1 23 Vce \ Except SCK, X1
Input High Voltage Vina 35 Vee v TRxT
Output Low Voltage VoL 0.45 \ loL=2.0mA
Vo1 | 24 v 10K = -100 wA
Output High Voltage Vonz 20 v 1OH = 500 A
Low Level Input Leakage Current e -10 uA Vin =0V
High Level Input Leakage Current LIH 10 rA VIN = Ve
Low Level Output Leakage Current | 1 oL -10 uA VouTt = 0.45Vv
High Level Output Leakage Current| 1 QH 10 uA VouT = Vee
V¢ Power Supply Current Icc 110 | 220 mA
Ta=25°C, Vcc = GND = 0V
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX | UNITS | CONDITIONS
Input Capacitance Cy 10 pF fc = 1 MHz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test at OV
CLOCK TIMING
Ta=-10to +70°C, Vcc = +5.0V £ 10 %
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
XQouT Cycle Time ey x 666 2000 ns tCYX
XQUT Low Level Width| txx| 256 ns tXXL
XQuT High Level Width [ txx 256 ns I XH
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uPD7800

READ/WRITE OPERATION

LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
[RD LE — Xour LE. | tRx 20 ns
Address (PEg.15) — Data| tAp1 550 + 500 x N ns
Input
RD T.E. - Address tRA 200(73): 700(T4) ns
[RD L.E. - Data Input | tRD 350 +500 xN| ns
'RD T.€. ~ Data Hold TRDH o ns
Time
RD Low Level Width tRR 850 + 500 x N ns
RD L.E.—»WAIT L.E. tRWT 450 ns
Address (PEQ.15) —~ tAWT1 650 ns
WAIT L.E.
WAIT Set Up Time TWTS 180 ns
(Referenced from
XoyT L.E)
[WAIT Hold Time WTH 0 ns
{Referenced from
XoyT L.E)
M1 RO LE. MR 200 ns
RO T.E. - M1 "M 200 o] tCYX = 500ns
1O/M—RD L.E. 1R 200 ns
RD T.E. -~ 10/M Ry 200 ns
XoyT L-E.~WR L.E, txw 270 ns
Address (PEg.15) ~ tAX 300 ns
XouT T-E.
Address (PEg.15) ~ taAD2 450 ns
Data Output
Data Output -~ WR tpw 600 + 500 x N ns
TE.
[WR T.E. - Data WD 150 N
Stabilization Time
Address (PEQ.15) = AW 400 ns
WR L.E.
[WR T.E. — Address twA 200 ns
Stabilization Time
[WR Low Level Width ww 600 + 500 x N ns
o= WH LE. Hyw 500 ns
WRT.E— O™ wi 250 ns
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uPD7800

AC CHARACTERISTICS
(CONT.)

SERIAL 1/0 OPERATION

PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
= 00
SCK Cycle Time teyk 8 ns__ | SCK Input
700 | 4000 ns SCK OQutput
= " 350 ns SCK Input
SCK Low Level Width tKKL 300 s SCK Output
= . 350 ns SCK Input
SCK High Level Width TKKH 300 Hs SCK Output
Sl Set-Up Time (referenced from SCK T.E.) | tg|s 140 ns
S| Hold Time (referenced from SCK T.E.) tSIH 260 ns
SCK L.E. -~ SO Delay Time KO 180 ns
SCS High — SCK L.E. tCSK. 100 ns
SCK T.E. » SCS Low tkes 100 ns
SCK T.E. - SAK Low tKSA 260 ns
PEN, PEX, PER OPERATION
PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
X1 L.E.—»EXT IXE 250 ns
Address (ABQ.15) = STB L.E. tAST 200
Data (DBp.7) — STB L.E. 1DST 200 tcyx =500 ns
STB Hold Time tSTST 300
$T8 — Data tSTD 400
HOLD OPERATION
PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
HOLD Set-Up Time (referenced from tHDS; 100 ns
XouT LE) tHDS, 700 ns
f
HOLD Hold Time (referenced from @oyT tHDH 100 s
L.E)
XoyTt L-E.—~ HLDA IXHA 100 ns
HLDA High — Bus Floating (High Z State) tHABF | -150| 150 ns
HLDA Low — Bus Enable tHABE 350 ns
Notes:
@ AC Signal waveform (unless otherwise specified)
24
2.0 > MEASURING <: 20
0.8 POINTS 0.8
0.45

(@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vou = 2.0V
VoL =0.8v

@ L.E. = Leading Edge, T.E. = Trailing Edge
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1PD7800

tcyx DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX UNIT
tRX (1/25) T MIN ns
tAD1 (3/2+N) T- 200 MAX ns
tRa (T3) (1/2) T- 50 MIN ns
tRA (Ta) (3/2) T- 50 MIN ns
tRD (1+N)T- 150 MAX ns
tRR (2+N) T- 150 MIN ns
TRWT (3/2) T - 300 MAX ns
‘AWT1 (2) T~ 350 MAX ns
VMR (1/2) T - 50 MIN ns
tRM (1/2) T- 50 MIN ns
1R (1/2) T - 50 MIN ns
tRI| (1/2) T - 50 MIN ns
txw (27/50) T MAX ns
"ADZ T-50 MIN ns
tow (3/2+N) T- 150 MIN ns
twp (1/2) T - 100 MIN ns
tAW T-100 MIN ns
wa (1/2) T- 50 MIN ns
tww (3/2+N) T- 150 MIN ns
tw T MIN ns
twi (1/72) T MIN ns
tHABE (1/2) T- 150 MAX ns
tAST (2/5) T MIN ns
tpsT (2/8) T MIN ns
tSTST (3/5 T MIN ns
tsTD (4/5) T MIN ns

Notes: @ N = Number of Wait States

@ T=tcyx
@ Only above parameters are tcyx dependent
(@ When a crystal frequency other than 4 MHz is used (tgyx = 500 ns)

the above equations can be used to calculate AC parameter

values.
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NEC

TIMING WAVEFORMS

CLOCK TIMING

READ OPERATION
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SERIAL 1/0 OPERATION
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uPD7801/02

E

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

Operating TEMPerature . .. ... .. ... oo v i it —40°C to +85°C
Storage TeMPErature . . . . v vttt it e et e e —65°C to +125°C
Voltage On Any Pin . .. ... .. .. e —0.3V to +7.0V

COMMENT: Stress above those listed under ““Absolute Maximum Ratings'’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above thos indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

*T,=25°C

—10to +70°C, Ve = +5.0V £ 10 %

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 0.7 \Z
ViH1 23 Vee v Except SCK, X1
Input High Voltage Vinz 38 Voo v TR
Output Low Voltage VoL 045 \2 loL=20mA
Output High Voltage YoH1 24 Y lon = ~100 uA
VOH2 20 v IoH = =500 uA
Low Level Input Leakage Current Lo -10 HA ViN =0V
High Level Input Leakage Current ILIH 10 HA ViN = Vce
Low Levei Output Leakage Current | I oL -10 HA VouT =0.45V
High Level Output Leakage Current| I OH 10 HA VourT = Vce
Ve Power Supply Current Icc 110 | 220 mA
Ta=25°C, Vo = GND = 0V
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX | UNITS | CONDITIONS
Input Capacitance Cy 10 pF fe = 1 MHz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test at OV
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CLOCK TIMING AC CHARACTERISTICS

—10 to +70°C, Vec = +5.0V £ 10 %

LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
X1 Input Cycle Time tCYX 333 1000 ns
X1 Input Low Level XX L 159 ns
Width
X1 Input High Level IXXH 159 ns
Width
¢oyT Cycle Time t1CYg 666 2000 ns
$ouUT Low Level Width ool 256 ns
$ouT High Level Width tooH 256 ns
¢ouT Rise/Fall Time tetf 40 ns
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
?UL.E.*c)ouT L.E. R¢ 100 ns
Address (PEg.15) = Data| taAD1 550 + 500 x N| ns
Input
RD T.E. - Address tRA 200(T3); 700(T4) ns
RD L.E. - Data Input tRD 350+ 500 xN| ns
"RD T.E. - Data Hold tRDH 0 ns
Time
[RD Low Level Width RR 850 + 500 x N s
rfD'L.E. SWAIT LE. TRWT 450 ns
Address (PEg.15) — TAWT1 650 ns
WAIT L.E.
WAIT Set Up Time tWTS 290 ns
(Referenced from
oouT L.E)
[WAIT Hold Time WTH 0 ns
(Referenced from
oouT L.E)
M1 > RO L.E. ™R 200 ns
RO T.E. — M1 M 200 | 'CYp. =500 ns
10/M - TRD L.E. 1R 200 ns
RD T.E.— 10/M tRI 200 ns
0uUT LE ~WRLE. | teW a0 125 ns
Address (PEg.15) — tA¢ 100 300 ns
oouT T.E.
Address (PEg.15) — tAD2 450 ns
Data Output
Data Output - WR tDW 600 + 500 x N ns
T.E.
IWR T.€. - Data twD 150 ns
Stabilization Time
Address (PEg.15) — tAW 400 ns
WR L.E.
r'Wﬁ T.E. — Address WA 200 ns
Stabilization Time
[WR Low Level Width ww 600 + 500 x N s
(oM~ WH LE. tHw 500 ns
IWET.E ~10M Wi 250 ™
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SERIAL 1/0 OPERATION

PARAMETER SYMBOL| MIN [MAX | UNIT CONDITION

J— 800 ns SCK Input
SCK Cycle T t,

vele Time CYK [7700]2000 | ns | SCK Output
J— . 350 ns SCK Input
SCK Low Level Width IKKL 300 Py SCK Output
— . 350 ns SCK Input
SCK High Level Width tKKH 300 s SCK Output
SI Set-Up Time (referenced from SCK T.E.) ts1S 140 ns
S| Hold Time (referenced from SCK T.E.) 1SIH 260 ns
SCK L.E. —~ SO Delay Time KO 180 ns
SCS High — SCK L.E tCsSK 100 ns
SCK T.E. - §CS Low tKes 100 ns
SCK T.E. — SAK Low tKSA 260 | ns

HOLD OPERATION

PARAMETER SYMBOL| MIN |[MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDS{ 200 ns
gouT L.E) tHDSy 200 ns
HOLD Hold Time (referenced from B
ey OUT | tupw 0 ns | teyg =500 ns
BouT L.E. = HLDA TDHA 110| 100 ns
HLDA High — Bus Floating (High Z State) tHABF | -150| 150 ns
HLDA Low — Bus Enable tHABE 350 ns

Notes:

@ AC signal waveform (unless otherwise specified)

24

>Q:> MEASURING <: 2.0
08 POINTS !
0.45 08

(@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V
VoL = 0.8V
@ L.E. = Leading Edge, T.E. = Trailing Edge

50



NEC

©uPD7801/02

tcyy DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX UNIT
tR¢ (1/5) T MIN ns
tAD, (3/2+N) T- 200 MAX ns
tra (T3) (1/2) T - 50 MIN ns
tra (T4) (3/2) T- 50 MIN ns
tRD (1+N)T- 150 MAX ns
'RR (2+N) T- 150 MIN ns
tRWT (3/2) T - 300 MAX ns
tAWT, (2) T- 350 MAX ns
tMR (1/2) T - 50 MIN ns
tRM (1/2) T- 50 MIN ns
tR (1/2) T - 50 MIN ns
tR| (1/2) T- 50 MIN ns
oW (1/4) T MAX ns
AP (175 T MIN ns
tAD, T-50 MIN ns
tpw (3/2+N) T- 150 MIN ns
WD (1/2) T- 100 MIN ns
tAw T-100 MIN ns
WA (1/2) T- 50 MIN ns
tww (3/2+N) T- 150 MIN ns
uw T MIN ns
twi (1/2) T MIN ns
tHABE (1/2) T- 150 MAX ns

Notes: (1) N = Number of Wait States

CLOCK TIMING

@ T-wcve
@ Only above parameters are ‘CYO dependent
@ When a crystal frequency other than 4 MHz is used ('CYQ, =500 ns)

the above equations can be used to calculate AC parameter

values.
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TIMING WAVEFORMS eve
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NEC

4PD78C05A

HIGH END SINGLE CHIP 8-BIT
MICROCOMPUTER ROM-LESS DEVELOPMENT
DEVICE IN CMOS TECHNOLOGY

The uPD78CO5A is a high-performance 8-hit microcomputer fabricated with CMOS technology.
The uPD78CO5A contains an 8-bit ALU, a 128 x 8 RAM, two 8-bit 1/0 ports, a 6-bit 1/0 port, an
8-bit timer/event counter with 4-bit prescaler, a serial 1/0 port, and three (two external and

one internal) source vectored interrupt structure. It also contains a 16-bit Address bus and an
8-bit data bus for external memory (program memory, data memory, or memory mapped |/0)
up to 64K bytes.

The uPD78CO5A has stand-by capability (STOP/HALT) for its power-down.
The uPD78CO5A is applicable for hand-held computer, etc. requiring low power consumption.

The uPD78CO5A is compatible with the uPD78C06A (uCOM-87LC-family) and used as evaluation
chip for uCOM-87LC-series.

DESCRIPTION

FEATURES Powerful 101 Instructions

Instruction Cycle Time: 2,6 us for 78C05A,

Data Memory: 128W x 8

Direct Addressing Capability up to 64kB External Memory
Powerful Addressing Modes Capability

Multi-level Stack

Vectored Interrupts (External: 2, Internal: 1)

On-chip 8-bit Timer with 4-bit Prescaler

46 1/0 Ports

Serial 1/0 Ports

Stand-by Capability (STOP/HALT mode)
Fully Bus Compatible with 8080A

On-chip Clock Generator with 6 MHz crystal
Single Supply, CMOS Technology

Low Power Consumption

64 pin QUIL

MPD78CO6A Evaluation chip

PIN CONFIGURATION s o b veetsw)
$ouT 2 63 ABjg
DBy 3 620 ABj3
DBg 3 611 ABqp
DBs 5 600  ABqq
DBy 6 591 ABqg
DB3 7 5811 ABg
DBy 8 §7FE3 ABg
DBy 9 560  AB,
DBg £ ABg
NC B ABg
INT, FE ABa
INT B  AB3
WAl F3 Ay
wh H . as,
RD 9:,: ABg
PCg - PB7
pC PBe
4 B res
PC3 Y
PCy B rat
PCyq — P53
PCo B es?
REL F pBg
TO B ray
SCK 3 PAg
S| B PAg
SO F Pag
RESET B Paj
Xp F1 pay
X1 D PAq
Vgs (OV) 3 PAg




NEC

uPD78C05A

PIN NO.

DESIGNATION

FUNCTION

1,49-63
2

3-10

13

18-23

24

25

26

27

28

29
30
31

3340

4148

ABg-AB15
¢OuUT

DB7-DBg

INTg

INT1

WAIT

M1

Sl

SO

RESET
X2

X1
PAQ-PA7
PBp-PB7

(Output), 16 bit address bus and output port.

(Output) The clock of system clock frequency (1/4 of crystal
frequency or X1 external clock frequency) is placed out
from this line. It is still placed out in HALT mode, but it is
fixed to high in STOP mode.

(Tri-State Input/Output) This is an 8-bit bi-directional data
bus. The data move between an external memory or 1/0
STOP, and accumulator is done through this data bus.
During an input, HALT, and RESET, the output of the data
bus goes a high impedance state. Input/Output level are TTL
compatible.

(Input) It is a level-sensitive interrupt input line which is
high level active.

(Input) It is a rising-edge sensitive interrupt line, and it
becomes valid when INT1 input goes low to high. Sub-
sequently, if users want to perform another interrupt on this
line after an interrupt on this line is accepted, they must
take it into consideration that INT 1 input should be main-
tained at low state a little while, and then it should go high.
Unless, it does not enable another interrupt.

(Input, active low) WAIT, when active, extends read or write
timing to interface with slower external memory or 1/0.
WAIT is sampled at the end of T2, if active processor enters
a wait state Tyy and remains in that state as long as WAIT is
active.

(Output, active high) when active, M1 indicates that the
current machine cycle is an OP CODE FETCH.

(Tri-State Output, active low) WR, when active, indicates
that the data bus holds valid data. Used as a strobe signal
for external memory or 1/0 write operations. WR goes to
the high impedance state during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a strobe to gate
data from external devices onto the data bus. RD goes to the
high impedance state during HALT, HOLD, and RESET.

(Input) This is a 6-bit input port with pull-up resistors.
Input data to this port can be test by test instruction, and
also moved to least significant 6-bit of accumulator. Input
level is CMOS compatible. This port is fit for key-input port.

(Input) This is an input to release the STOP mode of stand-
by function. STOP mode is released by raising the REL
input high, then clock generator which has been stopped
will restart. During REL input is high, the bit 3 of Stand-by
Control Register (SC3) is set to one, and it isreset to zero
after REL signal returns low. Pull-down resistor is built in.
(Output) The square wave is output from this line. Its
cycle time is half of a count time of the internal timer. It
goes on low level after reset.

(Input/Output) SCK provides control clocks for Serial

Port Input/Output operations. Data on the Sl line is clocked

into the Serial Register on the rising edge. Contents of the

Serial Register is clocked onto SO line on falling edges.

(Input) Serial data is input to the processor through the S|
line. Data is clocked into the Serial Register MSB to LSB
with the rising edge of SCK.

(Output) SO is the Serial Output Port. Serial data is output
on this line on the falling edge of SCK, MSB to LSB.

(Input, active low) RESET initializes the uPD78CO5A
(Output) Oscillator output.

(Input) Clock Input

(Output) 8-bit output port with latch capability.

(Tri-State Input/Output) 8-bit programmable /O port. Each
line configurable independently as an input or output.
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BLOCK DIAGRAM

FUNCTIONAL
DESCRIPTION

. » PE15-0/ABY

16 I' 7
Latch
INC/DEC

03 Data
Memory
(128-Byte)

S

Butfer Butfer

nternal Data Bus.

Data Bus
Butfer

[ [Tt nes ]

It

Instruction

Read/Write
Control

T T 11 ||

Wait Resel $0ut vee vss

System Control

Jo—=—o

PA7.0

Memory Map

The uPD78CO05A can directly address the memory up to 64k bytes. Except on-chip RAM
(65.408-65.535) any memory location can be used as either of RAM or ROM, freely. The
memory map of the uPD78CO5A is shown on the next page. In the specific memory area, the
Reset/Stop mode Restart Address, Interrupt Start Address, Call Table etc. are involved. External
memory (ROM), and/or working registers, freely.

° O] RESET. STOP Release]
4 INTO
EXTERNAL s e
MEMORY
61.184x 8
16 INT1
128 LOW ADRS }( -0
es279| ] 129 HIGH ADRS
65.280 5 130 LOW ADRS
EXTERNAL 2 é 131 HIGH ADRS fe=1
MEMORY z G
65.407 128 x 8 -4 =
65.408 = 3
INTERNAL RAM Z
£ 254 LOW _ADRS 63
65535 128 x 8 S 255 HIGH ADRS }"
USER'S AREA
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1 I EC uPD78C06A

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH 4K ROM IN CMOS TECHNOLOGY

The NEC uPD78CO6A is a general purpose single-chip microcomputer. The uPD78C06A is DESCRIPTION
fabricated with CMOS technology.

This contains the functional blocks of program memory, data memory, ALU, /O ports, on-chip
timer, serial 1/0 and internal clock generator. It can extend external memory capacity (ROM,
RAM) up to 60k bytes.

* Single<chip Microcomputer (uCOM-87LC) FEATURES
e Powerful 101 Instructions
e Instruction Cycle Time: 4 us (on-chip ROM);

2,6 us (external memory & on-chip RAM)
Program Memory (ROM): 4096W x 8
Data Memory (RAM): 128W x 8
Direct Addressing Capability up to 60kB External Memory
Powerful Addressing Modes Capability
Multi-level Stack
Vectored Interrupts (External: 2, Internal: 1)
On-chip 8-bit Timer with 4-bit Prescaler
46 1/0 Ports
Serial 1/0 Ports
Stand-by Capability (STOP/HALT mode)
Fully Bus Compatible with 8080A
On-chip Clock Generator
Single Supply, CMOS Technology
Low Power Consumption
64 pin Plastic Flat Package
64 pin Quil

} for 78CO6A

.o (Top View) PIN CONFIGURATION
T2 a
[y
& e o % PEy5 1 A 64l o Vce
rlm i OUT ol 2 63— o PEjg
i I DB7 om—of 3 62 —oPE13
j‘blg" DBg om—ed 4 61l «oPE12
< @ DB5 0e— el 5 60 o PE}
° mﬁmms,::pzn FosDemmm M sl - arerg
2 50— PE7 DB3 0m— o] 7 s8] +o PEg
3 49— PEg DB on | 8 57— —oPEg
4 48— PEg DBy gm—e] O 56} o PE7
5 A7————PEy DBQ oe—w{10 55— o PEg
6 46— PE3 N.C. o——11 541 o PEg
7 a5 PEgp INT1 o—e{12 53— o PE4
m— 8 44— PE, INTO o———=1 |3 Z? o0 ::3
oy P |1 f———0
wRe——s  ,PD78COBA "% YNee—lis HPDTBCOGA ool pe]
AD - 10 427—"—IPB; T e ot
RD o=—|17 48l woPBy7
PC5 o o{18 47 eoPBg
PC4 0 el 19 46le _—oPBs
PC3 o0 wm|20 45| o PBg.
PC2 oe|21 7] S— Y
PCY o. |22 43 fa——eo PB
PCO 0|23 42|e w0 PBy
REL o —o]24 41fe——woPBg
TO oe—rf25 4w0f— —oPAy
§CK 0|26 39 |——=o PAg
P S— ) 38 o PAg
SO o=——|28 37 o PAy
RESET o—={29 36 f——o0 PA3
X2 o——30 38——opa,
Xy o——e{31 34f——opay
Vsg o———32 33 —=o paAg

NC: Non-connection
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uPD78CO06A
PIN DESCRIPTION [piNNO. | DESIGNATION FUNCTION
25
61-64 DBg-DB7 (Input/Output) This is an 8-bit bi-directional data bus. The

data move between an external memory or 1/0, and accumula-
tor is done through this data bus. During an input, HALT,
STOP mode, and RESET, the output of the data bus goes a
high impedance state. Input/Output level are TTL compatible.

6 INTq (Input) It is a rising-edge sensitive interrupt line, and it
becomes valid when INT1 input goes low to high. Sub-
sequently, if users want to perform another interrupt on this
line after an interrupt on this line is accepted, they must take
it into consideration that INT input should be maintained
at low state a little while, and then it should go high. Unless,
it does not enable another interrupt.

7 INTo (Input) It is a level-sensitive interrupt input line which is
high level active.
8 WAIT (Input, active low) WAIT, when active, extends read or write

timing to interface with slower external memory or 1/0.
WAIT is sampled at the end of T3, if active processor enters
a wait state Tyy and remains in that state as long as WAIT is

active.

9 WR (Tri-State Output, active low) WR, when active, indicates that
the data bus holds valid data. Used as a strobe signal for
external memory or 1/0 write operations. WR goes to the
high impedance state during HALT, HOLD, or RESET.

10 RD (Tri-State Output, active low) RD is used as a strobe to gate
data from external devices onto the data bus. RD goes to the
high impedance state during HALT, HOLD, and RESET.

11-16 PCg-PCs (Input) This is a 6-bit input port with pull resistors. Input
data to this port can be test by test inst n, and aiso
moved to least significant 6-bit of accumulator and higher
2-bit of accumulator is lodaded with ““0*. Input level is

CMOS compatible. This port is fit for key-input port.

17 REL (Input) This is an input to release the STOP mode of stand-by
function. STOP mode is released by raising the REL input
high, then clock generator which has been stopped will
restart. During REL input is high, the bit 3 of Stand-by
Control Register (SC3) is set to one, and it is reset to zero
after REL signal returns low. Pull-down resistor is built in.

18 TO (Output) The square wave is output from this line. Its cycle
time is half of a count time of the internal timer. It goes on
low level after reset.

19 SCK (Input/Output) SCK provides control clocks for Serial Port

Input/Output operations. Data on the SI line is clocked into
the Serial Register on the rising edge. Contents of the Serial
Register is clocked onto SO line on falling edges.

20 S (Input) Serial data is input to the processor through the SI

line. Data is clocked into the Serial Register MSB to LSB
with the rising edge of SCK.

22 SO (Output) SO is the Serial Output Port. Serial data is output
on this line on the falling edge of SCK, MSB to LSB.
22 RESET (Input, active low) RESET initializes the uPD78CO6A.
23 X2 (Output) Oscillator output.
24 X1 (Input) Clock Input
27-34 PAQ-PA7 (Output) 8-bit output port with latch capability.
35-42 PB-PB7 (Tri-State Input/Output) 8-bit programmable 1/0 port. Each
line configurable independently as an input or output.
43-57,59 PEQ-PE15 (Output) 16-bit address bus and output port.
64 ¢OUT (Output) The Clock of system clock frequency (1/8 of

crystal frequency or X1 external clock frequency) is placed
out from this line. It is still placed out in HALT mode, but it
is fixed to high in STOP mode.
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ol

V2

» BLOCK DIAGRAM
1" PE15.0/AB15.0

12|

Standby

Latch

Control

INC/DEC

I

PC

sP

Interrupt
Control

r|mlol>

Data
Memary
(128-Byte)

Program
Memory
(ak-Byte)

Buffer

DB7.0

Instruction
Decoder

I Jiming System Control I

Control

PCs.o0 PBr.o

Memory Map

The uPD78CO06A can directly address the memory up to 64k bytes. Except on-chip ROM
(0-4095) and RAM (65.408-65.535), and memory location can be used as either of RAM or

T ]

]

‘Wait. “Reset +0ut vee vss

FUNCTIONAL
DESCRIPTION

ROM, freely. In the internal ROM area, the Reset/Stop mode Restart Address, Interrupt
Start Address, Call Table etc. are involved. External memory and on-chip RAM area can be
used as data memory (RAM), program memory (ROM), and/or working registers, freely.

4.095
4.096

65.279
65.280

65.407
65.408

65.635

INTERNAL
MEMORY

4.096 x 8

EXTERNAL
MEMORY

EXTERNAL
MEMORY
128x 8

INTERNAL RAM
128 x 8

Working Register

call Table

RESET. STOP Release

INTO

128
129
130
131

254

255

INTT

INT1

LOW ADRS

HIGH ADRS

LOW_ ADRS

HIGH ADRS

LOW _ADRS

HIGH ADRS

USER’'S AREA
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NEC

FUNCTIONAL DESCRIPTION

1/0 PORTS
PORT FUNCTIONS
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Output port w/latch
Port C 6-bit input port with pull up resistors
Port E 16-bit Address bus/Output Port
Port A

Port A is an 8-bit latched output port. Data can be readily transferred between the accumulator
and the output latch buffers. The contents of the output latches can be modified using
Arithmetic and Logic instructions. Data remains latched at Port A unless acted on by another
Port A instruction or a RESET is issued.

Port B

Port B is an 8-bit 1/O port. Data is latched at Port B in both the Input or Output modes. Each
bit of Port B can be independently set to either Input or Output mode. The Mode B register
programs the individual lines of Port B to be either an Input (Mode Bpy = 1) or an Output
(Mode B, = ).

Port C

This is a 6-bit input port with pull-up resistors. Input data to this port can be test by instruction,
and also moved to least significant 6-bit of accumulator and higher 2-bit of accumulator is
loaded with 0. Input level is CMOS compatible. This port is fit for key-input port.

vVce

" Pull-up resistor

Internal PCn
Bus

Port E (uPD78C06A)

Port E is a 16-bit address bus/output port. There are two ways to use these lines:

a) 16-Bit Address Bus — the PER instruction sets this mode for use with external 1/0 or
memory expansion {up to 80K bytes, externaiiy).

b) 16-Bit Output Port — the PEX instruction sets Port E to a 16-bit output port. The contents
of B and C registers appear on PEg.15 and PEQ.7, respectively.

Address bus AB15—AB (uPD78C05A)
These lines are the 16 bit-to-bit address bus to the main memory. The uPD78CO05A, having no
internal ROM, must address the area from 0 to 4096 as external ROM.

The uPD78CO5A AB lines are unlike the uPD78COBA PE lines; they have no internal

latches. When the Port E output instruction PEX is executed in a uPD78CO05A, the register pair
BC is output to the AB lines for only one clock cycle during the third machine cycle. This is
provided to allow external hardware to emulate the Port E operation of the uPD78CO06A.
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uPD78C05A/06A
FUNCTIONAL
DESCRIPTION
(CONT.)
TIMER OPERATION
stu
Instruction | .
‘ CNTCY
| -
Clock

OTO0

COMPARATOR
(8)
TIMER - REG
(8)

pd Internal Bus (8) {

System Clock = Oscillation frequency x 1/4 TIMER

FIF

TIMER BLOCK DIAGRAM INTT

This is a programmable 8-bit interval timer with prescaler. It consists of TIME R-REG (8-bit),
PRESCALERO (4-bit), PRESCALER1 (3-bit), UPCOUNTER (8-bit), COMPARATOR (8-bit),
and TIMER F/F.

Count time and TO output are controlled by Timer Mode Register (TMM). It can count 5,3 usec
to 1,3 msec with resolution of 5,3 usec (TMM2 = 0), or 85,3 usec to 21,3 msec with resolution of
85,3 usec (TMM2 = 1).

At first set the count value to the TIMER REG by MOV TM, A instruction, then initialize the
PRESCALERO, 1, TIMER F/F, UPCOUNTER and start timer by STM instruction. UPCOUNTER
is incremented at every 5,3 us (TMM2 = 0) or 85,3 us (TMM2 = 1(. COMPARATOR always
compares the contents of UPCOUNTER with TIMER-REG, and it generates match signal
(internal interrupt; INTT) when they are matched. The match signal clears the content of
UPCOUNTER, and restarts the countup. Accordingly, this timer operates as the interval timer
which generates repetitive interrupts with the interval of count time specified by count value of
TIMER-REG. When a timer interrupt is generated in HALT mode, the HALT mode is released.

SERIAL PORT OPERATION

| Tnternal Bus ]

1y
S0 D Serial Register (S/P Conversion)
LSB,

] 1 ! | ! | MsB

A A A N S U

Jl Octal Counter I—ﬁ TM (INTS)

s—=Start SI/0

SR Internal SCK

172
~

SM —@
R TI

The Block Diagram of Serial Ports
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uPD78CO05A/06A NEC

FUNCTIONAL Serial interface section consists of Serial Input (Sl) line, Serial Output (SO) Line, Serial Clock
DESCRIPTION (SCK) input/output line, an 8-bit Serial Register (S/P), an octal counter, a R-S flip-flop used for
(CONT.) transfer control, and some gates. When the bit 6 of Serial Mode Register (SM6) is 0, SCK

becomes internal clock mode fixed to 1/8 of oscillator frequency (if fosc = 6MHz, then SCK is
fixed to 780KHz), however, when the SM6 is 1, it becomes external clock mode, and operates
with DC to 780KHz external clock. Accordingly, the transfer operation in internal clock mode
is performed synchronously with constant frequency, and in external clock mode it performed
synchronously with variable frequency.

A transmitting data is set to serial register by MOV S, A instruction, then the octal counter is
reset and serial transfer is triggered by S0 instruction. At every falling edge of SCK, the
contents of serial register are shift, and shift-out data are placed to SO line with MSB as starting
bit.

While the SCK is low the data on S line is loaded in continuously, and then latched to serial
register at the rising edge of the SCK. Like this both the input and output of serial data are
performed by same SCK.

After occuring eight SCK pulses and completing 8-bit serial data transfer, the carry T8 is
generated from the octal counter and it sets the interrupt request flag (INTFS). But
uPD78C0O5A/06A has no serial interrupt, then INTFS is checked by only test instruction
(SKNIT FS).

Ininternal SCK mode, as T8 signal resets the control flip-flop, the following transfer after
completing 8-bit transfer are disabled until next SIO instruction will be given.

Accordingly, the data transfer should be restarted by SIO instruction with the next conditions.
In case of data reception, after receiving the data from serial register by MOV A,S instruction,
and in case of data transmission, after setting the data to serial register by MOV S,A instruction,
data transmittion must be done by S10 instructions.

INTERRUPT STRUCTURE

The uPD78C05A/06A provides a maskable interrupt structure capable of handling vectored
prioritized interrupts. Interrupts can be generated from 3 different sources; two external inter-
rupts and one internal interrupt. Each interrupt when activated branches to a designated
memory vector location.

INT VECTORED MEMORY | PRIORITY TYPE
LOCATION
INTo 4 1 External, level sensitive
INT1 16 3 External, rising edge sensitive
INTT 8 2 Internal, match on timer comparator
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uPD78CO05A/06A

REGISTERS FUNCTIONAL
This mainly consists of the seven 8-bit registers and two 16-bit registers as below. DESC‘;}!(IPgliI'OT'X
7 0
L A
7 07 0
B
E
H L
15 0
PC
SP

General Purpose Registers (B, C, D, E, H, L)

They can function as auxilliary registers to the accumulator (A) or in pairs as data pointers
(BC, DE, HL). Auto increment and decrement addressing mode capabilities extend the uses for
the DE and HL register pairs.

Accumulator (A)

All data transfers between the uPD78C0O5A/06A and external memory or 1/0 are done through
the accumulator. The contents of the Accumulator and Vector Registers can be exchanged with
their Alternate Registers using the EX instruction.

Program Counter (PC)
The PC is a 16-bit register containing the address of the next instruction to be fetched. Under

normal program flow, the PC is automatically in iented. However, in the case of a branch
instruction, the PC contents are from another register or an instruction’s immediate data. A

Reset sets the PC to 0000H.

Stack Pointer (SP)

The stack pointer is a 16-bit register used to maintain the top of the stack area (last-in-first-out).
The contents of the SP are decremented during a CALL or PUSH instruction or if an interrupt
occurs. The SP is incremented during a RETURN or POP instruction.

STAND-BY OPERATION

Stand-by function is used to lower the power consumption in stand-by condition, and there
are two types of it: HALT mode and STOP mode.

In HALT mode the masking functions are active, so that programmer can chose an interrupt
source, RESET or T8-signal for release use.

HALT AND
STOP mode can be released by REL or RESET signal. In both cases, program will start at STOP MODE
location 0 again.
F\mcrlon HALTMODE | STOPMODE | FUNCTION HALTMODE | STOP MODE
Oscillator R | OnchipRAM j ot
[ internal Symm Clock Stop Stop | Output Latch in Ports A, B E |
Timer Run | Address Bus ABO . .. 15 [ Low
[ Timer Register Hald Set | Program Counter (PC) [ Cleared
Upcounter, Prescaler 0, 1 Cleared i Stack Pointer (SP) ]
[ Serial Intertace - Run Run © General Registers (A, B,C. D, E, F, L) | Unknown
Serial Clock " Hold | Hod Program Status Word (PSW) Hold [ Reset ]
[nterropt Control Circuit Run 1 swe Mode B Register — .
Interrupt Enable Flag _ Hold Reset Standby Control Regs
[INTg, INT{ Input ! Inactive [ Standby Control Regi
INTT Active . [ Timer Mode Register (TMMo~TMM1)
Tg (INTFS) i [ ~ | Timer Mode Register (TMM;) T
[ Mosk Register ] ot Set [ Serial Mode Register | (§W V_i o  E— N
i Pending Interrupts (INTFX) ; Reset | Data Bus (DBo-DB7) - High-Z A High-Z
REL Input Inactive | RD, WR Output
LT dva | N ———
| lote: (D Serial clock counter is running and Tg is generated; however, there are no effects

from it
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uPD78C05A/06A N E C

ADDRESS MODES Register Addressing Working Register Addressing
Register Indirect Addressing Direct Addressing
Auto-Increment Addressing Immediate Addressing
Auto-Decrement Addressing Immediate Extended Addressing

Register Addressing

r

l OPCODE ’* OPERAND

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing
4] memory

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are ending this address mode.

