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The desktop revolution has made the personal computer an indispensable business tool. Now, with
the recent introduction of 3-volt ICs, designers are breaking the barrier to pervasive portable PC use
by extending the useful battery life without weighing down their products. As manufacturers strike the
ideal balance between power requirements, useful battery life and weight, users will have virtually
unlimited portable machine choices.

AMD’s announcement of the world's first 3-volt Am386 microprocessor in October 1991, plusthe five
other products described in this data book, encouraged designers to optimize designs to produce the
battery powered products customers really want. In addition, over 50 other companies have an-
nounced various 3-volt components.

AMD recognizes that 3-volt operation alone does not make the ultimate notebook. For this reason, the
Am386SXLV and Am386DXLV microprocessors support software power management schemes
such as Microsoft's Advanced Power Management (APM) specification and the System Manage-
ment Mode (SMM) of operation. APM allows the system BIOS, operating system, and APM-compli-
ant applications to share critical power management data while preserving compatibility between
hardware and software. SMM allows system hardware or software to interrupt the CPU in order to
efficiently control devices and peripherals, further reducing overall power consumption. The combi-
nation of APM and SMM plus the overall power savings from 3-volt operation is opening new markets.

The Am386SXLV and Am386DXLV microprocessors provide the enabling technology for a new
generation of portable systems, demonstrating AMD’s commitment to accelerate the rate of develop-
ments for new markets.

In keeping with our philosophy of offering memories that solve customer’s needs, AMD is proud to
announce a family of 2.7 to 3.6 V EPROMs. This low-voltage family of EPROMs, designated as
Am27LV, consists of 1 and 2 Mbit density devices with speeds as fast as 120 ns. In addition, the volt-
age range for each device has been extended to accommodate systems that have regulated power
supplies (3.0 to 3.6 V) and those that are battery operated (2.7 to 3.6 V).

The Am53C94LYV is the newest addition to the growing AMD SCSI Family. This device is the first
3.3-V SCSI controller in the market. The Am53C94LV consumes fifty percent less power than 5-V
SCSI, while sustaining the same performance as that ofthe 5-V device (5 Mbyte/s SCSI transfer rate,
20 Mbyte/s DMA transfer rate). It is conveniently packaged in a 100-pin PQFP package to reduce
board real estate. The Am53C94LYV is the ideal SCSI solution for battery powered peripherals, low
power, notebooks, sub-notebooks, and docking stations.

Consistent with AMD’s leadership role in the world of programmable logic, AMD is releasing popular
PAL?®, device architecture for use in 3.3-V systems. The PALLV16V8Z-30 and the PALLV22V10Z-25
will be the first such devices. They are optimized for low-power operation. These low-power devices
will provide logic anywhere power comes at a premium. This includes such systems as portable com-
puters, telecommunications, and portable instrumentation.

Successive devices will also be optimized for high performance. These devices will serve those appli-
cations that are using 3.3-V advanced technology to push the limits of performance, such as high-
speed desktop and mini-computers.

Introduction
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Am386DXLV Advanced
High-Performance, Low-Voltage, 32-Bit Microprocessor Devices

DISTINCTIVE CHARACTERISTICS

m Operating voltage range 3.0 V to 5.5 V—Ideal
for portable PC applications

—25-MHz operating frequency for 3.0 Vto 5.5 V
—33-MHz operating frequency for 4.5 Vo 5.5V
—Twice the battery life of existing 5-V designs

—Wide range of chipsets and other logic available
for 3-V systems with support for Standby Mode
operation

—True static design for long battery life

—Power consumption 85% lower than Intel i386DX,
65% lower than Am386DXL processor

—Performance on demand (0 to 33 MHz)

® SMM (System Management Mode) for system

and power management

—SMI (System Management Interrupt) for power
management independent of processor operating
mode and operating system

—SMI coupled with 1/O instruction break feature
provides transparent power off and auto resume
of peripherals which may not be “power aware”

—SMI is non-maskable and has higher priority than
Non-Maskable Interrupt (NMI)

— Automatic save and restore of the microprocessor
state

—Wide range of chipsets supporting SMM available
to allow product differentiation

B Lower heat dissipation for fanless systems

m “Float” input to facilitate system debug and

test

B Compatible with 386DX systems and software
B Supports 387DX-compatible math

coprocessors

132-pin PQFP package with optional protective
ring for better lead coplanarity

AMD® advanced 0.8 micron CMOS technology
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GENERAL DESCRIPTION

The Am386DXLV microprocessor is a low-voltage, true
static implementation of the Intel i386DX. The operating
voltage range is 3.0 Vt0 5.5 V. The low-voltage opera-
tion makes the Am386DXLV microprocessor ideal for
both desktop and battery-powered portable personal
computers. For desktop PCs, low heat dissipation al-
lows the system designers to remove or reduce the size
and cost of the system cooling fan. The Am386DXLV
microprocessor operates at a maximum speed of 25
MHz from 3.0 to 5.5 V and at a maximum speed of
33 MHzfrom45t055 V.

The Am386DXLV microprocessor's lower operating
voltage and true static design enables longer battery
life and/or lower weight for portable applications. At

25 MHz, this device has 80% lower operating Icc than
the intel i386DX. Lowering typical operating voltage
from 5.0V to 3.3 V doubles the battery life. Standby
Mode allows the Am386DXLV microprocessor to be
clocked down to 0 MHz (DC) and retain full register con-
tents. In Standby Mode, typical current draw is 0.01 mA,
a greater than 1000X reduction in power consumption
versus the Intel i386DX.

The Am386DXLYV processor is available in a small foot-
print 132-pin Plastic Quad Flat Pack (PQFP) package.
This surface-mount package is 40% smaller than a PGA
package, allowing smaller lower-cost board designs
without the need for a socket.

Am386DXLV Microprocessor Data Sheet 1-5
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Additionally, the Am386DXLV processors comes with
SMM for system and power management. SMI is a
non-maskable, higher priority interrupt than NMI and
has its own code space (1 Mb in Real Mode and 4 Gb
in Protected Mode). SMI can be coupled with the /O in-
struction break feature to implement transparent power
management of peripherals. SMM can be used by sys-
tem designers to implement system and power man-
agement code independent of the operating system or
the processor mode.

The Am386DXLV processorincorporates afloat pin that
places all outputs in a three-state mode to facilitate
board test and debug.

FUNCTIONAL DESCRIPTION
Benefits of Lower Operating Voltage

The Am386DXLV microprocessor has an operating
voltage range of 3.0 V to 5.5 V. Low voltage allows for
lower operating power consumption, longer battery life,
and/or smaller batteries for notebook applications.

Because power is proportional to the square of the
voltage, reduction of the supply voltage from 5.0 V to
3.3 Vreduces power consumption by 56%. This directly
translates to a doubling of battery life for portable appli-
cations. Lower power consumption can also be used
to reduce the size and weight of the battery. Thus, 3.3-V
designs facilitate a reduction in the form factor.

A lower operating voltage results in a reduction of /O
voltage swings. This reduces noise generation and
provides a less hostile environment for board design.
Lower operating voltage also reduces electromag-
netic radiation noise, and makes FCC approval easier
to obtain.

SMM-System Management Mode

The Am386DXLV processor has a new System Man-
agement Mode (SMM) for system and power manage-
ment. This mode consists of two features: System
Management Interrupt (SMI) and I/O instruction break.