Auto-Increment Addressing

p memory

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

p memory

OPERAND

Working Register Addressing

memory
PC OPCODE —-—L_J [oPerAND
PC+1 displacement

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in acommon
memory page where only 1 additional byte is required for the address. Mnemonics with a W
suffix ending this address mode.
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Direct Addressing ADDRESS MODES
PC OPCODE Memory (CONT.)

PC+1 Low Address ——’{2perandj

Low Operand

PC+2 High Address

1 byte

High Operand

2 byte

The two bytes following the opcode specify an address of a location containing the operand.

Immediate Addressing

PC OPCODE
PC+1 OPERAND
Immediate Extended Addressing
PC OPCODE
PC+1 Low Operand
PC+2 High Operand
OPERATION D6 D5 D4 D3 D2 DO
REG. MEMORY IMMEDIATE | SKIP | Z SK HC L1 I0 CY
t 0ot 0o 0 ¢t
ANIW
ORIW t 0 e 00 e
3% ¥ 0 0 3
LTIW
OFF ¢ % e 00
NEA NEIW
EQA EQIW $ot 40008
INR INRW
DCR  DCRW #3300
DAA t 0ot 0 o0 ¢
RLL, RLR « 0 « 0 0 ¢
RLD - RRD e 0 e« 0 0
sTC « 0 e 00 1
cLe < 0 ¢« 000
MVI A, byte T 0 « 1 0 -«
MVI L, byte
LXI H, word ¢ 0« 0 1 o
SKNC
SKNZ| e t ¢ 0 0
SKNIT
RETS | « 1 e« 0 0 «
‘All other instructions <0 + 0 0 «

Notes: 1 Flag affected according to result op operation.
1 Flag set.
0 Flag reset.
« Flag not affected.
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uCOMB87LC INSTRUCTIONSET NEC

Symbols/Description on Operand

SYMBOLS DESCRIPTIONS
r A,B,C,D,E,H, L
r1 B,C,D,E,H, L
r2 A,B,C
sr PA PB MK MB TM S TMM SM SC
sr1 PA PB PC MK S TMM sC
sr2 PA PB PC MK
p SP,B,D,H
rp1 V,B,D,H
rpa B, D, H, D+, H+,D~, H—
wa 8-bit immediate data
word 16-bit immediate data
byte 8-bit immediate data
bit 3-bit immediata data
if FO,F1,FT,FS
f CcY,z
Notes: . At sr ~sr2, the symbols of 'PA’, 'PB’, etc. stand for the following, respectively:

PA =PORTA, PB = PORTB, PC = PORTC, MK = MASKreg, MB = MODE-B,
MER MODE REG,
SM = SERIAL MODE REG, SC=STANDBY CONTROL REG

. Atrp ~rp1, the 'SP, ‘B, etc stand for the following, respectively;

SP = STACK POINTER,B=BC,D =DE,H=HL,V = FFH-A

. Atrpa, the 'B’, 'D’, etc. stand for the following respectively:

B =(BC), D = (DE), H = (HL), D+ = (DE)*, H+ = (HL)*, D— = (DE)~,
H—=(HL)™

. Atif, the 'F0O’, 'F1’, etc. stand for the following, respectively:

FO=INTFO, F1=INTF1, FT = INTFT, FS= INTFS

. Atf, the 'CY’,"Z’, stand for the following, respectively:

CY = CARRY, Z=ZERO
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The description of the symbols on Operation Codes is as follows:

T

R2 R1 Rp reg
olo o
olo 1 |A T
ol1 o B r2
o1 1 |c T 1
1 0 O D .
10 1 E "
1 1 0 H
1 1 1 L
sr
S3 S2 81 S special reg
0O 0 O o0 | PORTA T
0o 0 0 1 PORT B -
o o0 1 o0 PORT C
o o0 1 1 MASK T
o 1 0 o© MODE-B
o 1 0 1 -
0o 1 10 TIMER-REG
o 1 1 1 - sr
1 0 0 O SERIAL:1/0 T
1 0 0 1 TIMER MODE REG s
1 0 1 o0 SERIAL MODE REG
10 1 1 STANDBY CONTROL REG J I
p rpa
P1 Po reg-pair A2 A1 Ao addressing
0 0 SP o|0 O -
0o 1 BC o0 1 (BC)
10 DE o1 o (DE)
1 1 HL 0|1 1 (HL)
1 0 © (DE)* pa
1 0 1 (HL)*
11 0 (DE)~
rp1 11 1 (HL)™
Q1 Qo reg-pair
0 0 FFH.A if f
0o 1 BC i
1 0 DE I2 E] o INTF F2 F1 Fo flag
H
! ! t o 0 0 INTFO 0o 1 0 cy
o 0 1 INTFT 1 0o o0 z
o 1 o0 INTF1
o 1 1 -
l 1 0 O INTFS

67



uPD78CO05A/06A

NEC

INSTRUCTION GROUPS

8-BIT DATA TRANSFER

MNEMONICS | OPERAND |CLOCK FUNCTIONS SKIP
CYCLE CONDITION

Mov rn, A 6 rMm<A

MoV A, 6 A<l

MOV sr, A 14 sr <A

MoV A, sr1 14 A <srl

MOV r, word 25 r < (word)

MoV word, r 25 (word) «<r

MVI r, byte 1 r <byte

STAW wa 14 (FFH, wa) « A

LDAW wa 14 A < (FFH, wa)

STAX rpa (rpa) <« A

LDAX rpa A < (rpa)

SBCD word 28 (word) < C, (word+1) < B

SDED word 28 (word) < E, (word+1) <D

SHLD word 28 (word) < L, (word+1) « H

SSPD word 28 (word) <SP, (word+1) < SPH

16-BIT DATA TRANSFER

MNEMONICS | OPERAND |CLOCK FUNCTIONS SKIP
CYCLE CONDITION

LBCD word 28 C <« (word), B « (word+1)

LDED word 28 E < (word), D < (word+1)

LHLD word 28 L < (word), H < (word+1)

LSPD word 38 | SPL < (word), SPH < (word+1)

PUSH pl 21 (SP—1) < rp1H, (SP=2) «rp1L

POP 1 18 |DIL (8P rp1H < (SP+1)

LXI rp, word 16 rp < word
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ARITHMETIC INSTRUCTIONS
MNEMONICS| OPERAND | CLOCK FUNCTIONS SKIP
CYCLE CONDITION
ADD Ar 12 A< A+r
ADDX rpa 15 A < A+(rpa)
ADC Ar 12 A < A+r+CY
ADCX rpa 15 A < A+(rpa)+CY
suB Ar 12 A< A-r
SUBX rpa 15 A < A—(rpa)
SBB A r 12 A< A—r—CY
SBBX rpa 15 A < A—(rpa)—CY
ADDNC Ar 12 A < A+r No Carry
ADDNCX rpa 15 A < A+(rpa) No Carry
SUBNB A 12 A< A-r No Borrow
SUBNBX rpa 15 A < A—(rpa) No Borrow
LOGIC INSTRUCTIONS
MNEMONICS| OPERAND |CLOCK FUNCTIONS SKIP
CYCLE CONDITION
ANA Ar 12 A< AN
ANAX rpa 15 A < AN(rpa)
ORA Ar 12 A < AVr
ORAX rpa 15 A < AV(rpa)
XRA A 12 A < AVr
XRAX rpa 15 A < AV(rpa)
GTA Ar 12 A—r-1 No Borrow
GTAX rpa 15 A—(rpa)—1 No Borrow
LTA A, r 12 A—r Borrow
LTAX rpa 15 A—(rpa) Borrow
ONAX rpa 15 AA(rpa) No Zero
OFFAX rpa 15 AA(rpa) Zero
NEA Ar 12 A—r No Zero
NEAX rpa 15 A—(rpa) No Zero
EQA Ar 12 A-r Zero
EQAX rpa 15 A—(rpa) Zero
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IMMEDIATE OPERATION INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
XR1 A, byte 1 A < AVbyte
DINC A, byte 11 A < A+ byte No Carry
SUINB A, byte 1" A < A—byte No Borrow
ADI A, byte 1 A < Atbyte
ACI A, byte 1 A < Atbyte+tCY
SUl A, byte 1 A < A—byte
SBI A, byte 1 A < A—byte -CY
ANI A, byte 11 A < AAbyte
ORI A, byte 11 A < AVbyte
GTI A, byte 1 A—byte—1 No Borrow
LTI A, byte 11 A-byte Borrow
ONI A, byte 11 Albyte No Zero
OFFI A, byte 1 AAlbyte Zero
NEI A, byte 1 A—byte No Zero
EQI A, byte 1 A-byte Zero
SPECIAL REGISTER
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
ANI sr2, byte 23 sr2 < sr2Abyte
ORI sr2, byte 23 sr2 < sr2Vbyte
ONI sr2, byte 20 sr2/\byte No Zero
OFFI sr2, byte 20 sr2/\byte Zero
WORKING REGISTER OPERATIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
ANIW wa, byte 22 {FFH.waj < {FFH.wa)jAbyte
ORIW wa, byte 22 (FFH.wa) < (FFH.wa) Vbyte
GTIW wa, byte 19 (FFH.wa)—byte—1 No Borrow No Borrow
LTIW wa, byte 19 (FFH.wa)—byte Borrow
ONIW wa, byte 19 (FFH.wa)Abyte No Zero
OFFIW wa, byte 19 (FFH.wa)Abyte Zero
NEIW wa, byte 19 (FFH.wa)—byte No Zero
EQIW wa, byte 19 (FFH.wa)—byte Zero
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INCREMENT/DECREMENT INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKiIP
CYCLE CONDITION
INR r2 6 r2 < r2+1 Carry
INRW wa 17 (FFH.wa) < (FFH.wa)+1 Carry
DCR r2 6 12 <r2—1 Borrow
DCRW wa 17 (FFH.wa) < (FFH.wa)—1 Borrow
INX rp 9 p < rp+1
DCX p 9 rp < rp—1
OTHER OPERATIONAL INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
DAA 6 Decimal Adjust Accumulator
STC 12 CY <1
CcLC 12 CY <0
ROTATION INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
RLD 21 Rotate Left Digit
RRD 21 Rotate Right Digit
RLL A 12 |Am+1 <Am, Ag < CY,CY < A7
RLR A 12 |Am—1+<Am, A7 <CY,CY «Ag
JUMP INSTRUCTIONS
MNEMONICS| OPERAND | CLOCK FUNCTIONS SKiIP
CYCLE CONDITION
JMP word 16 PC < word
JB 6 PCH<«B PCL«C
JR word 12 PC < PC+1+idisp1
JRE word 17 PC < PC+2+jdisp
CALL INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
(SP—1) < (PC+3)H, (SP-2) «
CALL word 22 (PC+3)(_, PC < word
(SP—1) «<(PS+2)H, (SP—2) < (PC+2)_
CALF word 17 | pc15~11 < 00001, PC10~ 0 + 1a
(SP—1) < (PC+1)H, (SP—2) »> PC+1)L
CALT word 21| pey « (128+21a), PCH < (129+21a)

Il



NEC

uPD78C05A/06A
RETURN INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
PC < (SP), PCH <« (SP+1)
RET 12 SP < SP+2
PCL « (SP), PCH < (SP+1), SP < SP+2 Uncon-
RETS 1240 | pC-pCin ditional Skip
PCL « (SP), PCH <« (SP+1)
RETI 15 | psW « (SP¥2), SI" < SP+3
SKIP INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION|
SKN CYy 12 Skip if No Carry Cy=0
SKN z 12 Skip if No Zero Z=0
. Skip if No INTX _
SKNIT it 12 | Reset INTX if INTX = 1 f=0
CPU CONTROL INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
NOP 6 No Operation
El 12 Enable Interrupt
DI 12 Disable Interrupt
REGISTER CONTROL INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
sio 6 Start (Trigger) Serial 1/0
ST™M 6 Start Timer
INPUT/OUTPUT INSTRUCTIONS
MNEMONICS| OPERAND| CLOCK FUNCTIONS SKIP
CYCLE CONDITION
PEX 15 PE15.8 < B, PE7 9« C
1PER 12 Port E AB Mode
{Note)

The clock cycles shown here are indicated about in care of that the program are located
in the on-chip ROM, and the other data are located in the on-chip RAM or external memory
requiring no wait. If the programs were located in the on-chip RAM or external memory, then
the clock cycles are shortened by two clock cycles per one-byte fetch.
Ex. PER instruction (2-byte instruction)
In case of the on-chip ROM access: 12 clock cycles
In case of the on-chip RAM or external memory access: 12— (2x2) = 8 clock cycles
1 clock cycle = 4/fosz
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ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR
uPD78CO05A/uPD78C06A

for extended temperature range
Ta = —40 to +85°C
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ABSOLUTE
MAXIMUM RATINGS

DC CHARACTERISTICS

CAPACITANCE

uPD78C05AG ELECTRICAL SPECIFICATIONS

(Ta=25°C)

PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
Supply Voltage vee —0.3t0 +7.0 v
Input Voltage Vi -0.3to Vcc +0.3 \2
Output Voltage Vo —-0.3t0 Vgc+0.3 v
Output High Current IoH Device Total -5 mA
Output Low Current loL Device Total 435 mA
QOperating Temperature Topt —40 to +85 °c
Storage Temperature Tstg —65 to +150 °c

(Ta = —40 to +85°C, VG = +5.0V + 10%)
PARAMETER SYMBOL| TEST CONDITIONS MIN TYP MAX |UNITS
ViK1 INTo—1, WAIT, PBg—7, PCo—5 0.7 Vce Vee v
Input High Voltage ViH2 RESET, SCK, REL, SI 0.75 Vce vee 7
VIH3 DBg-7 Vee —2.0 vee v
VIH4 X1 Vce -0.5 Vee Vv
Vit INTg—1, WAIT, PBg—7, PCo—5 0 03vee| V
nput Low Voltage ViL2 RESET, SCK, REL, S! 0 0.25Vee| V
ViLs DBo-7 0 0.8 v
ViLa X1 0 0.5 \2
Output High Voltage VoH1 | loH=—1004A 24 v
VoH2 '0H = —50 uA Vce -05 v
Output Low Voltage VoL loL=18mA 0.45 \4
Input ngh Current IIH1 VIN : Vcc {REL) U 100 MA
HiH2 VIN = Vce (X1) 45 A
Input Low Current L1 VN = 0V (WAIT, PCo.5) -7 —-100 | pA
L2 VIN =0V (X1) —45 | WA
Input High Leakage Current ILIH VIN = Vcc (Except REL, X1) 3.2 HA
Input Low Leakage Current | E1L1 | VIN = OV (Except WAIT, PCp 5, X1 -32 | A
L2 VIN =0V (STOP Mode, X1) -32 | pA
Output High Leakage Current | || OH VouT =Vce 32 MA
Output Low Leakage Current | I QL Vourt =0V -32 | WA
Icct Operation Mode 4.0 75 mA
Ve Supply Current Icc2 HALT Mode 12 27 mA
[folox] STOP Mode (X1 = OV, X2 = Open) 1 20 MA
(T3=25°C, Vcc = GND = 0V)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Capacitance C| fc=1MHz N 15 pF
Output Capacitance Co Unmeasured Pins returned to OV 15 pF
1/0 Capacitance Ci/o 15 pF
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(Ta = —40 to +85°C, VCC = +5.0V * 10 %)

E PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
[ X1 Input Cycle Time tcYX 160 10000 ns
X1 Input Low Time tXXL 75 ns
X1 Input High Time tXXH 75 ns
¢ouT Cycle Time tCYg 640 40000 ns
$OUT Low Time 1oL 195 ns
6oUT High Time togH 195 ns
$ouT Rise/Fall Time tr, tf 120 ns
[ PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX [UNITS
RDL.E.to¢ouT L. E. tRg 180 ns
Address (PEg—15) to Data Input tAD1 ﬂZ,goOxN ns
RD T. E. to Address tRA ;‘gggij) ns
RD L. E. to Data Input tRD ﬂ;‘gng ns
RD T. E. to Data Hold Time tRDH 0 ns
— 1070
RD Low Time tRR +660xN ns
RDL.E.toWAIT L. E. tRWT 460 ns
Address (PEQ.15) to WAIT L. E. tAWT1 790 ns
WAIT Set Up Time to 9ouT L. E. | twTs 1CY$ =860 ns 370 ns
WAIT Hold Time after pouT L. E. | twTH 0 ns
M1toRD L. E. MR 108 ns
RDT.E.toM1 tRM 130 ns
$oUTL.E.toWR L. E. tow | 175 ns
Address (PEQ.15) to $OUT T. E. tAg | 90 ns
Address (PEQ.15) to Data Output tAD2 510 ns
Data Output to WR T. E. tDw +57S¢)?(N ns
WR T. E. to Data Stable Time twp 130 ns
Address (PEg.15) to WR L. E. tAW 460 ns
WR T. E. to Address Stable Time WA 180 ns
WR Low Time tww +666?J[:(N ns
WR L. E. to WAIT L. E. tWwT 110 ns
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX |UNITS
— SCK Input 1270 ns
SCK Gycle Time 'YK ISER Outout 1280 80000 | ns
SCK Low Time tKKL w_K nput 515 i
SCK Output 520 ns
J— SCK Input 515 ns
SCK High Time tKKH e
SCK Output 520 ns
Sl Set Up Time to SCK T. E. tS1S 200 ns
| S! Hold Time after SCK T. E. tSIH 250 ns
SCK L. E. to SO Delay Time KO 300 ns

Note:

1) Input timings are measured at Vi4MIN and VILMAX-

2) Output timings are measured at VOH = 2.4 V and VoL = 0.45 V with 1TTL + 200 pF load.
3) L. E. = Leading Edge, T. E. = Trailing Edge

4} N is number of TWAIT.
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uPD78C05A N E C

BUS TIMING (Ta = —40 to + 85°C)

DEPENDING

ON tcyce SYMBOL CALCULATING EXPRESSION MIN/MAX UNITS
tRo (1/2)T - 150 MIN ns
tAD1 (3/2+N)T — 200 MAX ns
tRA(T3) (1/2)T — 150 MIN ns
tRA(T4) (3/2)T — 150 MIN ns
tRD (1+N)T — 200 MAX ns
tRR (2+N)T — 250 MIN ns
tRWT T - 200 MAX ns
tAWT1 (3/2)T — 200 MAX ns
tWTS (1/3)T + 150 MIN ns
tMR (3/8)T — 140 MIN ns
tRM (1/2)T — 200 MIN ns
tA¢ (1/2)T — 240 MIN ns
tAD2 T - 150 MIN ns
tpw (3/2+N)T — 250 MIN ns
twD (1/2)T — 200 MIN ns
tAwW T - 200 MIN ns
tWA (1/2)T — 150 MIN ns
tww (3/2+N)T — 300 MIN ns
tWWT (1/2)T — 220 MAX ns
tCYK 2T MIN ns
tKKL T-120 MIN ns
tKKH T-120 MIN ns

Note: 1) N = Number of TWAIT.
2) T=Tcve.
3) tcy assumes 50 % duty cycle on X1.
4) The items out of this table are not dependent on tCy.

TIMING WAVEFORMS T e ]
CLOCK TIMING

ooxe } o {

1cYe

e tooL ———f tooH

—d e
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uPD78C05A
READ OPERATION
|
k T : T2 f—TwaiT— T3 : T4 |
pOUT \ / \ / \ /
= tR¢
PEO-15 )i‘ ADDRESS ’15(
I~ | S—
tAD1 tRA 1
Ve ¢ X
DBO-7 —\ >§LREAD DATA 2
tRD ~ |~ tRDH
RD ————\ v
= il
tRR i
WAIT
*
— tRWT tWTS [tWTH|«
tAWT1 |
w — R
—’l‘MRF_ —| tRM |<—

* WAIT signal must be remained stable during twTs and twTH-.
If it is unstable, misoperation may occur.

WRITE OPERATION

e T A= T2 of TwaIT——} T3 {
gout —/ w
oW |«
|
—
PE0-15 )i ADDRESS
> tAg |« ‘<—tWA—>
—
DBO-7 L
tAD2 tDW ———————————— < tWD
WR
X V]
tAW ww
WATT
.
= TWWT| TWTS | TWTH

* WAIT signal must be remained stable during twTS and tWTH.
If it is unstable, misoperation may occur.
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SO

SERIAL OPERATION

- tKO

— |« tKO

Low Power Data Memory Retention Characteristics for STOP Mode Operation

(Ta = —40 to0 +85°C)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX [UNITS
Data Retention Voltage VCCDR 20 v
Data Retention Supply Current | ICCDR VCCDR = 2.0V, X1 =0V, X2 = Open 08 20 uA
Data Retention 0.2
input Low REL Voltage ViLDR 0 vecor| Vv
Data Retention 0.8
Input High RESET Voltage | YIHDR VCCDR VeeobR| Vv
REL Input Delay Time 1) 500 us
REL Input High Time tREL 10 us

Note:  In data retention mode,

1) Input voltages to WAIT and PCq.g pins {with pull-up resisters)
should be maintained same as VCCDR level,

2) Other input voltages should be kept less than VCCDR level.

vee
VCCDR 2

REL
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Supply Current Icc1/Icc2 [mA] for different values of \/o'e}

Icc1/Iccz vs fx

0.5

0.2

0.1

0.05

0.02

0.01

(T.=25°C)
— e /
= = = — = lccs (HALT) /;
7 -
4
leat / 3.
/' P /: ya
4
/ / z’/z’/
Vee=5 5v/ 7" s 7
cc . 7 7 rd
/ Py
5.0 A7,
PR 2nd
/ Paltd s
o
4.5V] Icc: 4 ,/’//‘
-7 47 7
// ”
Pl -t
> > -
-
e - rd
Veems.sVi- == -7 17
cc=9. —’_,— _-
sovE—" " _ L~
-
4.5V
0.1 0.2 0.5 1 2 10

Input Frequency at X1, fx [MHz]
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NEC

High-level output current IoH [mA]

Low-level output current IQL [mA)

15

Ion vs V
oH oH (T,=25°C)
\ Vee=5.5V
N N
\ 5.0V
\Asv \
\ \
1 2 3 4 5 6
High-level output voltage VOH [V]
IoL vs V
oL oL (Tom25'C)
L
Vee=5.5V
o
2 /]
/ /}/
15 ////
i / /
|4
0 0.5 1.0 1.5 2.0

Low-level output voltage VoL [V]
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PORT E OPERATION uPD78C05A

The following diagram is the timing at PE X instruction execution.

PEX instruction

T T2 T3 T4 T T2 T3 T4 T T2 T3

AB15-ABO X 15t byte fetch addr. X 2nd byte fetch addr. >< B.C X .

*: 2nd byte fetch addr.

64 PIN PILASTIC QUIP OUTLINE (Unit : mm)
for uPD78C05AG

41.8MAX.

ﬂ”ﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ”ﬂﬂﬂﬂﬂ”

’___16.5_.._.

UUUUUU!UUUUUUUU”HH .
:HL[;H_l}IIZIJUUJHUHHHUH

¢ ) |

+0.10
| f— "I“°'25-0.05
0.5:0.1

~———19.05:1.05

39.37 | |-————24.13:1.06 —————=

7
27 4—19,05—>{

L
3.2MIN. 3.6
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Differences between ;PD78C06A and .PD78C05A

Parameter uPD78C06A uPD78C05A
4K-byte built-in ROM Yes No
Internal WAIT of built-in ROM 2 WAIT cycle No
Tg‘ After reset Port mode Address bus mode
3 b
?, Latch function Yes No
3 PEX instruction PE15 - 8<B and PE7 - 0<aC are AB15 - 8<aB and AB7 - 0<% C are
< executed and latched at M3T1 executed only at M3T1 timing and the
w timing. Output is unchanged until the | contents of the internal address
5 next PEX or PER instruction is bus are output at the other
o executed. timing.
RD/WR signal Output against the address space of | Output against the address space of
1000H - FF7FH (4096 - 65407). 000H - FF7FH (0 - 65407).
M1 output No Yes
Pin connection Difference
Package 64 pin Flat 64 pin QUIP
64 pin QUIP
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uPD78C06AG ELECTRICAL SPECIFICATIONS

(Ta=25°C)
ABSOLUTE PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
MAXIMUM RATINGS |
Supply Voltage Vee —0.3t0 +7.0 v [
Input Voltage Vi —0.3to Vgc +0.3 v
Output Voltage Vo —0.3to Ve + 0.3 v
Output High Current IoH Device Total -5 mA
Output Low Current [ oL Device Total 45 mA |
Operating Temperature | Topt —40 to +85 c |
Storage Temperature [ Tag [ ~65 10 +150 °c |
(T3 = ~40 to +85°C, V¢ = +5.0V + 10%)
DC CHARACTERISTICS PARAMETER SYMBOL| TEST CONDITIONS MIN TYP | MAX |UNITS]
Vin INTQ—1, WAIT, PBg_7, PCo—5 0.7 Vee [ vec | v
ViH2 0.75 Voo | vec | v |
Input High Voltage 4
ViH3 Vce —2.0 Vee v
ViH4 Vec -0.5 Vee v
Vit 0 03vee| V
ViL2 1026 Vee| v
Vol
Input Low Voltage Vits 5 o8 v
ViLa 0 [ o5 v
V| 10H = —100 uA 2.4 | v
Output High Voltage OH1 OH K t
VoH2 |0H = —50 pA Vee ~0.5 | v
Output Low Voltage VoL oL = 1.8 mA 045 | V
| = |
Input High Current 1H1 Vin = Vec (REL) ? | 100 | A
HH2 VIN = Vce (XT) 45 HA
I = X - -
Input Low Current L1 VIN = OV (WAIT, PCo.5) 7 100 | uA
L2 VIN = 0V (X1) 45 | uA
Input High Leakage Current ILIH ViN = Ve (Except REL, X1} 32 HA
ViN = OV t WAIT, PCo. T 3.
Input Low Leakage Current | —t1L1 IN = OV (Except WAIT, PCo 5, X1 32 | uA
[Ju[%] VIN = 0V (STOP Mode, X1) -3.2 | uA
Output High Leakage Current | I OH VouT = Vce 3.2 MA
Output Low Leakage Current | I oL VouT =0V -32 | WA
Icct Operation Mode 4.0 75 | mA
Ve Supply Current \cc2 HALT Mode 1.2 27 | mA
Icca STOP Mode (X1 = OV, X2 = Open) * 1 20 uA
(Ta=—40 to +85°C, VoC = +2.5V to +6.0V)
DC CHARACTERISTICS PARAMETER SYMBOL TEST CONDITIONS MIN TP | MAX | UNIT
ViH1 Except DBg.7, X1 0.8Vce Vee \
. ViH2 DBo-7 0.7Vce Vee v
Input Voltage High " - m 0.9V Voe v
Ha @ Vco-0.5 Vee |V
ViL1 Except DBg.7, X1 0 02vcc| Vv
i) 0 018Veg| V
Input Voltage Low Vice | DBo-7 @ 0 08 | v
[§) 0 Oivec | V
Vi,s | X1 @ 0 05 v
Output Voltage VOH Vcc—0.5 v
Output Voltage Low VoL 0.45 \
’ H1 VIN = Vce (REL) 25 110 7y
Input Gurrent High 2 Vin = Voe (X1) 50 A
iy ViN = OV (WAIT, PCo.5) —25 —110 | A
Input Current Low I Vin = OV (XT) —50 A
input Leakage Current High | I ViN = Ve (Except REL, X1) 3.5 pA
[T} ViN = OV (Except WAIT, PCq.5, X1) 35 uA
Input Leakage Current Low Lo ViN = OV (STOP Mode, X1) 35 A
Output Leakage Current High | I OH Vout =Vce 3 35 pA
Output Leakage Current Low | I oL Vout =0V —3.5 BA
vee =av
Operation tcycg = 8us 0.7 1.5 mA
Icct Mode Vo = 6V
Capy = 1.32u8 5.0 9.0 mA
VoG Supply Current Vee =3v 02 05 | ma
'CYp = 8us
Icc2 HALT Mode —
Voc =6V 1.5 3.0 mA
tCyp = 1.32us - -
Notes 1: 2.5V = Vg = 4.5V (X1 =0V,
) STOP Mode 1. 20
2. 45V S Voo S 6.0V ccs X2 = Open) wA
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(Ta= 25°C, Vg = GND = OV)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP MAX | UNITS CAPACITANCE
Input Capacitance Cy fc=1MHz 15 pF
Output Capacitance co Unmeasured Pins returned to OV 15 | pF
1/0 Capacitance Cio 15 pL

(Ta = —40°C to +85°C)

Ve = 5.0V £10% Ve = 2.5V to +6.0V AC CHARACTERISTICS
PARAMETER | SYMBOL TEST CONDITIONS MIN_ | MAX | UNIT | MIN | MAX | UNIT CLOCK TIMING:
X1 Input Cycle | oyy 160 [ 10000 | ns | 165 | 10 us
X1 Input Le
LevelRNid(gw XxL 75 ns 078 B
X1 i
X aput tigh tXXH 75 ns 078 us
Gour Cycle cvo 1280 | 80000 | ns 132 80 us
Boyr Low tooL 515 ns 6.35 s
High
gglgTWigh tPoH 515 ns 6.35 us
QourRiserFall |y 120 ns 250 ns
Crystal
8quh " Seniliation | 48V=Vec=6.0v 35 6.25 | MHz
scillation ‘OSC — = =
Frequency Ceramic | 4.5VSVCCs6.0V 0.1 6.25 MHz
(X1, X2) oscillation [ Voo = 3.5v 0.1 4.0 MHz
| | | Vec=27V | . 0.1 06 | MHz
(Ta = —40°C to +85°C)
VoG = 75,0V £ 10% Voo = 2.5V 10 76,0V READ/WRITE
TEST TEST OPERATION
PARAMETER | SYMBOL | conpitions | MIN | MAX | UNIT | conpfions| MIN | MAX | UNIT
RD L.E,
o, OLLJT Lfg. RO 180 ns 3.1 us
Address
790 97
Fro tAD1 +660xN| S 466N | HS
[ RDTE. to 180(T3) 3.05(T3)
Address tRA 840(T4) ns 9.65(T4) Hs
RD LE. to 460 6.4
Data Input tRD +660xN| NS +6.6xN | bS
RD TE. to
Data Hold Time | 'RDH 0 ns 0 us
RD Low Level 1070 12.93
Width ‘RR +660xN ns +6.6xN Hs
BHEE o w] = s | -
Address
(PEQ-15) to tawT1 790 ns 9.7 us
WAIT LE.
WAIT Set Up
[irEne to @out WwTs 370 ns 235 us
m;’gg&‘t"? tWrH  |toye=1320ns| 0 ns |teyo=132us | 0 us
%{TEL'E' o ow 175 ns 025 | s
Address
(PEQ-15) to tAQ 420 ns 6.1 us
DouT TE.
Address
gasogs) to taD2 510 ns 6.4 us
ata Output
Data Output to D 740 ns 9.35 s
WR TE. w +660xN +6.6xN W
WR TE. to Data 130
Stable Time | 'WD ns 305 us
Address ns
(PEp-15) to taw 460 6.35 s
WR L.E.
WR TE. to
Address Stable | twA 180 ns 3.05 us
Time
WR Low Level 690 9.5
Width ww +660xN ns +6.6xN us
| Wig
WRLE o wwr 10 | ns 308 | s

N: Number of TwaIT
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(Ta = —40°C to +85%C) VCC = +5.0V £ 10% VGG = +2.5V to + 6.0V
SERIAL TEST
PARAMETER SYMBOL MIN | MAX | UNIT | MIN | MAX | UNIT
OPERATION CONDITIONS)
=R ) SCK Input 1270 ns 13.2 Bs
K Cycle Time 'CYK SR Output | 1280 | 80000 | ns | 132 | 80
— ) SCKinput | 515 ns 6.35 s
SCK Low Level Width WKL SR Output | 520 ns | 635 s
—_— ) SCK Input__| 515 ns 6.35
SCK High Level Width tKKH SCK Output | 520 e 6.35 s
SI Set Up Time to SCK TE. tsis 200 ns 0.3 s
Sl Hold Time after SCK TE. 1SIH 250 ns 0.5 us
[ SCK LE. to SO Delay Time KO 300 ns 0.8 us

Notes 1: Input timings are measured at ViHMIN and Vi MAX
. - VOH = 2.4V and VoL = 0.45V (Vg = 5.0V £ 10%)
2: Output timings are measured at
Lo S50 1oa VOH = 0.7Vce and VoL = 0.3VGC (VGG = 2.5V to +6.0)
3: LE. = Leading Edge, TE. = Trailing Edge

4: Use the following table (on;same page) to calculate AC parameters in tCY@ 1320ns (Vog = 5.0V + 10%)
resp. toyg 13.2us (Voo = 2.5V to + 6.0V)

TIMING WAVEFORMS
CLOCK TIMING
CYo 1
ool | tooH
o0uT
<l Ry B "
(Ta=—40 to +85°C)
BUS TIMING VoG = +5.0V = 10% Vo = +2.5V 10 +6.0V
CALCULATING CALCULATING
DEPENDING ON tCYQ SYMBOL| PRESSION MIN/MAX | UNIT EXPRESSION MIN/MAX | UNIT
) (1/2)T - 150 MIN ns_ | (1/2)T - 200 MIN ns
taD1__| (3/2+N)T - 200 MAX ns | (3/2+N)T - 200 MAX ns
tRA(T3) | (1/2)T - 150 MIN ns | (1/2)T - 250 MIN ns
tRA(T4) | (3/2)T - 150 MIN ns_ | (3/2)T - 250 MIN ns
"D (1+N)T - 200 MAX ns | (I+N)T - 200 MAX ns
"R (2+N)T - 250 MIN ns | (2+N)T - 270 MIN ns
tRwT | T - 200 MAX ns | T-200 MAX ns
tawT1 | (3/2)T + 200 MAX ns | (3/2)T - 200 MAX ns
twrs | (1/3)T + 150 MIN ns | (1/3)T + 150 MIN ns
[ T - 240 MIN ns_ | T-500 MIN ns
taD2 T-150 MIN ns T - 200 MIN ns
tow (3/2+N)T - 250 MIN ns_ | (3/2+N)T - 550 MIN ns
WD (1/2)T - 200 MIN ns (1/2)T - 250 MIN ns
taw T - 200 MIN ns_ | T-250 MIN ns
WA (1/2)T - 150 MIN ns (1/2)T - 250 MIN ns
tww | (3/2+N)T - 300 MIN ns_ | (3/2+N)T - 400 MIN ns
WwwT_ | (1/2)T - 220 MAX ns__| (1/2)T - 220 MAX ns
tcyk | 2T MIN ns_ | 21 MIN ns
tKKL T-120 MIN ns T - 250 MIN ns
tKKH T-120 MIN ns T - 250 MIN ns

Notes 1. N = Number of TWAIT
2.T=tcyp/2
3. For external clock, 50% duty cycle on X1 is assumed.
4. The items not included in this table are not dependent on tcyp.
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READ OPERATION

} T | T2 —Twarr— T3 { T4 {
<
'¢>OUT—/ \ 1 /S S
k tR¢
PE0-15 Xi ADDRESS
tAD1 ke tRA
|
DBO-7 { 7( READ DATA
tRD —> |« tRDH
— il
tRR |
WAIT
— tRWT tWTS [tWTH|«
tAWT1 |

]
-
* WAIT signal must be remained stable during twTs and tWTH.

If it is unstable, misoperation may occur.