SMI-System Management Interrupt

SMI is implemented by using special bus interface
pins. This interrupt method can be used to perform
system management functions such as power man-
agement independent of processor operating mode
(Real, Protected, or Virtual 8086 Modes).

SMI can also be invoked in software. This allows system
software to communicate with SMI power management
code. In addition, a UMOV instruction allows data trans-
fers between SMI and normal system memory spaces.

Activating the SMI pin invokes a sequence that saves
the operating state of the processor into a separate
SMM memory space, independent of the main system
memory. After the state is saved, the processoris forced
into Real Mode and begins execution at address
FFFFFFFOh where a far jump to the SMM code is exe-
cuted. This Real Mode code can perform its system

management function and then resume execution of the
normal system software by executing an RES3 instruc-
tion that will reload the saved processor state and con-
tinue execution in the main system memory space. See
Figure 1 for a general flowchart of an SMM operation.

SMIi sampled
active (Low)

Current instruction
finishes execution,
normal ADS goes inactive

CPU saves state to sepa-
rate SMM memory space,
starting at address
60000H

:

CPU enters Real Mode,
starts code fetches at
location FFFFFFFOh in
SMM memory space

Real Mode SMM interrupt
handler code execution
(after FAR JUMP)

!

Restore saved state from
60000h with RES3 (OF 07)
opcode sequence

!

Normal code
execution

resumes

Figure 1. SMM Flow

16306B-002

CPU Interface—Pin Functions

The CPU interface for SMM consists of three pins dedi-
cated to the SMI function. One pin, SMI, is the new inter-
rupt input. The other two pins, SMIADS and SMIRDY,
provide the control signals necessary for the separate
SMI Mode memory space.

Description of SMM Operation

The execution of a System Management Interrupt has
four distinct phases: the initiation of the interrupt via
SMI, a processor state save, execution of the SMM in-
terrupt code, and a processor state restore (to resume
normal operation).

Interrupt Initiation

A System Management Interrupt is initiated by the driv-
ing of a synchronous, active Low pulse on the SMI pin
until the first SMIADS is asserted.. This pulse period will
ensure recognition of the interrupt. The CPU drives the

1-6 Am386 Family Products
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SMI pin active Low after the completion of the current
operation (active bus cycle, instruction execution, or
both). The active drive of the pin by the CPU is released
at the end of the interrupt routine, following the last reg-
ister read of the saved state. The CPU will drive SMI
Hi_gh for two CLK2 cycles prior to releasing the drive of
SMI.

An SMI cannot be masked off by the CPU, and it will al-
ways be recognized by the CPU, regardless of operat-
ing mode. This includes the Real, Protected, and Virtual
8086 Modes of the processor.

While the CPU is in SMI Mode, a bus hold request via
the HOLD pinis granted. The HLDA pin goes active after
bus release and the SMIADS pin floats along with the
other pins that normally float during a bus hold cycle.
The SMI pin does not float during Bus Hold cycles.

Processor State Save

The first set of SMM bus transfer cycles after the CPU’s
recognition of an active SMI is the processor saving its
state to an extemal RAM array in a separate address
space from main system memory. This is accomplished
by using the SMIADS and SMIRDY pins for initiation
and termination of bus cycles, instead of the ADS and
READY pins. The 32-bit addresses to which the CPU
saves its state are 60000H-600CBh and 60100h—
60127h. These are fixed address locations for each
register saved.

Pipelining must be disabled by asserting the NA pin
High in SMM. For ADS initiated bus cycles, BS16 can
be used. The value of BS16 is ignored for SMIADS
initiated bus cycles.

The save state takes approximately 630 CLK2 cycles
with zero wait state memory. There are 61 data transfer
cycles.

SMI Code Execution

After the processor state is saved to the separate SMM
memory space, the execution of the SMI interrupt rou-
tine code begins. The processor enters Real Mode, sets
most of the register values to “reset” values (those val-
ues normally seen after a CPU reset), and begins fetch-
ing code from address FFFFFFFOh in the separate
SMM memory space. Normally, the first thing the inter-
rupt routine code does is a FAR JUMP to the Real
Mode entry point for the SMI interrupt routine, which is
also in SMM memory space.

INTR and NMI are disabled upon entry to SMM. See
the Am386DXLV/Am386SXLV Microprocessor Techni-
cal Manual for further details on interrupts in SMM. The
SMM code can be located anywhere within the 1-Mb
Real Mode address space, except where the processor
state is saved. I/O cycles, as a result of the IN, OUT,
INS, and OUTS instructions, will go to the normal
address space, utilizing the normal ADS and READY
bus interface signals. This facilitates power manage-
ment code manipulating system hardware registers as

needed through the standard I/O subsystem; a separ-
ate 1/0 space is not implemented.

Processor State Restore

(Resuming Normal Execution)

Returning to normal code execution in the main system
memory, including restoring the processor operating
mode, is accomplished by executing a RES3 (0Fh 07h)
instruction. This instruction invokes a restore CPU state
operationthat reloads the CPU registers fromthe saved
data in the RAM controlled by SMIADS and SMIRDY.

The ES:EDI register pair must point to the physical
address of the saved state, this is normally at 60000h. in
Real Mode, the address is calculated as ES- 16 + EDI.
The saved state should not cross a 64K boundary. The
special opcode sequence RES3 should be executed to
start the restore state operation. After completion of the
restore state operation, the SMI pin will be
deactivated by the CPU and normal code execution
will continue at the point where it left off before the SMI
occurred.

In a zero wait state memory implementation, approxi-
mately 574 CLK2 cycles complete the restore state
operation. There are 61 data transfer cycles.

Software Features

There are several features of the SMI function that pro-
vide support for special operations during the execution
of the system’s software. These features involve the
execution of reserved opcodes to induce specific SMI
related operations.

Software SMI Generation

Besides hardware initiation of the System Management
Interrupt via the SMi pin, there is also a software in-
duced SMI mechanism. Generating a soft SMi involves
setting a control bit 12 in Debug Register 7 (DR7) and
executing an SMI instruction (reserved opcode F1h).

The functional sequence of the software-based SMi is
identical to the hardware-based SMI with the exception
that the SMi pin is not initially driven active by an exter-
nal source. Upon execution of a soft SMI opcode, the
SMI pin is driven active (Low) by the processor before
the save state operation begins.

Memory Transfers to Main System Memory

While executing an SMI routine, the interrupt code can
initiate memory data reads and writes to the main sys-
tem memory using the normal ADS and READY pins.
This is accomplished by using reserved opcodes that
are specialforms of the MOV instruction (called UMOV).
The UMOV opcodes can move byte, word, or double-
word register operands to or from main system memory.
Multiple data transfers using the normal ADS and
READY pins will occur if the operands are misaligned
relative to the effective address used. The UMOV op-
codes are OFh 10h, OFh 11h, OFh 12h, and OFh 13h.

Am386DXLYV Microprocessor Data Sheet 1-7
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The UMOV instruction can use any of the 386 address-
ing modes, as specified in the ModR/M byte of the op-
code. Note that the 16- and 32-bit versions are the
same opcodes with the exception of the 66h operand
size prefix. The BS16 line is recognized during the
normal memory space data transfer(s) initiated by these
instructions.

I/0 Instruction Break

The Am386DXLV processor has an I/O instruction
break feature that allows the system logic to implement
1/0 trapping for peripheral devices. To enable the I/O in-
struction break feature, IBEN must first be asserted ac-
tive Low. On detecting an I/O instruction, the processor
prevents the execution unit from executing further in-
structions until READY is driven active Low by the sys-
tem. Once READY is driven active, the execution unit
either immediately responds to any active interrupt re-
quest or continues executing instructions following the
1/0 instruction that caused the break.

The I/O instruction break feature can be used to allow
system logic to implement I/O trapping for peripheral de-
vices. On sensing an I/O instruction, the system drives
the SMI interrupt active before driving READY active.
This ensures that the service routine is executed imme-
diately following the 1/O instruction that caused the
break. (If the I/O instruction break feature is not enabled
vialIBEN, severalinstructions that follow the I/O instruc-
tion that caused the break will execute before the SMI
service routine is executed.) The SMI service routine
can access the peripheral for which SMI was asserted
and modify the peripheral’s state.

The SMI service routine normally returns to the instruc-
tion following the 1/O instruction that caused the break.
By modifying the saved state instruction pointer, the rou-
tine can choose to return to the I/O instruction that
caused the break and re-execute that instruction. The
default s to return to the following instruction (except for
REP 1/O strings). To re-execute the I/O instruction that
caused the break, the SMI service routine must copy
the 1/O instruction pointer over the default pointer. This
feature is particularly useful when an application pro-
gram requests an access to a peripheral that has been
powered down. The SMI service routine can restore
power to the peripheral and initiate a re-execution se-
quence transparent to the application program. This re-
execution feature should only be used if the SMIis in re-
sponse to an /O trap with IIBEN active.

Note that the I/ instruction break feature is not enabled

for memory mapped I/O devices or for 80387 bus cy-
cles, even if IBEN is active.

1/0 Instruction Break Timing

The I/O Instruction Break feature requires that SMI be
sampled active (Low) by the processor at least three
CLK2 edges before the CLK2 edge that ends the I/O

cycle with an active READY signal. This timing applies
for both pipelined and non-pipelined cycles. If this timing
constraint is not met, additional instructions may be
executed by the intemal execution unit prior to entering
SMI Mode.

Depending on the state of the prefetch queue at the time
SMI is asserted, instruction fetch cycles may occur on
the normal ADS interface before the SMI save state
process begins with the assertion of SMIADS. However,
this fetched code will not be executed.

True Static Operation

The Am386DXLV microprocessor incorporates a true
static design. Unlike dynamic circuit design, the
Am386DXLYV device eliminates the minimum operating
frequency restriction. It may be clocked from its maxi-
mum speed all the way down to 0 MHz (DC). System
designers can use this feature to design true 32-bit
battery-powered portable PCs with long battery life.

Standby Mode

This true static design of the Am386DXLV microproces-
sor allows for a Standby Mode. At any of its operating
speeds, the Am386DXLV microprocessor will retain its
state (i.e., the contents of all of its registers). By shutting
off the clock completely, the device enters Standby
Mode. Since power consumption is a function of clock
frequency, operating power consumption is reduced as
the frequency is lowered. In Standby Mode, typical cur-
rent draw is reduced to less than 0.01 mA at DC. This
feature not only saves battery life, but it also simplifies
the design of power-conscious notebook computers in
the following ways.

1. Eliminates the need for software in BIOS to save
and restore the contents of registers.

2. Allows simpler circuitry to control stopping of the
clock since the system does not need to know the
state of the processor.

Lower Operating Icc

True static design also allows lower operating lcc when
operating at any speed.

Performance on Demand

The Am386DXLV microprocessor retains its state at
any speed from 0 MHz (DC) to its maximum operating
speed. With this feature, system designers may vary the
operating speed of the system to extend the battery life
in portable systems.

For example, the system could operate at low speeds
during inactivity or polling operations. However, upon
interrupt, the system clock can be increased up to its
maximum speed. After a user-defined time-out period,
the system can be returned to a low (or 0 MHz) oper-
ating speed without losing its state. This design maxi-
mizes battery life while achieving optimal performance.

1-8 Am386 Family Products
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CONNECTION DIAGRAM
132-Lead Plastic Quad Flat Pack (PQFP) Package — Top Side View

132-Pin PQFP
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Notes: Pin 1 is marked for orientation.
NC = Not connected; connection of an NC pin may cause a malfunction or incompatibility with future shippings
of the Am386DXLV microprocessor.
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CONNECTION DIAGRAM
132-Lead Plastic Quad Flat Pack (PQFP) Package — Pin Side View

132-Pin PQFP
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S8 357923 ¢ IISHBIBEL 8538388
55 1 A2
BET 1 A3
BEO 31 69 [1 A4
NA 30 70 As
BS16 29 71 1 A6
HOLD 28 72 1 A7
READY 26 74 ] A8
Vss 25 75 1 A9
CLK2 24 76 [1 A10
Vss 23 77 1 A1
Vee 22 78 1 At2
Vss 21 79 1 A13
Do 20 ’ 80 [] Vss
D1 19 81 [ A4
D2 18 82 [ A15
D3 17 83 [ ] Vs
Voo 18 Pin Side View g4 A16
D4 15 85 Voo
D5 14 86 A17
D6 13 87 A18
D7 12 88 A19
Vss 1 89 A20
Vss 10 90 Vss
D8 9 91 Vss
HLDA 8 92 Vss
D9 7 93 A21
D10 6 94 A22
D11 5 95 A23
D12 4 96 A24
D13 3 a7 A25
Vee 2 98 A26
Vss 1e 99 Ve

Notes: Pin 1 is marked for orientation.
NC = Not connected; connection of an NC pin may cause a malfunction or incompatibility with future shippings
of the Am386DXLV microprocessor.
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PQFP Pin Designations (Sorted by Functional Grouping)

Pin Pin Pin Pin | Pin Pin| Pin Pin | Pin  Pin Pin Pin
Name No. Name No. Name No. | Name No. | Name No. Name No.
A2 67 A24 96 D6 13 D28 112 | Vee 16 Vss 51
A3 68 A25 97 D7 12 D29 109 22 55
Ad 89 A26 98 D8 9 D30 108 34 57
A5 70 A27 100 D 7 D31 107 49 64
A6 71 A28 101 Di0 6 D/c 41 56 65
A7 72 A29 102 D11 5 ERROR 47 73 66
A8 74 A30 103 D12 4 FLT 54 85 80
A9 75 A31 104 D13 3 HLDA 8 99 83
A10 76 ADS 27 D14 131 HOLD 28 106 90
Al 77 BEO 31 D15 130 NIBEN 58 110 91
A12 78 BET 32 D16 129 INTR 53 117 92
A13 79 BE2 33 D17 128 LOCK 42 123 105
Al4 81 BE3 38 D18 126 M0 40 127 111
Al5 82 BS16 29 D19 125 NA 30 Vss 1 114
A16 84 BUSY 46 D20 124 NMI 52 10 122
A17 86 CLK2 24 D21 121 PEREQ 50 11 132
A18 87 Do 20 D22 120 READY 26 21 WR 43
A19 88 D1 19 D23 119 RESET 45 23 NC 39
A20 89 D2 18 D24 118 M1 59 25 60
A21 93 D3 17 D25 116 SMIADS 37 35 61
A22 94 D4 15 D26 115 SMIRDY 36 44 62
A23 95 D5 14 D27 113 Vee 2 48 63

PQFP Pin Designations (Sorted by Pin Number)

Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin
No. Name No. Name | No. Name No. Name | No. Name| No. Name
1 Vss 23 Vss 45 RESET 67 A2 89 A20 111 Vss
2 Vee 24 CLK2 46 BUSY 68 A3 90 Vss 112 D28
3 D13 25 Vss 47 ERROR| 69 A4 91 Vss 113 D27
4 D12 26 READY | 48 Vss 70 A5 92 Vss 114 VSS
5 D11 27 ADS 49 Vee 7 A6 93 A21 115 D26
6 D10 28 HOLD 50 PEREQ 72 A7 94 A22 116 D25
7 D9 29 BS16 51 Vss 73 Vee 95 A23 117 Ve
8 HLDA | 30 NA 52 NMI 74 A8 96 A24 118 D24
9 D8 31 BEO 53 INTR 75 A9 97 A25 119 D23
10 Vss 32 BET 54 FCT 76 A10 | 98 A26 120 D22
11 Vss 33 BE2 55 Vss 77 Al 99 Vee 121 D21
12 D7 34 Vee 56 Vee 78 A12 100 A27 122 Vss
13 D6 35 Vss 57 Vss 79 A13 | 101 A28 123 Ve
14 D5 36 SMIRDY| 58 NIBEN 80 Vss 102  A29 124 D20
15 D4 37 SMIADS | 59 SMi 81 A14 | 103  A30 126 D19
16 Vee 38 BE3 60 NC 82 A15 104  A31 126 D18
17 D3 39 NC 61 NC 83 Vss 105  Vss 127 Ve
18 D2 40 M0 62 NC 84 A16 106 Vec 128 D17
19 D1 41 Dfc 63 NC 85 Vee | 107 D3t 129 D16
20 Do 42 [OCK | 64 Vss 86 A17 | 108 D30 130 D15
21 Vss 43 W/R 65 Vss 87 A18 109 D29 131 D14
22 Ve 44 Vss 66 Vss 88 A19 | 110 Ve 132 Vss

Am386DXLV Microprocessor Data Sheet 1-11
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

NG 80386DXLV  -25
/= =2

L OPTIONAL PROCESSING

None = Trimmed and Formed PQFP in High Temp Trays (PQ132)
F = Ringed PQFP in horizontal tubes (PQB132)
S =Ringed PQFP in coin-stack tubes (PQB132)

TEMPERATURE RANGE
Blank = Commercial (Tcase =0°C to +100°C for PQFP)

SPEED OPTION
—25 =25 MHz

DEVICE NUMBER/DESCRIPTION

80386DXLV
Am386DXLV
High-Performance, Low-Voltage, 32-Bit Microprocessor

PACKAGE TYPE
NG = 132-Lead PQFP

Valid Combinations Valid Combinations

Valid Combinations lists configurations planned

-25 to be supported in volume for this device. Consult
NG 80386DXLV -25F the local AMD sales office to confirm availability of
258 specific valid combinations and to check on newly

released combinations.
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LOGIC SYMBOL
2XClock —®|CLK2 D31-D0 @ Data Bus
<I A31-A2
Add'gj: FLT |¢&——— Float
<:'_3'_"_ BE3-BEO
RESET j¢&———
: Nt fe— | e
16 INTR j¢———
Bus | «&—ADS
Cycle —
Control | — P NA Am386DXLV
——»p|READY  Microprocessor
PEREQ [¢&— Math
—WnR BUSY [¢——— t Coprocessor
ERAGR Control
Bus | ¢ be
Cycle — Mo
Definition
¢ LOCK SMi le——»
System
SMIADS [—® | Management
SMIRDY [¢—— | Mode
¢ Control
HOLD HLDA
Bus Arbitration
Control
15021B-003
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PIN DESCRIPTION

A31-A2
Address Bus (Outputs)
Outputs physical memory or port I/O addresses.

ADS
Address Status (Active Low; Output)

Indicates that a valid bus cycle definition and address
(W/R, D/C, MN1O, BE3-BEO, and A31-A2) are being
driven at the Am386DXLV microprocessor pins. Bus
cycles initiated by ADS must be terminated by READY.

BE3-BEO

Byte Enable (Active Low; Outputs)

Indicates which data bytes of the data bus take partin a
bus cycle.

BS16

Bus Size 16 (Active Low; Input)

Allows direct connection of 32-bit and 16-bit databuses.
BS16 has an internal pull-up resistor.

BUSY

Busy (Active Low; Input)

Signals a busy condition from a processor extension.
BUSY has an internal pull-up resistor.

CLK2

Clock (Input)

Provides the fundamental timing for the Am386DXLV
microprocessor.

D31-D0

Data Bus (Inputs/Outputs)

Inputs data during memory, 1/0O, and interrupt acknow-
ledge read cycles and outputs data during memory and
I/O write cycles.

D/C

Data/Control (Output)

A bus cycle definition pin that distinguishes data cycles,
either memory or 1/O, from control cycles (which are
interrupt acknowledge, halt, and instruction fetching).
ERROR

Error (Active Low; Input)

Signals an error condition from a processor extension.
ERROR has an internal pull-up resistor.

FLT

Float (Active Low; Input)

An input signal which forces all bidirectional and output
signals, including HLDA, to the three-state condition.
FLT has an internal pull-up resistor.

HLDA

Bus Hold Acknowledge (Active High; Output)

Indicates thatthe Am386DXLV microprocessor has sur-
rendered control of its local bus to another bus master.

HOLD

Bus Hold Request (Active High; Input)

Allows another bus master to request control of the local
bus.

IIBEN

1/0 Instruction Break Enable (Active Low; input)
Enables the I/0 instruction break feature. IIBEN has an
internal pull-up resistor. Once IIBEN is driven active
Low, the internal pull-up resistor is disabled until the
CPU is reset.

INTR

Interrupt Request (Active High; Input)

A maskable input that signals the Am386DXLV micro-
processor to suspend execution of the current program
and execute an interrupt acknowledge function.
LOCK

Bus Lock (Active Low; Output)

A bus cycle definition pin that indicates that other sys-
tem bus masters are denied access to the system bus
while it is active.

Mo

Memory I/O (Output)

A bus cycle definition pin that distinguishes memory
cycles from input/output cycles.

ANA
A

Next Address (Active Low; Input)
Used to request address pipelining.

NC

No Connect

Should always remain unconnected. Connection of an
NC pin may cause the processor to malfunction or be
incompatible with future steppings of the Am386DXLV
microprocessor.

NMI

Non-Maskable interrupt Request

{Active High; Input)

A non-maskable input that signals the Am386DXLV mi-
croprocessor to suspend execution of the current pro-
gram and execute an interrupt acknowledge function.
PEREQ

Processor Extension Request (Active High; Input)
Indicates that the processor extension has data to be
transferred by the Am386DXLV microprocessor.
PEREQ has an internal pull-down resistor.

READY

Bus Ready (Active Low; Input)

Terminates the bus cycle initiated by ADS.
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RESET

Reset (Active High; Input)

Suspends any operation in progress and places the
Am386DXLV microprocessor in a known reset state.

SMI

System Management interrupt

(Active Low; Iinput/Output)

A Non-Maskable Interrupt (NMI) pin that signals the
Am386DXLV microprocessorto suspend execution and
enter System Management Mode. SMi has a dynamic
pull-up resistor that is disabled when the processor is in
SMM. SMi is not three-stated during hold acknowledge
bus cycles.

SMIADS

SMI Address Status (Active Low, Three-State;
Output)

Indicates that a valid bus cycle definition and address
(W/R, D/C, M/10, BE3-BEO, and A31-A2) are being
driven at the Am386DXLV microprocessor pins while in
System Management Mode. Bus cycles initiated by
SMIADS must be terminated by SMIRDY.