WRITE OPERATION

} T

-+

T2 o} TWAIT 1 T3 —]
*souT —/ W
= W |«
|
PEO-15 X%
e
—| tAg |« |<—-tWA—>
jv
DBO-7 <
tAD2 tDW tWD —|
WR
X 4
|
tAW ~ tWw !
WAIT
-)1TWWT TWTS | TWTH

* WAIT signal must be remained stable during twTs and twTH.
If it is unstable, misoperation may occur.
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SERIAL OPERATION

f——-— tCYK ————

SI —

- tKO —{ [ tKO

50 )q; <

Low Power Data Memory Retention Characteristics for STOP Mode Operation

(Ta=—40t0 485°C)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Data Retention Voltage VCCDR 20 \"
Data Retention Supply Current | ICCDR VCCDR = 2.0V, X1 =0V, X2 = Open 0.8 20 uA
Data Retention 0.2
Input Low RES Voltage ViLDR 0 veeor| Y
Data Retention 08
Input High RESET Voltage | VIHDR VCCDR Vecor|
REL Input Delay Time tD 500 us
REL Input High Time tREL 10 us

Note:  In data retention mode,

1) Input voltages to WAIT and PCq.5 pins {with pull-up resistors)
should be maintained same as VCCDR level,

2) Other input voltages should be kept less than VCCDR level.

vee

|~ WREL |
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64-PIN PLASTIC FLAT PACKAGE OUTLINE, STRAIGHT LEADS (Unit : mm)
for uPD78C06AG

140793
T-o2 wPD78C06AG-xxx-11
m: 12.0+0.. |
I:C & 5251@— [m]
T — o
— QO —— g
——] o— m]
—] ———1 m]
—— — O
— — [m]
— — ]
— — R S O <
— — g % o S
—— —— = 8 O 0
— — 0
—] ——— ]
— — [m]
——— [m]
— g O
— — 0O
— —— O
e B e o
20 32 )
3
10:015—| |=—  —=||=—04*32 § _,“« 0157040

i
I:%i[]l]DDDDDDDDDD):!

}
l 19.6:0.4
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uPD78C06A

64-PIN CERAMIC FLAT PACKAGE OUTLINE FOR ES — REFERENCE — (Unit : mm)

for uPD78C06AG

14.2

g

f— 120

(LT
510 [ =]

——
— —1
m—— —

20

10—~ - —-1

33]
32

—1 i

Tt

18.0
20

045

1

-
[ noooodl

loonoonl

Note:

G

-'I 225 =

The metal cap of the device has Vpp (positive power supply) level because the metal
cap is connected to pin No. 26 (i. e. Vpp pin).

The leads of the welding part at bottom of this device are formed in slant and have a chance

of shorting the other lines of printed wiring board.
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64-PIN PLASTIC FLAT PACKAGE, BENT LEADS (Unit : mm)
for uPD78C06A

14.07573

uPD78C06AG-xxx-12

12.0+£0.3 |

EEEEEEEEEERED |

(64

O

18.0£0.3
20.0%33
24.740.4

LR LR

HHHHHHHHHHHHHHHHHHH

*iﬁ

L

I.ZL\).ZJ

f=—2.3 MAX

1

, 18.7+0.4
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WPD78CO6A

64-PIN PLASTIC QUAD-IN-LINE PACKAGE (QUIL), BENT LEADS
for uPD78CO6A (Unit : mm)

41 .8MAX

ol aflalolo ool ool lafl

16.5

P—
P
L

3.2MIN. 3.6

0.5+0.1 ]
39.37 {

uPD78CO06AG-xxx-36

24.13

p——19.05
=1:( 1’;

N——————
> 0.25104¢
[=—19.05+1.05

24.13£1.05
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64-PIN PLASTIC QUAD-IN-LINE PACKAGE (QUIL) BENT LEADS (Unit : mm)
for UPD78CO06AG

41.8MAX. wPD78C06AG-xxx-37

1

39.37

_
—— ]
———
—————_ P

Y
by

w

&

O
©)

35.1

| M
.‘lll":._‘z;” I A

0.25:8:4¢
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1PD7809/,PD7808/,PD7807/,.PD78P09

DESCRIPTION

FEATURES

PIN CONFIGURATION

HIGH END SINGLE CHIP
8-BIT MICROCOMPUTER
WITH COMPARATOR INPUTS, 8K ROM

The uPD7809/7808/7807/78P09 single chip microcomputer augments the high-end in NEC's
family of 8-bit microcomputers with sophisticated on-chip peripheral functionality. Like its nearest
relative in the family, the uPD7811, this device has a fast internal 16-bit ALU and data paths,
256 bytes of RAM, muitifunction 16-bit timer/event counter, two 8-bit timers, a USART, and
two zero-cross detect inputs. Features that distinguish this device in the NEC 8-bit family are:

8K ROM, programmable threshold comparator (8 inputs), programmable WAIT function,
watchdog timer, hold and hold acknowledge for DMA interface, and bit test/write instructions
for both RAM and 1/0.

The uPD7809 is the 8K Byte ROM version with the customers program on chip. The yPD7808 is
a 4K Byte ROM version. The pPD7807 is the ROM-less version for prototyping and small volume
applications. The pPD78P09 is an EPROM version of the 8K ROM pPD7809.

® NMOS silicon gate technology requiring + 5V supply
® Complete single chip microcomputer
— 16-bit ALU
— 8K ROM
— 256 bytes RAM
® Large I/O capability
— 40 1/O port lines (4PD7809/7808)
— 241/0 port lines (uPD7807)
— 8 input lines
® Two zero-cross detect inputs
® Expansion capability (total of 64K memory access)
— B8085A bus compatible
— B6K bytes external memory address range
Programmable threshold comparator
— 8inputs, 1 of 16 software selectable levels
Full duplex USART
— Synchronous, asynchronous and 1/0 mode
® 165 powerful instructions
— 16-bit arithmetic, multiply and divide
® 1 us instruction cycle time
® Prioritized interrupt structure
— 3external
— 8internal
® Hold, hold acknowledge for DMA interface
® Programmable WAIT function
® Watchdog timer
°
.
o

(]

Standby function
On-chip clock generator
64-pin QUIL package/SDIP package
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PIN CONFIGURATION

WPD78POYR

PAQ O]
PAl O=—of
PA2 O=—f
PA3 Oe—e]
PA4 O=——edl
PA5 O=——ef
PA6 O=— o
PA7 O=—of
PB0. PROG Oa—e{
PBl PRD O=—e]
PB2 Ow—
PB3 Ow——edf
PB4 Ol
PB5 O=—f
PB6 Ow—of
PB7 Oe—ef
PCO/TxD Oe—ed
PC1/RxD O=—wd
PC2/SCK O]
PC3 INTZ Oe—]
PC4'TO Oe—ed
PC5/Cl Ow——ed
PC6/CO0 Oa—ed
PC7/CO1 Oa—ed
NMl O]
INT1] O—ef
MODE1 O=——ef

MODE0 O=—s]
X2 O]
X1 o—ef
Vs O——rdl

© o N e w N

12

uPD
78PO9R

j*——=0 PF3
le——=0 PF2

f=—O0 PFO
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wPD7809/08/07/P09

P

IN FUNCTION

NO. SYMBOL

1-8 PAp—PA7 Port A: (Three-state input/output) 8-bit program-

mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port A in input mode.

9-16 PBp—PB7 Port B: (Three-state input/output) 8-bit program-
mable /O port. Each line independently program-
mable as an input or output. Reset places all lines
of Port B in input mode.

17 PCo Port C: {Three-state | Transmit Data (TxD):
input/output) 8-bit Serial data output
programmable 1/0 terminal.

18 PCq port. Each line Receive Data (RxD):
independently pro- | Serial data input
programmable as an | terminal.

19 PC2 input or output. Serial Clock (SCK): Serial
Altergatlve;y, Port C clock input/output
ma}/r e usfe TJSSC:;-T terminal. When internal
”od ines for 4| clock is used, the output
anc timer :,‘ounter andl can be selected; when an
g"e"é“?tp eset p:ts external clock is used,

ort Gin Port mode | e inpyt can be selected.
and all lines in input -

20 PC3 mode. Timer Input ((T1)/inter-
rupt request input (INT2):
Timer clock input termi-
nal; can also be used as
falling edge, maskable-
interrupt input terminal
and AC input zero-cross
detection terminal.

21 PCyq Timer Output (TO): This
output signal is a square
wave whose frequency is
determined by the
timer/counter.

22 PCy Counter Input (Cl):
External pulse input
terminal to the timer/
event counter.

23-24 PCg, PC7 Counter Outputs 0, 1
(COg—CO1): Program-
mable rectangular wave
output terminal based on
timer/event counter.

25 NMI Falling-edge, nonmaskable interrupt (NM1) input.

26 INT1 This signal is a rising-edge, maskable interrupt
input. This input is also used to make the zero-
cross detection AC input.

27 MODE1 Used as input in conjunction with MODEO to
select appropriate memory expansion mode. Also
outputs M1 Signal during each opcode fetch.

28 RESET (Input, active low), RESET initializes the uPD7809.

29 MODEO Used as input in conjunction with MODE1 to
select appropriate memory expansion mode. Also
used to output I0/M.

30-31 X2, X1 (crystal) | This is a crystal connection terminal for system
clock oscillation. When an external clock is
supplied X1 is the input.

32 Vss Power supply ground potential.

33 VTH VTH threshold voltage input. Reference voltage
for variable threshold input, Port T. Threshold
voltage to each Port T input is software program-
mable to 16 different levels.
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uPD7809/08/07/P09

NEC

PIN DESCRIPTION

PIN

{cont.) NO.

FUNCTION
SYMBOL

34-41

PT1-PT7 Eight variable threshold input ports. Ports Tg—T7
inputs are each connected internally to compara-

tors where the other input is the threshold voltage.

HOLD HOLD request input. When high, CPU is in a

HOLD state until HOLD goes low.

HLDA HOLD Acknowledge output by CPU when HOLD

state is accepted; goes low when HOLD is released.

RD (Three-state output, active low) RD is used as a
strobe to gate data from external devices onto the

data bus. RD goes high during Reset.

WR (Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write

operations. WR goes high during Reset.

ALE The strobe signal is for latching the address signal
to the output from PD7—PDg when accessing

external expansion memory.

47-54

PFo—PF7 Port F: (Three-state
input/output) 8-bit
programmable 1/0
port. Each line con-
figurable indepen-
dently as an input
or output.

Address Bus: When
external expansion
memory is used,
multiplexed address/
data bus can be selected.

55—62

Port D: 8-bit pro-
grammable 1/0 port.
This byte can be
designated as either

PDo-PD7

Address Bus: When
external expansion
memory is used, multi-
plexed address/data

input or output. bus can be selected.

63

VpD This is a backup power terminal for on-chip RAM.

64

vee +5V power supply.

Notes:

BLOCK DIAGRAM

1 clock cycle =1 CL = 3/f.

1 machine cycle = 3 or 4 clock cycles.

1 instruction cycle = 1 to 19 machine cycles.
f: System clock frequency (MHz).

L |

PF70/AB158

5 w
x1 bt
LATCH 13 K=
x2 INCIDEC X e
-
2 t_
PCOITXD o
POl RAD seriaL K8 ) e | FE)e
PeaitR o i ] < ]p"¢%" | proGRAM i & (B> rorompero
() € MEMORY 8| S S
W T i
[, pe— 7y (8K-Byte |
CONTROL e | fad MEMORY \ £ K rera
CH for 7808) (zeeevTe) e
BUFFER
pesmyinTI ane) U H
PCA/TO K& ) ®
INTERNAL DATA BUS 13 Kz
PCS/C1 TIMER/ *
PC6/CO0: EVENT
PcrICO1 counter K& )
INSTR. REG)
<
-
WATCH m st @E““ PA70
DOG
TIMER DECODER
J
HOLD  |READ/WRITE|  SYSTEM | STANDBY
CONTROL | CONTROL CONTROL | CONTROL J
HOLD HLDA  AD WR ALE MODETMODEORESET Vop  Vec Ves

Note: The uPD7807 has no on chip ROM
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In addition to the basic 7800 family instruction set, the following instructions are incorporated
in the uPD7809/7808/7807

16-bit data transfer between memory, registers, and extended accumulator

16-bit addition and subtraction

16-bit comparison and skip

16-bit and, or, ex-or operation

16-bit data shift and rotation

Multiply

8-bit by 8-bit, 16-bit product

Less than 8 us execution-time

Divide

16-bit by 8-bit, 16-bit quotient, 8-bit remainder

Less than 14 us execution-time

® Working register instructions for efficient RAM addressing, testing and manipulating
® Direct bit addressing for code-efficient addressing, testing and manipulating bits in RAM,
port lines and mode registers

INSTRUCTION SET

MEMORY MAP
010000H) 0/0000H) [RESET _
INTERNAL ROM INTERNAL ROM
(PD7808) (uPD7809)
¥ 3 EXTERNAL r 4(0004H) [ NMI/INTWD
4095 (OFFFH) MEMORY
4096 (1000H) 8.192W x 8
8.191(1FFEH) (uPD7807) 8(0008H) [ INTTO/INTT1
8.192(2000H)
16(0010H) [INT1/INTZ_
EXTERNAL EXTERNAL
MEMORY | L MEMORY
I r 24(0018H) [ INTEO/INTE1
61,184W x 8 57.088W x 8
32(0020H) [ INTEIN
S _ 65.279(FEFFH)
66.280(FFO0N [ reaNal Ram | 5
65.503(F FDFH) 256W x 8 & 40(0028H) [ INTSR/INTST
S
2;504(FFEOH) (32W x 8) }5 | A
2
g 96(0060H) [SOFTT
128(0080H) m] je=0
129(0081H) [ HIGH ADR:
@] 130(0082H) LOW _ADRS
S\ 131(0083H) HIGH ADRS }‘ =1
kS
K 7 T
1901008EH)[__LOW ADRS |} _ g
191(00BFH) HIGH ADRS } =
192(00COH)
In case of uPD7807 ) L USER'S AREA 7
external ROM area is starting from 0000H
(no internal ROM area) 8.191(1FFFH)
Please refer to the section of uPD7811 for description of the following functions which are FUNCTIONAL
DESCRIPTION

the same as on this device:
1. Memory expansion (except 56K bytes maximum for uPD7809)
2. USART

3. Reset
4. External memory access and timing

Variable Threshold Input Port (Port T)

® 8input lines

® 16 levels — from 1/16 of reference voltage (VTH) to 16/16 VTH
@ Level selected by software write to Mode T register

® |nput at Port bit reads O until voltage at pin exceeds selected level
® Comparison execution time: 12 us
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FUNCTIONAL
DESCRIPTION
(CONT.)

Block Diagram of Treshold Variable Input Port

N

INTERNAL BUS

Format of MODE T Register

7 6 5 4 3 2 1 0

FA [ -T-1- [MT3[MT2[MT1 ]MTUJ
T -
; Specification of 16 Threshold Levels
| olololo ] vrpxi6is
ofofo[ 1] Vrax1/16
olo[1]0] Vrnx2/ie
‘i (oo 11| vinxane
o[1]0]0]| Vrnxa/6
‘ o101 ] Vraxs16
‘ o1 1[0 Vrnx6/e
o1 [ 11 ] Vrnx7/16
10|00 Viuxsie
T]0[0]1 | VInx916
T]o[1]0 ]| Vrhx10/16
1o 1|1 | Viax11/16
17 To o | Vrax12/16
17 o1 [ Vrnx13ne
1110 | Vinx141e
[l viuxasie
Input/Output

® 40 digital 1/0 lines — Five 8-bit ports (Port A, Port B, Port C, Port D, Port F)

® Port operation for Ports A, B, C and F: Each line of these ports can be individually
programmed as an input or as an output

® Port D can be programmed as a byte input or a byte output

Control lines: Under software control, each line of Port C can be configured individually

to provide control lines for serial interface timer and timer/counter and interrupt.
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TIMER / EVENT COUNTER — BLOCK DIAGRAM FUNCTIONAL
DESCRIPTION

(CONT.)

S Internal Bus

;Mw—-f—f— 1 ‘
TIMERIEVENT TlMER,EVENT ‘ |

|
CAPTURE REGO cmmme nem ‘ ‘

|

o1 | | oV
\'j \nout TIMER/EVENT Cloar
PC5/CI COUNTER
Contrel UPCOUNTER (ECNT! Control

}—————o pC6/CO0
]
Output
o Control
PC7/CO1
coMPAaAmLh COMPARATOR J—
T\MER/EVENT TIMER/EVENT
REQT (ETWI) REQD IETMO) .
S INTEO
cP1
MODE REGISTER 'g;”n"’:‘eﬁ‘ INTE?
(ETMM, EOM)
BN b INTEIN
internal Bus

Note: ¢12 =fxTAL X 1/12,
fXTAL : oscillation frequency

Input Clock of TIMER/EVENT COUNTER: Internal (’¢12)
External (Cl)
Timer out (TO)

Operations:

a) Interval Timer:
Counter repeats interruptions due to a present count time.

b) Event Count Mode:
Cl inputs are synchr. by the internal clock. 250ns noise detection.

c) Frequency Measurement Mode:
Cl inputs while TO is kept at high level.

d) Puls with Meaurement Mode:
Counting up the upcounter during Cl is high or low.

e) Programmable Square Wave:
Comperator 0 signal sets COg/1, Comperator 1 signal reset COp/1,

f) Single Pulse Generation:
Cl is trigger input 16 bit counter free running output Flip-Flop toggled two times.
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NEC

FUNCTIONAL
DESCRIPTION
(CONT.)

INTERRUPT CONTROL CIRCUITRY — BLOCK DIAGRAM

= NMI IEN

TEST
| contRoL [ Skip control

TF.—

INTWD/NMI

SOFTY

REQUEST REGISTER
.

MASK
REGISTER

ENABLE1

El—s @
DI—R

ENABLE2

D Q IEN

PRIORITY
CONTROL

ck
NMI/INTWD
3

NMI—

TEST
FLAG
REG.

—

SOFTI-»

INT.
ADR

F—=T.F.

Internal B

Mask register: Masking the interrupts
Priority control:

request at the same time.

Interrupt to
be generated

Accepts only the interrupt with the highest priority if more than one

Test Flag register: 3 kinds of test flags which doesnt bring any interrupt request:

OV: setto 1 by overflow of the timer/event counter
ER: setto 1 by priority error
SB: setto 1 by rise input of Vpp terminal

INTERRUPT

11 Interrupt Sources

3 External Interrupts — Including non maskable interrupt
8 Internal Interrupts

6 Priority Levels and 6 Interrupt Vectors
11 Interrupt sources are divided into 6 priority levels.

PRIORITY| INTERRUPT | INTERRUPT SOURCE INTERNAL/
ADDRESS EXTERNAL

NMI falling edge external

1 4 (0004H)
INTWD output signal of watchdog timer internal
INTTO  coincidence signal from TIMERO

2 8 (0008H) internal
INTT1 coincidence signal from TIMER1
INT1 rising edge

3 16 (0010H) — external
INT2 falling edge
INTEO  coincidence signal from timer/

event counter

4 24 (0018H) internal

INTE1  coincidence signal from timer/
event counter

5 32 (0020H) INTEIN falling edge of Cl or TO internal
INTSR  serial receive interrupt

6 40 (0028H) internal
INTST  serial transmit interrupt
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WATCHDOG TIMER FUNCTIONAL
DESCRIPTION

Used for software safety check or overall performance safety check. Watchdog, if enabled, (CONT.)

must be cleared at regular intervals in program execution to avoid watchdog interrupt or by
Reset. Intervals are software selectable.

BLOCK DIAGRAM OF WATCHDOG TIMER

—D Icleir }cuear
o PRESCALER UPCOUNTER
$384 (5) (7) INTWD

Interval
Control

Note: ¢384 = fyyaL x 1/384

HOLD/HLDA

To perform all sorts of DMA-applications a Hold-request signal can be applied to the
uPD7809; it puts Address- and Databus and RD/WR signal lines to the high impedance state.
Then HLDA goes high as a response to the hold request.

MODEO/MODE1-TERMINALS

The logic level applied to MO/M1-Terminals determines the memory map of uPD7807/08/09
and the use of Port D/F as multiplexed Address/Data Bus.

Mo | M1 MEMORY ADDRESSES LOCATION
0 1 8K/4K 0..... OFFFH/IFFFH | internal*

0 4] 4K 0O.......... OFFFH | external

0 1 16K [ 3FFFH | external

1 0 64K 0........ FEFFH external

* MO, M1 = 0,1 realizes the ROM version (access of internal ROM), all others represent
access of external memory only. In case external memory is used in addition to internal,
memory mapping register has to be programmed then (see below).

MEMORY MEMORY MAPPING REGISTER | NUMBER OF
EXPANDES MODES MM2 MM1 MMO 1/0 LINES
Port Mode 0 0 X 44
256 Expanded 0 1 0 36

4K Expanded 1 0 0 32
16K Expanded 1 1 0 30
56K/60K* Expanded 1 1 1 28

*56K for 7809, 60K for 7808
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FUNCTIONAL STANDBY FUNCTION

DESCRIPTIONS

(CONT.) The uPD7809/08/07/P09 offers a standby function that allows the user to save up to 32 bytes

of RAM with backup power (Vpp) if the main power (V) fails. On powerup the uPD7809
checks whether recovery was made from standby mode or from cold start.

UNIVERSAL SERIAL INTERFACE

The serial interface can operate in any of three modes: synchronous, asynchronous, and 1/0
interface. The 1/0 interface mode transfers data MSB first for ease of communication with
certain peripheral devices. Synchronous and asynchronous modes transfer data LSB first.
Synchronous operation offers two modes of data reception. In the search mode, data is
transferred one bit at a time from serial register to receive buffer. This allows a software
search for a sync character. In the nonsearch mode, data transfer from serial register to
transmit buffer occurs 8 bits at a time.

UNIVERSIAL SERIAL INTERFACE BLOCK DIAGRAM

' Internal Bus -\
Receive Serial Mode Transmi
INTSR Buffer (RXB) Register Buffer (TXB) INTST
(SML, SMH)
Serial Serial
PC1/RyD o] > Regist Register
(5P (P=s)
Receive Transmit
ER

PC2/SCK 0 #24
< 9384
TO output

PCO/TxD o——<C}

Note: ¢24 =fxTAL X 1/24
¢384 = fXTAL x 1/384 fxTAL: oscillation frequency (MHz)

® Asynchronous Mode

— Full-Duplex, Double Buffering

— 7, 8-Bit/Character

— Start/Stop Bit

— Even/Odd Parity

— Programmable Clock Rate X1, X16, X64
Synchronous Mode

— Search/Receive Mode

1/0 Interface Mode (uPD7801 Serial Mode)
Programmable Communication Rate

— 2usec, 32usec, Timer and External
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ZERO-CROSSING DETECTOR FUNCTIONAL
DESCRIPTION
The INT1 and INT2 terminals (used common to Tl and PC3) can be used to detect the zero- (CONT.)

crossing point of slow moving AC signals. When driven directly, these pins respond as a
normal digital input.

To utilize the zero-cross detection mode, an AC signal of approximately 1-3V AC peak-to-
peak magnitude and a maximum frequency of 1kHz is coupled through an external capacitor
to these pins.

For the INT1 pin, the internal digital state is sensed as a zero until the rising edge crosses the
DC average level, when it becomes a one and INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a one until the falling edge crosses the DC average
level, when it becomes a zero and INT2 interrupt is generated.

The zero-cross detection capability allows the user to make the 50—60Hz power signal the
basis for system timing and to control voltage phase sensitive devices.

ZERO-CROSSING DETECTION CIRCUIT

' 1 '/
1 i '
1 1
AC source v
\/‘E
1
'
1
i
Internal Signal ————l
|
INT1 4
AC source INT2) {>o—{>(>
uF T
REGISTERS
0 15
PC
SP
0 70 7
EA
v I A
B c Main
D E
H L
EA’
v T X
Alternate
B’ [
D’ E'
H’ L
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FUNCTIONAL General Purpose Registers (8, C, D, E, H. L)
:)CEC?'\(‘:.IF} ;PT'ON There are two sets of general purpose registers (Main: B, C, D, E, H, L: Alternate: B’, C’, D’,

H’, L’). They can function as auxiliary registers to the accumulator or in pairs as data pointers
(BC, DE, HL, B'C’, D'E’, H'L’). Auto Increment and Decrement addressing mode capabilities
extend the uses for the DE, HL, DE’, and H'L’ register-pairs. The contents of the BC, DE, and
HL register-pairs can be exchanged with their Alternate Register counterparts using the EXX
instruction.

Vector Register (V)

When defining a scratch pad area in the memory space, the upper 8-bit memory address is
defined in the V-register and the lower 8-bits is defined by the immediate data of an instruction.
Also the scratch pad indicated by the V-register can be used as 256 x 8-bit working registers for
storing software flags, parameters and counters.

Accumulator (A)

All data transfers between the uPD7809 and external memory of I/O are done through the
accumulator. The contents of the Accumulator and Vector Registers can be exchanged with
their Alternate Registers using the EX instruction.

Program Counter (PC)

The PC is a 16-bit register containing the address of the next instruction to be fetched. Under
normal program flow, the PC is automatically incremented. However, in the case of a branch
instruction, the PC contents are from another register or an instruction’s immediate data. A
reset sets the PC to 0000H.

Stack Pointer (SP)

The stack pointer is a 16-bit register used to maintain the top of the stack area (last-in-first-out).
The contents of the SP are decremented during a CALL or PUSH instruction or if an interrupt
occurs. The SP is incremented duringa RETURN or POP instruction.

Extended Accumulator (EA)

The data processings of 16-bit arithmetic and logical operation instructions are mainly
handled in the extended accumulator.

ADDRESS MODES

Register Addressing Working Register Addressing
Register Indirect Addressing Direct Addressing
Auto-Increment Addressing Immediate Addressing
Auto-Decrement Addressing Immediate Extended Addressing
Double Auto-Increment Addressing Base Addressing

Relative Addressing Base-Index-Addressing

Register Addressing

r

I OPCODE !7 —{ OPERANDI

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing

p memory

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are ending this address mode.
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Auto-Increment Addressing FUNCTIONAL

" DESCRIPTION
|opcooe}——— aDDRESS|

memory

(CONT.)

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

memory

i
[opcooe|——={apDRESS }— OPERAND |

Working Register Addressing

memory

V Register | ]
PC OPCODE Contents OPERAND

PC+1 displacement

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in acommon
memory page where only 1 additional byte is required for the address. Mnemonics with a W
suffix ending this address mode.

Direct Addressing

PC OPCODE Memory
PC+ 1| Low Address ——~—L0perand J Low Operand
PC + 2 | High Address 1 byte High Operand

2 byte

The two bytes following the opcode specify an address of a location containing the operand.

Immediate Addressing

PC OPCODE

PC+1 OPERAND
f iate E tod Add "

PC OPCODE

PC+1 Low Operand

PC+2 High Operand
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FUNCTIONAL Relative Addressing
DESCRIPTIONS
(CONT.) memory
Oncod PC+A+3 Low Operand
peode PC+A+3+1 High operand

This addressing mode is used by the “Table'-command. It transfers the contents of 2 memory
cells — addressed relatively to PC via the Accu A — into BC register-pair (TABLE-command).
Application: Table look-up

Base-Addressing

memory

1)
PC Opcode ——»{ Address ®

PC+1 Displacement

Register Pair DE or HL used as base pointer to the memory; immediate data (8 bit) or displace-
ment added to the base.

Base-Index-Addressing

rp memory

[ Opcode H Address
Reg (8 bit)/EA (16 bit)

Register pair DE or HL used as base pointers to the memory; Register (8 bit) or Extended
Accumulator (EA) as displacement added to the base.

Double auto increment

rp memory

opcode I——{ Low Operand

High Operand

The opcode specifies the register pair which contains the memory address of the operand

(16-bit). The contents of the register pair is automatically incremented by two to point to a
new 16-bit operand.
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BIT ADDRESS INSTRUCTIONS FUNCTIONAL
DESCRIPTION
The following bits may be addressed directly with certain instructions: (CONT.)

® Any bit in a 16-byte group in RAM

® Any bit in the five 8-bit 1/0 ports (A, B, C, D, F)
® Any bit in the variable threshold port

® Any bit in the following special registers:

9-bit interrupt mask register, serial mode register, timer mode register, timer/event counter
output register

An addressed bit may be tested, set, cleared, or complemented.
An addressed bit may be moved to or from the carry flag.
An addressed bit may be ANDed, ORed, X-ORed with the carry fiag.

Difference between the uPD7801, uPD7811, uPD7807, and uPD7809

1PD7801 uPD7811 uPD7807 | uPD7809
Number of Instructions 134 158 165 [ 165
16-Bit Operation Instruction No Yes Yes [ Yes
Multipy/Divide [nstruction No Yes Yes Yes
Instruction Cycle 2us/4MHz 1us/12MHz 1us/12MHz 1us/12MHz
Number of General-purpose Registers 16 18 18 18
On-chip ROM Capacity 4K Bytes 4K Bytes No 8K Bytes
On-chip RAM Capacity 128 Bytes 256 Bytes 256 Bytes 256 Bytes
Direct-Addressable External Memory Capacity 60K Bytes 60K Bytes | 64K Bytes 56K Bytes
[Minternal ) 2 8 i 8
External 3 3 | 3 3
1/0 Lines - 48 40+4 28" 40
Threshold Variable Port No No 8 Bits 8 Bits
[ Timer 12 Bits 8 Bits x 2 8 Bits x 2 8 Bits x 2
Timer/Counter — :
| Counter No 16 Bits 16 Bits 16 Bits
[ Watchdog Timer No No Yes Yes
| Asynchronous No Yes Yes Yes
| Serial Interface Synchronous No Yes Yes Yes
1/0 Interface Yes Yes Yes Yes
A/D Converter No Yes No No
Standby Function No Yes Yes Yes
Hold Function Yes no Yes Yes
Technology NMOS NMOS NMOS NMOS
Package 64-Pin QUIP | 64-Pin QUIP | 64-Pin QUIP| 64-Pin QUIP
*: at 4K-byte Access
OPERAND FORMAT/DESCRIPTION
FORMAT DESCRIPTION
r V,A B C D E H L
rn EAH, EAL, B, C, D, E, H, L
2 A B C
sr PA, PB, PC, PD, PF, MKH, MKL, SMH, SML, EOM, ETMM, TMM,
MM, MCC, MA, MB, MC, MF, TXB, TMO, TM1, WDM, MT
srl PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT, RXB, WDM
sr2 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM
sr3 ETMO, ETM1
sr4 ECNT, ECPTO, ECPT1
sr5 PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, PT
p SP, B, D, H
1 V, B, D, H, EA
P2 SP, B, D, H, EA
rp3 B, D,
rpa B, D, H, D+, H+, D—, H—
rpal B, D, H
rpa2 B, D, H, D+, H+, D—, H—, D+byte, H+A, H+B, H+EA, H+byte
rpa3 D, H, D++, H++, D+byte, H+A, H+B, H+EA, H+byte
wa 8 bit immediate data
word 16 bit immediate data
byte 8 bit immediate data
bit 8 bit immediate data
f CY, HC, 2
irf FNMI, FTO, FT1, F1, F2, FEO, FE1, FEIN, FSR, FST, ER, OV, IFE2, SB

107



NEC

uPD7809/08/07/P09

REMARKS 1. sr ~ srb (special register)
PA : PORTA
PB : PORTB
PC : PORTC
PD : PORTD
PF : PORTF
PT : PORTT
MA : MODEA
MB : MODEB
MC : MODEC
MCC : MODE CONTROLC
MF : MODEF
MM : MEMORY MAPPING
MT : MODET
T™MO TIMER REGO
™1 TIMER REG1
TMM TIMER MODE
ETMO TIMER/EVENT

COUNTER REGO

ETM1 TIMER/EVENT
COUNTER REG1

ECNT : TIMER/EVENT
COUNTER UPCOUNTER

ECPTO: TIMER/EVENT
COUNTER CAPTUREOQ

ECPT1: TIMER/EVENT
COUNTER CAPTURE1

ETMM : TIMER/EVENT
COUNTER MODE

EOM TIMER/EVENT
COUNTER OUTPUT MODE

WDM WATCHDOG TIMER
MODE

TXB Tx BUFFER

RXB Rx BUFFER

SMH SERIAL MODE High

SML SERIAL MODE Low

MKH MASK High

MKL MASK Low

5. irf (interrupt flag)

2. rp ~ rp3 (register pair)

SP : STACK POINTER

mM<IO®
I
[

A . EXTENDED
ACCUMULATOR

3. rpa ~ rpa3 (rp addressing)

B : (BC)

D : (DE)

H : (HL)

D+ : (DE)+

H+ : (HL)+

D— . (DE)-

H— : (HL)—

D++ : (DE)++

H++ @ (HL)++

D+byte: (DE+byte)

H+A (HL+A)

H+B (HL+B)

H+EA (HL+EA)

H+byte: (HL+byte)
4. f (flag)

CcY : CARRY

HC : HALF CARRY

4 : ZERO

FMMI :  INTFNMI

FTO : INTFTO

FT1 @ INTFT1

F1 : INTF1

F2 : INTF2

FEO : INTFEO

FE1 : INTFE1

FEIN : INTFEIN

FSR : INTFSR

FST : INTFST

ER : ERROR

ov : OVERFLOW

IEF2 INTERRUPT
ENABLE F/F2

SB : STANDBY

Parts of this material may be changed without prior notice due to the introduction of new

functions of products under development.
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INSTRUCTION SET