SMIRDY

SMI Ready (Active Low; Input)

This input terminates the current bus cycle to the SMM
address space inthe same manner the READY Pin does
for the Normal Mode address space. RDY has an
internal pull-up resistor. SMIRDY must not be tied to
READY.

Vee

System Power (Active High; Input)

Provides the DC supply input.

Vss

System Ground (Input)

Provides 0-V connection from which all inputs and out-
puts are measured.

W/R

Write/Read (Output)

A bus cycle definition pin that distinguishes write cycles
from read cycles.

Am386DXLV Microprocessor Data Sheet 1-15
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature ........... —65°C 1o +150°C  Supply Voltage with Respectto Vss .. 0.5 V1o +7 V
Ambient Temperature Under Bias . . —65°C to +125°C Voltage on Other Pins ... ..... —05Vto Vee +0.5 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Stresses above those listed may cause permanent device
failure. Functionality at or above these limits is not implied. Ex-
posure to ABSOLUTE MAXIMUM RATINGS for extended
periods may affect device reliability.

DC CHARACTERISTICS over COMMERCIAL Operating Ranges
Vec=3.0 V10 3.6 V; Tease = 0°C to +100°C

Final
Symbol | Parameter Description Notes Min Max Unit
Vi Input Low Voltage (Note 1) -0.3 0.8 Vv
Vin Input High Voltage 2.0 Vee+0.3 \
Vie CLK2 Input Low Voltage (Note 1) -0.3 0.8 Vv
Vike CLK2 Input High Voltage (25 MHz) 24 Vec+0.3 Vv
VoL Output Low Voltage (Note 5)
lou=0.5 mA: A31-A2, D31-D0 0.2 v
loo=0.5 mA: B_Eg—m, W/ﬁ, D/E, M/Tb‘, 0.2 Vv
LOCK, ADS, SMIADS, HLDA, SMi
lo.=2 mA: A31-A2, D31-Do 0.45 Vv
lo.=2.5 mA: BE3-BEO, W/R, D/C, M/10, 0.45 v
LOCK, ADS, SMIADS, HLDA, SMi
Von Output High Voltage (Note 5)
lon=0.1 mA: A31-A2, D31-D0 (Note 6) Vee—0.2 \
lon=0.1 mA: BE3-BEO, Vee—0.2 \")
W/R, D/C, M/iQ, LOCK,
ADS, SMIADS, HLDA, SMi
lon=0.5 mA: A31-A2, D31-D0 Vec—0.45 \'
low=0.5 mA: .BE—E.E—G, Vec—0.45 \
W/R, D/C, M/I0, LOCK,
ADS, SMIADS, HLDA, SMi
lu Input Leakage Current 0V<Vin<Vee
(All pins except BS16, PEREQ, IBEN, (Note 7) +10 A
BUSY, FLT, ERROR, SMI, and SMIRDY)
b Input Leakage Current Vi=Vec-0.1V 300 pA
(PEREQ Pin) Vin=2.4 V (Note 2) 200
I Input Leakage Current Vi=0.1V -300 HA
(BST6, BUSY, FLT, ERROR, SMi, lIBEN, Vi.=0.45 V (Note 3) -200
and SMIRDY)
lo Output Leakage Current 0.1V<Vour<Vee +15 pA
lec Supply Current (Note 8) Vee =33V Vec=3.6 V
CLK2 =40 MHz: Oper. Freq. 20 MHz lec Typ=80 95 mA
CLK2 =50 MHz: Oper. Freq. 25 MHz lec Typ=95 115 mA
locsa Standby Current (Note 8) lecss Typ=10 pA 150 nA
Cw Input or I/0 Capacitance Fe=1 MHz (Note 4) 10 pF
Cour Output Capacitance Fc=1 MHz (Note 4) 12 pF
Cewx CLK2 Capacitance Fc=1 MHz (Note 4) 20 pF
Notes: 1. The Min value, 0.3, is not 100% tested.

1
2. PEREQ input has an internal pull-down resistor.

3. BS16, BUSY, FLT, ERROR, SMI, SMIRDY, and IIBEN inputs each have an internal pull-up resistor.
4. Not 100% tested.

5. Outputs are CMOS and will pull rail-to-rail if the load is not resistive.

6. Von is only valid for SMI when exiting SMM for two CLK2 cycles.

7. SMI and 1IBEN leakage Low will be I, when pull-up is inactive and li. when pull-up is active.

8. Inputs are at either Vcc or Vss.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... -65°C to +150°C
Ambient Temperature Under Bias . . —65°C to +125°C

Stresses above those listed may cause permanent device
failure. Functionality at or above these limits is not implied.
Exposure to ABSOLUTE MAXIMUM RATINGS for extended

periods may affecf device reliability.

OPERATING RANGES
Supply Voltage with Respect

toVss . .ooooiii -05Vto+7V
Voltage on Other Pins ........ -0.5VtoVcc +0.5V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL Operating Ranges

Veec=3.6 V10 5.5 V; Tease = 0°C to +100°C

Final
Symbol | Parameter Description Notes Min Max Unit
Vi Input Low Voltage (Note 1) -0.3 0.8 Vv
Vi Input High Voltage 2.0 Vee+0.3 \
Vie CLK2 Input Low Voltage (Note 1) -0.3 0.8 \
Vie CLK2 Input High Voltage (33 MHz) 2.7 Vec+0.3 Vv
Vou Output Low Voltage (Note 5)
lo.=4 mA: A31-A2, D31-D0 0.45 \"
lou=5 mA: BE3-BEO, W/R, D/C, 0.45 \"
M/G, LOCK, ADS, SMIADS,
HLDA, SMi
Von Output High Voltage (Note 5)
lon=1 mA: A31-A2, D31-D0 (Note 6) 24 \'
lon=0.9 mA: BE3-BEO,W/R, 2.4 \Y
D/C, M/iO, LOCK, ADS,
SMIADS, HLDA, SMi
I Input Leakage Current 0VSVinsVee +15 A
(All pins except BS16, PEREQ, (Note 7)
NIBEN, BUSY, FLT, SMi, SMIRDY,
and ERROR)
™ Input Leakage Current V=24V 200 HA
(PEREQ Pin) (Note 2)
I Input Leakage Current Vi =0.45 -400 nA
(BS1s6, BUSY, FLT, SMi, SMIRDY, (Note 3)
NIBEN, and ERROR)
lo Output Leakage Current 0.45V<Vour<Vee 15 pA
lee Supply Current (Note 8) Vec =5.0V Vee =55V
CLK2 =40 MHz: Oper. Freq. 20 MHz | lcc Typ=130 155 mA
CLK2 =50 MHz: Oper. Freq. 25 MHz | lcc Typ=160 190 mA
CLK2 =66 MHz: Oper. Freq. 33 MHz | loc Typ=210 245 mA
lecse Standby Current (Note 8) lecse Typ =20 pA 150 pA
Cw Input or I/O Capacitance Fc=1 MHz (Note 4) 10 pF
Cour Output Capacitance Fc=1 MHz (Note 4) 12 pF
Cowk CLK2 Capacitance Fe=1 MHz (Note 4) 20 pF
Notes: 1. The Min value, —0.3, is not 100% tested.
2. PEREQ input has an internal pull-down resistor.
3. BST6, BUSY, FLT, ERROR, SMI, SMIRDY, and TIBEN inputs each have an internal pull-up resistor.
4. Not 100% tested.
5. Outputs are CMOS and will pull rail-to-rail if the load is not resistive.
6. Vou is only valid for SMI when exiting SMM for two CLK2 cycles.
7. SMi and IIBEN leakage Low will be I.i when pull-up is inactive and I when pull-up is active.
8. Inputs are at either Vcc or Vss.
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SWITCHING CHARACTERISTICS

The switching characteristics consist of output delays,
input setup requirements, and input hold requirements.
All characteristics are relative to the CLK2 rising edge
crossing the 2.0-V level.