MNEMONIC |OPERAND i g: cope 83 B4 STATE OPERATION g‘(()‘rs:)mon
LA 000117271 Tg 4 A
A 000017271 To 4 A
BEE 01001101 115554535251 50 10 | s-A
A 01001100 115554535251 S0 10| Aes
MoV rword | 01110000 01101R2Ry Rg Low Adrs | High Adrs | 17 | < (word)
4 word,r | 01110000 C1111Rz2 R Ry Low Adrs | High Adrs | 17 | (word) « r
§ « lr,oyte [01101R2RyRg Data 7 < byte
Z w1 sr2,byte | 01100100 5300005251 Sg Data 14| s2<byte
o MVW_*wa,byte 07110001 Offset Data 13 | (Vwa) <byte
% [MVIX T+ rpat, byte | 01001047 Ag Data 10 | (rpal) < byte
E STAW * |wa 01100011 Offset 10| (Vwa) <A
@ [LDAW * [wa 00000001 Offset 10 A« (V.wa)
® [STAX 7 a2 A30111A2A1Ag Data (1) 713 | (rpa2) < A
LDAX *  |rpa2 A30101A2 A Ag Data (*1) 713 A + (rpa2)
EXX 01001000 10101111 8 BB, CoC, DD,
E«E HoH, Lol
Exa | 01001000 10101100 8 | V.A®V A, EA©EA
EXH 01001000 10101110 8 H Lo H, LU
EXR 01001000 10101101 8 VeV AwA BoB,
Cc«C, DwD, EwE,
He W, Lo L) EA«EA’
MNEMONIC |OPERAND m ng £opE 53 B2 STATE OPERATION 25';0,“0"
BLOCK D+ 00010000 13+ | (DE)+ « (HL)¥+, C « C—1
(C+1) | End if borrow
o- 00010001 13* | (DE)-« (HL)-,C+C-1
(C+1) | End if borrow
3,EA [101101P1Pg 4 p3L < EAL, rp3y « EAH
oMoV EA,rp3 | 101001Py Py 4 EAL «rp3L, EAH « rp3y
- «3.EA | 01001000 1101001 Ug 14 | s3<EA
w EA, 54 110000 V; Vg 14 | EA<s4
g SBCD word 01110000 00011110 Low Adrs | High Adrs | 20 | (word) «C, (word+1) < B
& [soEo word 00101110 20 {word) « E, (word+1) < D
& [ship word 00111110 20 | (word) < L, (word+1) < H
S [ssPo word 00001110 T 20 | (word) <SP, (word+1) <SPy
£ [sTEAX rpa3 01001000 1001C3C3C Cp Data (*2) 14/20 | (rpad) « EAL, (rpa3+1) « EAH
© [LBCD word 01110000 00011111 Low Adrs | High Adrs | 20 | C« (word), B « (word+1)
LDED word 00101111 20 | E« (word), D « (word+1)
LHLD word 00111111 20 | L« (word), H < (word+1)
LD word | 00001111 20 | SPL < (word), SPH < (word+1)
LDEAX rpad 01001000 1000C3C3Cq Co Data (*2) 14/20 | EAL « (rpa3), EAH < (rpa3+1)
PUSH o1 101100207 Qg 13 | (SP=1) < rplp, (SP—2) «rplL
SPSP-2
POP 1 101000207 Qo 10| 1L« (SP), ipTp < (SP+1)
SP < SP+2
LXI  * |rp2,word | 0P2P1P00100 Low Byte High Byte 10| p2<word
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IMNEMONIC ]OPERAND - g;coo: o o STATE OPERATION i ion
TABLE 01001000 10101000 17 | C+ (PC+3+A)
B « (PC+3+A+1)
[ TabD A 01100000 11000R2 Ry Ry 8 A< AT
nA 01000 Ry Ry Rg 8 re A
Ar 1T1010R2 Ry Rg ] A < A+raCY
z Ave A 01010R Ry Rg ] < FPARCY
g oone A 10100Ry Ry Ro 8 A <A No Carry
K] A 00100Ry Ry Rg 8 oA No Carry
T Y 11100R2 Ry Ro 8 A<Ar
e U8 oA 01100Rz Ry Ry 8 rer-A
E 88 A r 11110R2R1 Rg 8 A« A-r—CY
£ nA 01110Ry Ry Ry 8 < r—A-CY
g susne Ar 10110R2 Ry Ry 8 A<ATr B No Borrow
= T A 00110R; Ry Rg 8 rer-A No Borrow
3 A 1 10001 Rz Ry R 8 A<AAT
ANA T A 00001 Rz Ry Rg 8 r<rAA
A 10011R2 Ry Ry 8 A<AVr
ORA 00011R2 Ry Rg 8 rerVA
10010R2 Ry Ro 8 A<AMr
XRA
00010Ry A Ry 8 rer¥A
10101R2 Ry Rg 8 A1 No Borrow
GTA 00101R2Rq Rg [ s —A-1 No Borrow
MNEMONIC |OPERAND = g;coos 5 5 STATE OPERATION K RDITION
§ A At 01100000 170111R2R1 Ry 8 A Borrow
= nA I 00111R2R1Rg 8 —A Borrow
Q A [ 11101R2R1Rg 8 A-r No Zero
E NEA oA 01101 Rz R Rg 8 A No Zero
= At 11111R2R1 Rp 8 A-r Zero
E Eaa LA 01111R2R1Rg 8 A Zero
£ [ONA AT 11001 R2 R Ry 8 AAT No Zero
& [oFFa Ar 11011R2 Ry Ry 8 AT Zero
ADDX rpa 01110000 11000A2 A1 Ag n A< At (rpal
% [ADCx o 11010A2A1 Ag n A< At (rpal+CY
Q [ADDNCX  |rpa 10100A2 A1 Ag n A < A+ (rpa) No Carry
£ [susx pa T1100A2 A1 Ap n A <A (rpa)
o [sBBX rpa 1T1110A2A1 Ag K A< A- (rpa)—CY
g SUBNBX  |rpa 10110A2 A1 Ag m A< A (rpa) No Borrow
I [ANAX pa 10001A2A1 Ag [ A<AAN (rpa)
€ [oRAX Trea 10011A2A] Ag n A<AV (rpa)
= [XRAX pa 10010A2 AT A n A< AV (rpa)
3 [6TAx 10101A2A1 Ag [ A (rpa)—1 No Borrow
LTAX Tea 10111A2A1 Ag n A= (rpa) Borrow
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| MNEMONIC | OPERAND 8 ‘;2" £opE 83 Ba STATE OPERATION gg’l\‘l’DiTION
:NEAX pa 01110000 11101 A2A7 Ag 11 A trpa} No Zero
EQAX pa 111114247 Ag 1 A~ (rpa) Zero
[oNAX pa T1001A2A) Ag I AN (rpa) No Zero
OFFAX wa | T1011A2A7 Ag 1| AA(rpa) Zero
[ « |Abyte |01000110 < Data - 7 A< Atbyte
| ADI v, byte 01110100 01000Rz Ry Ry Data | rerebyte
< sr2,byte 101100100 S310005251 So I} 20 512 < sr2+byte
3 * |Abyte 01010110 < Data - 7 A« AtbyteCY
wlac r.byte 01110100 0101082 Ry R Data 1| rerebyterCY
2 sr2,byte | 01100100 5310105251 Sg ] 20 | sr2<sr2+byterCY
g * A, byte 00100110 <« Data 7 A« Atbyte No Carry
E ADINC r, byte 01110100 00100R2Ry Rp Data 11 r < ribyte No Carry
si2,byte | 01100100 $301005251 S0 1} 20 | si2<u2vbyte No Carry
* |A byte 01100110 < Data —~ 7 A« A-byte
sut v, byte 01110100 01100R2 Ry R Data 1| rerbyte
sr2,byte | 01100100 S311005251 Sp 20 | s2+s2—byte
* 1A byte 01110110 « Data > 7 A+ A~byte—CY
sl v, byte 01110100 01110R2 Ry Ro Data | r<r-byte—CY
si2,byte | 01100100 S311105251Sg 13 20 | sr2 < sr2—byte—CY
MNEMONIC |OPERAND B ~~"%§‘ng5 83 Ba | STATE OPERATION CONDITION
. A, byte 00110110 « Data ~ 7 A« A-byte No Borrow
SUINB r, byte 01110100 00110R2 Ry R Data 1" < r—byte No Borrow
s2.bye [0110 $301105251Sp { 20 | s2«sr2-byte No Borrow
« [Abyte |00000111 < Data ~ 7 A<ANbyte
ANI r, byte 01110100 00001 R2R1Rg Data 1" r«rAbyte
sr2,byte | 01100100 $30001S251So { 20 512 < sr2 Abyte
: . A, byte 00010111 « Data ~ 7 A« AV byte
g ORI r, byte 01110100 00011R2R1Rg Data Ll r+rVbyte
E si2.byte (0110 § $3001 15251 Sp 1] 20 52+ 512 V byte
2 « |Abyte |00010110 < Data > 7 A< AV byte
g XRI I, byte 01110100 00010R2R1 Rg Data 1 r+r Mbyte
= si2,byte (0110 § $30010S2S1 So [} 20 512 < 5r2 M byte
« |Abyte  |00100111 < Data 7 A-byte—1 No Borrow
GTI r, byte 01110100 00101R2R1Rp Data " r-byte—1 No Borrow
sr5,byte (0110 § $301015251Sp 1] 14 sr5—byte—1 No Borrow
« [Abyte  [00110111 < Data > 7 A-byte Borrow
LTI r, byte 01110100 00111R2Ry Rg Data 1| rbyte Borrow
sSbyte |0110 § | $301118381Sg ¥ 14 | sh-byte Borrow
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T OPE| B1 BOICODE B3 STATE I OPERATION gz‘l:D“’ION
* |A, byte 01100111 « Data ~ 7 [ A-byte No Zero
NEI r, byte 01110100 01101Ry Ry Rg Data 1| r—byte No Zero
s5,byte 0110 * S3110152S1Sg 14 \ sr5—byte No Zero
2 « [Aabyte [01110111 « Data > 7 | A-byte Zero
S |ear T, byte 01110100 01111Ry Ry Rg Data 1 rbyte Zero
w sr5,byte [0110 § S311118251Sg i 14 [ sr5-byte Zero
3 « [Abyte 01000111 ~ Data > 7 AAbyte No Zero
§ OoNI I, byte 01110100 01001 R2RqRp Data n r Abyte No Zero
= sh,byte [0110 ¢ 5310015251 Sp ] 14 | st5Abyte No Zero
* [Abyte |01010111 < Data 7 AAbyte Zero
OFFI T, byte 01110100 01011R2Rq Ry Data 1 r Abyte Zero
s5,byte 0110 § S310115251Sg ] 14 sr5 A byte Zero
« |ADDW wa 01110100 11000000 Offset 14 | AeAHV.wa)
w [ADCW wa 1101 18 | A< A+(V.wa)rCY
2 [ADDNCW | wa 1010 14 | AcA+{Vwa) No Carry
& [suBw wa 1110 14| A A-(Vwa)
2 [sesw wa 1111 14 A+ A—(V.wa)-CY |
% [SUBNBW _ (wa 1011 14 | AcA-(Vwa) No Borrow |
2 [anaw wa 10001000 14 A< AN (V.wa) |
ORAW wa 1001 § 14 A<AV (V.wa) ji
o B1 . B3 STATE OPERATION ZoNDITION
XRAM wa 01110100 10010000 Offset 14 | A-AV(V.wa)
GTAW wa 10101000 14 | A—(Vwal—1 No Borrow
LTAW wa 1011 14| A-(V.wa) Borrow
NEAW wa 1110 14| A-(Vwal No Zero
= [Eaaw wa [EEE 14 | A=(V.wa) Zero
% [oNaw wa 1100 14 AN (V.wa) No Zero
2 [oFFaw wa 1101 14 AN (V.wa) Zero
: ANIW _ * |wa,byte 00000101 «Offset + Data 19 | (V.wal < (V.wa) Abyte
Z[ORW *[wabyte 0001 19 | (V.wa) < (V.wa) V byte
E [GTIW  * |wa,byte 0010 13 | (V.wa)-byte—1 No Borrow
g LTIW  * |wa,byte 0011 13 | (V.wal-byte Borrow
NEIW * | wa, byte 0110 13 (V.wa)-byte No Zero
EQIW  * |wa,byte |0111 13 | (V.wa)-byte Zero
ONW * [wa,byte 0100 13 | (V.wa) Abyte No Zero
OFFIW * | wa,byte 0101 13| (V.wa) Abyte Zero
| EADD EA, 12 01110000 010000R; Ry " EA < EA+2
'_m DADD EA, p3 0100 110001PyPp n EA « EA+rp3
Eg DADC EA, p3 [ o1 | n EA < EA+p3+CY
= &|DADDNC [ EA, 13 [ 1010 § 11 | EA<EA+p3 No Carry
“[esus EA, 12 0000 011000R Rp 7 EA«EA-12
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MNEMONIC | OPERAND |——— TR ~——~—§—;ﬂ'£ — 53 o STATE OPERATION RNDITION
DsuB FA,VDS 01110100 111001PyPg 1" EA <~ EA-rp3
DSB8 TEA, 3 T [ n EA < EA—rp3—CY
DSUBNB EA, rp3 1011 * 1" EA < EA-rp3 No Borrow
© |DAN EA, rp3 | 100011P P 1" EA<EA A3
E DOR EA, 03 1001 § 1 | EA<EAVp3
E DXR EA, rp3 | 100101PyPg 1 EA < EAMrp3
5 DGT EA, p3 | 101011P1Po " EA-rp3-1 __No.gormw
& [DLT EA, rp3 [ 1o [ 1 EA-rp3 Borrow
2 lone EA, 03 T 110 | 1 EA-rp3 No Zero
" [pEa EA, p3 o [EEEEN 11 | EA-p3 Zero |
DON  [EAp3 1100 | 1| EAA3 NoZero |
DOFF EA, rp3 101§ | B 11 [ EAAm®3 Zero
gghmut. 2 01001000 001011RyRg 1 32 EA«AXr2
23[ov 2 IR 0011 § 59 | EA<EA:r2, 12 < surplus
INR r2 010000Ry Rg 4 12-r241 Carry
[EE[INRW* e 00100000 < Offset ~ 16 | (Vwal < (V.wal+1 Carry
‘é“é‘ N ™ 00P1Pg0010 7 P~ rptl
=& EA 10101000 7 EA < EAHT
Z23iocR 2 010100RqRg 4 2 <r2—1 Borrow
[ocRW * " [wa 00110000 < Offset ~ 16 | (Vwa) = (V.wa)—1 Borrow
MNEMONIC | OPERAND 5 o cobe 5 55— STATE OPERATION ERNDITION
box ) 00P1 P00 11 7 rp < rp—1
EA 10101001 7 EA < EA-1
* |CY,bit 01011111 Bit Adrs 10 CY + (bit)
MoV
bit,CY 01011010 13 | (bin < CY
Z[AND  + CY,bt 00110001 10 | CY <CY Albit)
g OR *jCv.bit__|ot011100 10 | CY<CYV (bi
2 XOR - CY, bit 01011110 ~ 10 CY < CY ¥ (bit)
HEEE it 01011000 13 | ibin) <1
2 [ctR ot 01011011 13 | bin<o
SNoT  « o 01011001 13 | (bit < B
SK . bit 01011101 10 Skip if (bit)=1 (bit)=1
SKN . bit 01010000 10 Skip if (bit)=0 (bit)=0
DAA 01100001 4 Decimal Adjust Accumulator
« [sTC 01001000 00101011 8 | cvet
; cLe [} 00101010 8 cY <0
5 [cme 01001000 10101010 | ] 8 | cv-cv
NEGA ] ] 00111010 | 8 A« A+
EE RLD 01001000 00111000 | 17 Rotate Left Digit
oz [RRD § { ‘ 1001 ‘[ 17 Rotate Right Digit
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— OPCODE T KIP
MNEMONIC | OPERAND 5 8 5 5 sursl OPERATION CONDITION
RLL 2 01001000 001101R] Rg 8 | 2m+1 - 2m. 120 CY,
| cy e
RLR 2 00R) Ry 8 | 2m-1+r2m. 127 - CY,
| ch “r29
& [StL 2 I 001001R; Ry 8 2m+1 < 2m. 120 < 0, CY <127 i
Z [sLR 2 | § 00RiRg 8 2m—1 < 12m, 127 < 0,CY <r2g
o [sLLc 2 000001 Ry Rp 8 12m+1 = 2m, 120 = 0,CY <127 | Carry
z
< [sLRC 2 ; § ©00RiRg 8 "2m—1 « 12m, 127 < 0,CY — 120 | Carry
 IDRLL EA 10110100 8 EAn+q « EAn, EAQ < CY,
< i
g CY < EA5
3 EA [ o000 EAn_1 = EAp, EA15 +- CY, ]
CY « EAg ‘
OSLL EA 10100100 8 EAns+1 « EAn, EAQ < 0,
J - CY « EAts |
DSLR EA | 0000 8 EAn—1 « EAn, EAl5 <0, |
Y ‘ CY ~EAg |
OP CODE SKIP
MNEMONIC | OPERAND B 53 m—l“*f% STATE & OPERATION CONDITION
MP +  [word 01010100 < Low Adrs — High Adrs | 10| PC<word
o 9B 00100001 | 4 | PCH«B,PCL<C
HI word 11 «jdispl > T 10 i PC « PC+1+jdisp!
T lRE  + |word 0100111 =] jdisp > | 10 | PC < PC+2+jdispl
JEA 01001000 00101000 | 8 | PC-EA
“caLL - |word 01000000 | « Low adrs High Adrs | 16 | (SP—1) < (PC+3)R,
(SP~2) « (PC+3)|_ |
| PC « word, SP « SP—2 |
CALB 01001000 00101001 T ] T seen < pesai, |
| (SP~2) « (PC+2)|_ ]
| PCH « B, SP « SP—2
CALF *+ |word 01Nl — [ 13 | (sP-1) < (PC2)py, |
2 | (SP—2) « (PC+2)(_
by | PC15_11 + 00001, PC1o—q « fa,
| SP - 5P-2
CALT word 100 <ta— | 16 | (SP~1) < (PCH,
| (sP=2) « (PC+1)
PCL « (128+2ta),
| PCH * (129+2ta), 5P = 5P-2
SOFTI 01110010 16| (SP—1) < PSW, (SP—2) « (PC+11y,
(SP-3) « (PC+1)L, PC +- 0060H,
L L SP«SP-3 ]
OP CODE SKIP
MNEMONIC| OPERAND — B2 | 83 [ OPERATION CONDITION
RET 10111000 I T 0 PCL « (SP), PCH « (SP+1) |
2 | | SP < SP+2 |
< [RETS 1001 | [ 10 [ PeL < (sP), pC « (sP+1)
i | | SP « SP+2, PC « PC+n
= TReTi 01100010 | |13 | PCL < (SP), PC < (SP+1) Unconditional
| PSW « (SP+2), SP - SP+3 Skip
sk |t 01001000 00001 FyFq Fo ) Skip it =1 =1
o [SKN f 0001 I Skip if =0 I t=0
Z [sait it 01014131211 1p | s Skip if irf=1, then reset irf irf=1
SKNIT it 0111313121119 8 | Skipifirf=0 0
; | | Resetirt, if irf=1 irt=
2 [Noe 00000000 [ 4 NoOperation
E [€r | 10101010 4 [ Enable Interrupt
3 [o l 10111010 | T4 7 Disable Interrupt
g [T i 01001000 00111011 [ [ [ [Her
Notes:
(*1): B2(Data) : rpa2 = D+byte, H+byte
(*2): B3(Data) : rpa3 = D+byte, H+byte

right side of slash (/) in states indicates case rpa2, rpa3 = D+byte, H+A, H+B, H+EA, H+byte

(*4): in the case of skip condition, the idle states are as follows.

1'byte instruction : 4 states
2-byte instruction : 8 states
3-byte instruction : 11 states

2:byte instruction (with *)
3-byte instruction (with °) : 10 states
4-byte instruction :

7 states

14 states
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ABSOLUTE MAXIMUM
RATINGS

OPERATING
CONDITION

CAPACITANCE

DC CHARACTERISTICS

(Ta=25°C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
Vee ~0.510+7.0 v
Power Supply Voltage
Vop -05t0+7.0 v
Input Voltage vy -0.510+7.0 v
Output Voltage Vo —05t0+7.0 v
All Output Pin a0 mA
Output Current Low loL
All Output Pin Total 100 mA
Output Current High IoH Al Output Pin 05 mA
All Output Pin Total -20 mA
Threshold Voltage VTH —0.5 to Ve + 0.1 v
10 MHz < fxTAL <12 MHz ~10t0 +70 °c
Operating Temperature Topt
fXTAL <10 MHz -40to0 +85 °c
Storage Temperature Tstg -65 to + 150 °C
o0sc. FREG——TARAMETER Ta Vee, AVee
10 MHz < fXTAL <12 MHz *1 ~10°C to +70°C +5.0V 5%
fXTAL < 10 MHz B ~40°C to +85°C +50VE10% |
Ta = 25°C, Ve = Vpp = Vs = 0V)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Capacitance [~] fo= 1 MHz 10 . pF
Output Capacitance Co Unmeasured Pins 20 pF
1/0 Capacitance <o Returned to OV 20 oF

(Ta = =10°C to +70°C, Ve = +5.0V £ 5 %, Vgg = OV, Ve -0.8V S Vpp S Voo
PARAMETER SYMBOL| TEST CONDITIONS MIN TYP | MAX [UNITS
Input Low Voltage ViL o 0.8 A
ViK1 All except SCK, RESE 20 vee v
Input High Voltage ViH2 SCK, X1 '8 08 Vee Vee v
ViH3 RESET 0.8Vpp Vce v
Output Low Voltage VoL loL = 20mA 0.45 v
Output High Voltage VoH 10H = —200pA 24 v
Input Current I INT1, TI (PC3); +0.45V < V| < V¢ +200 | pA
Input Leakage Current | I} All except INT1, TI (PC3) OV < V| < Ve 10 | wA
Output Leakage Current | 1o +0.45V s Vo SVce 10 | pA
VTH Input Current ITH VTH = Vee 022 05 | mA
VDD Supply Current pp 15°2| 32 | mA
Ve Supply Current Icc 150°2 | 200 | mA
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(Ta = —10°C to +70°C, Ve = +5.0V £ 6 %, Vgs = OV, Ve ~0.8V < Vpp < Ve AC CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS READ/WRITE OPERATION
X1 Input Cycle Time cye 83
Address Setup to ALE ¢ AL *3,'5 65
Address Hold from ALE ¢ WA T 3 s 50
Address to RD | Delay Time AR *3,%5 150 ns
RD ¢ to Address Floating TAFR ) 20 s
Address to Data Input tAD °3,'5 360 ns
ALE | to Data Input tLDR "3,"5 215 ns
RD 4 to Data Input tRD *3,'5 180 ns
ALE § to RD ¢ Delay Time wR *3,°5 35 ns
Data Hold Time from RD 1 tRDH 5 0 ns
"RD 1 to ALE 1 Delay Time tRL “3,°5 115 ns
B Width Low tRR Data Read "3, *5 280 ns
OP Code Fetch *3, °§ 530 ns
ALE Width High L *3,%s 125 ns
M1 Setup Time to ALE + ML *3 65 ns
M1 Hold Time from ALE + uwm 3 50 ns
10/M Setup Time to ALE { L ‘3 65 ns
T0/M Hold Time from ALE 4 i *3 50 ns
Address to WR | Delay tAW *3,°5 150 ns
ALE | to Data Output tILow *3,'5 195 ns
WR | to Data Output WD *5 100 ns
ALE { to WR { Delay Time ww *3,'5 35 ns
[Data Setup TimetoWR T | tow 3% 230 ns
Data Hold Time from WR 1 tWDH 3,5 95 ns
‘WR 1 to ALE t Delay Time twL *3,'5 15 ns
WR Width Low tww *3,°5 280 ns
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS SERIAL OPERATION
,_ I 1 s
- SCK Input J w7 500 o
SCK Cycle Time oYk S oven 3 m
SCK Input l i 420 s
I ] 7 200 ns
SCK Width Low TKKL 5CK Output 500 "
SER Input s 420 ns
o [ 200 ns
SCK Width High KKH SCK Output 900 s
RxD Setup Time to SCK tRXK 6 80 ns
RxD Hold Time from 5CK 1 TKRX 6 o 80 ns
SCK 4 to TxD Delay Time IKTX *6 210 ns
(Ta = -40°C to +70°C, Vcc = +5.0V * 10 %, Vsg = 0V, Ve —0.8V < Vpp < Vcc) DC CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Input Low Voltage viL [ 08 | V
ViK1 All except SCK, RESET, X1 20 Vee v
Input High Voltage ViH2 | SCK, X1°'8 0.8Vce vee \
VIH3 RESET 0.8Vpp vee v
Output Low Voltage VoL oL = 20mA 045 | Vv
Output High Voltage | VOH 1OH = —2004A 24 v
Input Current W INT1, T1 (PC3); +0.45V < V| < Ve £200 | pA
Input Leakage Current | I[| All except INT1, TI (PC3); OV S V| S Voo £10 | wA
Output Leakage Current | 110 +0.45V s Vo = Vog +10 | uA
VTH Input Current ITH | VTH=Vce 022 06
VDD Supply Current | Ipp 15°2| 35
Ve Supply Current Icc 150°2 220
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AC CHARACTERISTICS (Ta = ~40°C to + 85°C, Ve = +5.0V % 10 %, Vss = 0V, Vce ~0.8V < Vpp < Vcc)

READ/WRITE OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
X1 Input Cycle Time tcye 100 250 ns
Address Setup to ALE + taL E *4,"5 100 ns
Address Hold from ALE 4 LA *4,%5 70 ns
Address to RD 4 Delay Time tAR *4,%5 200 ns
RD 4 to Address Floating tAFR °5 20 ns

["Address to Data Input tAD ‘4,5 480 ns
ALE | to Data Input tLDR a,%5 300 ns
RD { to Data Input tRD *a,*s 250 ns

['ALE ! to RD ¢ Delay Time R *2,'5 50 ns
Data Hold Time from RD 1 tRDH 5 0 ns
RD 1 to ALE 1 Delay Time RL 4,%5 150 ns
A5 width Low wn Data Read 4, °5 350 ns

OP Code Fetch *4, *5 650 ns

ALE Width High L “a,°5 160 ns
M1 Setup Time to ALE 4 "L 2 100 ns
M1 Hold Time from ALE [ *4 70 ns
TO/M Setup Time to ALE ¢ L "4 100 ns
TO/M Hold Time from ALE } i) 4 70 ns
Address to WR | Delay tAW *4,*s 200 ns
ALE | to Data Output tLow *4,°s 210 ns
WR | to Data Output WD *s 100 ns
ALE 4 to WR 4 Delay Time ww “4,%5 50 ns
Data Setup Time to WR 1 oW “a,*5 300 ns
Data Hold Time from WR tWDH 4,5 130 ns
WR t to ALE 1 Delay Time we ‘4,5 150 ns
WR Width Low ww *a,'s 350 ns

SERIAL OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS

SO nput [76 1.2 us

i |7 500 ns
SCK Cycle Time vk S o 2 "
SCK Width Low KL — l ? 200 i
SCK Output 1.1 us

SCK Width High tKKH — [ ? [ =00 i
SCK Output ) 1.1 ns

RxD Setup Time to SCK t RXK 6 80 ns
RxD Hold Time from SCK 1 tKAX ‘6 | ® ns
SCK 4 to TxD Delay Time tKTX ) | 210 ns

HOLD OPERATION  (T,= -10°C to +70°C, Vgg = +5.0V £ 6%, Vss = OV, Ve ~0.8V = Vpp = VoC

(T, = -40°C to + 85°C V= +5.0V £ 10 %, Vss = OV, Ve —0.8V = Vpp < Voo

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS|
HOLD 1 Setup Time to ALE 1 | tgHDL 2T +150 [ s
ALE 1 to HLDA 1 Delay tDLHA T+150 | ns
HLDA 1 to BUS Floating tEBHA 0 T ns
HOLD 4 to HLDA 4 Delay tHDDA [ 150 4T +150 ns
HLDA | to Bus Enable Time | tEHAB [ o ns
Bus Setup Time to ALE 8L | 27100 ns
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(Ta = —10°C to +70°C, Vo = #5.0V £ 5%, Vgg = OV, Vo ~0.8V < VDD S Vee)

{Ta = =10°C t0 +70°C, V¢ = +5.0V £ 10 %, Vg5 = 0V, Vg —0.8V < Vpp S Vee) ggx;ﬁg?ggrngcs

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAaX UNITS
Comparison Accuracy VAcoMmP +100 mV/
Threshold Voltage VTH 0 Veet0.1 v
Comparison Time tCOMP 144 145 Teve
PT Input Voltage ViPT ) Vece v

(Ty = =10°C t0 +70°C, Voo = +5.0V £ 5%, Vg = 0V, Vog ~0.8V < Vpp < Vce)

(T, = -40°C to + 85°C, Ve = +5.0V £ 10 %, Vss = 0V, Ve —0.8V < Vpp < Vee) ZERO-CROSS
CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN MAX | UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 18 | VACp—p
Zero-Cross Accuracy AZX 60 Hz Sine Wave +135 mv
Zero-Cross Detextion Input Frequency | fzx 0.05 1 KkHz
*1: XTAL oscillation circuit *8: External clock drive circuit
Vee
b3
b:
¢ R $ R3
b:
S

= > x1
lJ—— X2

C=10pF R =5KQ

*2: Ta=+25°C, Vcc = Vpp =5V

*3: fXTAL =12 MHz

*4: fXTAL =10 MHz

*5: Load Capacitance: C|_ = 150 pF

*6: Asynchronous mode with 1x baud rate, synchronous, |/0 interface mode
*7: Asynchronous mode with 16x or 64x baud rate

AC TIMING TEST POINTS

24V —
2.4V

Co.0v > Test 2.0V
0.8V P°'"“ 0.8V

0.45V
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EXTERNAL CLOCK

DATA RETENTION
CHARACTERISTICS

BUS TIMING
DEPENDING ON tcyc

(Ta = =10°C to +70°C, Vgc = +6.0V £ 6%, Vss = 0V, Ve —0.8V < Vpp < Vel

(Ta = -40°C to + 85°C, Ve = +5.0V £ 10 %, Vgs = OV, Vg ~0.8V < Vpp < Vce)

PARAMETER SYMBOL| TEST CONDITIONS MIN | MAX | UNITS
High Level Width toH 30 250 ns
Low Level Width toL 30 250 ns
Rising Time tr 0 30 ns
Falling Time t 0 30 ns

(Ta = =10 to +70°C, Vcc = OV, Vpp = VpDDR)
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX { UNITS
Data Retention Voltage VDDDR RESET = Vy_ 32 5.5 v
Data Retention Supply Current | IDDDR RESET = V., VDDDR =32V 1.3 30 mA
SYMBOL CALCULATING EXPRESSION MIN./MAX. UNITS
tAL 2T - 100 MIN ns
tLA T-30 MIN ns
tAR 3T - 100 MIN ns
tAD 7T-220 "1 MAX ns
1LDR ST —200 *1 MAX ns
tRD 4T -150 "1 MAX ns
LR T-50 MIN ns
tRL 2T - 50 MIN ns
4T — 50 (Data Read) *1
‘RR 7T —50 (OP Code Fetch) *1 MIN n
i 2T - 40 MIN ns
™ML 2T - 100 MIN ns
twm T-30 MIN ns
o 2T - 100 MIN ns
) T-30 MIN ns
AW 3T -100 MIN ns
1LOwW T+110 MAX ns
tww T-50 MIN ns
tow 4T -100 “1 MIN ns
tWDH 2T1-70 MIN ns
twiL 2T - 50 MIN ns
Ww 4T -50 "1 MIN ns
12T (SCK Input) *2

tevk 24T (5CK Output) b n
5T + 5 (SCK Input) *2

fKKL 72T — 100 (5CK Output) N "s
5T + 5 (SCK Input) *2

tKKH — MIN ns
12T — 100 (SCK Output)

“1: Add 3T to each parameter in the case of external memory access using program

WAIT function.

. s
w N

T=tcvc = 1/fxTAL

»

The items out of this table are not dependent on fXTAL.
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teve
o AN AU AU READ OreRaTION

Address (Higher Order)

XX

AD
por0 X nsaren Gy F— )
LR fRDH
i — e -~ "
ALE j N —l=—tAFR L
f— A |
RO ]
=5 t
fetipe]' !
¢
AR
et ] |t~
MODE1 Y
SIS 4
fa—————ty | ] |t
MODEO 4
[l 77 T ———

1. M1 signal is output to the MODE1 pin at 1st OP code fetch cycle when MODE 1 pin is
pulled-up to V¢cC.

*2: TO/M signal is output to the MODEQO pin at sr to sr2 register read timing when MODEO
pin is pulled-up to Vcc.

eV aWalalalaWalaWalal,

PF7.0

Address (High Order)

XX

f=— L DW—e]

|
(Lower
Order)

Address

Write Data

KX

L ——e]

-ty A

—
ALE _f

]

o twp b=

[ am—

WL —]
wL

WA

-

AW

S| N

MODEO
(/M) *3

*3: IO/M signal is output to the MODEQ pin at sr to sr2 register write timing when MODEO
pin is pulled-up to VcC.
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p— NEC

tcyk

SERIAL OPERATION = tKKL = |=——KKH
sk __/ \ kg l; /

IKTX — =

RXK—  H—

IKRX

X1 INPUT WAVEFORM

X1

| tcyc
HOLD OPERATION AV AWAWAWAVAVAWAWAVAWAVAWAVAWAWAWAR
e ¥
— gL
HOLD, R
tSHDL —|
HLDA Y \
[=—={toLHA

PF7.0° ) )
PF7.0* *
FD. WR FBHA —=| [=— tHDDA
*: For Address Bus |1 tenas
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64 PIN PLASTIC

QUIP OUTLINE BENT LEADS

(Unit : mm)
uPD7807G/uPD7808G

41 BMAX

llblblell

15R L
‘——127
| |-— 127
VAl AN ©
™
iz
s
—_— N
™
—||-—
0.5:0.1

| 39.37 |
When ordering this package, specify as follows:

uPD7807G-36
uPD7808G-xxx-36

2413

19.05

G

+0.10
- l‘o.zs T 008

19.05+1.05

24 .13:1.05———
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NA@mm
MKA.&h-I
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pPD7807/08
PACKAGE OUTLINE
WPD7807CW
uPD7808CW
64-PIN SHRINK DIP
64 33
jaislinisiaisisisialalisisinisisisisinliainisinisisisiasinisisianinis!
AY
7
UUUUUUUUUUUUUUUUULTUUUUUUUUUULJLJ;;
58.68 MAX.
When ordering this package, specify as follows:
uPD7807CW
pPD7808CW-xxx
%
>3
&
<
3
3 \ IIIIIIIIIIIIIIIIIIIIIIIIIII
© i_ [ —
b 09 MIN
° —| 0.50%0. =t
1 778 1.78 MAX

19.05 .
17.0
~~
+0.10 o~15°
025 *3.19
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ABSOLUTE MAXIMUM
RATINGS

OPERATING
CONDITION

CAPACITANCE

DC CHARACTERISTICS

(Ta=25°C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
Vee -0.510 +7.0 v
Power Supply Voltage
Voo -0.51t0+7.0 \2
Input Voltage vy ~05to+7.0 v
Output Voitage Vo ~05to+7.0 A
All Output Pin 4.0 mA
Output Current Low oL
All Output Pin Total 100 mA
Ali OQutput Pin -0.5 mA
Output Current High 10K
All Qutput Pin Total -20 mA
Threshoid Voitage VTH —0.5 to Vg + 0.1 v
10 MHz < fxTAL < 12 MHz ~10 to +70 °C
Operating Temperature Topt
fXTAL < 10 MHz ~10to +70 °C
Storage Temperature Tstg —40to + 125 °C
Po— PARAMETER T Vee, AVee
10 MHz < fXTAL < 12 MHz *1 Z10°C to +70°C +50V5%
fXTAL < 10 MHz "1 —10°C to +70°C +5.0V10%
Ta = 26°C, Ve = Vpp = Vss = 0V)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Capacitance Cy fo= 1 MHz 10 7p‘F»_
Output Capacitance Co Unmeasured Pins 20 pF
170 Capacitance Cio Returned to OV 20 oF

(Ta = =10°C to +70°C, V¢ = +5.0V £ 5 %, Vgs = OV, V¢ -0.8V S Vpp S Voo
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Low Voltage ViL [ 08 v
ViK1 All except SCK, RESET, X1 20 vVee v
Input High Voltage VIH2 SCK, X1 °8 0.8 Vce vee v
ViH3 RESET 0.8Vpp vee v
Output Low Voltage VoL oL =2.0mA 0.45 \
Output High Voltage VoH 10H = —200uA 24 v
Input Current M INT1, TI (PC3); +0.45V < V| < Ve £200 [ wpA
Input Leakage Current | I All except INT1, T1 (PC3) OV < V| < V(g £10 | wA
Output Leakage Current | 1.0 +0.45V = VO SVCC £10 | pA
VTH Input Current ITH VTH = Vce 0.2°2 05 | mA
VDD Supply Current oD 15°2 32 mA
Ve Supply Current Icc 150°2 200 | mA
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(Ta = —10°C to +70°C, VcC = +5.0V £ 5 %, Vss = OV, Vcc —0.8V < Vpp < V) AC CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS READ/WRITE OPERATION
X1 input Cycle Time tcye 83 250 ns
Address Setup to ALE ¢ tAL °3,%5 65 ns
Address Hold from ALE | [Ty *3,°5 50 ns
Address to RD { Delay Time tAR *3,'s 150 ns
[ RD 1 to Address Floating tAFR 5 20 ns
Address to Data Input tAD *3,'5 360 ns
ALE | to Data Input 1LOR *3,°5 215 ns
RD | to Data Input tRD 3,5 180 ns
ALE | to RD { Delay Time IR *3,%5 35 ns
Data Hold Time from RD 1 tRDH ‘s 0 ns
RD 1 to ALE t Delay Time tRL 3,5 115 ns
R Width Low . Data Read *3, 5 280 ns
OP Code Fetch *3, *5 530 ns
ALE Width High L *3,%5 125 ns
M1 Setup Time to ALE + ML 3 65 ns
M1 Hold Time from ALE twMm *3 50 ns
TO/M Setup Time to ALE ¢ L 3 65 ns
TO/M Hold Time from ALE | ) ‘3 50 ns
Address to WR § Delay AW *3,°5 150 ns
ALE | to Data Output tLow *3,%5 195 ns
WR | to Data Output twp *5 100 ns
ALE | to WR | Delay Time tww *3,'5 35 ns
Data Setup Time to WR W *3,'5 230 ns
Data Hold Time from WR 1 tWDH *3,'5 95 ns
WR 1 to ALE 1t Delay Time Wi ‘3,5 115 ns
WR Width Low tww *3,'5 280 ns
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS SERIAL OPERATION
— ‘6 1 s
o . SCK Input 5 = 500 v
SCK Cycle Time t1CYK SCK Ot 2 ™
. ‘6 400 ns
- SCK Input [ = 200 P
SCK Width Low tKKL SCK Output 500 p
—— [*e 400 ns
—— , [ 200 ns
SCK Width High tKKH TCK Output 500 p
RxD Setup Time to SCK t tRXK ‘6 80 ns
RxD Hold Time from SCK 1 tKRX ‘6 80 ns
SCK | to TxD Delay Time KTX ‘6 210 ns
(Ta = -40°C to +70°C, VcC = +5.0V £ 10 %, Vss = 0V, Ve ~0.8V < Vpp < Vce) DC CHARACTERISTICS
PARAMETER SYMBOL] TEST CONDITIONS MIN TP | max [uNiTs
Input Low Voltage ViL 0 0.8 v
T ViH1 Al except SCK, RESET, X1 20 i vee | v
Input High Voltage ViH2 SCK, X1 °8 0.8 Vce vee v
VIH3 RESET 0.8Vpp vee v
Output Low Voltage VoL 1oL = 20mA 045 | V
Output High Voltage VoH IOH = —200pA 24 v
Input Current N INT1, TI (PC3); +0.45V < V| < VcC +200 [ uA
Input Leakage Current (1N} All except INT1, TI (PC3); OV 5 V| 5 Ve +10 HA
Output Leakage Current | ILQ +0.45V S Vo S Voo $10 | pA
VTH Input Current ITH VTH = Vce 0.2 06 | mA
VDD Supply Current Iop 16°2] 35 | mA
Vg Supply Current Icc 150°2 220 mA
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AC CHARACTERISTICS
READ/WRITE OPERATION

SERIAL OPERATION

HOLD OPERATION

(Ta = —10°C to +70°C, VCC = +5.0V £ 10%, Vsg = 0V, Vee ~0.8V < Vpp < Vce)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
X1 Input Cycle Time cYC 100 250 ns
Address Setup to ALE | AL *4,°5 100 ns
Address Hold from ALE { LA *4,"5 70 ns
Address to RD 4 Delay Time tAR 4,5 200 ns
RD | to Address Fioating tAFR *5 20 ns
Address to Data Input tAD *4,°5 480 ns
ALE | to Data Input DR ‘4,5 300 ns
RD { to Data Input tRD *4,°s 250 ns
ALE | to RD { Delay Time LR 4,5 50 ns
Data Hold Time from RD * tRDH ‘5 ) ns
RD 1 to ALE 1 Delay Time tRL *4,'5 150 ns
_ Data Read *4, *5 350 ns
RD Width Low tRR
OP Code Fetch *4, *5 650 ns
ALE Width High WL a,%s 160 ns
M1 Setup Time to ALE ¢ ™ML ‘4 100 ns
M1 Hold Time from ALE 4 wm *a 70 ns
TO/M Setup Time to ALE ¢ UL *a 100 ns
TO/M Hold Time from ALE ¢ i ‘4 70 ns
Address to WR 4 Delay AW *a,'s 200 ns
ALE { to Data Output twow “4,°5 210 ns
WR | to Data Output twp ‘5 100 ns
ALE | to WR | Delay Time ww *4,'s 50 ns
Data Setup Time to WR 1 oW *4,°s 300 ns
Data Hold Time from WR 1 tWDH 4,5 130 ns
WR 1 to ALE 1 Delay Time twi ‘4,5 150 ns
WR Width Low ww *4,%5 350 ns
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
SCK Input ] i 12 d
— _ [ 500 ns
SCK Cycle Time tCYK S o o4 p”
SCK Input :s 500 n
SCK Width Low tKKL e | ? 200 o
SCK Output 1.1 s
SCK Input L:e 500 i
SCK Width High tKKH — I ? 200 "
SCK Output 1.1 ns
RxD Setup Time to SCK t tRXK 6 80 ns
RxD Hold Time from SCK 1 tKRX 6 80 ns
SCK | to TxD Delay Time tKTX K 210 ns
(Ta = =10°C t0 +70°C, Vg = +5.0V £ 5%, Vss = 0V, Vcc —0.8V < Vpp = VCC
(T, = —10°C to +70°C, Voc = +5.0V £ 10 %, Vs = OV, Voc —0.8V < Vpp < Vo
PARAMETER SYMBOL. TEST CONDITIONS MIN TYP MAX UNITS
HOLD t Setup Time to ALE 1 | tsHDL 2T +150 ns
ALE 1 to HLDA 1 Delay 1DLHA T+150 ns
HLDA 1 to BUS Floating TFBHA o ns
HOLD | to HLDA { Delay tHDDA T -50 4T +150 ns
HLDA { to Bus Enable Time | tEHAB 0 ns
Bus Setup Time to ALE tBL 2T -100 ns
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NE

“(Ta = =10°C to +70°C, Vg = #6.0V £ 5%, Vss = OV, Ve 0.8V < Vpp = Vce

(Ta = =10°C t0 +70°C, VCC = +5.0V £ 10 %, Vss = 0V, Ve ~0.8V < Vpp < Vce

PARAMETER [ symsoL TEST CONDITIONS MIN TYP MAX | UNITS
Comparison Accuracy [ Vacome +100 mv
Threshold Voltage VTH 0 Vect0.1| Vv
Comparison Time tcomP 144 145 Teye
PT Input Voltage VipT 0 Vee \

(Ta = =10°C to +70°C, Vcc = +5.0V £ 5%, Vgg = 0V, Vog 0.8V < Vpp < Vo)
(Ta = —10°C to +70°C, VcC = +5.0V + 10 %, Vs = 0V, Ve —0.8V < Vpp < Vcc)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX | UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 18 | VACp—p
Zero-Cross Accuracy AZX 60 Hz Sine Wave £135 mv
Zero-Cross Detextion Input Frequency | fzx 0.05 1 KHz

*1: XTAL oscillation circuit

1
o}

C = 10pF

*2: T3=+25°C,Vce=Vpp =5V
*3: fXTAL = 12 MHz

*4: fXTAL =10 MHz

*5: Load Capacitance: C_ = 150 pF
*6: Asynchronous mode with 1x baud rate, synchronous, 1/0 interface mode
*7: Asynchronous mode with 16x or 64x baud rate

AC TIMING TEST P

24V

OINTS

*8: External clock drive circuit

Y

Vee
R
N
l/f

L sl

Xi

R = 5KQ

2.0v
0.8v

Test
> Points <

2.0v
0.8v

0.45V
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EXTERNAL CLOCK (Ta = —10°C to +70°C, VG = +5.0V & 5%, Vss = OV, Ve ~0.8V < Vpp < Vec)
(Ta = —10°C to +70°C, VG = +6.0V £ 10 %, Vgs = 0V, Ve ~0.8V < Vpp < V)
PARAMETER SYMBOL| TEST CONDITIONS MIN | MAX | UNITS
High Level Width | toH 30 | 250 ns
Low Level Width | to 30 | 250 ns
Rising Time 1 0 30 ns
Falling Time t 0 30 ns
DATA RETENTION (Ta = =10 to +70°C, Ve = OV, VDD = VDDDR)
CHARACTERISTICS PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX [ UNITS
Data Retention Voltage VDDDR RESET = V)L 3.2 55 v
Data Retention Supply Current | IDDDR RESET = Vy., VDDDR=3.2 V 1.3 3.0 mA
BUS TIMING
DEPENDING ON tcye SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS
tAL 2T — 100 MIN ns
A T-30 MIN ns
tAR 3T - 100 MIN ns
tAD 7T -220 *1 MAX ns
tLDR 5T —200 *1 MAX ns
tRD 4T - 150 *1 MAX ns
R T-50 MIN ns
tRL 2T - 50 MIN ns
4T — 50 (Data Read) *1
tRR MIN ns
7T — 50 (OP Code Fetch) *1
[ 2T - 40 MIN ns
ML 2T - 100 MIN ns
twm T-30 MIN ns
tL 2T - 100 MIN ns
L T-30 MIN ns
AW 3T - 100 MIN ns
tLow T+110 MAX ns
ww T-50 MIN ns
tpw 4T —100 *1 MIN ns
tWDH 2T - 70 MIN ns
wi 2T - 50 MIN ns
tww 4T - 50 *1 MIN ns
12T (SCK Input) *2
tevk 24T (SCK Output) I "
5T + 5 (SCK Input) *2
tRKL MIN ns
12T — 100 (SCK Output)
5T + 5 (SCK Input) *2
tKKH T = MIN ns

*1: Add 3T to each parameter in the case of external memory access using program
WAIT function.

*2: Asynchronous mode with 1x baud rate, Synchronous, 1/0 Interface Mode
*3: T=tcyc=1/fXTAL
*4: The items out of this table are not dependent on fXTAL.
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NEC

‘cye
J_M_/_\_/_\_/‘\J_\_/—\_/—\_/—\__/_\_/‘\_f READ OPERATION

Address (Higher Order)

XX

"—‘RL—j/__

RD

tAD:
por0 W Wadues  Gom B
1 t
' W Barrpen LDR - RDH
ALE - L—‘AFR
/ !
fe—taAl —= .
RO—— ]
t
let R r B
tAR
fe——mL f=tm~|
MODE1 “!i g
(MT)*1 7

.._tlLﬁ.l Ity
MODEQ _* ]{
(To/M)*2

*1: M1 signal is output to the MODE1 pin at 1st OP code fetch cycle when MODE 1 pin is
pulled-up to Vce.
*2: TO/M signal is output to the MODEQO pin at sr to sr2 register read timing when MODEO
pin is pulled-up to Vcc.

S AVAWAWAWAWAWAWAWAWRWaW

Address (High Order)

XX

P
)
PD7-0 :)D Address %,‘;";:FD Write Data
r—— W—f[=tA ‘ow [=—tWOH—=
T B
ae_f N wo /
—tAL—=] tww F"WL—’I
WR
F=-tLw
¢
AW
"L—’l R
MODEO
(TO/M)*3

*3: 10/M signal is output to the MODEDO pin at sr to sr2 register write timing when MODEO
pin is pulled-up to V¢e.
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uPD7809

tcyk |
SERIAL OPERATION [e——tKKL —{|=—tKKH

tKTX — e

-

5
N
<

RXK— -

tKRX

X1 INPUT WAVEFORM

X1

HOLD OPERATION

ALE -
— 8L
\
HOLD
SHOL —*|

HLDA / \
f— IO HA
PF7-0* ————
PF7.0* 4
RD. WR TFBHA —=| L—— HDDA
1
*: For Address Bus [ ‘EHAB
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NEC

64 PIN PLASTIC

QUIP OUTLINE BENT LEADS

(Unit : mm)
uPD7809G

41 8BMAX

alalallodlololalollollulola]

-— 165

I~ 1.27

Tl

|
ﬂT”UHUHU”U”UUUHUUU”U”UUU“UHUUW

I = |

| 39.37

When ordering this package, specify as follows:

uPD7809G-xxx-36

= 2413

[ 19.05

=

+0.10
‘“"025-0.05
|

19.05+1.05

-———————24.13:1.05— ]
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PACKAGE OUTLINE
uPD7809CW

64-PIN SHRINK DIP

64 33
inisinisisisliaisisisisislalisiaisisialsiaialsialiainisialialiasialals!

W

; duuouuuauauduaooouuuuuuoouuduauuouuy
32|

B

0.5010.10 ..‘ , -

, 19.05 B
17.0
~~
+0.10 0~15°
025 24505
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ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

LPD78P09
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ABSOLUTE MAXIMUM
RATINGS

OPERATING
CONDITION

CAPACITANCE

DC CHARACTERISTICS

(T,=25°C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
Vee —0.5t0 +7.0 \Z
Power Supply Voltage Voo Y eveTs v
Input Voltage ' —0.5t0 +7.0 v
Output Voltage Vo —051t0+7.0 v
All Output Pin 4.0 mA
Output Current Low o All Output Pin Total 100 mA
All Output Pin -0.5 mA
Output Current High o1 All Output Pin Total ~20 mA
Threshold Voltage VTH —0.5 to Vg + 0.1 v
4 MHz < fxTAL < 12 MHz -10'to +50 °C
Operating Temperature Topt
Storage Temperature Tstg -65 1o +150 °C
0sc. FREG——FARAMETER Ta Vee, AVee
4 MHz = fxTAL < 12 MHz =10°C to +70°C +5.0V 5%
Ta = 25°C, VG = Vpp = Vs = 0V)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Capacitance ) fe=1 Wz 10 pF
Output Capacitance co Unmeasured Pins 20 oF
1/0 Capacitance Ciio Returned to OV 20 oF

(T, = —10°C to +50°C, Vi = +6.0V + 5%, Vss = OV, Ve -0.8V S Vpp S VGG

PARAMETER SYMBOL| TEST CONDITIONS MIN TYP [ MAX [UNITS

Input Low Voltage ViL 0 0.8 v
ViH1 All except SCK, RESET, X1 20 Vee v

Input High Voltage ViH2 SCK, X1 '8 0.8 Vee Vee v
[Vins | RESET 0.8VpD vee |V

Output Low Voltage VoL 1oL = 20mA 045 | Vv
Output High Voltage VoH 10H = —200uA 24 v
Input Current I INT1, TI (PC3); +0.45V < V| < Ve +200 | wA
Input Leakage Current | Iy All except INT1, T1 (PC3) OV <V < V¢c 10 | pA
Output Leakage Current | Lo +0.45V s Vo sVce +10 MA
VTH Input Current ITH VTH =Vce 0.2°2 0.5 mA
VDD Supply Current 10D 15°2 32 [ mA
Ve Supply Current Icc 240'2 320 mA
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(Ta = —10°C to +50°C, VCC = +5.0V + 5 %, Vgs = OV, Ve —0.8V < Vpp < Vo)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
X1 Input Cycle Time w©eyYe 83 250 ns
Address Setup to ALE | tAL *3,'5 65 ns
Address Hold from ALE { [y *3,°5 50 ns
Address to RD 4 Delay Time tAR *3,°5 150 ns
[RD ¢ to Address Floating tAFR 3 20 s
Address to Data Input tAD *3,°5 360 ns
ALE { to Data Input t1LDR ’3,°5 215 ns
RD | to Data Input tRD ‘3,'5 180 ns
ALE 4 to RD 4 Delay Time WR 3,'5 35 ns
Data Hold Time from RD 1 tRDH 5 0 ns
[ RD 1 to ALE 1 Defay Time AL *3,°5 15 ns
R width Low @ Data Read *3, 5 280 ns
OP Code Fetch *3, 5 530 ns
ALE Width High tLL 3,5 125 ns
M1 Setup Time to ALE 4 tML 3 65 ns
M1 Hold Time from ALE ¢ tm 3 50 ns
10/M Setup Time to ALE ¢ L ‘3 65 ns
TO/M Hold Time from ALE 4 w0y ‘3 50 ns
Address to WR | Delay AW *3,'5 150 ns
ALE | to Data Output tLow *3,'5 195 ns
WR { to Data Output WD 5 100 ns
ALE | to WR | Delay Time Tww °3,%5 35 ns
Data Setup Time to WR 1 tDW *3,'5 230 ns
Data Hold Time from WR 1 tWDH 3,°5 95 ns
WR 1 to ALE t Delay Time wL *3,'5 15 ns
WR Width Low tww *3,'s 280 ns

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
SCK Input : 166 e
o 7 500 ns
5CK Cycle Time oYK S owo 3 ”
SCK Input - 750 i
I [ 200 ns
SCK Width Low tKKL TR Outot 50 p
SCK Input I ° 750 n
I _ 7 200 ns
SCK Width High tKKH ST 550 —
RxD Setup Time to SCK 1 TRXK *6 80 ns
RxD Hold Time from SCK 1 TKRX *6 80 ns
SCK { to TxD Defay Time KTX *6 210 ns
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HOLD OPERATION (Ta =—10°C to +50°C, Ve = +5.0V + 5%, Vss = OV, Vg —0.8V < Vpp < Voo
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
HOLD * Setup Timeto ALE * | tsHDL 2T +150 ns
ALE 1 to HLDA 1 Delay 1DLHA T+150 ns
HLDA 1 to BUS Floating tFBHA [] ns
HOLD { to HLDA { Delay tHDDA T -50 4T + 150 ns
HLDA { to Bus Enable Time tEHAB 0 ns
Bus Setup Time to ALE 8L 2T -100 ns
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(Ta = =10°C to +50°C. Vcc = +6.0V £ 5%, Vgg = 0V, Ve —0.8V < VDD = Vee)

COMPARATOR
CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Comparison Accuracy Vacomp +100 mV
Threshold Voltage VTH 0 Vegt0.1 \
Comparison Time tcomp 144 145 Teye
PT Input Voltage VipT 0 Vee \

(Ta = —10°C to +50°C, Vi = +5.0V + 5%, Vss = 0V, Ve —0.8V < Vpp < Vcg)

ZERO-CROSS
CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS MIN MAX | UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 1.8 VACp—p
Zero-Cross Accuracy AZX 60 Hz Sine Wave £135 mv
Zero-Cross Detextion Input Frequency | fzx | 0.05 1 kHz
*1: XTAL oscillation circuit *8: External clock drive circuit
Vee
>
c R RS

1

= > X1
P I
[ L——D«H»—w X2

C=10pF R = 5KQ

*2: Ta=+25°C, Ve = Vpp =5V

*3: fXTAL =12 MHz

*4: fXTAL =10 MHz

*5: Load Capacitance: C|_ = 150 pF

*6: Asynchronous mode with 1x baud rate, synchronous, |/O interface mode
*7: Asynchronous mode with 16x or 64x baud rate

AC TIMING TEST POINTS

2.4v

2.0v 2.0v
Test
> Points <

0.8v 0.8v

0.45V
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EXTERNAL CLOCK

DATA RETENTION
CHARACTERISTICS

BUS TIMING
DEPENDING ON tcyc

(Ta = -10°Cto +50°C,VcCc = +5.0V £ 5%, Vss =0V, Ve ~0.8V < Vpp < Vee)

PARAMETER SYMBOL| ~ TEST CONDITIONS MIN | MAX | UNITS
High Level Width | tgH 30 | 250 | ns
Low Level Width | toL 30 | 250 | ns
Rising Time t [} 0 | s
Falling Time t 0 30 | ns

(Ta = =10 to +50°C, Ve =0V, Vpp = VpppR)

PARAMETER SYMBOL TEST CONDITIONS MIN [ TYP | MAX | UNITS
Data Retention Voltage VDDDR RESET = VL 32 55 v
Data Retention Supply Current | IDDDR RESET = V)L, VDDDR = 32 V 13 | 30 | mA

SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS
tAL 2T — 100 MIN ns
tA T-30 MIN ns
tAR 3T - 100 MIN ns
tAD 7T -220 *1 MAX ns
tILDR 5T —200 *1 MAX ns
tRD 4T - 150 *1 MAX ns
LR T-50 MIN ns
tRL 2T - 50 MIN ns
4T - 50 (Data Read) *1
tRR 7T — 50 (OP Code Fetch) *1 N n
we 2T - 40 MIN |
[ 2T — 100 MIN ns
Y] T-30 MIN ns
L 2T - 100 MIN ns
[ T-30 MIN ns
tAW 3T - 100 MIN ns
tLow T+110 MAX ns
ww T-50 MIN ns
W 4T —100 1 MIN ns
TWDH 2T -70 MIN ns
WL 2T - 50 MIN ns
tww 4T —50 *1 MIN ns
20T (SCK Input) *2
tevK 24T (SCK Output) MIN i
107 - 80 (SCK input) 2
tKKL MIN ns
12T — 100 (5CK Output)
10T - 80 (SCK Input) 2 1
tKKH — MIN ns
12T ~ 100 (5CK Output)

*1: Add 3T to each parameter in the case of external memory access using program
WAIT function.

Asynchronous mode with 1x baud rate, Synchronous, 1/0 Interface Mode
- T=tcye = 1/iXTAL -
"4: The items out of this table are not dependent on fXTAL-
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NEC orapos
tcve
e AU\ S READ OpERATION

PE70 :X:)i ‘Address (Higher Order) D
tAD
PD7-0 ::)D Address  Soyver B )
- tLoR - 'RDH
F—t—| A L
ALE j ! —=i l=-tAFR L
et —=| )
. I—
a5 tRR |
et gl ' '
AR
e tpp ——] |- t =]
MODE1 ™Y
M\ £
ety | ] [t
MODEO Y 4
omz Mo 4

*1: M1 signal is output to the MODE1 pin at 1st OP code fetch cycle when MODE 1 pin is
pulled-up to Vcg.

*2: T0/M signal is output to the MODEQ pin at sr to sr2 register read timing when MODEO
pin is pulled-up to VcC.

o NN\ WRITE OPERATION
PE7-0 Address (High Order) )D(

l=— tLDW

)
PD7-0 DD] Address ‘ég,';iD Write Dat D(

[ p— 4-!._;\-—’ fow ’-—‘on——-—
[—tAL—= tww ‘—"WL"‘*‘l

=] twp b=
ALE wo

WR

bt ]

t
AW

_,__\.L_.l lety ) —|
MODEO
(O/M)*3

*3: 10/M signal is output to the MODEQ pin at sr to sr2 register write timing when MODEO
pin is pulled-up to VccC.
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NEC

SERIAL OPERATION ' KK ——=f fe—KKH
sk _/ \ )5 l

cYk

IKTX — I~

S

D

tRXK— K

X1 INPUT WAVEFORM

X1

tKRX

I tcyc

HOLD OPERATION N AVAVAYAYAWAYAWAWAYANAWANRAYAWAWAWAY

[ | -

L

HOLD,
SHDL —{

HLDA

—— gL b

.

PF7.0°

PF7.0*

fe—={tDLHA

D, WR TFBHA —=

*: For Address Bus
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DC PROGRAMMING (Tq = +26°C + 5°C, Vgg = +5V £ 10 %, Vpp = +21V £ 0.5V, Vss = OV, Ve —0.8 < Vpp < Vo)
CHARACTERISTICS PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
input Leakage Current
All except INT1, TI(PC3) o ov<VIN<Vce 10| pA
Output Low Voltage During Verify | VoL loL = 20mA 0.45 v
Qutput High Voltage During Verify | VOH 10H = —200uA 24 v
Ve Supply Current icc 200 300 mA
Input Low Level (All Inputs) ViL 0 08 v
Vint All except SCK, RESETand X1 | 2.0 vee v
Input High Level
ViH2 SCK, X1 0.8 Vce vee v
Vpp Suppiy Current iep BGM = Vi 30 mA
AC PROGRAMMING (Ty = 425°C  5°C, Vog = +5V + 10 %, Vpp = +21V £ 0.5V, Vss = OV, Ve —0.8 < Vpp < Vce)
CHARACTERISTICS PARAMETER SYMBOL | TEST CONDITIONS MIN | TYP | MAX | UNITS
P Mode | tapP 2
Address Setup Time [[Programming Mode ke
| Verity Mode tAPR 2 us
Vpp Setup Time tvpp 2 us
Data Setup Time top 2 Hs
P ing Mode | 1 2
Address Hold Time [ Programming Mode | ten i
LVerify Mode tPRA 0 us
Vpp Hold Time tpvp 2 Hs
Data Hold Time tPD 2 us
PREAD to Output Float Delay PRDR ] 130 ns
Data Valid from PREAD PRD 1 “s
PROG Pulse Width During Programming tpp 45 50 55 | ms
Vpp Pulse Rise Time During Programming tRVP 50 ns
Vpp Recovery Time PPR 2 s
Input Rise/Fall Time YR, UF 20 ns
TIMING WAVEFORM PROGRAMMING
Programming Mode Verify M
PAO 77 Vi ogr 9 erify Mode
Address x
PFO~5 V. -
. APR I
A P A
¥iH l( HiZ "
PDO~7 Data in < Data out| }—
ViL | —— —
top l—| \
oP D PROF
Vpp )
RESET/Vpp " /
L R tvpp=|
tPvp
Vi
PBO/PROG \ /
I b'j;';’i vePR=|  [=-tPRO~|
Vin ————
PB1/PREA \ /
Vit
AC TIMING 2.4V
MEASUREMENT POINTS 20v Pa—— Test — 2.0v
0.8V Points 0.8V
0.45v
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64 PIN CERAMIC QUIP OUTLINE (Unit : mm)
WPD78POSR

[-ﬁ\n.omx‘—ﬁ.

-

3.2MIN. 4.95MAX.

T T

r i
4 - 0.25+0.05 T
e———19.05———
.

24.13

Note: The uPD78P09 is programmable on NEC programmer PG 1000 together with programmer module PG 1003.
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NEC uwPD7810/11/PG11/10H/11H

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH ON CHIP A/D CONVERTER

The NEC uPD7810/7811 is a high-performance single-chip microcomputer integrating sophisti- DESCRIPTION
cated on-chip peripheral functionality normally provided by external components. The devices’s

internal 16-bit ALU and data paths, combined with a powerful instruction set and addressing,

make the uPD7810/7811 appropriate in data processing as well as control applications. The

device integrates a 16-bit ALU, 4K-ROM, 256-byte RAM with an 8-channel A/D converter, a

multifunction 16-bit timer/event counter, two 8-bit timers, a USART and two zero-cross

detect inputs on a single die, to direct the device into fast, high-end processing applications

involving analog signal interface and processing.

The uPD7811 is the mask-ROM high volume production device embedded with customer
program. The uPD7810 is a ROM-less version for prototyping and small volume production.
The uPD78PG11E is a piggy-back EPROM version for design development.

The uPD7810H/11H is a high speed version of the yPD7810/11 (15 MHz operation)
Powerful Instruction Set Including 16-bit Multiply and Divide, 158 instructions FEATURES
High-Speed 1usec Cycle Time-12 MHz Operation (0.85 psec for 7810H/11H, 15 MHz)
On-Chip 4K-Byte ROM (7811), 256-Byte RAM

44 1/0 Lines

Easily Expandable Memory up to 60K Bytes (externally)

On-Chip 8-Bit A/D Converter-8 Input Channels

Multi-Functional 16-Bit Timer/Counter

Two Programmable 8-Bit Timers

Full-Duplex Serial Communication Interface, synchronous and asynchronous
Zero-Cross Detection Capability

Vectored Interrupts, 3 external/8 internal

Low Power Standby Operation

8085A Bus Compatible

Single Power Supply +5V, N-MOS Technology

Available in 64 Pin Package

Standby function

On-chip clock generator

64K-Byte total memory address range

0 0000000000600 0 000

pag 1 643  Vce PIN CONFIGURATION
PAIC—] 2 63— Vpp
Pa; 3 62—  PD7
PA3C—] 4 61——1rDg
M=K 60  PDs
PAsC—] 6 5: m— >V
PAg 7 5 PD3
PA?: 8 57%%2
PBg o 9 sefF—  PDy
PB C—] 10 S§[——1PDg
PB; 1 safF3  PFy
PB3C—] 12 S3[___JPFg
PBy C13 ,pD7811/ gi 3 PFs

PBSC— ' | bn7810/ 50:::#4

pB;C—] 16 WPD7810H/ 4sf—pF;

PCo 17 uPD781TH 5 PRy
18

PCy ] E——rFg
Pc; CH19 1Y aen } %%g
pc3C—20 aspE—m
pcy CH21 aa RD
Pcg {22 a3 AVce
Pcg 423 423  VAREF
pCy C—]24 ] s— AN
NMI 25 40 ANg
INT1C] 26 39 "] ANs
MODE1 327 3B ANg
28 37— AN3
MODEO 29 B3 AN2
X2 30 35— AN,
x; 31 W3 ANo
vggT—]32 33— AVss
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NEC

PIN IDENTIFICATION

PIN FUNCTION

NO. SYMBOL

1-8 PAQ—PA7 Port A: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port A in input mode.

9-16 PBo—PB7 Port B: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port B in input mode.

17 PCo Port C: (Three-state | Transmit Data (TxD):
input/output) 8-bit Serial data output
programmable 1/0 terminal.

18 PCq port. Each line Receive Data (RxD):
independently pro- Serial data input
programmable as an terminal.

19 PCy input or output. Serial Clock (SCK): Serial
Alternatively, Port C clock input/output
may be used as CO"'T terminal. When internal
t":; lines for USAR clock is used, the output
an tlg\er, even|t-'coun~ can be selected; when an
:zrp:sn R‘:’;;irgzts'me" external clock is used,
Port C in Port mode the input can be selected.

20 PC3 and all lines in in- Timer Input ((Tl)/inter-
put mode. rupt request input (INT2):

Timer clock input termi-
nal; can also be used as
falling edge, maskable-
interrupt input terminal
and AC input zero-cross
detection terminal.

21 PC4 Timer Output (TO): This
output signal is a square
wave whose frequency is
determined by the
timer/counter.

22 PCs Counter Input (Cl):
External pulse input
terminal to the timer/
event counter.

23-24 PCg, PC7 Counter Qutputs 0, 1
(COg—CO1): Program-
mable rectangular wave
output terminal based on
timer/event counter.

25 NMI Falling-edge, nonmaskable interrupt (NMI) input.

26 INT1 This signal is a rising-edge, maskable interrupt
input. This input is also used to make the zero-
cross detection AC input.

27 MODE1 Used as input in conjunction with MODEO to
select appropriate memory expansion mode. Also
outputs M1 Signal during each opcode fetch.

28 RESET (Input, active low), RESET initializes the uPD7811.

29 MODEO Used as input in conjunction with MODE1 to
select appropriate memory expansion mode. Also
used to output TO/M.

30-31 X2, X1 (crystal) | This is a crystal connection terminal for system
clock oscillation. When an external clock is
supplied X1 is the input.

32 Vss Power supply ground potential.

33 AVss A/D converter power supply ground potential.

Sets conversion’s range lower limit.
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NEC uPD7810/11/PG11/10H/11H

PIN PIN IDENTIFICATION
FUNCTION (cont.)
NO. SYMBOL
34-41 ANg—AN7 Eight analog inputs to the A/D converter.

AN7—AN4 can also be used as a digital input port
for falling edge detection.

42 VAREF Reference voltage for A/D converter. Sets conver-
sion’s range upper limit.

43 AVce Power supply voltage for A/D converter.

a4 RD (Three-state output, active low) RD is used as a

strobe to gate data from external devices onto the
data bus. RD goes high during Reset.

45 WR (Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes high during Reset.

46 ALE The strobe signal is for latching the address signal
to the output from PD7—PDg when accessing
external expansion memory.

47-54 PFQ—PF7 Port F: (Three-state Address Bus: When
input/output) 8-bit external expansion
programmable 1/0 memory is used,
port. Each line con- multiplexed address/
figurable indepen- data bus can be selected.
dently as an input
or output.

55—-62 DBp—DB7 Port D: 8-bit pro- Address Bus: When
grammable I/O port.  external expansion
This byte can be memory is used, multi-
designated as either plexed address/data
input or output. bus can be selected.

63 VDD This ia a second power supply line for on-chip
RAM back-up
64 vVce +5V power supply.
Notes: 1 clock cycle = 1 CL = 3/f.

1 machine cycle = 3 or 4 clock cycles.
1 instruction cycle = 1 to 19 machine cycles.
f: System clock frequency (MHz).

NEW INSTRUCTIONS

In addition to the existing instruction set for yPD7801, the following new instructions are
incorporated in the yPD7810/11:

16-bit data transfer between memory and extended accumulator

16-bit data arithmetic and logical operation.

16-bit data addition and subtraction and 16-bit comparsion.

16-bit data shift and rotation

direct multiply and divide instructions.

8-bit by 8-bit division less then 8 usec execution time.

16-bit divided by 8-bit less than 15 psec execution

table look-up operation.

Register pair HL and DE are used as base register. Accumulator, B-register and extended
accumulator are used as index register.
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BLOCK DIAGRAM

x1
osc
x20

INCIOEC
oC
2 12|
PCorTx0 o- 23
,cwm:::i SERIAL K22 - L wan
PC2/STR ] €17 G.R. | PROGRAM
0 || MEMORY
W C
W o] J EA

INT
CONTROL

PeaT1/NTE

pcumo»._1

pesict
Pc6/Co0
pC7IC01

an70[8

A/D
[CONVERTER

VAREF ool
Avee o]
AVsso—— o

DATA
MEMORY
1256.8YTE)

]

@
[Psv]

8

INTERNAL DATA BUS

16 6
I
6

INSTR. REG]

INSTR.
DECODER

READ/WRITE SYSTEM STANDBY

CONTROL CONTROL | CONTROL
WA E  MODEQ

b A Fvooer  Reser Voo

Note: the uPD7810/10H has no programmable ROM

(4K bytes) on

MEMORY MAP

chip.

K5 rcr0

PORTC

K& _»rer0

PORT B

K= Drare

PORT A

|

Vss

The uPD7811 can directly address up to 64K-bytes of memory. Except for the on-chip ROM

(0-4095) and RAM (65280—-65535), any memory location can be used as ROM or RAM.
The following memory map defines the 0-64K-byte memory space for the uPD7811.

0(0000H)

4.095(0FFFH)

INTERNAL ROM
(uPD7811)
EXTERNAL
ROM
(uPD7810)
4096W x 8

4.096(1000H)

65.279(FEFFH)

EXTERNAL
¥ MEMORY i

61184W x 8

65.280(F FOOH)

65.503(F FDFH)
65.504(FFEQH)

INTERNAL RAM
224W x 8

(32W x 8)

65.536(FFFFH)

Standby Area
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0(0000H) [RESE

4(0004H)

(T

8(0008H)

INTTO/INTT1

16(0010H)|

INT1/NTZ

24(0018H)

INTEO/INTE

32(0020H) [ INTEIN/INTAD

40(0028H)

96(0060H) [SOFTT

INTSR/INTST

128(0080H) TOW ADRS |} ,.,
125(0081H) HIGH ADRS {1
130(0082H) LOW ADRS
131(0083H) HIGH ADRS fe-
190(00BEH)[  LOW _ADRS | } =31
191(00BFH) I _HIGH ADR:
192(00COH)
USER’'S AREA 7
OFFFH



NEC

8 Analog Input Lines
44 Digital 1/0 Lines: five 8-bit ports (Port A, Port B, Port C, Port D, Port F) and 4 input INPUT/OUTPUT
lines (AN4—AN7)
. Analog Input Lines
ANQ—AN7 are configured as analog input lines for on-chip A/D converter.

FUNCTIONAL
DESCRIPTION

-

2. Port Operation

— Port A, Port B, Port C, Port F
Each line of these ports can be individually programmed as an input or as an output.
When used as 1/0 ports, all have latches outputs, high-impedance inputs.

— PortD
Port D can be programmed as a byte input or a byte output.

— ANg—AN7
The high-order analog input lines, ANg—AN7 can be used as digital input lines for
falling edge detection.

w

Control Lines

Under software control, each line of Port C can be configured individually to provide
control lines for serial interface, timer and timer/counter, and interrupts.

4. Memory Expansion

In addition to the single-chip operation mode the pPD7811 has 4 memory expansion modes.
Under software control, Port D can provide multiplexed low-order address and data bus

and Port F can provide high-order address bus. The relation between memory expansion
modes and the pin configurations of Port D and Port F is shown in the table that follows.

MEMORY EXPANSION PORT CONFIGURATION
None Port D /O Port
Port F 1/0 Port
256 Bytes Port D Multiplexed Address/Data Bus
Port F 1/0 Port
4K Bytes Port D Multiplexed Address/Data Bus
Port Fo—F3 Address Bus
Port F4—F7 1/0 Port
16K Bytes Port D Multiplexed/Data Bus
Port Fg—Fs Address Bus
Port Fg—F7 1/0 Port
60K Bytes Port D Multiplexed Address/Data Bus
Port F Address Bus
The timer/event counter consists of two 8-bit timers. The timers may be programmed TIMERS

independently or may be cascaded and used as a 16-bit timer. The timer can be set by
software to increment at intervals of 4 machine cycles (1us at 12MHz operation) or 128
machine cycles (32us at 12MHz), or to increment on receipt of a pulse at Tl.