Switching characteristic measurement is defined in
Figure 2. Inputs must be driven to the voltage levels indi-
cated by this diagram. Am386DXLV CPU output delays
are specified with minimum and maximum limits meas-
ured as shown. The minimum Am386DXLV micropro-
cessor delay times are hold times provided to external
circuitry. Am386DXLV microprocessor input setup and
holdtime are specified as minimums, defining the small-
est acceptable sampling window. Within the sampling

window, a synchronous input signal must be stable for
correct Am386DXLV microprocessor operation.

A31-A2, HLDA, and SMIADS only change at the begin-
ning of phase one. D31-DO0 (write cycles) and SMI only
change at the beginning of phase two. The READY,
HOLD, IIBEN, BUSY, ERROR, PEREQ, FLT, D31-DO0,
and SMIRDY (read cycles) inputs are sampled at the
beginning of phase one. The NA, BS16, INTR, NMI, and
SMI inputs are sampled at the beginning of phase two.

CLK2

(A31-A2, D/C, ADS,

ov

BE3-BEO, MO, | Valid v, . Valid
W/R, TOCK, HLDA, | Output n T Output n+1
SMIADS) -
1———@——’
8- Min Max
. Valid Valid

(D31-Do, SM')[ Output n Vr Vr Output n+1

(NA, BSTs,
INTR, NMI, SMi)

FLT, ERROR, BUSY,
NIBEN, PEREQ,

(READY, HOLD, [
D31-Do, SMIRDY)

Legend: A—Maximum Output Delay Spec
B—Minimum Qutput Delay Spec
C—Minimum Input Setup Spec
D—Minimum Input Hold Spec

Notes: 1. Input waveforms have tr <2.0 ns from 0.8 Vto 2.0 V.
2. Vr=10VatVcc<36;1.5VatVee>3.6.

16306B-003

Figure 2. Drive Levels and Measurement Points
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SWITCHING CHARACTERISTICS over operating range at 25 MHz

Vee=3.0 V10 5.5 V; Tease =0°C to +100°C

Final

No. | Parameter Description Notes Ref Figures Min Max Unit

Operating Frequency Half of CLK2 Freq 0 25 MHz
1 CLK2 Period 4 20 ns
2 CLK2 ngh Time at Vine 4 4 ns
3 CLK2 Low Time at0.8 Vv 4 5 ns
4 CLK2 Fall Time (Note 3) 24Vt 0.8V 4 7 ns
5 CLK2 Rise Time (Note 3) 0.8Vto24V 4 7 ns
6 A31-A2 Valid Delay C.=50 pF 3,6 4 17 ns
7 A31-A2 Float Delay (Note 1) 13 4 30 ns
8 BE3-BEO, LOCK Valid Delay C.=50 pF 3,6 4 17 ns
9 BE3-BEO, LOCK Float Delay (Note 1) 13 4 30 ns
10 W/R, M_/EG, D/C, ADS Valid Delay C.=50 pF 3,6 4 17 ns
10s | SMIADS Valid Delay Cu=50pF 3,6 4 25 ns
11 W/R, MAG, D/C, ADS Float Delay (Note 1) 13 4 30 ns
11s | SMIADS Float Delay (Note 1) 13 4 30 ns
12 D31-D0 Write Data Valid Delay C.=50 pF 6,7 7 23 ns
12a | D31-D0 Write Data Hold Time C.=50 pF 3,8 2 ns
13 D31-DO Float Delay (Note 1) 13 4 22 ns
14 HLDA Valid Delay C.=50 pF 3,13 4 22 ns
14f HLDA Float Delay (Note 1) 14 4 30 ns
15 NA Setup Time 5 5 ns
16 NA Hold Time 5 3 ns
17 BS16 Setup Time 5 5 ns
18 BS16 Hold Time 5 3 ns
19 READY Setup Time 5 9 ns
19s | SMIRDY Setup Time 5 9 ns
20 READY Hold Time 5 4 ns
20s | SMIRDY Hold Time 5 4 ns
21 D31-D0 Read Setup Time 5 7 ns
22 D31-D0 Read Hold Time 5 5 ns
23 HOLD Setup Time 5 9 ns
24 HOLD Hold Time 5 3 ns
25 RESET Setup Time 15 8 ns
26 RESET Hold Time 15 3 ns
27 NMI, INTR Setup Time (Note 2) 5 6 ns
27s | SMi Setup Time 5 6 ns
28 NMI, INTR Hold Time (Note 2) 5 6 ns
28s | SMi Hold Time 5 4 ns
29 PEREQ, ERROR, BUSY, FLT,

TIBEN Setup Time (Note 2) 5 6 ns
30 PEREQ, ERROR, BUSY, FLT,

NBEN Hold Time (Note 2) 5 5 ns
31 SMi Valid Delay 5,13 4 22 ns
32 SMi Float Delay (Note 1) 14 4 30 ns

Notes: 1. Float condition occurs when maximum output current becomes less than l.o magnitude. Float delay is not 100% tested.
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure

recognition within a specific CLK2 period.

3. Rise and fall times are not tested.
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SWITCHING CHARACTERISTICS over operating range at 33 MHz
Vec=4.5 V10 5.5 V; Tease = 0°C to +100°C

Final

No. | Parameter Description Notes Ref Figures Min Max Unit

Operating Frequency Half of CLK2 Freq 0 33.3 MHz
1 CLK2 Period 4 15.0 ns
2 CLK2 High Time at Viue 4 45 ns
3 CLK2 Low Time at0.8 Vv 4 4.5 ns
4 CLK2 Fall Time (Note 3) 24Vto 08V 4 4 ns
5 CLK2 Rise Time (Note 3) 0.8Vto24V 4 4 ns
6 A31-A2 Valid Delay C.=50 pF 3,6 4 15 ns
7 A31-A2 Float Delay (Note 1) 13 4 20 ns
8 BE3-BEO, LOCK Valid Delay C.=50 pF 3,6 4 15 ns
9 BE3-BEO, LOCK Float Delay (Note 1) 13 4 20 ns
10 W/R, M/iQ, D/C, ADS Valid Delay C.=50 pF 3,6 4 15 ns
10s | SMIADS Valid Delay C.=50 pF 2,6 4 15 ns
11 W/R, MAO, D/C, ADS Float Delay (Note 1) 13 4 20 ns
11s | SMIADS Float Delay (Note 1) 13 4 20 ns
12 D31-D0 Write Data Valid Delay C.=50 pF 6,7 7 23 ns
12a D31-D0 Write Data Hold Time C.=50 pF 3,8 2 ns
13 D31-DO0 Float Delay (Note 1) 13 4 17 ns
14 HLDA Valid Delay C.=50 pF 3,13 4 20 ns
14f HLDA Float Delay (Note 1) 14 4 20 ns
15 NA Setup Time 5 5 ns
16 NA Hold Time 5 2 ns
17 BS16 Setup Time 5 5 ns
18 BS16 Hold Time 5 2 ns
19 READY Setup Time 5 7 ns
19s | SMIRDY Setup Time 5 7 ns
20 READY Hold Time 5 4 ns
20s | SMIRDY Hold Time 5 4 ns
21 D31-D0 Read Setup Time 5 5 ns
22 D31-D0 Read Hold Time 5 3 ns
23 HOLD Setup Time 5 9 ns
24 HOLD Hold Time 5 2 ns
25 RESET Setup Time 15 5 ns
26 RESET Hold Time 15 2 ns
27 NM|, INTR Setup Time (Note 2) 5 5 ns
27s | SMi Setup Time 5 5 ns
28 NMI, INTR Hold Time (Note 2) 5 5 ns
28s | SMi Hold Time 5 4 ns
29 PEREQ, ERROR, BUSY, FLT,