TIMER B [ rimer
BLOCK DIAGRAM — P pcaro

—
PC3/TI »—{} ’

TIMER O TIMER 1

1 to TIMER/EVENT COUNTER
to SERIAL INTERFACE

CLEAR

CLEAR

UPCOUNTER

COMPARATOR

Bttt

{ TIMER MODE J l TmeR reco | | ¥ TIMER REG1
T T
REGISTER (TMO) ™1 INT Note: ¢3 = fx1/3
) ®12 = tx1/12
- -=-d L—ee $384 = fx 1/384
{ INTERNAL BUS f: Oscillation frequency
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NEC

FUNCTIONAL
DESCRIPTION

TIMER/EVENT COUNTER

The 16-bit Multifunctional timer/event counter can be used for the following operations:

(CONT.)

TIMER/EVENT COUNTER

BLOCK DIAGRAM

ANALOG/DIGITAL
CONVERTER

12
1 it
PCS/CI o—% Comrol

Interval timer

External event counter

Frequency measurement

Pulse width measurement
Programmable square-wave output
Single pulse generation

—«l >——o0 PC6/CO0

g Intemal bus ]

PO out

uiput
cP Control
EIN

TlMEn/EvENT

| APTURE REG

TIMERIEVENT
COUNTER
UPCOUNTER

h__l

-—-| >—oPC7/CO1

OvV-flag

Clear
Control

cP1
crPo

0 ——+—4

COMPARAYOR

_rJ

COMPARATOR

ﬁ

TIMER/EVENT TIMERIEVENT
COUNTER REG 1 COUNTER REG 0

L

|— inTEO
Interrupt |
MODE REGISTER Dterrup INTE1
— INTEIN

Edge
Detection ¢ EIN
Notes:

$12 =112
f = Oscillation frequency

Internal Bus

8 Input Channels

4 Conversion Result Registers
2 Powerful Operation Modes
Auto Scan Mode
Channel Select Mode
Successive Approximation Technique
Absolute Accuracy + 1.5 LSB (+0.6%)
Conversion Range 0~5V
Conversion Time 48 us
Interrupt Generation

The uPD7810/7811 features an 8-bit, high-speed, high accuracy A/D converter. The A/D
converter comprises a 256-Resistor Ladder and Successive Approximation Register (SAR).
There are four conversion result registers (CRg—CR3). The 8channel analog input may be
operated in either of two modes. In the select mode, the conversion value of one analog
input is sequentially stored in CRg—CR3. In the scan mode, the upper four channels or the
lower four channels may be specified. Then those four channels will be consecutively
selected and the conversion results stored sequentially in the four conversion result registers.
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wPD7810/11/PG11/10H/11H

ANO

AN 1 ot
AN 2 o—
AN 3 o—f
AN 4 o—
AN 5 o—
AN 6 o—
AN 7 o—

A/D Channel
Mode Register

13

Input
Circuit

[t ek

INTAD

8 8 8 8
3 db &b g
Y el Jsl Jd

Internal Bus B}

Internal Bus

A/D CONVERTER
BLOCK DIAGRAM

There are 11 interrupt sources. Three are external interrupts and 8 are internal. These 11 INTERRUPT STRUCTURE
interrupt sources are divided into 6 priority levels as shown in the table below.
INTERRUPT INTERRUPT
REQUEST VECTOR TYPE OF INTERRUPT IN/JEXT
IRQO 4 NMI (Non-maskable interrupt) External
INTTO (Coincidence signal from timer 0)
IRQ1 8 INTT1 (Coincidence signal from timer 1) !nternal
INT1 (Maskable intrrupt)
IRQ2 16 INT2  (Maskable interrupr) External
INTEO (Coincidence signal from timer/
event counter)
IRQ3 24 INTE1 Coincidence signal from timer/ Internal
event counter)
INTEIN (Falling signal of C1 and TO
counter)
IRQ4 32 INTAD (A/D converter interrupt) In/External
INTSR (Serial receive interrupt)
IRQS 40 INST  (Serial send interrupt) Internal
W A INTERRUPT CONTROL
INTWD —— b e TEST BLOCK DIAGRAM
INTTO — & ] coNTROL
N —— B TF—w| Circuit
iNTi 00— E
I'mo_ @ <
&
INTEO — @ 2 MASK
INTE ——| 3 2 nEcm;I
INTEN — &
INTSR ——
INTST ——
L] PRIORITY
———/ coNTROL
ov NMI—=  Circuit
ER ____| TEST ::> INT.
B FLAG f—=TF. ADR
AN7<4_‘ Register SOFT -]
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NEC

STANDBY FUNCTION

UNIVERSAL SERIAL
INTERFACE

UNIVERSAL SERIAL
INTERFACE
BLOCK DIAGRAM

ZERO-CROSSING
DETECTOR

The uPD7810/7811 offers a standby function that allows the user to save up to 32 bytes of
RAM with backup power (Vpp) if the main power (V) fails. On powerup the uPD7811
checks whether recovery was made from standby mode or from cold start.

The serial interface can operate in any of three modes: synchronous, asynchronous, and 1/0
interface. The 1/0 interface mode transfers data MSB first for ease of communication with
certain peripheral devices. Synchronous and asynchronous modes transfer data LSB first.
Synchronous operation offers two modes of data reception. In the search mode, data are
transferred one bit at a time from serial register to receive buffer. This allows a software
search for a sync character. In the nonsearch mode, data transfer from serial register to
transmit buffer occurs 8 bits at a time.

\ Internal Bus

Transmit

Serial Mode Buffer (TX8)

INTSR Register

INTST

Serial

Serial
PC1/RxD o——>—= Register Register
s=>P) (P—=S)

Transmit
Control

PC2/SCK 02
< e384
[~ to output

Si
1
PC3/TxD 4

1
Note: =_
o $24=57
f: oscillation frequency (MHz)
=1
$384 384

The INT1 and INT2 terminals (used also as Tl and PC3) can be used to detect the zero-
crossing point of slow moving AC signals. When driven directly, these pins respond as a
normal digital input.

To utilize the zero-cross detection mode, an AC signal of approximately 1 - 1.8V peak-to-peak
magnitude and a maximum frequency of 1kHz is coupled through an external capacitor to
these pins.

For the INT1 pin, the internal digital state is sensed as a zero until the rising edge crosses the
DC average level, when it becomes a one and INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a one until the falling edge crosses the DC average
level, when it becomes a zero and INT2 interrupt is generated.

The zero-cross detection capability allows the user to make the 50—60Hz power signal the
basis for system timing and to control voltage phase sensitive devices.
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ZERO-CROSSING
DETECTION CIRCUIT

AC source

/!

Internal Signal

AC source  ———y D——D&—Do—
o
l

MODEO/MODE1-TERMINALS

The logic level applied to MO/M1-Terminals determines the memory map of uPD7810/7811
and the use of Port D/F as multiplexed Address/Data Bus.

MO | M MEMORY ADDRESSES LOCATION
0 1 4K 0......... FFFH internal®
0 0 4K 0......... FFFH external
0 1 16K 0. v 3FFFH external
1 0 64K 0........ FEFFH external

* MO, M1 = 0,1 realizes the ROM version (access of internal ROM), all others represent access
of external memory only. ln case external memory is used in addition to internal, memory
mapping register has to be programmed then (see below).

MEMORY MEMORY MAPPING REGISTER | NUMBER OF (using uPD7811)
EXPANDES MODES MM2 MM1 MMO 1/0 LINES
Port Mode 0 0 X 44
256 Expanded C 1 0 36
4K Expanded 1 0 0 32
16K Expanded 1 1 0 30
60K Expanded 1 1 1 28
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HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH ON CHIP A/D CONVERTER

The NEC yPD78C10/C11/C14 is the CMOS version of the uPD7810/11 respectively. DESCRIPTION
The NEC pPD78C10/C11/C14 is a high-performance single-chip microcomputer integrating
sophisticated on-chip peripheral functionality normally provided by external components. The
devices's internal 16-bit ALU and data paths, combined with a powerful instruction set and
addressing, make up pPD78C10/C11/C14 appropriate in data processing as well as control
applications. The device integrates a 16-bit ALU, 4K-ROM, 256-byte RAM with an 8-channel A/D
converter, a multifunction 16-bit timer/event counter, two 8-bit timers, a USART and two zero-
cross detect inputs on a single die, to direct the device into fast, high-end processing
applications involving analog signal interface and processing.

The uPD78C11/C14 are the mask-ROM high volume production devices embedded with
customer program. The uPD78C10 is a ROM-less version for prototyping and small volume
production.

® Powerful Instruction Set Including 16-bit Multiply and Divide, 158 instructions FEATURES
@ High-Speed 1 psec Cycle Time-12 MHz Operation

@ On-Chip 4K-Byte ROM (78C11), 16K-Byte ROM (78C14), 256-Byte RAM

@® 44 1/0 Lines

@ Easily Expandable Memory up to 60K Bytes/48K Bytes (externally)

@® On-Chip 8-Bit A/D Converter-8 Input Channels

@ Multi-Functional 16-Bit Timer/Counter

@® Two Programmable 8-Bit Timers

@ Full-Duplex Serial Communication Interface, synchronous and asynchronous
@ Zero-Cross Detection Capability

@ Vectored Interrupts, 3 external/8 internal

@® Low Power Standby Operation

@ B8085A Bus Compatible

@ Singel Power Supply +5V, CMOS Technology

@ Available in 64 Pin/68 Pin Packages (QUIL, FLAT, SHRINK DIP, PLCC)

@ Standby functions

@® On-chip clock generator

@ 64K-Byte total memory address range

PAg 1 sl vop PIN CONFIGURATION
PATC—] 2 63— STOP QUIL, SHRINK DIP
PA 3 62  PD7

PA3 4 61——1PDg

PA4 5 60 PDs

PAsC—] 6 59——1PD4

PAg (: 7 L1:] | PD3

PA;C—] 8 S7T_—_—JPD2

pBp CH 9 56—  PDy

PB C—] 10 55 ——1PDo

PBy 1 saF—  PFy

PB3C—] 12 53———IPFg

PB4 CJ13 523  PFg

PBsC— 14 | PD78CH/ S5'—PF4

PBg T35 on7ac1as 03  PF3

PBy 16 MMMV as—JpF
pcg |17 WPD78C14 wfS  pp2

Pc; 19 63  ALE
pczC—] 20 1] smmm— |
Pcy Cd2 4 RD
pCs C—] 22 43" AVce
pcg 23 4203  VAREF
PCy 24 413 AN7
Ml 125 0 ANg
INTIC—] 26 39— ANg
MODE1 [J27 B ANg
28 37— AN3
MODE0O C—29 ;] AN2
X2 C—F30 3 ANg
Xy g3 7'} | ANg
vgsT—]32 3 AVss
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pPD78C10/C11/C14
PIN CONFIGURATION FLAT PACKAGE
o
g323z28Bss838
ATHRERRHARY

pae [T 1 51 [TT] pp2
pa7 CIT1] 2 50 T 11 pp1
peo CTT1 3 O 4 [TT ] ppo
per [CITT] a a8 [ TT 3 pr7
pe2 [CITT] s 47 TT3 pre
B3 I 1] s 46 [ TT1 1 prs
PB4 [CTT1 7 45 [CTT ] pra
Pes LI e uPD78C11G “ LI e
Pes L1 o uPD78C10G L
pe7 T 10 uPD78C14G @2 [TT] e
pco [CTTn a1 TT7] pFo
PCt CTT]12 0 [TT] ALe
pc2 [T T—13 39 FTT) WR
pc3 [CTT—]14 8 TTI #
pca [T T 15 37 T Avee
pcs [T T—]16 36 TTT ] Varef
PC6 [T T 17 3B [TT] AN?
PC7 CTT]18 34 [TT] ANe
NMI T 119 33 [TT] ANs

20 21 22 23 24 25 26 2728 29 30 31 32

EEp B 8852222

sl 3
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PIN CONFIGURATION
68-PIN PLCC PACKAGE

TONOWLSTON- O W 3 s
CREREEELETIERZ 02
OO oooonoooooaOonno ooOonnm
60595857 565554 535251 504948 47 46 45 44
Ic d |61 43 AN6
pD20 |62 42 AN5
Posg 63 41 P AN4
PD40 |64 40 P AN3
PD54 |65 39D AN2
PDed |66 38 P AN1
PD74 |67 37 P ANO
STOPY |68 36 P AV,
v, 1o 35PV,,
PAOg |2 34 X1
PA10 |3 33p x2
PA20 |4 32 ) MODEO
PA3d |5 31 0 RESELT
Pa4d 6 30 P MODE 1
PASO |7 290 INT1
PA6d |8 28 0 NMI
Ic d o 27pPC7
1011121314151617 18192021 222324 2526
OO0 0o o000 000000 C0C oo OnT
[ AN MMILTDLDONO—NM < W0 ©
SERPPRERRRRRL0R8R

Note: IC = keep this pin open because of internal

connection (external connection prohibited)
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PIN IDENTIFICATION

PIN FUNCTION
NO. SYMBOL
1-8 PAg—PA7 Port A: (Three-state input/output) 8-bit program-
mable /O port. Each line independently program-
mable as an input or output. Reset places all lines
of Port A in input mode.

9-16 PBo—PB7 Port B: (Three-state input/output) 8-bit program-
mable 1/0 port. Each line independently program-
mable as an input or output. Reset places all lines
of Port B in input mode.

17 PCg Port C: (Three-state Transmit Data (TxD):
input/output) 8-bit Serial data output
programmable 1/0 terminal.

18 PCq port. Each line Receive Data (RxD):
independently pro- Serial data input
programmable as an | terminal.

19 PCp input or output. Serial Clock (SCK): Serial
Alternatively, Port C clock input/output
maly be u:ed as ?:IQT terminal. When internal
trc:j lines for US. clock is used, the output
in tlg\er,teven'ticoun- can be selected; when an
rz:: RZ’:;';&;"“" external clock is used,
Port C in Port mode the input can be selected.

20 PC3 and all lines in in- Timer Input ((T1)/inter-
put mode. rupt request input (INT2):

Timer clock input termi-
nal; can also be used as
falling edge, maskable-
interrupt input terminal
and AC input zero-cross
detection terminal.

pal PCq Timer Output (TO): This
output signal is a square
wave whose frequency is
determined by the
timer/counter.

22 PCs Counter Input (Cl):
External pulse input
terminal to the timer/
event counter,

23-24 PCg, PC7 Counter Outputs 0, 1
(COQ—CO1): Program-
mable rectangular wave
output terminal based on
timer/event counter.

25 NMI Falling-edge, nonmaskable interrupt (NMI) input.

26 INT1 This signal is a rising-edge, maskable interrupt
input. This input is also used to make the zero-
cross detection AC input.

27 MODE1 Used as input in conjunction with MODEO to
select appropriate memory expansion mode. Also
outputs M1 Signal during each opcode fetch.

28 RESET (Input, active low), RESET initializes the uPD7811.

29 MODEO Used as input in conjunction with MODE1 to
select appropriate memory expansion mode. Also
used to output IO/M.

30-31 X2, X1 (crystal) | This is a crystal connection terminal for system
clock oscillation. When an external clock is
supplied X1 is the input.

32 Vss Power supply ground potential.

33 AVgg A/D converter power supply ground potential.

Sets conversion’s range lower limit.
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PIN PIN IDENTIFICATION
FUNCTION (cont.)
NO. SYMBOL
34-41 ANg—AN7 Eight analog inputs to the A/D converter.

AN7—ANg4 can also be used as a digital input port
for falling edge detection.

42 VAREF Reference voltage for A/D converter. Sets conver-
sion’s range upper limit.

43 AVce Power supply voltage for A/D converter.

44 RD (Three-state output, active low) RD is used as a

strobe to gate data from external devices onto the
data bus. RD goes high during Reset.

45 WR (Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe s_ig%al for external memory or 1/0 write
operations. WR goes high during Reset.

46 ALE The strobe signal is for latching the address signal
to the output from PD7—PDg when accessing
external expansion memory.

47-54 PFo—PF7 Port F: (Three-state ~ Address Bus: When
input/output) 8-bit external expansion
programmable 1/0 memory is used,
port. Each line con- multiplexed address/
figurable indepen- data bus can be selected.
dently as an input
or output.

55-62 DBp—-DB7 Port D: 8-bit pro- Address Bus: When
grammable 1/0 port.  external expansion
This byte can be memory is used, multi-
designated as either plexed address/data

) input or output. bus can be selected.
63 STop input pin for hardware stop mode
64 Vpp +5V power supply.
Notes: 1 clock cycle = 1 CL = 3/f.

1 machine cycle = 3 or 4 clock cycles.
1 instruction cycle = 1 to 19 machine cycles.
f: System clock frequency (MHz).

- i ) . . . NEW INSTRUCTIONS
In addition to the existing instruction set for uPD7801, the following new instructions are

incorporated in the WPD78C10/C11/C14:

16-bit data transfer between memory and extended accumulator
16-bit data arithmetic and logical operation.

16-bit data addition and subtraction and 16-bit comparsion.

16-bit data shift and rotation

direct multiply and divide instructions.

8-bit by 8-bit division less then 8 psec execution time.

16-bit divided by 8-bit less than 15 usec execution

table look-up operation.

Register pair HL and DE are used as base register. Accumulator, B-register and extended
accumulator are used as index register.

In addition to the 7811 instruction set, a STOP instruction is available.
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BLOCK DIAGRAM

fp— e [ } ‘ ] PF 708158
ATCH
X2 o TNCIDEC. I
v [ |
/TxD 0= L
formoe | seraL KTE 2 - =3
s o v A1l wan . I & K= roromoro
PCSTR 0= O =104 procram | 3
| o e MEMORY | KB e
L p— p 2Lt 4K-BYTE !
INTio - el INT E}“ v : Lo (78C11) . "
INTROL 8 G.R
—=| CONTRO 1 o | 16K-BYTE CEY & KTE D rero
fr:’) [ L I (78C14) | g
H & |
scymmTrel] U !
] JE
PCarTo0m-
| | ) & Kmp o
PCs/C1 o TIVERT | &
PC6/CO0 EVENT |
pCrcor COUNTER |
INSTR, REG | } <
an1o[8 A/D | CEN 5 K5 D>ear0
TER INSTR 9
vaner o——=|CONVERTE DECODER| |
Aes o | |
READ/WRITE SYSTEM STANDBY
CONTROL CONTROL __|CONTROL |
Ao WA ALE, Mnosq S

Note: the pPD78C10 has no programmable ROM

Vop Vss

MEMORY MAP The wPD78C11 can directly address up to 64K-bytes of memory. Except for the on-chip ROM

(0-4095) and RAM (65280-65535), any memory location can be used as ROM or RAM.

e oficoe tho D
The foliowing memory map defines the 0-64K-byte m

BAK iAo oo o o Eo b

INTERNAL ROM
(uPD78C14)

16384W x 8

A EXTERNAL
MEMORY

48896W x 8

256x 8

INTERNAL RAM

; LBR7804 1
Moy space for the pPD78C 1.

0(0000H) [ (re AL ROM 0(0000H) [RESET
(WPD78C11)
EXTERNAL
L ROM L 4(0004H) [NRAT
(uPD78C10)
4096W x 8
4.095(0FFFH) 8(0008H) [ INTTO/INTT1
4.096(1000H)
16(0010H)[INT1/INTZ
16383(3FPFH)
16384(4000H) L E'\)n(‘Er“Eng’;¢L L
24(0018H) [ INTEO/INTEL
61184W x 8
32000201 [INTEVINTAD |
65.279(FEFFH)
65.280(FFOOH)
INTERNAL RAM INTSR/INTST
256 x 8
65.535(FFFFH) 4 A
B o —
L
128(0080w)| W ADAS }e-o
129(0081H) | HIGH ADRS |
o] 130(0082H) LOW_ADRS -
g 131(0083H) HIGH ADRS }“'
= L
_8 T
190(008EH) [ LOW ADRS Ca
191(00BFH) HIGH AD| fe-
192(00COH)
¥ USER'S AREA 7
OFFFH
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8 Analog Input Lines FUNCTIONAL
44 Digital 1/0 Lines: five 8-bit ports (Port A, Port B, Port C, Port D, Port F) and 4 input DESCRIPTION
lines (AN4—AN7)

1. Analog Input Lines INPUT/OUTPUT

2.

w

ANQ—AN7 are configured as analog input lines for on-chip A/D converter.

Port Operation
— Port A, Port B, Port C, Port F

Each line of these ports can be individually programmed as an input or as an output.
When used as /O ports, all have latches outputs, high-impedance inputs.

— PortD

Port D can be programmed as a byte input or a byte output.

— ANg—AN7

The high-order analog input lines, AN4—AN7 can be used as digital input lines for

falling edge detection.
. Control Lines

Under software control, each line of Port C can be configured individually to provide
control lines for serial interface, timer and timer/counter, and interrupts.

. Memory Expansion

In addition to the single-chip operation mode the yPD78C11 has 4 memory expansion
modes. Under software control, Port D can provide multiplexed low-order address and
data bus and Port F can provide high-order address bus. The relation between memory
expansion modes and the pin configurations of Port D and Port F is shown in the table

that follows.

MEMORY EXPANSION

PORT CONFIGURATION

None Port D 1/0 Port
Port F 1/0 Port

256 Bytes Port D Multiplexed Address/Data Bus
Port F 1/0 Port

4K Bytes Port D Muitiplexed Address/Data Bus
Port Fo—F3 Address Bus
Port F4—F7 1/0 Port

16K Bytes Port D Multiplexed/Data Bus
Port Fg—Fg Address Bus
Port Fg—F7 1/0 Port

60K Bytes Port D Muitiplexed Address/Data Bus
Port F Address Bus

The timer/event counter consists of two 8-bit timers. The timers may be programmed
independently or may be cascaded and used as a 16-bit timer. The timer can be set by

TIMERS

software to increment at intervals of 4 machine cycles (1us at 12MHz operation) or 128
machine cycles (32us at 12MHz), or to increment on receipt of a pulse at Tl.

TIMER

B

LOCK DIAGRAM

TIMER O

¢3 —»I

FIF

TIMER 1

_______ 4 PR

PC3/TI °—D L !
| '
] T
! i

12 ! V12— UPCOUNTER
1

$384 ! 1 r
: | 9384

H I

1 ! COMPARATOR
1
: 1
| 1
| I
TIMERMODE |1 | TIMER REGO :

REGISTER || (TMO) 1 INTTO ) INTTY
! T T |
0 L_ - -
{ INTERNAL BUS
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PC4/TO

to TIMER/EVENT COUNTER
to SERIAL INTERFACE

Note: ¢3 = fx1/3
12 = £x1/12
9384 = x 1/384

f: Oscillation frequency
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FUNCTIONAL TIMER/EVENT COUNTER
RZEOSF\CI:TR' I)PTION The 16-bit Multifunctional timer/event counter can be used for the following operations:

Interval timer

External event counter

Frequency measurement

Pulse width measurement
Programmable square-wave output
Single pulse generation

TIMER/EVENT COUNTER ¢ Internal bus

BLOCK DIAGRAM 4 '
COUNTER
CAPTURE REG.
OV-flag

012
TIMER/EVENT
I 2
pC5/Clo— Comuel COUNTER Shear
— UPCOUNTER
L "*—_J cp1
10 —- _.i cPo

COMPARATOR ‘—‘ COMPARATOR i:-—

.............. M rmerevent

7{>—~» PCB/CO0

Output

Contro!

}.—D—c PC7/CO1

TIMER/EVENT AER/EVED
COUNTER REG! COUNTER REG 0
— — INTEO
Interrupt
MODE REGISTER querruat L INTET
INTEIN
Internal Bus {
Edge
m EIN
Notes:
$12=112

f = Oscillation frequency

ANALOG/DIGITAL 8 Input Channels
4 Conversion Result Registers
CONVERTER 2 Powerful Operation Modes
Auto Scan Mode
Channel Select Mode
Successive Approximation Technique

Absolute Accuracy +1.5 LSB (+0.6%)
Conversion Range 0~5V
Conversion Time 50 us

Interrupt Generation

The wPD78C10/C11 features an 8-bit, high speed, high accuracy A/D converter. The A/D
converter comprises a 256-Resistor Ladder and Successive Approximation Register (SAR).
There are four conversion result registers (CR9Q—CR3). The 8-channel analog input may be
operated in either of two modes. In the select mode, the conversion value of one analog
input is sequentially stored in CRg—CR3. In the scan mode, the upper four channels or the
lower four channels may be specified. Then those four channels will be consecutively
selected and the conversion results stored sequentially in the four conversion result registers.
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AN 0 o—]
AN 10—
AN 2 o—f
AN 3 o—
AN 4 o—
AN 5 o—f
AN 6 o—
AN 7

Input
Circuit

Sampling

and Holding
-————

There are 11 interrupt sources. Three are external interrupts and 8 are internal. These 11
interrupt sources are divided into 6 priority levels as shown in the table below.

A/D Channel
Mode Register

Internal Bus

INTAD

1
1
1
1
}-'_! Comparator'

Tap
Decoder

8 8 8 8
T L
S el sl Jel

Internal Bus

D)

INTERRUPT

INTERRUPT

REQUEST VECTOR TYPE OF INTERRUPT IN/EXT
IRQO 4 NMI {Non-maskable interrupt) External
INTTO (Coincidence signal from timer 0)
IRQ1 8 INTT1 (Coincidence signal from timer 1) Internal
INT1 (Maskable intrrupt)
IRQ2 16 INT2  (Maskable interrupr) External
INTEO (Coincidence signal from timer/
event counter)
IRQ3 24 INTE1 Coincidence signal from timer/ Internal
event counter)
INTEIN (Falling signal of C1 and TO
counter)
IRQ4 32 INTAD (A/D converter interrupt) In/External
INTSR (Serial receive interrupt)
IRQ5 40 INST  (Serial send interrupt) Internal
Wi
INTWD —— TEST
INTTO — o CONTROL
INTT — & Cireuit
NTIo—{ @
W2o—) ¥
INTEo — g ¢
INTBl —— 3 2
INTEN — &
INTSR ——
INTST ——
L——| PRIORITY
| CONTROL
ov NMI—={  Circuit
ER | TEST ) wr.
s8 | FLAG [—=TF. | Aok
AN7-4 == Register SOFTH
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NEC

wPD78C10/C11/C14

STANDBY FUNCTION

UNIVERSAL SERIAL

INTERFACE

UNIVERSAL SERIAL

INTERFACE
BLOCK DIAGRAM

ZERO-CROSSING
DETECTOR

The uPD78C10/C11 offers a standby function that allows the user to save up to 32 bytes of
RAM with backup power (Vpp) if the main power (Vo) fails. On power up the uPD78C11
checks whether recovery was made from standby mode or from cold start.

The serial interface can operate in any of three modes: synchronous, asynchronous, and |/0
interface. The 1/0 interface mode transfers data MSB first for ease of communication with
certain peripheral devices. Synchronous and asynchronous modes transfer data LSB first.
Synchronous operation offers two modes of data reception. In the search mode, data are
transferred one bit at a time from serial register to receive buffer. This allows a software
search for a sync character. In the nonsearch mode, data transfer from serial register to
transmit buffer occurs 8 bits at a time.

\ Internal Bus \
Receive Transmit
INTSR Buffer (RXB) S e Buffer (TXB) INTST

Serial
Register
(5P

Receive
Control

Serial
Register
P—s)

Transmit
Control

PC1/RxD o—— >—=|

f—— @24

<] {9384

{~e——— to output

PC3/TxD <t

PC2/SCK o——9

. 1
Note: = o
ote: $24 5
f: oscillation frequency (MHz)

-
9384 = 357

The INT1 and [NT2 terminals (used also as Tl and PC3) can be used to detect the zero-
crossing point of slow moving AC signals. When driven directly, these pins respond as a
normal digital input.

To utilize the zero-cross detection mode, an AC signal of approximately 1 - 1.8V peak-to-peak
magnitude and a maximum frequency of 1kHz is coupled through an external capacitor to
these pins.

For the INT1 pin, the internal digital state is sensed as a zero until the rising edge crosses the
DC average level, when it becomes a one and INT1 interrupt is generated.

For the INTZ pin, the state is sensed as a one until the falling edge crosses the DC average
level, when it becomes a zero and [NT2 interrupt is generated.

The zero-cross detection capability allows the user to make the 50—60Hz power signal the
basis for system timing and to control voltage phase sensitive devices.

In addition to the 7810/11 a register is implemented (ZCM = Zero Cross Mode Register) to
allow to switch of the internal zero-cross detection circuit to reduce power consumption,
especially during standby.
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ZERO-CROSSING
DETECTION CIRCUIT

AC source

N

Internal Signal

AC source  ——y i ,__[>o_(>o_
|
Mwen

MODEO/MODE1-TERMINALS

The logic level applied to MO/M1-Terminals determines the memory map of WPD78C10/C11/C14
and the use of Port D/F as multiplexed Address/Data Bus.

MO | M1 MEMORY ADDRESSES LOCATION
0 1 4K internal™

0 0 4K external

0 1 16K external

1 0 64K external

* MO, M1 = 0,1 realizes the ROM version (access of internal ROM), all others represent access
of external memory only. In case external memory is used in addition to internal, memory
mapping register has to be programmed then (see below).

MEMORY MEMORY MAPPING REGISTER | NUMBER OF (using uPD7811)
EXPANDES MODES MM2 MM1 MmO 1/O LINES
Port Mode 0 0 X 44
256 Expanded 0 1 0 36
4K Expanded 1 0 0 32
16K Expanded 1 1 0 30
48K/60K Expanded 1 1 1 28
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Difference Between uPD78C11 and uPD7811
Product
ltem pPD78C11 uPD7811
No. of instructions 159 158
(STOP instruction was added.)
No. of special registers 28 27

{ZCM register was added.)

Standby function

HALT MODE, software STOP mode,
hardware STOP mode.

In addition, in the software/hardware
STOP mode, the internal RAM data
(256 bytes) are retained at the power
supply voltage as low as 2.5V

32 bytes of the 256-byte internal
RAM data are retained at power
supply voltage as low as 3.2V.

Control of zerocross detection Available by setting the ZCM register | Not available

circuit’s selfbias

No. of states of the HLT 12 1

instruction

Device construction CMOS NMOS

Power Operating 75mW TYP. 750mW TYP.

consumption | Standby S5uW TYP. 4.8mW TYP.

Pin configuration VDD : Pin 64 VCC: Pin 64
STOP: Pin 63 VpD: Pin 63
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ADDRESSING MODES AND INSTRUCTION SET
LCOM 87AD
(WPD7810/7811/78PG11/7810H/7811H/
78C10/78C11/78C14)
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ADDRESS MODES Register Addressing Immediate Addressing
Register Indirect Addressing Immediate Extended Addressing
Auto-Increment Addressing Relative Addressing
Auto-Decrement Addressing Base Addressing
Working Register Addressing Base Index Addressing
Direct Addressing Double Auto Increment Addressing

Register Addressing

r

I OPCODE Iﬁ { OPERANDI

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing
m memory

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are using this address mode.

Auto-Increment Addressing

memory

p
[oprcooel———=1 ADDRESS

The opcode specifies a register pair which contains the memory address of the operand. The
contents of the register pair is automatically incremented to point to a new operand. This mode
provides automatic sequential stepping when working with a table of operands.

Auto Decrement Addressing

P memory
OPERAND

Working Register Addressing

memory

V Register
PC OPCODE ——-—bmms I [oreranD]
PC+1 displacement

15 8 7 0

L[  +—

The contents of the register is linked with the byte following the opcode to form a memory
address whose contents is the operand. The V register is used to indicate the memory page. This
address mode is useful as a short-offset address mode when working with operands in a common
memory page where only 1 additional byte is required for the address. Mnemonics with a W
suffix are using this address mode.
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Direct Addressing

PC OPCODE Memory

PC+ 1| Low Address ———‘—'{ Operand J Low Operand

PC + 2 | High Address 1 byte High Operand
2 byte

The two bytes following the opcode specify an address of a location containing the operand.

Immediate Addressing

PC OPCODE
PC+1 OPERAND

Immediate Extended Addressing

PC OPCODE
PC+1 Low Operand
PC+2 High Operand

Relative Addressing

memory
Opcode PC+A+3 L?w Operand
PC+A+3+1 High operand

This addressing mode is used by the ““Table”-command. It transfers the contents of 2 memory
cells — addressed relatively to PC via the Accu A — into BC register-pair.
Application: Table look-up

Base-Addressing

p memory
PC Opcode Address ®

PC+1 Displacement

Register Pair DE or HL used as base pointer to the memory; immediate data (8 bit) or displace-
ment added to the base.

Base-Index-Addressing

memory

P
Opcode }——L Address
Reg (8 bit)/EA (16 bit)

Register pair DE or HL used as base pointers to the memory; Register (8 bit) or Extended
Accumulator (EA) as displacement added to the base.
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Double auto increment

p memory

opcode j———r Address Low Operand

High Operand

The opcode specifies the register pair which contains the memory address of the operand
(16 bit). The contents of the register pair is automatically incremented by two to point to a
new 18-bit operand.

«COM 87 AD Instructionset

Operand Expression/Description

EXPRESSION DESCRIPTION

r V,A,B,C,D,EH,L

r EAH, EAL,B,C,D,E,H, L

r2 A,B,C

s PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, SML, EOM, ETMM,
TMM, MM, MCC, MA MR, MC, MF, TXB, TMO, TM1, ZCM (CMOS ONLY)

srl PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB,
CRO, CR1, CR2, CR3

sr2 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM

sr3 ETMO, ETM1

sr4 ECNT, ECPT

p SP,B,D, H

rp1 V,B,D,H, EA

p2 SP,B,D,H,EA

rp3 B,D,H

rpa B, D, H, D+, H+, D—, H—

rpal B,D,H

rpa2 B, D, H, D+, H+, D—, H—, D+byte, H+A, H+B, H+EA, H+byte

rpa3 D, H, D++, H++, D+byte, H+A, H+B, H+EA, H+byte

wa 8 bit immediate data

word 16 bit immediate data

byte 8 bit immediate data

bit 3 bit immediate data

f CY,HC,Z

if FNMI, FTO, FT1, F1, F2, FEO, FE1, FEIN, FAD, FSR, FST
ER, OV, AN4, AN5, AN6, AN7, SB
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Note 1

1. sr ~ sr4 (special register)

3. rpa ~ rpa3 (rp addressing)

B : (BC)

D : (DE)

H : (HL)

D+ : (DE)*

H+ : (HL)Y

D-— . (DE)”
H— : (HL)™
D++  : (DE)*+
H++ ¢ (HL)F
D+byte : (DE+byte)
H+A : (HL+A)
H+B : (HL+B)
H+EA : (HL+EA)
H+byte : (HL+byte)

4.1 (flag)

CcYy : CARRY

HC : HALF CARRY
z : ZERO

PA : PORTA ECNT TIMER/EVENT
PB : PORTSB COUNTER UPCOUNTER
PC : PORTC ECPT TIMER/EVENT
PD : PORTD COUNTER CAPTURE
PF : PORTF ETMM TIMER/EVENT
MA : MODE A COUNTER MODE
MB : MODEB EOM TIMER/EVENT
MC : MODEC COUNTER OUTPUT MODE
mcc : MODE CONTROL C ANM A/D CHANNEL MODE
MF : MODEF CRO A/D CONVERSION
MM : MEMORY MAPPING 8 RESULTO ~ 3
TMO : TIMER REGO CR3
™1 : TIMER REG1 TXB Tx BUFFER
TMM  : TIMER MODE RXB Rx BUFFER
ETMO : TIMER/EVENT SMH SERIAL MODE High
COUNTER REGO SML SERIAL MODE Low
ETM1 : TIMER/EVENT MKH MASK High
COUNTER REG1 MKL MASK Low
ZCM : ZERO CROSS MODE (CMOS ONLY) J
2. rp ~ rp3 (register pair)
SP : STACK POINTER
B : BC
D DE
H HL
" : VA
EA : EXTENDED ACCUMULATOR

5. if (Interrupt flag)

FNMI
FTO
FT1
F1
F2
FEO
FE1
FEIN
FAD
FSR
FST
ER
ov
AN4
§
AN7
SB

INTFNMI
INTFTO
INTFT1
INTF1
INTF2
INTFEO
INTFE1
INTFEIN
INTFAD
INTFSR .
INTFST
ERROR
OVERFLOW
ANALOG INPUT 4~7

STANDBY
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Description of Instruction Code Symbols

ri

™

Rz R1 Ro reg T T1 To reg P2 P71 Pg reg-pair
o|lo o |V 0 0 0 | EAH 0|0 o0 |sP T
o0 1 |A o o0 1 EAL o}l o 1 BC P2 3
0|1 o0 B r2 o 1 o0 | B o1 o0 | DE
o1 1]c L o 1 1 |c¢C oL1 1 |H JL l _L
1 0o 0! D | 1 0 oD 1 0o o0 |EA i
10 1 E ; 1 0 1 E
1 1 0 H | 1 1 0 H
11 L _L 11 1 L
rpl
s Q2 Q1 Qg reg-pair
S5 S4 S3 S2 S1 So | Specialreg 0O 0 o© VA
0 0o 0 0 0 0 |PA 0 0 1 . BC
o0 0o 0o 0o O0 1 |FpPB o 1 0 | DE
0 0 0 0 1 0 |PC 0 1 1 HL
o 0o o 0 1 1 |PD 1T 0 0 | EA
0 0o o 1 0 1 |PF sr1 sr2
0 0 0 1 1 0 | MKH
o o o 1 1 1 MKL
0 0 1 0 0 0 | ANM rpa
0 0 1 0 0 1 |SMH d
0o o 1 0 1 0 SML £ A3 A2 A1 A addressin
o 0o 1 0 1 1 EOM s 3V T 3 72 T 0 S
0 0 1 1 0 0 |ETMM l l 0y010 0~
o 0o 1 1 0 1 |TMm T 01010 1 | (BC
0 1 o 0 o0 o MM 0] 0|1 0 (DE) rpal
o 1 0o o0 0 1 |Mcc 0101 1 }(HL 4
0 1 0 0 1 0 MA 0 1 0 0 (DC)* rpa
0 1 0 0 1 1 |wmB 01 1 0 1 | (HLY
o 1 0o 1 0o o |Mc o011 1 0 (DO rpa2
0 1 0 1 1 1 | MF o1 1 1 | (HY |
0o 1 1 o 0 o |Txs | 10 1 1 (DE+byte) i
0 1 1 0 0 1 |RxXB - 1 0 0 | (HL+A) |
0 1 1 0 1 0 |T™MO 1 0 1 (HL+B) '
o 1 1 o 1 1 | TmM 11 1 0 | (HL+EA)
1 0 1 0 0 0 | zemmos) T 11| (Hitbyte)
/1 0 0 0 0 0 | CRO
1 0 o 0 o0 1 CR1
/1 0 0 0 1 0 |CR | r0a3
1 0o 0o 0 1 1 |CR3 | X
MMMMM C3 C2 C1 Co addressing
0 0 0 0 | (DB
o3 sra 0 0 0 1 | (HL
o 0 1 o0 (DE)*+
Up Special-reg Vo Special-reg 0 0 1 1 (HL)*
0 | ET™MO o | EcNnT : ? (1’ (') :zﬁ:%‘e)
1 ETMA 1 | EcpT 11 o (HL+B)
11 1 0 | (HL+EA)
1 1 1 1 (HL+byte)
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List of Mode Registers

MODE REGISTER READ/WRITElr FUNCTION
MA register w I An 8 bit register for designating the input/output of
(Mode A) | the port A in units of bit.
|
MB register w | An 8 bit register for designating the input/output of
(Mode B) | the port B in units of bit.
MCC register w ‘ An 8 bit register for designating the port/control
{Mode Control C) i mode of the port C in units of bit.
MC register w An 8 bit register for designating the input/output of
(Mode C) the port C in units of bit.
MM register ! w A 4 bit register for designating the port/expansion
(Memory Mapping) | mode od port D and port F.
MF register ] w i An 8 bit register for designating the input of
(Mode F) { I port F in units of bit.
|
| TMM register ’ R/W | An 8 bit register for designating the operation
(Timer Mode Reg.) mode of timer.
ETMM register w An 8 bit for designating the operation mode of
| (Timer/Event Counter| timer/event counter.
Mode Reg.)
EOM register | R/W | An 8 bit register for controlling the ouput level of
(Timer/Event Counter“ COo, co1.
Output Mode Reg.) |
| SMH register I R/W 7 bit and 8 bit registers for designating the
SML Tw operation mode of serial interface.
ANM register R/W An 5 bit register for designating the operation mode
(A/D Channel of A/D converter and for indicating the input
Mode Reg.) channel during A/D conversion.
ZCM register w | A 2 bit register for switching on/off the internal
(Zero Cross Mode zero cross detection circuit.
Reg.) CMOS only [

f if
F2 F1 Fo INTF g 13 12 I o INTF
0 0 0 - 0o 0 o0 0 0 INTENMI
0 1 0 cY 0o 0 o 0 1 INTFTO
0 1 1 HC o 0 o0 1 0 INTFT1
1 0 0 z o o 0 1 1 INTF1
0 0 1 0 0 INTF2
0 0 1 0 1 INTFEO
[ ] 1 1 0 INTFE1
0 0 1 1 1 INTFEIN
0 1 0O 0 o INTFAD
0 1 0 0 1 INTFSR
0 1 0 1 0 INTFST
0 1 0 1 1 ER
0 1 1 0 0 ov
1 0O 0 o 0 AN4
1 0 0 0 1 ANS
1 0 o0 1 0 AN6
1 0o o0 1 1 AN7
1 0 1 0 0 SB
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INSTRUCTION SET

MNEMONIC | OPERAND] ) g; COPE ., 53 y STATE OPERATION rs:g‘;omon
1A 00011T2TyTg 4 feA
Al 0000172 To 4 Aer
R 01001101 115554535251 S0 10 st A
* 1A, s 01001100 115554535251 Sp 10 Aesrl
MOV r, word 01110000 01101R2R1Rp Low Adrs | High Adrs 17 r + (word)
[ word, 1 01110000 01111R2RqRg Low Adrs | High Adrs 17 (word) «r
§ [ 7 T byte |o1101R2R; Data h 7 < byte
< |mvi si2,byte | 01100100 $3000052S So Data 14 | s2<byte
: MVIW  * |wa,byte |[01110001 Offset Data 13| (V.wa) < byte
% IMVIX ¢ Trpal,byte [010010A7 A Data 10 (rpal) < byte
ﬁ STAW *+ |wa 01100011 Offset 10 | (Vwa) <A
3 [Loaw + fwa 00000001 Offset 10 | Ac(V.wa)
STAX * |rpa2 A30111AzA7 Ag Data (*1) 713 | (rpa2) < A
LDAX * [rpa2 A30101A2A) Ag Data (*1) 713 | A< (rpa2)
EXX 00010001 4 B~B,C~C,D~D,
E“E,HeH, Lol
EXA 000*0000 a V,Ae V', AL EA < EA
EXH 01010000 4 H, LeH, L
OPERAND B a(z)P CODE T m STATE OPERATION g';',':mno“
BLOCK D+ 00110001 13x | (DE)+ + (HL)+,C < C—1
(C+1) | Endif borrow
p3, EA 101101Py Py 4 rp3L « EAL, rp3y < EAH
DMOV EA,p3 |101001P1Pg 4 EAL «rp3(, EAH < rp3y
= sr3, EA 01001000 1101001 Ug 14 sr3+ EA
ﬁ EA, sr4 [} i 1100000Vg 14 EA «srd
E SBCD word 01110000 00011110 Low Adrs | High Adrs 20 (word) « C, (word+1) < B
£ [soeo word 00101110 20 (word) « E, (word+1) « D
= SHLD word 00111110 20 (word) « L, (word+1) < H
& [ssPo word 00001110 20 | (word) «SPL, (word+1) < SPH
£ ISTEAX rpa3 01001000 1001C3C2CyCo Data (*2) 14/20 (rpa3) « EAL, (rpa3+1) « EAH
g LBCD word 01110000 00011111 Low Adrs | High Adrs | 20 | C+ (word), B « (word+1)
LDED word 00101111 20 E « (word), D « (word+1)
LHLD word 00111111 - 20 | L+ (word), H« (word+1)
LSPD word 00001111 20 | SPL <+ (word), SPy + (word+1)
LDEAX pa3 01001000 1000C3C2Cq Co Data (*2) 14/20 | EAL « (rpa3), EAH « (rpa3+1)
PUSH ol 10110020Q1 Qg 13 | (SP=1) < rply, (SP—2) < rp1
SP ~SP—2
POP pl 101000Q2Q1 Qg 10 rp1L « (SP), rp1y « (SP+1)
SP < SP+2
LXI +[p2,word | 0P2P1Pg0100 Low Byte High Byte 10 | rp2« word
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MNEMONIC |OPERAND | i -— g;fi’!’% B3 B STATE OPERATION g'é':mnou
TABLE 01001000 10101000 17 g‘gggﬁ;ﬂ]
- »
[ Taoo — [ar 01100000 11000R; Ry Ry ) A A
oA 01000Ry Ry Rg 8 oA B
A 11010R2 Ry Rg ] A< ArCY 1
= Aoc oA 01010RZ Ry Ry 8 < rHASCY
g AOONC Y 10100R; Ry Rg 8 A A No Carry
b LA | 00100Rz Ry Ry ]79 reA No Carry
& sus Ar | 11100R2 Ry Ry e A A-r
g nA i 01100Rz Ry R [ s rer-A
. Ar 11110R Ry Ry [ s A< A-r—CY
£ nA ! 01110Ry Ry Rg 8 r<r—A—CY
< suanEe ar | | 10110R2Ry Rg ‘ 8 A< A-r No BonowH
= A ] i I 00110R2 Ry Rg 8 rer—A No Borrow
H AnA A [ | 10001 Ry Ry Ry 8 A<AAr
LA I 00001R2 Ry Ry 8 rerAA
Ar i 10011 Rz Ry Rg 8 AAVT
ORA rA [ 00011R2Ry Ry 8 rerVA
At ] 10010R2 Ry R 8 A<AVr
XRA oA | 00010R2Rq Ry 8 rerV¥A ]
oA At \ 10101R2Rq Ry 8 A-r—1 No Borrow
A [] 00101R2RqRg 8 —A-1 No Borrow
MNEMONIC | Of 1 g; CODE 5 5 STATE OPERATION f:'gISDITION
§ A AT 01100000 10111R2Rq Ry 8 A Borrow
S T A 00111R2R1 Ry 8 —A Borrow
é NEA Ar 11101 Rz Ry Rg 8 At No Zero
g oA 01101R2Ry Rg 8 —A No Zero
£ Ar 11111R2R Ry 8 A-r Zero 1
€ £aa oA 01111R2 Ry Ry 8 A Zero
& [oNa Ar 11001Ry Ry Rp 8 AT No Zero
@ [OFFA A 11011 Ry Ry Ry 8 ANT Zero
ADDX rpa 01110000 11000A2 A7 Ag " A< A+ (rpa)
% |Abcx pa 11010A2A71 Ag " A < A+ (rpa)+CY
S [apONCX  |rpa 10100A2 A7 Ag n A< A+ (rpa) No Carry
£ [susx rpa 11100A2 A1 Ag " A< A— (rpa)
o [sBBX pa 11110A2A71 Ag n A« A~ (rpa)-CY
ga SUBNBX  |rpa 10110A2A7 Ag " A« A- (rpa) No Borrow
I [ANax pa 10001A2A71 Ag n A<AN (rpa)
€ [oRAX pa 10011A2A7 Ag 1 A<AV (rpa)
= |XRAX pa 10010A2A71 Ag n A« AV (rpa)
2 [eTAx pa 10101 A2A7 Ag [ A (rpa)—1 No Borrow
LTAX rpa 10111A2A71 Ag " A (rpa) Borrow
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MNEMONIC |OPERAND 7 :; coos 53 STATE OPERATION CoNDITION
« [Abyte |01100111 <+ Data ~ 7 A-byte ,, No Zero
NEI «, byte 01110100 01101 Rz Ry Rg Data " T-byte No Zero
s2byte 0110 | S31101S2S1Sp ] 14 sr2-byte No Zero
2 * [Abyte 01110111 « Data ~ 7 A-byte Zero
S e «, byte 01110100 01111Ry Ry Rp Data " —byte Zero
W si2,byte 0110 § S3111152S1Sp 14 sr2-byte Zero
2 < |Abyte [01000111 <« Data + 7 AAbyte No Zero
2 lont "I byte  |o1110100 01001RZ Ry Ry Data n Abyte No Zero
H s2,byte (0110 ‘ S3100152S1 So ; 14 52 Abyte - No Zero
“ TAbyte (01010111 < Data 7 AAbyte Zero
OFFI . byte 01110100 01011R2Rq Ro Data n r Abyte Zero
s2.byte (0110 § 5310115251 S0 14 | si2Abyte Zero
ADDW wa 01110100 11000000 Offset 14 | AcA+(V.wa)
é ADCW wa 1101 14 | A< A+H(V.wa)+CY
2 [ADDNCW  [wa 1010 14 | A<A+(V.wa) No Carry
= [susw wa 1110 14 | AcA-(V.wa)
2 |sesw wa 1111 14 A+ A—(V.wa)-CY
X [suNBW  |wa 1011 14 | AcA-(V.wa) No Borrow
2 [anaw wa 10001000 14 A AN (V.wa)
ORAW wa 1001 | 14 | A<AV(V.wal
MNEMONIC | O B g; CODE 5 STATE OPERATION gg‘,ﬂ‘,,mn
XRAM wa 01110100 10010000 Offset 14 | AcAV (Vwa)
GTAW wa 10101000 14| A-(V.wa)-1 No Borrow
LTAW wa 1011 14 | A-(Vwa) Borrow
NEAW wa 1110 14| A=(V.wa) No Zero
= [EQAW wa [KEE 14 | A-(V.wa) Zero
% |ONAW wa 1100 14 AA(V.wa) No Zero
2 |oFFAW wa 1101 14 AA(V.wa) Zero
: ANIW  * | wa,byte |00000101 < Offset ~ Data 19 | (V.wa) « (V.wa) Abyte
Z[0RW < wabyte (0001 19 | (V.wa) « (V.wa) V byte
S |GTW * [wa,byte [0010 13 (V.wa)-byte-1 No Borrow
EITwW + [wabye 0011 13 | (Vwal-byte Borrow
NEW  * |wabyte [0110 13| (V.wa)-byte No Zero
EQIW  * |wabyte (0111 13 | (V.wa)-byte Zero
ONIW * | wa, byte o100 13 (V.wa) A byte No Zero
OFFIW * [wa,byte (0101 13 | (V.wal Abyte Zero
| EADD EA, 12 01110000 010000R; Ry [ EA« EA™2
_i5|0ADD EA, p3 0100 110001P1 Py 1 EA « EA+rp3
§§ DADC EA, rp3 ] 1101 J 1 EA < EA+rp3+CY
= E[bADDNC | EA, 1p3 ! ] 1010 § K EA « EA+rp3 No Carry
<[esus EA. 12 y 0000 011000 R7 Ry n EA« EA-r2
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MNEMONIC |OPERAND 5 g; Ccope 53 84 STATE OPERATION RNOITION
NEAX pa 01110000 1110142 A1 Ag I IR A— (rpa) No Zero
EQAX rpa 11111A2A71 Ag n A= (rpa) Zero
ONAX pa 11001A2A7 Ag 1 | AA(rpal No Zero
| [oFFAax pa 11011A2A7 Ag E AN (rpa) Zero
f * [Aabye |01000110 < Data~ 7 A< Atbyte
| |aDI r. byte 01110100 01000Ry Ry Ro Data n T~ rebyte
= [s2.ovte 0710 | 5310005257 S0 ] 20 | sr2 < sr2+byte
3 < [Abyte |01010110 < Data > 7 A < AtbytesCY
W ac I, byte 01110100 01010R2 Ry Ry Data m T < rbyte+CY
2 s2,byie 0110 | S310105251 So [} 20 | sr2 < sr2+byterCY
H * [Abyte |00100110 < Data ~ 7 A« Atbyte No Carry
2 laoine v bve 01110100 00100Ry Ry Rg Data 1| reribyte No Carry
sr2,byte | 0110 { . S3010087251So ] [ 20 52 < sr2+byte No Carry
* 1A byte 01100110 < Data > | 7 A~ A-byte
sul T, byte 01110100 01100R2 Ry Rg Data 1 T < r—byte
s2.byte | 0110 | . S311005281 S0 20 | sr2 < sr2—byte
* |abyte |01110110 < Data 7 A< A-byte—CY
s8I T, byte 01110100 01110Rz Ry Ro Data 1| rer-byte—CY
sr2,byte | 0110 ; 3111082581 So 20 512 « sr2—byte—CY
OPERAND & T »%'; CODE a3 52 STATE OPERATION S TION
= [Abyte |00110110 < Data—+ 7 A< A-byte No Borrow
SUINB r. byte 01110100 00110R2 Ry Ry Data 1| rer-byte No Borrow
sr2,byte |0110 ‘ S3011052S7 S [] 20 sr2 < sr2—byte No Borrow
< [Abyte |00000111 < Data ~ 7 A<AAbyte
AN v, byte 01110100 00001Ry Ry Ry Data 1| rerAbyte
si2,byte [01100100 $300015251S0 ] 20 | s2-s2Abyte
< * |Abyte |00010111 < Data > 7 A<AVbyte
3 |ori T, byte 01110100 000711R2Ry Ry Data 1M | rerVbyte
E [s2,bye 0110 § S300115751Sp ] 20 12 < sr2 V byte
a « |abyte |00010110 < Data + 7 A<AV byte
g XRI ", byte 01110100 00010R2 Ry Ry Data | rer¥obyte
= sr2,byte [0110 $30010S2S1 S * 20 sr2 < 512 ¥ byte
+ |Abyte 001007111 < Data 7 Abyte—1 No Borrow
6T v, byte 01110100 00101R2 R Ry Data 1| r—byte—1 No Borrow
sr2,byte [0110 | $301018257 Sp ] 14 sr2—byte—1 No Borrow
~ JAbyte 00110111 < Data ~ 7 A-byte Borrow
LTI r, byte 01110100 00111R2R1Rp Data 11 r—byte Borrow
si2,byte 0110 | S301115281 S0 ] 14 sr2-byte Borrow
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MNEMONIC |OPERAND - OF copE T STATE OPERATION ZoNDITION
DSUB EA.1p3 | 01110100 T11001P Pg 11| EA<EA-rp3
Ds8eB EA, rp3 1111 I 1 EA < EA-rp3-CY
DSUBNB EA, rp3 1011 g 1 EA < EA-p3 No Borrow.
o DAN EA, p3 100011P1 Py n EA«~EA A3
g DOR EA, p3 1001 § 1 EA«EAVrp3
E DXR EA, rp3 100101P1Pg n EA <« EA V3
5 0GT EA, p3 101011P1Pg 1 EA-p3—1 No Borrow
4 oLT EA, rp3 1011 n EA-rp3 Borrow
; DNE EA, rp3 1110 1 EA-p3 No Zero
DEQ EAp3 | KRR 1| EA-p3 Zero
DON EA, p3 1100 T | EAAMm3 No Zero
DOFF EA, p3 1101 1| EAAMmS Zero
ggmm 2 01001000 001011Ry Rg 32 EA«AXr2
22[owv 2 [} 0011 § 59 EA < EA#12, 12 « surplus
INR 2 010000R; Rg 4 12 <241 Carry
55 INRW  *  |wa 00100000 « Offset > 16 (V.wa) « (V.wa)+1 Carry
FH w» 00P1PpO010 7 P < rp
=& INX
55 EA 10101000 7 EA <« EA+1
Z8[ocr 2 010100R; Ry a 2 <21 Borrow
DCRW * wa 00110000 « Offset ~ 16 (V.wa) + (V.wa) -1 Borrow
MNEMONIC | OPERAND = ng CODE = = STATE OPERATION ggﬁumon
oex ® 00P1Pg0O0T1 7 b« rp—1
EA 10101001 7 EA <« EA-1
RLL 2 01001000 0011018 Rp 8 | r2mi1 < r2m. 120 < CY, CY « 127
RLR 2 00 Ry Rp 8 2m—1 «2m, 127 < CY,
CY «r2g
- st 2 001001R7 Ry 8 | r2mi1 < 2m, 120 <0, CY <127
% SLR 2 00R Ry 8 | 2m-1+r2m, 127 <0,CY «r2g
a |stic 2 000001RyRp 8 2m+1 < 12m. 120 < 0,CY <127 | Carry
% [stre 2 { 00RiRo 8 | 2m_1 «r2m,r27 <0,CY «r2g | Carry
 [oRLL EA 10110100 8 EAns1 + EAn, EAQ < CY,
< CY-EA15
2 [oRLR EA 0000 ) EAn—1 « EAp, EA15 < CY,
CY <EAg
DSLL EA 10100100 8 EAnt1 + EAn, EAQ <0,
CY - EA15
DSLR EA l 0000 8 EAn—1 + EAn, EA15 « 0,
CY < EAg
DAA 01100001 4 Decimal Adjust Accumulator
sTC 01001000 00101011 8 cY <1
cLe T 1 00101010 8 cY <0
NEGA K] [} 00111010 8 A< Al
RLD 01001000 00111000 17 Rotate Left Digit
RRD ‘ t * 1001 17 Rotate Right Digit
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OP CODE SKIP
{ MNEMONIC | OPERAND = 5 5 5 STATE OPERATION CONDITION
TTMP ¢ [word 01010100 — Low Adrs + High Adrs 10 | PCword
o |98 00100001 a PCHq <B,PCL~C
2 bR word 11 «jdispl | 10 PC « PC+1+jdispl
T lRE + [word 0100111 =] idisp 10 | PC«PC+2+jdispl
JEA ) 01001000 00101000 8 PC~EA
CALL + |word 01000000 < Low adrs High Adrs 16 | (SP—1) < (PC+3)y,
(SP-2) « (PC+3)L.
PC < word, SP « SP—2
CALB 01001000 00101001 17| (8P—1) < (PC+2)py,
(SP—2) « (PC+2)_
PCH < B, SP < SP-2, PC| < C
 |eatF - fwor 01111 — ] fa— 13| (SP—1) « (PC+2)p,
3 (SP=2) « (PC+2) L
3 PC15_11 « 00001, PC10_0 « fa,
SP—sP-2
CALT word 100 <t~ 16 | (SP—1) « (PC+T)p,
(SP=2) « (PC+1)
PCL < (128+2ta),
PCH + (129+2ta), SP « SP—2
SOFTI 1 01110010 T 16 | (SP—1) < PSW, (SP—2) « (PC+1)py, 7
(SP=3) « (PC+1)(, PC « 0060H,
SP—SP-3
i,,, I __ OPCODE ] sKip
MNEMONIC| OPERAND} i 83 a3 84 ] STATE OPERATION CONDITION
RET Mo111000 10| PCL « (SP), PCH « (SP+1)
- | SP —SP+2
< 'RETS ERECE 10| PCL < (SP), PCH < (SP+1)
5 SP SP+2,PC < PC+n
= fRem 01100010 13 | PCL < (SP), PCy = (SP+1) Unconditional
PSW « (SP+2), SP < SP+3 Skip
SK 7 01001000 00001 FyF Fg 8 Skip if f=1 =1
o [SKN f I 0001 | 8 Skip if =0 =0
2 [skiT it 01014131211 1o 8 Skip if irf=1, then reset irf irf=1
SKNIT | irf 0111413121119 8 Skip if irf=0 -0
| Reset irf, if irf=1
2 [nop [00000000 [ a No Operation
£ [er o101010 | Enable Interrupt
1 8 ot 10111010 [ e Disable Interrupt
= + —t
|8 [T 01007000 00111011 [ n Halt |
Notes:
{1): B2(Data) : rpa2 = D+byte, H+byte
(°2): B3(Data) : rpa3 = D+byte, H+byte
(*3): right side of slash (/) in states indicates case rpa2, rpa3 = D+byte, H+A, H+B, H+EA, H+byte
(*4): in the case of skip condition, the idle states are as follows.
1-byte instruction : 4 states 2-byte instruction {with *) : 7 states
2-byte instruction : 8 states 3-byte instruction (with *) : 10 states
3-byte instruction : 11 states 4-byte instruction 14 states
Additional instruction for yPD78C10/C11/C14:
OP CODE I SKIP
OPERAND | STATE OPERATION CONDITION
s B2 B3 B4 |
STOP 01001000 | 10111011 IRE Stop
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(Ta=25°C)
PARAMETER SYmBOL TEST CONDITIONS RATINGS UNIT
vee 0510 +7.0 v
VoD -0.510+7.0 v
Power Supply Voitage Avee 0510470 v
AVss ~051t0+0.5 v
Input Voltage Vi —0.51t0 +7.0 \
Output Voltage Vo -05t0+7.0 v
All Output Pin 4.0 mA
Output Current Low loL
All OQutput Pin Total 100 mA
All Output Pin -05 mA
Output Current High IOH -
All Qutput Pin Total -20 mA
Reference Input Voltage VAREF -0.5t0 Vce \%
10 MHz <fxTAL <12 MHz —10to +70 °C
Operating Temperature Topt
fXTAL <10 MHz ~40to + 85 °C
Storage Temperature Tstg —65to +150 °C
0SC. FRED. PARAMETER Ta Vee., AVee
10 MHz <fxTAL <12 MHz ~10°C to +70°C +5.0V 5%
fXTAL <10 MHz ~40°C to +86°C +5.0V10%
(Ta=25°C, VcCc = VpD = Vss = 0V)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Capacitance Cy fo=1MHz 10 pF
Output Capacitance Co Unmeasured Pins 20 pF
1/0 Capacitance ci/o Returned to OV 20 oF

(Ta=-10°C to +70°C, VGG = +5.0V + 5%, Vgg = OV, Vcc —0.8V < Vpp < Vo)
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Low Voltage ViU 0 08 v
ViH1 All except SCK, RESET, X1and X2 20 vee v
Input High Voltage ViH2 SCK, X1, X2 *1 0.8 Vce vee v
ViH3 RESET 0.8Vpp Vce v
Output Low Voltage VoL oL = 20mA 0.45 v
Output High Voltage VoH 10H = —2004A 24 v
Input Current nh INT1, TI (PC3); +0.45V < VIN < VCC + 200 HA
Input Leakage Current | I All except INT1, T (PC3) OV V)N <Vgg 10 | wA
Output Leakage Current | 1L0 0.45V<Vp<Vce 10 | wA
AVCC Supply Current | Alcc 6 12 mA
uPD7811, 7810 1572 32 mA
l”fjrs‘fﬂ"j (iu"em B oo uPD78PG11E 152 | 32 mA
uPD7811,7810 150 *2 200 mA
Vce Supply Current Icc WPDTBPGIE 202|230 Yy
{_Data Retention Voltage VDDDR | Vcc = OV, RESET = V)i 3.2 \

*2: Ta = 25°C, VoG = Vpp = +5.0V
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AC CHARACTERISTICS
READ/WRITE OPERATION (Ta = -10°C to +70°C, VoG = +5.0V + 10%, Vgg = OV, Voc 0.8V = Vpp = Vco)
| PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
| X1 Input Cycle Time tcve 83 250 ns
Address Setup to ALE + tAL o 65 ns
Address Hold from ALE ; ¢ [ 50. ns
Address to RD ; Delay Time tAR 150 ns
RD + to Address Floating tAFR . 20 ns
Address to Data Input tAD 360 ns
ALE + to Data input tLDR 215 ns
RD: to Data Input 1RD 180 ns
ALE i to RD : Delay Time 1R 35 ns
Data Hold Time from RD * tRDH 0 ns
RD ! to ALE* Delay Time tRL 115 ns
Data Read 280 ns
RD Width Low AR
OP Code Fetch 530 ns
ALE Width High t 126 ns
M1 Setup Time to ALE + tML *3,'6 65 ns
M1 Hold Time from ALE + LM 50 ns
iO/M Setup Time to ALE + (% 65 ns
i0/M Hold Time from ALE . ty 50 ns
Adress to WR : Delay [ 150 ns |
ALE + to Data Output tLOW 195 ns
WR / to Data Output twD 100 ns
ALE + to WR  Delay Time tw 35 ns
Data Setup Time to WR * tow 230 ns
Data Hold Time from WR * tWDH 95 ns
WR 1 10 ALE * Delay Time twi 115 ns
WR Width Low tww 280 ns
Address to Data Input Delay tACcC 78PG11E only 360 ns
Note 1: fxTaL = 10 MHz
2: Load Capacitance; C = 150pF
SERIAL OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
SR tnput [ 8 1.66 us
_— 1 500 ns
SCK Cycle Time oYK S e 5 =
S ot [ 8 750 ns
. [ 200 ns
SCK Width Low tKKL o
SCK Output 900 us
SER tnput [ 8 750 ns
o [ e 200 ns
SCK Width High tKKH T own 500 —
RxD Setup Time to SCK t TRXK 8 80 ns
RxD Hold Time from SCK tKRX ‘8 80 ns
SCK { to TxD Delay Time tKTX 8 210 ns
*8: 1x Baud Rate in Asynchronous, Synchronous, /0 Interface Mode
*9: 16x Baud Rate or 64x Baud Rate in Asynchronous
ZERO-CROSS
CHARACTERISTICS (Ta = ~10°C to +70°C, Ve = +5.0V * 5%, VSS = OV, VCC ~0.8V < Vpp < Vce)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 1.8 VACp—p
Zero-Cross Accuracy .| AZX 60 Hz Sine Wave +135 mV
Zero-Cross Detextion Input Frequency | fzx 0.05 1 kHz
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{Ta = —=10°C to +70°C, Vgc = AVcC = +6.0V £ 6 %, Vgg = AVgg = 0V, AVce —0.5 < VAREF < AVcce)

PARAMETER SYMBOL TEST CONDITIONS Min TP UNITS

Resolution 8 Bits.
- 5

Absolute Accuracy gg"_s 2‘023(;0;15%% Oab2 Le8
83ns = tcyc = 170ns 06% 12 | Lsa

e 83ns =tcyc = 110ns 576 teve
Conversion Time ICONV 1™ ns = toyo = 170ns 432 toye

83ns = toyc S 110ns 9 teve

Sampling Time ISAMP s = toyG =170ns 72 teye
Analog Input Voltage Vian 0 VAREF v
Analog Input Impedance Ran 1000 )
VAREF Current |AREF 02 05 15 mA
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(Ta= -40°C to +85°C, VCC = +5.0V + 10%, Vgg = OV, Vog —0.8V < Vpp < Vog)

PARAMETER SYMBOL| TEST CONDITIONS MIN TYP MAX | UNITS
input Low Volitage ViL 0 0.8 v
ViH1 All except SCK, RESET, X1, X2 20 vee v
Input High Voltage ViH2 SCK, X1, X2 *1 0.8Vce vee v
ViH3 RESET 0.8Vpp vee v
Output Low Voltage VoL IoL = 20mA 0.45 v
Output High Voltage VoH 10H = —200pA 24 v
Input Current N INT1, TI (PC3); +0.45V < VN < VCC 200 | WA
Input Leakage Current | I All except INT1, TI (PC3) OV < ViN < VcC £10 | wA
Output Leakage Current | ILQ 0.45v<VpsVce £10 | WA
AV(CC Supply Current | Alcc 6 12 mA
VD Supply Current 10 wPD7811, 7810 152 35 mA
wPD78PG11E 152 35 mA
VG Supply Current Icc uPD7811,7810 150*2 | 220 mA
HPD78PG11E 140 *2 250 mA
Data Retention Voltage VpppR | Vo = OV, RESET =V 32 | \
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wPD7810/11/PG11E

AC CHARACTERISTICS
READ/WRITE OPERATION (1, = —40°C to +85°C, VoG = +5.0V % 10%, Vss = OV, VGG —0.8V < Vpp < Vee)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS

X1 Input Cycle Time tcyc 100 250 ns
Address Setup to ALE « tAL 100 ns
Address Hold from ALE . LA 70 ns
Address to RD » Delay Time tAR 200 ns
RD . to Address Floating tAFR 20 ns
Address to Data Input tAD 480 ns
ALE . to Data Input tOR 300 ns
RD. to Data Input tRD 250 ns
ALE .+ to RD . Delay Time LR 50 ns
Data Hold Time from RD * tRDH 0 ns
RD * to ALE* Delay Time tRL 150 ns
RO Width Low R Data Read 350 ns

OP Code Fetch 650 ns
ALE Width High W 160 ns
M1 Setup Time to ALE . tML 6 100 ns
M1 Hold Time from ALE . M 6 70 ns
i0/M Setup Time to ALE . L 7 100 ns
TO/M Hold Time from ALE . L 7 70 ns
Adress to WR + Delay tAW 200 ns
ALE + to Data Output tLow 210 ns
WR « to Data Output WD 100 ns
ALE + to WR . Delay Time W 50 ns
Data Setup Time to WR * tow 300 ns
Data Hold Time from WR * tWDH 130 ns
WR 1 to ALE * Delay Time twi 150 ns
WR Width Low tww 350 ns
Address to Data Input Delay tACC 78PG11E only 480 ns

Note 1: fxTAL = 10 MHz
2: Load Capacitance; C_ = 150pF

SERIAL OPERATION PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
— '8 !
§CK Input l 20 Ll
SCK Cycle Ti t l i 500 i
cle Time —
v CYK SCK Output 24 us
SER tnpit [s 920 ns
I B 200 ns
SCK Width Low tKKL —
SCK Output 11 s
— ‘8
SCK Input | 920 i
R . | ‘9 200 ns
SCK Width High tKKH —
SCK Output 1.1 us
RxD Setup Time to SCK 1 tRXK 8 80 ns
RxD Hold Time from SCK 1 KRX ‘8 80 ns
SCK | to TxD Delay Time tKTX '8 210 ns
ZERO-CROSS
CHARACTERISTICS (Ta = —40°C to +85°C, VCC = +5.0V + 10%, Vgg = OV, Ve ~0.8V < Vpp < VCC)
PARAMETER SYMBOL TEST CONDITIONS MIN MAX | UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 1.8 VACp_p
Zero-Cross Accuracy AzZx 60 Hz Sine Wave +135 mvV
Zero-Cross Detextion Input Frequency | fzx 0.05 1 kHz
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uPD7810/11/PG11E

"1

The following oscillation circuit using XTAL is recommended.

C
e

D C=10 pF
T

X2

Ta=+256°C,Vcc=VpD =5V
fXTAL = 12 MHz
fXTAL =10 MHz
Load capacitance : C|_= 150 pF

MODEOQ, MODE1 pins are connected to VG through R in uPD7810, uPD7811, uPD78PG11E
MODEO, MODE1 pins are connected to V¢ through R in uPD7810
1xBaud Rate in Asynchronous, Synchronous, 1/0 Interface Mode

16x, 64x Baud Rate in Asynchronous
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A/D CONVERTER
(ta = —40°C to +85°C, VCC = AVCC = +5.0V + 10%, Vsg = AVss = OV, AVcc —0.5V = VAREF = AVcC) CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS Min TYP UNITS
Resolution 8 Bits
Absolute Accuracy 180_"5 ‘So(gvmc g%:ns 04% =2 LS8
100ns = toyc = 170ns 0.6% +1/2 LSB
o 100ns S tgyG = 170ns 576 tcyc
Conversion Time 10OV I s Stoye = 170ns 432 teve
100ns = toyC = 110ns 96 tcve
Sampling Time ISAMP ™ 0ns = toye S170ns 72 tcve
Analog Input Voltage VIAN 0 VAREF v
Analog Input Impedance RAN 1000 MQ
VAREF Current IAREF 0.2 05 15 mA
24v 20v ; 2oV AC TIMING
> easurement <: MEASUREMENT POINT
0.8V Points 0.8V
0.45v
SYMBOL CALCULATING EXPRESSION MINJMAX. | UNITS BUS TIMING
AL 2T - 100 MIN ns DEPENDING ON tcyc
LA T-30 MIN ns
tAR 3T - 100 MIN ns
tAD 7T - 220 MAX ns
tLDR 5T - 200 MAX ns
tRD 4T - 150 MAX ns
R T-50 MIN ns
tRL 2T - 50 MIN ns
4T - 50 (Data Read)
(RR 7T — 50 (OP Code Fetch) MIN n
L 2T - 40 MIN ns
M "2 2T - 100 MIN. ns
L 2 T-30 MIN. ns
"3 2T - 100 MIN. ns
3 T-30 MIN. ns
tAW 3T -100 MIN ns
tLow T+110 MAX ns
ww T -50 MIN ns
tow 4T 100 MIN s
twoH 2110 MIN ns
wi 2T - 50 MIN ns
ww 4T - 50 MIN ns
20T (SCK Input) *1
tevk 24T (5CK o:tp)un MIN "‘
10T - 80 (SCK Input) *1
tKKL 127 - |c:a (‘§El_(pOu'mu() MIN "
e 10T - 80 (S5K Input) *1 MIN s
12T - 10C (SCK Output)

*1: 1x Baud Rate in Asynchronous, Synchronous, /O Interface Mode.
*2: MODEO, MODE1 pins are connected to Vcc through R.
+3: MODEO, MODE1 pins are connected to Ve through R in uPD7810.