TIBEN Setup Time (Note 2) 5 5 ns
30 PEREQ, ERROR, BUSY, FLT,

ITBEN Hold Time (Note 2) 5 4 ns
31 SMi Valid Delay 5,13 4 17 ns
32 SMi Float Delay (Note 1) 14 4 20 ns

Notes: 1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested.
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure
recognition within a specific CLK2 period.
3. Rise and fall times are not tested.
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SWITCHING CHARACTERISTICS (continued)

Am386DXLV CPU Output 0——_I—

Cuincludes all parasitic capacitances.

C.

15021B-072

Figure 3. AC Test Load

< t >

2
Ve |§ \
CLK2 20V \ -_— z
08V{f4+—— —_—
| t5 13 t4
Figure 4. CLK2 Timing 16306B-004
L
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SWITCHING WAVEFORMS

CLK2

READY
SMIRDY

D31-Do

BUSY, TIBEN,
PEREQ, FLT

NA

|
9‘
ol

INTR, NMI,
SMI

119, t119s

120, t20s

L 127, 127s

128, t28s

¥

Figure 5. Input Setup and Hold Timing

61

Tx

16306B-005

CLK2

BE3-BED,
LOCK

W/R, MG,
D/C, ADS,
SMIADS

A31-A2

g

r» — ™ 3

02

t8

Valid

110, t10s

Valid

t6

Valid n

Figure 6. Output Valid Delay Timing

131

Max

Valid n

Valid n+1

16306B-006
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T

o1

62

112 Min, Max
D31-D0 [ ---------------- --- < Valid n
15021B-076
Figure 7. Write Data Valid Delay Timing
T1
o1 42
we [ _F A _F \_
wi [
Min
t12a
D31-D0 [ Valid n

15021B-077

Figure 8. Write Data Hold Timing
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|¢#——— Reset ————»|€¢——— Internal Initializaton ——»|  Cycle 1
> 15 CLK2 duration if not ol
going to request self-test. Non-Pipelined

> 80 CLK2 duration before If self-test is performed, add (Read)
requesting self-test. (2*)+ 60" to these numbers m T2

12 3|17 18 |19 ||395 |396 397 |398

cvee [ UMMMy iy gy o

* Approximately

Reset [

[o2]01]o2{lo1[d2]|01|l02[01]02

CLK (Internal) [ :>C>OOOd>OOO<:X7_\_/_\_/—N /_\—/_\_

Negated to allow sensing of a
No self-test 387DX math coprocessor

BUSY | [ (Note 1)
Low to begin self-test (Note 2) Asserted to indicate 387DX

§§ ‘ math coprocessor protocol
ERROR [

—
BE3-BEG, WA Up to 30 CLK2 .
Mo, HLDA [ Low/| During Reset AKX Valid 1

Up to 30 CLK2 —¥

A31-A2, - - -
D/G, TOCK [ High|| During Reset m Valid 1
Up to 30 CLK2 —¥
ADS |: High|| During Reset

[ XXXXKXXXX
ss7s [ XXXXXXXXXX
reaoy [ XOOOKKXXXXN
p31-Do [ Y-~ ----- (Floating) - = - - = - - = - -
sw [ XOOKXXXY |

Notes: 1. BUSY should be held stable for eight CLK2 periods before and after the CLK2 period in which RESET falling edge occurs.
2. If self-test is requested, the Am386DXLV microprocessor outputs remain in their reset state as shown here.

Figure 9. Bus Activity from Reset Until First Code Fetch

16306B-007 .

lot] ot ferl letl o1l letl letl ot [let] [e1]
N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

om0\ /
Control [ X VAl __y--enenmmeeeennona s < X
A @ R GRS STTTTLLTEPRREERRISS X
Address [ — X Valid D R < D ¢
Reset [ Ve
smi [ - X Valid  Jeemmemememm oo 4 X
Figure 10. Entering and Exiting FLT 16306B-008

1-24 Am386 Family Products



AMD n

lot] o1l lot] o1l lot] ot [o1]
CLK2
QMM in nranrace
SRS SMMinprogress  § 00— ___....
- tTTEmeTees - Drive released by CPU
- —=& System may initiate another
MiA \ / SMI when necessary*

CPU driving SMi
........ System control of SMI

*Once initiated, the system must hold SMi Low until the first SMIADS. At this time, the system releases control of SMi and
can not drive SMi until three CLK2 cycles after the CPU drives SMi High. CPU will drive SMi High for two CLK2 cycles. The
additional clock allows the CPU to completely release SMi and prevents any driver overlap.

16306B-009

Figure 11. Initiating and Exiting SMM

I le2] L de2l |

Wi L

RESET [ / CPU drives SMI High for two CLK2 cycles 6-8
clocks after RESET is asserted.

16306B-010

Figure 12. RESET and SMI
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CLK2

W/R, M/IO,
D/C, ADS,
SMIADS

A31-A2

D31-Do

HLDA

)
£

Cycle 0 Cycle 1 Cycle 2
02 01 Th 02 01 Tior T1 02
19 >
Min Max 8 Min Max
1 (Hehz) | ———]
t11, t11s t10 t10s >
Min Max | Min Max
L ] 1
(High 2)
t7
Min Max 16 Min Max
[ ' (Hghzy | —— ]
t13 2
Min Max t2 Min Max
11 Hehz) | —— ]
t13—Also applies to data float when write
cycle is followed by read or idle
t14
Min Maxt14 Min Max
4
Valid 0 ( Valid 1 Valid 2
Min Max Min Max
t31 131
16306B-011

Figure 13. Output Float Delay and HLDA and SMi

Valid Delay Timing
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62 o1 2 o1 62
CLkz [ [—\__7(_\_%_\__7
19 —*H > 18— >
Min Max Min Max
Eﬁ-ﬁﬂ[ M | — ] ]
LOCK (High 2)
t11, t11s t10t10s
Min Ma: Mi Max
W/ﬁ,wﬁ,[ 11 |
D/C, ADS, (High 2)
SMIADS
v Min Max 16 Min Max
A31-A2[ — — 1t — — | — —1 —
[ (High 2)
13 Min Max 12 Min Max
D31 [ — — 1T — | — — —
Do (High 2)
it Min Maxt14 Min Max
H A[ — " — —|— — —1 —
o (High2)
SMi [
182 T lin Max b Min Max
[ T Hehy | ——
Figure 14. Output Float Delay Entering and Exiting FLT 16306B-012
RESET . Initialization Sequence R
o2o0rd 1 d2o0rd1 o2 o1
CLK2 [
t26
RESET r k-
[ ANNLY
t25
The second internal processor phase following RESET High-to-Low transition (provided t25 and t26 are met) is ¢2. 15021B-084

Figure 15. RESET Setup and Hold Timing and Internal Phase
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nom + 6 | | T

nom + 3 |— —

nom

Output Valid Delay (ns)

nom -3

nom —6

nom -9 I |
50 75 100

C. (picofarads)

Note: This graph will not be linear outside the C.. range shown. 15021B-079

Figure 16. Typical Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (CL=120 pF)

nom + 9 I | |

nom + 6

nom+3

Output Valid Delay (ns)

nom

nom -3

nom ~6 | I
75 100 125 150

C. (picofarads)

Note: This graph will not be linear outside the C. range shown. 15021B-080

Figure 17. Typical Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C.=75 pF)
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nom+9 — -

nom + 6
Output Valid Delay (ns)

nom + 3

nom

nom -3 |—
| | ]

50 75 100 125 150
C. (picofarads)

Note: This graph will not be linear outside the C. range shown.