Note: T=tcyc = 1/fXTAL
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OTHER OPERATIONS

(Ta=-10°C to +70°C, VoG = +5.0V+ 5%, Vgg = OV, VGG -0.8V < Vpp < Vo)
(Ta = -40°C to + 85°C, VCC = +5.0V £ 10%, Vgs = 0V, Vo -0,8V < Vpp = Vce)

Parameter Symbol C iti MIN MAX UNITS
Ti width high, low tTIH, tTIL 6 tcyc
tciiH, toiL | Event Count Mode 6 tcyc
Cl width high, low - Pulse Width
1CizH, toiaL Mue::ur;mem Mode 8 tcye
NMI width high, low NIH, INIL 36 tcye
INT1 width high, low A, the i 36 t_g\{g«
INT2 width high, low ti2H, tioL 36 tcyc
RESET width high, low | tRSH, tRSL } 60 tcye
EXTERNAL CLOCK TIMING

(Ta = -10°C to +70°C, VCC = +5.0V =+ 5%, Vsg =0V, Vce 0.8V < Vpp =< Voo)
(Ta = -40°C to + 85°C, VCC = + 5.0V + 10%, Vgg = OV, VoG -0.8V < Vpp =< VGe)

Parameter Symbol Twst Conditions MIN MAX l UNITS
X1 input width high toH 30 250 | ns |
X1 input width low toL 30 250 ns
X1 input rise time tr 0 30 ns
X1 input fall time tf 0 30 __ns
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NEC

TIMER INPUT TIMING

TI

TIMER/EVENT COUNTER INPUT TIMING
EVENT COUNT MODE

tCNnH oL

CI

PULSE WIDTH MEASUREMENT MODE

tCI2H cl2L

meed | L ————
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INTERRUPT INPUT TIMING
tNIH tNIL
NMI
L tHH
INTI
t2H 2L

INT2

RESET INPUT TIMING

EXTERNAL CLOCK TIMING

-

X1

oL
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pPD7810/11/PG11E

CHARACTERISTICS (T, =25°C)

CURVE

— REFERENCE — Output Voltage High vs Output Current High
E o6 Vee = 5.0V
T
Eo Vg =55V
-:‘C: o Veg = 4.5
3
o

— 2 3 4 5

Output Voltage High Vo [V]

Output Voltage Low vs Output Current Low

Vee =5.0V
5.0 cc,
T //
E 40 Vee = 4.5V,
- ‘cc = 4
° Vee =65V
2
o
-
= 30
I
g
5
o
-
5
g 20
5
]
1.0
50 100 150 200

Output Voltage Low Vg [mV]

CHARACTERISTIC OF
A/D CONVERTER
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uPD7810/11/PG11E

TIMING WAVEFORM

Read Operation

~1lcyc—
N aValal el aWalalaWaWaWals

o XX ADDRESS (UPPER) XX

: tAD READ DATA
PD7-0 X ){ ADDRESS (LOWER) }- — )‘l }“—“—D:
i . o _
et L LA —— LDk —'RDH )
i . tRL |
ALE ﬁ— = 1AFR
- /
—taL— |
| iy tRD.
_ t | tRR |
RD ! R 7
‘ ~ LR~ ‘
e tARf——
ML l—tim
MODET —
M N
tL F=—tLi—
MODEO —\
(10/M)*2

1 W is output at the fetch cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connected to VCC

through R.
*2 10/Mis output only when registers (sr-sr2) are read in case that MODEO and MODE1 pins are connected to V¢ through R.
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TIMING WAVEFORM

Write Operation

N aNaValaWalaWaWaWaWaWals

_

ADDRESS (UPPER)

XX

F‘LDW ™

!
PD7-0 D‘ ADDRESS u.OWERgK:)g'[L WRITE DATA

KX

t*——fLL—-—’ ‘—‘LA-—I_.
ALE _/ N

DWW

WD =

j—tWDH

e

e tAL—

tww

pop—

LW =~

AW

W—!n_—‘-‘ —tu
MODEO
(iom*3

*3 10/M is output only when registers (sr-sr2) are written in case that MODEO and MODE1 pins are connected to V¢ through R.

Serial Operation

YK |

—— KK | ———]

—{tRTX [

[ tK K H—]

TRXK

TKRX
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EPROM Timing (for uPD78PG11E)

A11-0 )L X

tacc -
|

17-0 X
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uPD7810/11/PG11E N E C

64 PIN PLASTIC 41.8MAX.
QUIP OUTLINE (Unit : mm)

-HPD7801G/PD7811G n”nnnﬂn”nﬂn”nﬂnﬂn”n”n”n”nnnﬂn”nﬂ

1.5R

+0.10
A N
A | -———19.0611.05.
1

| 39.37

[—————24.13+1.06———{

When ordering this package, specify as follows:
uPD7810G-36
pWPD7811G-xxx-36

64 PIN PLASTIC QUIP OUTLINE 41.8MAX.
FLAT LEADS

(Unit : mm) | 3937

A,

ﬁ*? O O  lzgs
OV, |
s ECo N

When ordering this package, specify as follows: uPD7811G-XXX-37
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N E C wPD7810/11/PG11E

64 PIN PLASTIC
SHRINK DIP OUTLINE (Unit : mm)
uPD 7810CW/uPD7811CW

e 58.67MAX.
l64 33
looooanonooooooonoooonooononona
R 15
NN o
> =
U U000 000000000000 000000000000
1 32
z
1.78MAX. 3 <
© <
= 3
=3
)y |
)
o
[ &
1.78+0.18 0.5+0.1 o
56.12
When ordering this package, specify as follows:
uPD7810CW
uwPD7811CW-xxx
64 PIN CERAMIC
PIGGY BACK QUIP OUTLINE (Unit : mm)
pPD78PG11E
42.0MAX.
—
000000000000 O00
) 3
&
O000000O0OOOOC0OO
i
% 33.02
§ 2.54:0.25 z 16.24
2 .
=} X
T DONOOOORRTTOOR 2 : i i
g [
Ty < =
L
1.27:0.25| | B _l.0.25:0.05
o2 2.54:0.25 0.4620.05 19.05
38.10 24.13
f
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NEC

EP ROM
2732A/2764

28 Pin Socket /
MQ&Q@U---—W@@

T

64 Pln Quad-In-Line
Pin Compatible with uPD7811

e uPD78PG11E can access eprom when addressing O to 4095
e All memory of the 2732A memory (4K-Byte memory)
e Lower 4K-Byte of the 2764 memory (8K-Byte memory)
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NEC

PRELIMINARY
ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

uwPD7810H/7811H
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WPD7810H/ATH

(Ta=25°C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNIT
Vee —0.51t0 +7.0 v
VDD -051t0+7.0 \
Power Supply Voltage AVee 0510470 v
AVgs —0.5t0 0.5 v
Input Voltage vy —0.510+7.0 v
Output Voltage Vo -05t0+7.0 v
Output Current Low oL All Qutput p‘.,, 40 mA
All Output Pin Total 100 mA
Output Current High 10H All Qutput Pin 05 mA
All Output Pin Total -20 mA
Reference Input Voltage VAREF —0.5to Vce v
Operating Temperature Topt XTAL <15 MHz —10t0 470 b
Storage Temperature Tstg —65 to +150 °C
0sC. FREG. PARAMETER T Vee, Avee
fXTAL < 15 MHz —10°C to +70°C +5.0V + 10 %
(Ta= 25°C, Vcc = Vpp = Vss = 0V)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Capacitance Cy fo=1 MHz - 10 pF
Output Capacitance Co Unmeasured Pins 20 pF
1/0 Capacitance cio Returned to OV 20 oF

(Ta = —10°C to +70°C, VCC = +5.0V £ 10 %, Vgs = 0V, Ve —0.8V < Vpp < Vce)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | Max [UNITS

Input Low Voltage ViL ] 0.8 \
ViH1 All except SCK, RESET, X1 20 vee v

Input High Voltage ViH2 SCK, X1 0.8Vce vee v
VIH3 RESET 0.8Vpp vee v

Output Low Voltage VoL oL = 2.0mA 0.45 v
Output High Voltage Vou 10H = —200uA 24 v
Input Current I INT1, TI (PC3); +0.45V < V| < VcC £200 | pA
Input Leakage Current | IL| | All except INT1, T1 (PC3) OV < V| < VG 10 | wA
Output Leakage Current | I 0 0.45V<Vp<Vce +10 | wA
AVcc Supply Current | Alcc 6 12 mA
VDD Supply Current Ipp 15°1 32 mA
Ve Supply Current Icc 150 *1 200 mA
}E Retention Voltage | VDDDR | Vg = 0, RESET = Vi 32 v

*1: Ta = 25°C, Ve = VpD = +5.0V.
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wPD7810H/11H

AC CHARACTERISTICS

READ/WRITE OPERATION

. SERIAL OPERATION

ZERO-CROSS
CHARACTERISTICS

(Ta = ~10°C to +70°C, Vg = +5.0V £10%, Vsg = OV, Vce —0.8Y < Vpp < Vce)

PARAMETER ['sYMBOL |  TEST CONDITIONS MIN MAX UNITS
X1 Input Cycle Time tcyc 66 250 ns
Address Setup to ALE & tAL 30 ns
Address Hold from ALE ¢ A _ 35 ns |
Address to RD &Delay Time tAR - 100 ns_|
RD 4to Address Floalimigﬁ_ | tAFR 1 20 ns
Address to Data input | tAD 250 ns |
ALE #10 Data Input WOR 135 ns
| RD&to Data Input RD 120 ns
| ALE 410 RD & Delay Tgné ~ lun 15 ns
Data Hold Time from RDY tROH - o ns
RD 1 to ALE# Delay Time R 80 ns
5 vt Low . Data Read 215 ns |
OP Code Fetch 415 ns
ALE Width High e 90 s
M1 Setup Time to ALE4 ML - B ns
M Hold Time from ALE § (Y] ns
iG/M Setup Time 10 ALE & W T ns |
i0/M Hold Time from ALE & w0 35 ns
Adress to WR ¢ Delay taw - 100 - ns
ALE4to Data Output | tLow I 180 ns
1;&0 Data Output twD *7f o 100 i i ns
ALE4to WR & Delay Time wo 15 - ns
Data Setup Time to WR & _ oW B 165 ns
| Data Hold Time from WR% | tWDH ! ns
WR $to ALE ADelay Time B L ns |
Lv_ﬁyv.am Low [ ww - [ s |
Note 1: fXTAL = 12 MHz
2: Load Capacitance; C = 150pF
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
[—_— [ 800 ns
— B 500 ns
SCK Cycle Time YK T
SCK Output 16 us
5EK Input 335 ns
SCK Width Low KKL — 200 n
SCK Output 700 Hs
SCK Input 335 il
SCK Width High tKH — 200 i
SCK Output 700 ns
RxD Setup Time to SCK 1 TRXK "2 80 ns
RxD Hold Time from SCK 1 tKRX “2 80 ns
SCK + to TxD Delay Time tKTX 2 210 ns
*2: 1x Baud Rate in Asynchronous, Synchronous, 1/0 Interface Mode
*3: 16x Baud Rate or 64x Baud Rate in Asynchronous
(Ta = —10°C to +70°C, Vg = +6.0V £ 10 %, Vss = 0V, Vcc —0.8V < Vpp < Vee)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Zero-Cross Detection Input Vzx AC Coupled 1 18 VACp_p
Zero-Cross Accuracy AzZX 60 Hz Sine Wave +135 mvV
Zero-Cross Detextion Input Frequency | fzx 0.05 1 kHz
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uPD7810H/11H

A/D CONVERTER
(Ta = ~10°C to +70°C, VCC = AVCC = +5.0V £]10%, Vsg = AVss = OV, AVCG 0.5 < VAREF < AVCG) CHARACTERISTICS
PARAMETER SYMBOL TEST CONDITIONS Min TYP UNITS
Resolution 8 Bits
Absolute Accuracy 23:52?(;55 0 Gons 04%+1/2 | LSB
) 66ns =tcyc S 110ns 576 teve
CGonversion Time 1CONY I Gns S toyo = 170ns 432 teve
66ns = toyc = 110ns 96 tcyc
Sampling Time ISAMP [ one = toyo <170ns 72 teve
Analog Input Voltage VIAN 0 VAREF )
Analog Input Impedance RAN 1000 Mo |
VAREF Current \AREF 0.1 20 50 mA
24v 207 " 2ov AC TIMING
> easurement < MEASUREMENT POINT
0.8V Points 0.8V
0.45Vv
SYMBOL CALCULATING EXPRESSION MIN/MAX. | UNITS BUS TIMING
AL 2T — 100 MIN " . DEPENDING ON tcyc
tLA T-30 MIN ns
tAR 3T - 100 MIN ns
tAD 7T - 220 MAX ns
tLDR 5T — 200 MAX ns
tRD 4T — 150 MAX ns
LR T-50 MIN ns
tRL 2T — 50 MIN ns
nn 4T — 50 (Data Read) i N
7T — 50 (OP Code Fetch)
[ [21-20 MIN ns
ML *2 2T - 100 MIN. ns|
M 2 T-30 MIN ns
3 2T - 100 MIN. ns |
13 T-30 MIN. ns,
taw 3T - 100 MIN ns
tLow T+110 MAX ns
tw T-50 MIN ns
oW 4T —100 - MIN ns
tWDH 2T - 70 MIN ns
twL 2T - 50 MIN ns
tww 4T — 50 MIN ns
12T (SCK Input) *1
fevk 24T (SCK Output) MIN n
T + 5 (SCK Input) *1
TRKL 1; = 1(;0 (?C'l‘(po:tputl N "
5T +5 (SCK Input) *1!
TKKH 12T - u()c (W(Do:mun MIN "

*1: 1x Baud Rate in Asynchronous, Synchronous, 1/0 Interface Mode.

Note 1: T=tcyc =1/fxXTAL
2: The items out of this table are not dependent on fXTAL.
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pPD7810H/11H

OTHER OPERATIONS

(Ta=-10°C to + 70°C, VCC = +5.0V + 10%, Vgs = OV, Vce -0.8V < Vpp < VcC)

Symbol C MIN MAX UNITS
TI width high, low TN, tTiL 6 tcye
tciiH; teiL | Event Count Mode 6 teye
Cl width high, low Pulse Width
ICI2H, ICI2L | Measurement Mode 8 fcve
NMi width high, low tNIH, INIL 36 toye
INT1 width high, low M, L 36 tcyc
INT2 width high, low ti2H, ti2L 36 tCYC
RESET width high, low tRSH, tRSL 60 tcyc
EXTERNAL CLOCK TIMING
(Ta = =10°C to + 70°C, VcC = +5.0V £ 10%, V§s = OV, Ve ~0.8V =< Vpp = Vce)
| symbol Test Condition MIN MAX UNITS
X1 input width high [ ton 20 250 ns
X1 input width low oL 20 250 ns
X1 input rise time tr 0 20 ns
1 0 20 ns

X1 input lailrtig\g
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CHARACTERISTICS (Ty=25°C)
CURVE
— REFERENCE — Output Voltage High vs Output Current High
< Ve =
£ _os 'cc = 5.0V
5
z Vg = 5.5V
2 Ve = 4.5V
f -0.4
8
5
o
-
5
£ 02
o
_ L
2 3 4 5
Output Voltage High Vou [V]
Output Voltage Low vs output Current Low
Vee =5.0v
5.0 (3
2 |
E 40 =45V,
- Ve = 4.
° Vee = 5.5V
2
]
4
= 30
c
4
t
5
o
-
2
5 20
o
10
50 100 150 200

Output Voltage Low Vg [mV]
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TIMING WAVEFORM
Read Operation

cye

PF7-0 ﬂ ADDRESS (UPPER) D

TAD READ DATA
PD7-0 X )& ADDRESS (LOWER) }-—-——( )‘ ’_——D:
- tLOR — |=—1RDH
] A '
-—LL *" *L L-—‘RL-""’!
A f ‘ N | 'AFR #
1l K 1
-— A .
| - RD. - i
b A v
\ f
e tLR
|
le—— AR
ML LM
MODET —
™ N

L =1L
'MODEO _LE
(iom)*2

*1 M7 is output at the fetch cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connected to VoG
through R.

*2 10/M is output only when registers (sr-sr2) are read in case that MODEQ and MODE 1 pins are connected to Vg through R.
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uPD7810H/11H

TIMING WAVEFORM

Write Operation

o M\ T

PE7-0 4 ADDRESS (UPPER) D

—tLOW —f
.
PD7—0 :X:>§ ADDRESS (LOWERD‘ WRITE DATA D(

T

WD f=—
ALe A N ¥
L AL ww Wi

WR L p
Tww — ~

1AW

1 L'—” pe—t| -
MODEO
(io/m)*3

*3 10/M is output only when registers (sr-sr2) are written in case that MODEO and MODE1 pins are connected to V¢ through R.

-—ILA~1 tow et f=——tWDH

Serial Operation

tcYK |
[t K L~ |*—— tkkH—=
sk / \ 7

—=1tKTX

™0 X X

RXK TKRX
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N E C uwPD7810H/11H

TIMER INPUT TIMING

TI

TIMER/EVENT COUNTER INPUT TIMING
EVENT COUNT MODE

tCiHH L

CI

PULSE WIDTH MEASUREMENT MODE

tCI2H tci2L
Cl
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NEC

INTERRUPT INPUT TIMING

NIH INIL
NMI

e tH
INT1

t2H t2L

Z
S

RESET INPUT TIMING

RESET

EXTERNAL CLOCK TIMING
.

X1
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pwPD7810H/11H

64 PIN PLASTIC -~ 41|
QUIP OUTLINE (Unit : mm)
wPD7810HG/pPD7811HG

1.5R

R

t T
3.2MIN. 3.6

——39.37

Wien ordering this package, specify as
pPD7810HG-36
pPD7811HG-xxx-36

|
|

l-o.zs

24.13

| ———19.06 ——

—T

+0.10
-0.05

|-——19.05£1.06————==

24.13+1.05

64 PIN PLASTIC |— 41.8MAX.
QUIP PACKAGE OUTLINE

(Unit : mm) r

uPD7811HG H

(o

64

T

||

0.5+0.1

When ordering this package, specify as follows:
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WPD7810H/11H N E C

64 PIN PLASTIC
SHRINK DIP OUTLINE (Unit : mm)
uPD7810HCW/uPD7811HCW

58.67TMAX.

64 33
noononoaononnoanonaoooonoaonoaonnnonn

U000 U0 U000 00000 00000000000 00uU0g
1 32

17.0

1.78MAX.

0.51MIN.

—_—
-
3.2:0.3 5.08MAX.

0~15"

1.0 1.78:0.18 |L0_5:0.1
T T

565.12

When ordering this package, specify as follows:
pPD7810HCW
#PD7811HCW-xxx
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NEC

PRELIMINARY
ELECTRICAL SPECIFICATIONS
AND PACKAGE OUTLINES FOR

wPD78C10/78C11/78C14*

* Note: For uPD78C14 this specification is only target and some parameters, especially DC Characteristics
and Absolute Ratings, may change without notice
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NEC

wPD78C10/C11/C14
ABSOLUTE MAXIMUM (Ta=25%)
RATINGS Parameter Symbol Test Condition Ratings Unit
VoD —-05t0 +7.0 \
Power Supply Voltage AVDD AVSS to VDD + 0.5 v
AVSS —0.5t0 +0.5 \
Input Voltage \ —0.5 to Vpp +0.5 v
Output Voltage Vo -0.5 to Vpp +0.5 \
All Output Pin 40 mA
Quiput Gurrent Low oL A Ovtput Pin Tota 100 mA
X All Output Pin =20 mA
Output Current High IOH All Outout Pin Total %0 A
Reference Input Voltage VAREF —0.5 to AVpp +0.3 A
Operating Temperature Topt fXTAL = 12MHz —40 to +85 c
Storage Temperature Tstg —65 to +150 °C
OPERATING CONDITION Parameter
0sC Ta VDD, AVDD
frequency
XTAL = 12MHz —40°C to +85°C +5.0V £10%
CAPACITANCE (Ta=25°C, Vpp = Vs = 0V)
Paramater Symbol Test Condition MIN TYP MAX UNIT
Input Capacitance Ci fo = MHz 10 pF
Output Capacitance Co Unmeasured Pins 20 PF
VO Capacitance co Returned to OV 2 oF
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(Ta = -40°C to +85°C, Vpp = +5.0V£10%, Vgg = OV) DC CHARACTERISTICS
Parameter Symbol Test Condition MIN TYP MAX UNIT
Al except RESET, STOP,
Vi1 NMI, SCK, INT 1, 0 08 \Y
Input Low Voltage TLAN4to 7
RESET, STOP, NMi, SCK,
ViL INT1, T, AN4 to 7 0 02vpp |V
Ali except RESET, STOP,
ViH1 NMI, SCK, INT1, T1, 22 Vbp v
AN4 to 7, X1, X2
Input High Voltage
RESET, STOP, NMi, SCK,
ViH2 INT1, TI, AN4 to 7, 0.8Vpp VbD A"
Output Low Voltage VoL loL = 2.0mA 045 v
loH =-1.0mA Vpp-1.0 A
Output High Voltage VoH OH 0D
IoH = -100pA Vpp-0.5 v
INT1, TI (PC3);
Input Current ] ovs v|(s VI;D +200 HA
Input Leakage Iy All except INT1, Tl (PC3), +10 HA
Current ovVs=VI=Vpp
Output Leakage Lo OV=Vo=Vpp +10 pA
Current
AVDD Supply Current Alpp 03 10 mA
IpD1 Operation mode f=12MHz 15 30 mA
Vpp Supply Current
IpD2 HALT MODE f=12MHz 10 20 mA
Data Retention Voltage VDDDR g.?g: :;S/DSED ftware 25 \
Hardware/Software " 15 VA
Data Retention Current IDDDR STOP Mode, VDDDR = 2.5V
VDDDR = 5V+10% 10 50 pA
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NE

AC CHARACTERISTICS (T, = -40°C to +85°C, Vpp = + 5.0 V £ 10%, Vgg = OV)

READ/WRITE
OPERATION

Parameter Symbol Test Condition MIN MAX Unit
X1 Input Cycle Time feve 83 250 ns
Address Setup to ALE+ taL *3,%4 65 ns
Adress Hold after ALE+ ta *3,%4 50 ns
Adress to RD! Delay Time taR *3,*4 150 ns
RD! to Address Floating tarR *4 20 ns
Adress to Data Input taD *3,%4 360 ns
ALE! to Data Input tLor *3,%4 215 ns
RD: to Data Input trD *3,*4 180 ns
ALE to RD/ Delay Time YR *3,%4 35 ns
Data Hold after RDt troH 4 0 ns
RD* to ALE? Delay Time R *3,*4 115 ns
- Data Read, *3, *4 280 ns
FD Width Low A OP code Fetch, *3, *4 530 ns
ALE Width High LT3 *3,4 125 ns
M1 Setup time to ALE+ ML *3 65 ns
‘M1 Hold Time after ALE} M *3 50 ns
TO/M Setup Time to ALE} L *3 65 ns
10/M Hold Time after ALE¢ U 3 50 ns
Address to WR Delay taw *3,%4 150 ns
ALE! to Data Output tLow *3,*4 195 ns
WR! to Data Output twp *4 100 ns
ALE to WR/ Delay tw 3,4 35 ns
Data Setup Time to WR* tow *3,%4 230 ns
Data Hold Time after WRt twoH *3,*4 95 ns
WRt to ALE 1 Delay Time twe *3,*4 115 ns
WR Width Low tww *3,%4 280 ns
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— AC CHARACTERISTICS
Te MIN MAX UNI
Parameter Symbol fest Condition T SERIAL OPERATION

*5 1 us

— SCK input
SCK Cycle Time tCYK *6 500 ns
CK Output 2 us
*5 420 ns

SCK Input
SCK Width Low tKKL *6 200 ns
SCK Output 900 ns
SR nout *5 420 ns

CK Inpu
SCK width High tKKH 6 200 ns
SCK Output 900 ns
RxD Setup Time to SCKt tRXK *5 80 ns
RxD Hold Time After SCK t tKRX *5 80 ns
SCK to TxD Delay Time KTX *5 210 ns

(Ta = -40°C to +85°C, Vpp = +5.0V  10%, VSS = AVSS = OV, VD -0.5V = AVDD = VDD, 4.0V S VAREF S AVDD)

Parameter Symbol Test Condition MN | TYP | MAX | UNIT é{_iDARC.AOgTVEE%RC s
Resolution 8 Bits
Ta=-10°C to +50°C,
83ns = tCcyc =170ns 04%31/2  LSB
Absolute Accuracy 83ns = tCYCc= 170ns 0.6%+1/2) LSB
3.4V = VAREF = AVDD
83ns = 1CYCS 170ns 0.8%+1/2 LSB
c on i c 83ns = tCcycs= 110ns 576 tcYc
onversion time v
ON 110ns S tCYC = 170ns 432 tcYc
s ing Ti . 83ns = tCcYC = 110ns 96 tcyc
ampling Time AMP
pling 110ns = tCYC = 170ns 72 tcYc
Analog Input Voltage VIAN 0 VAREF v
Analog Input Impedance RAN 1000 MQ
VAREFCurrent IAREF 15 30 mA
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ZERO-CROSS (Ta = -40°C to +85°C, Vpp = +5.0V+10%, Vgg = OV)
CHARACTERISTICS
Parameter Symbol Test Condition MIN MAX UNIT
Zero-Cross Detection Input Vzx AC Coupled 1 1.8 VACp-p
Zero-Cross Accuracy Azx 60Hz Sine Wave +135 mV
Zero-Cross Detection Input Frequency fzx 0.05 1 kHz
OTHER OPERATIONS (Ta=-40°C to +85°C, Vpp = +5.0V + 10%, Vgg = OV)
Parameter Symbol Test Condition MIN MAX UNIT
Ti width high, low HTIH, tTIL 6 tcyc
1H. tCI Event Count Mode 6 tcyc
Gl width high, low "((D:I;H E;LL Pulse Width Measurement Mode 48 tcye
NMI width high, low tNIH, tNIL 10 us
INT1 width high, low tH, 1L 36 lcye
INT2 width high, low f12H, tioL 36 tcye
RESET width high, low 'RSH. tRSL 10 bs

*1. For XTAL oscillation, following circuit is recommended.

(e}

X1

L

=

T X2

i
|
L c
nr

C=10pF

"2.Ta=+25°C,VpD =5V

*3. iXTAL = 12MHz

*4. Load Capacitance: C = 150pF

*6. x1 Clock Rate in Asynchronous Mode, Synchronous Mode, I/0 Interface Mode
*6. x16, x64 Clock Rate in Asynchronous Mode
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24v AC TIMING
~—— Messuremen: 20v MEASUREMENT POINT
Points <: 0.8V
0.45v
(Ta = -40°C to +85°C, Vpp = +5.0V + 10 %)
EXTERNAL CLOCK
Parameter Symbol Test Condition MIN | MAX | UNIT TIMING

| X1 input widith high toH 30 | 250 ns
X1 input width low oL 30 250 ns
X1 input rise time tr 0 30 ns
0 30 ns

X1 input fall time
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SEF?EEE:#(? ONtcYe Symbol Calculating Expression MIN./MAX. units
tAL 2T - 100 MIN ns
L T-30 MIN ns
tAR 3T -100 MIN ns
tAD 7T - 220 MAX ns
DR 5T - 200 MAX ns
tRD 4T - 150 MAX ns
R T-50 MIN ns
fRL 2T - 50 MIN ns
4T - 50 (Data Read)
R MIN ns
7T - 50 (OP Code Fetch)
[T 2T - 40 MIN ns
ML 2T - 100 MIN ns
™ T-30 MIN ns
i 2T - 100 MIN ns
Ll T-30 MIN ns
taw 3T - 100 MIN ns
Low T+110 MAX ns
ww T-50 MIN ns
tow 4T - 100 MIN ns
tWDH 2T -70 MIN ns
wL 2T - 50 MIN ns
ww 4T - 50 MIN ns
12T (SCK Input) *1
fovK 24T (SCK Output) MIN ns
5T + 5 (SCK Input) *1
KKL — MIN ns
12T - 100 (SCK Output)
5T + 5 (SCK Input) *2
tKKH — MIN ns
12T - 100 (SCK Output)

Note 1. In case of x1 clock rate in asynchronous mode, synchronous mode, or I/O interface mode.

2.T=1tCcYC = 1/fXTAL

3. Parameters which can't be found in this table don't depend on oscillation frequency (fXTAL).
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CHARACTERISTICS (T, =25°C)
CURVE
— REFERENCE — Output Voltage High vs Output Current High
E o6 Vee = 5.0V
I
o Veg = 5.5V
5 Vg = 4.5
I o <«
8
3
2
g 0.2
— 2 3 4 5

Output Voltage High Vou (V]

Output Voltage Low vs Output Current Low

Veg =5.0V

50 cc
<
£ 40 Ve = 4.5V,
- cc =4
° Ve = 5.5V
H
-
=~ 30
€
g
5
3]
-
El
S 20
5
¢}

1.0

50 100 ~ 150 200

Output Voltage Low Vg [mV]
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TIMING WAVEFORM
Read Operation

= 1CYC~

rer0 XX Aooness e XX

———— B PR |
AD READ DATA
|

Po7-0 X & aooness (ower pJ—— X X

b tLR =

e M L] f T LM ]

|-
MODE1
(M1 /
| T —=f
'MODEO = Y
(I0/M)*2

*1 My is output at the fetech cycle of the 1st byte of the instruction in case that MODEO and MODE1 pins are connected to Ve
through R.

*2 10/M is output only when registers (sr-sr2) are read in case that MODEO and MODE 1 pins are connected to V¢c through R.
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TIMING WAVEFORM

Write Operation

o TS

PF7-0 :)Dl ADDRESS (UPPER) X:X

i
PD7-0 dDDRESS (LOWEHDt WRITE DATA Q

i -—ILA—I tDw [=——"WDH ——

ae S N e VR
—tAL—f tww -R‘WL——J

e ———TAW
UL ‘ et -
MODEO
(I0/M)*3

*3 10/M is output only when registers (sr-sr2) are written in case that MODEO and MODE1 pins are connected to V¢ through R

Serial Operation

fe————————tcYK

- tKKL—— }“ IKKH—
Sk / N A
—1tKTX
TxD xt X
|
RxD
TRXK TKRX
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TIMER INPUT TIMING

tTH L

TI

TIMER/EVENT COUNTER INPUT TIMING
EVENT COUNT MODE

tChH tcne

Cl

PULSE WIDTH MEASUREMENT MODE

CI2H tci2L
cl
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INTERRUPT INPUT TIMING

NIH INIL
NMI
e HH
INT1
tu2H ti2L

Z
<

RESET INPUT TIMING

EXTERNAL CLOCK TIMING

T

2.0V

0.8Vec

X1

oL
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DATA MEMORY (Ta=-40°C to + 85°C)
STOP MODE
DATA RETENTION Parameter Symbol Test Condition MIN TYP MAX UNIT
CHARACTERISTICS .

Data retention power Vi

supply voltage DDDR 25 55 v

Data retention power I00R VDDDR =25V 1 15 bA

supply current VDDDR = 5V +10% 15 50 HA

VDD rise, fall time byl 200 us

STOP setup time to V 2T

setup time to VDD tSSTVD +0.5 bs

TG " 12T

STOP hold time from VpD tHVDST +05 us
DATA RETENTION TIMING

90%
VbD
10% VDDDR
FVD tRVD
_1_"' tSSTVD tHvDST ‘-7———
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41.8MAX.

olalalollallaollolloalal

64 PIN PLASTIC
QUIP OUTLINE (Unit : mm)
uPD78C10G/pPD78C11G/WPD78C14G

1.5R J
> ©
BLj(RY
— 1.27
24.13
19.05
o
17 ]
1§
o
] L 0257910
0501 19.05:1.05
| 39.37 | 24.13£1.05
When ordering this package, specify as follows:
wPD78C10G-36
uPD78C11G-xxx-36
uPD78C14G-xxx-36
64 PIN PLASTIC 41.8MAX.
FLAT PACKAGE OUTLINE o
(Unit : mm) -~ 39.37 |
HPD78C1 1G/uPD78C14G

T

= O O [
mmnunnl T TT IIHIHIIHIIHIHH:I’l2 l
DAL |
v v
il o Joi

When ordering this package, specify as follows: pPD78C11G-XXX-37
wPD78C14G-XXX-37
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58.67MAX. 64 PIN PLASTIC
23 SHRINK DIP OUTLINE
64 it -
Fa¥atatalalalslaTalalataloelafolsRalolulatslalatalalelalalalatatsl (Umt.mm)
pPD78C10CW/C11CW
RS WPD78CTICW-xxx uPD78C14CW
5 WPD78C10CW 8
WPD78C14CW-xxx
L’LJL’L’II\ZIEVI.JLT\JLIULJLILJLILll.lLILH.JLJI-ILILJLll.JLll_ll_ll_lé_l2
z
1.78MAX. s < ,._ﬂf’_ﬂ
r o <
= z |
— § 0.25+0 .
10 1.78:0.18 H 0.5+0.1 i ik 0~15°
T L T
55.12
14183 64 PIN PLASTIC
04702 23 MAX FLAT PACK OUTLINE
als [~ *| (Unit : mm)
uPD78C10G/C11G
)) uPD78C14G
| T
| = o 1
[ O M
| - - 117
| o= - - 1
| o= =-— 11
o eae F—
e 55 ol oy 3
(- R e I A
(o - FEF - P
[ - - — § § § T N
= | e o a -
[ =
o - -]
| - - - -
| = -— 13
[ — =St
EEHEERBREEL: \:{
nlln
HEH
P AN
102018
12403
L 18.7404 !
[ 0ooopopoona DN

05

A
] Hj -

236:0.2
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68 PIN PLASTIC LCC

PACKAGE OUTLINE
uPD78C10L/C11L/C14L
) 25.2%0.2
N 24.20
jalnlclinliclclclalcliclclalelelenlelel
.
g p
g p
g ol
g il
a il
g 1l
68 oy
a1~ . P g 2
i N B P
v 1] &
s 1]
g #
a 1l
a il
g n
s p
q 0
|0 L e g g e i ey ey gy e e e m——
0.6 1.9410.15
28
ol . 199
¥ sﬁ]: Ik ¥
el 4
““ A A A UA A CANTATVANTTANTVAN A 4 R0.8

e

27 L (=[018] 10
0.4020:10[@]012®]

0.7MIN

231210.20 '
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CMOS-DESIGN RECOMMENDATIONS

In order to maximize circuit reliability please note the general CMOS design
rules.

For example:

1) Don't leave unused pins open, except they are outputs or no connected.
2) Never exceed the max. voltage range.

3) Avoid accurance of very fast voltage spikes or transission rate the power
supply pin.
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