15021B-081
Figure 18. Typical Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C.=50 pF)
8 | I |
6 |— /
Rise Time (ns) 0.8 V-2.0V 41— —
2 e —
8 | | |
50 75 100 125 150
C. (picofarads)
Note: This graph will not be linear outside the C. range shown. 15021B-082

Figure 19. Typical Output Rise Time Versus Load Capacitance
at Maximum Operating Temperature
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PHYSICAL DIMENSIONS

For reference only. All dimensions are in inches, except for the outer ring on PQB 132 which is in millimeters. BSC is
an ANSI standard for Basic Space Centering.

PQB 132 —Plastic Quad Flat Pack; Trimmed and Formed (all measurements in inches)
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0.947 1.085 -
0.953
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\ A —"—&M —-—M/TN 1
A
] —
[
-] | -
- [ S—
1
: !
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0.008 ' 0.953
0.012 -_-_-_-_I_-_-_-_-
. 1.075
| 1.085
| ' :
I | | 1.097
, 1103
— ' Pin1ID |5
0.008 — | \ ==
r YT [
0.016 . o um
Wi W? Wi |
Top View
See Detail A

\:--m1h—0.025REF gj%
\

i{é(" L _--_gw_"———gg? <)‘-)_*;“L

0.80

REF 0.020
0.040 20011A
cL8S
Side View 03/17/93 SG
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PHYSICAL DIMENSIONS (continued)

PQB 132 —Plastic Quad Flat Pack; Trimmed and Formed (continued)

.045 x 45° Chamfer M
— [«— 010MIN
A |
[ > (¢— .002
.002 TYP (all edges) —» \\
010 R =\
N
0.006 . —
0.008 t T
:gj'ggg 7
X .070
.010R L £3° .
00015 5 Nominal
-0.000
.006
[/ \ \/ 7o
l—
F<b<8 .065 REF——»

Detail A
Notes:
1. All dimensions are in inches unless otherwise specified.
2. Dimensions do not include mold protrusion.

3. Coplanarity of all leads will be within 0.004 inches measured from the seating plan. Coplanarity is measured per
specification 06-500.

4. Deviation from Lead-tip true position shall be within £0.003 inches.

5. Half span (center of package to lead-tip) shall be within +0.0085 inches.
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PHYSICAL DIMENSIONS (continued)

PQB 132 —Plastic Quad Flat Pack with Molded Carrier Ring
(Inner device measured in inches; outer ring measured in millimeters)

45.87
46.13 A A 45.50 A

41.37 45.90

41.63 37.87 Q

s ¢
v 4

ﬁ 35.15 38.13 R
) 35.25 32.15 L
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1 nvalbll i - PIN 33
N Y
o C I L———l§
I T—g ——T ' c'\\ ~
45.50 | 37.87|32.15 | 0.944 | See Detail A
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—::eL——-——-—'—-—-—-;»—
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See Detail B
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PHYSICAL DIMENSIONS (continued)
PQB 132 —Plastic Quad Flat Pack with Molded Carrier Ring (continued)
: — .707 x 45° (4X)
Sharp Measured 1.025
1.8 x 45°
Sharp Measured
008 - E/
T16 025 g T 0.5 R 00
: Basic A (3X)
Detall A
1.85
Sharp Measured
— le— 650 Pitch
I I
50Ty | | Detall Y
_FT—L*D ufufs)
!——_—_- -JI 3.5110
450 Typ—»| [e—
02 55°
Detail B 010 %~ ==
] 8202 330“)2 %/ 194 1.025
V¥ L
P ;
1.27
¥ Top Gate
013
0.15 - i1
0.30 *
x e |
[ Y73 :
25102 / 273 1025
Section C-C | 5
0.10 £92 —] fe— ><5°
.045 X 45° Chamfer
—»] 3510 le—
e Bottom Gate
iW
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PHYSICAL DIMENSIONS (continued)

PQB 132 —Plastic Quad Flat Pack with Molded Carrier Ring

Notes:

1.

NOoOOM~®D

All dimensions and tolerances conform to ANSI Y14.5M-1982.

Controlling dimensions: package is measured in inches and ring is measured in millimeters.
These dimensions do not include mold protrusion. Allowable mold protrusion is 0.2 mm per side.
These dimensions include mold mismatch and are measured at the parting line.

Dimensions are centered about centerline of lead material.

These dimensions are from the outside edge to the outside edge of the test points.

There are six locating holes in the ring. -B— and —C— datum holes are used for trim form and excise of the molded package
only. Holes Z1 and Z2 are used for electrical testing only.

This area is reserved for vacuum pickup on each of the four corners of the ring and must be flat within 0.025 mm.
No ejector pins in this area.

Datum —A- surface for seating in socket applications.
Pin one orientation with respect to carrier ring as indicated.
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Am386SXLV

High-Performance, Low-Voltage, 32-Bit
Microprocessor with 16-Bit Data Bus

e

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Operating range 3.0 V to 5.5 V—ideal for
notebook PC designs
—25-MHz operating frequency for 3.0 V-5.5 V
—33-MHz operating frequency for 4.5 V-5.5 V
—Twice the battery life of existing 5-V designs

—Wide range of chipsets and other logic available

for 3-V systems with support for Standby Mode
operation

—True static design for long battery life

—Power consumption 75% lower than Intel

i386SX, 65% lower than Am386SXL
microprocessor

—Performance on demand (0 to 25 MHz)

& System Management Mode (SMM) for system
and power management

—System Management Interrupt (SMI) for power
management independent of processor operat-
ing mode and operating system

—SMI coupled with I/O instruction break feature
provides transparent power off and auto resume
of peripherals which may not be “power aware”

—SMI is non-maskable and has higher priority
than Non-Maskable Interrupt (NMI)

—Automatic save and restore of the micropro-
cessor state

—Wide range of chipsets supporting SMM avail-
able to allow product differentiation

Lower heat dissipation for fanless systems

“Float” input to facllitate system debug and
test

Compatible with 386SX systems and software

Supports 387SX-compatible math
coprocessors

100-pin PQFP package with optional protective
ring for better lead coplanarity

AMD advanced 0.8 micron CMOS technology

250 1+

200 T

lec (MA) 150 -1~

100 1

50 T

O Intel i386SX @ 5.0 V
A Am386SXL CPU@ 5.0 V
O Am386SXLVCPU@ 3.3V

0 { T :
0 2 16 20

Frequency (MHz)

Note: Inputs at Vcc or Vss.

33

Typical Power Consumption

Publication #:16305  Rev. E  Amendment 0
Issue Date: _March 1993
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BLOCK DIAGRAM
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GENERAL DESCRIPTION

The Am386SXLV microprocessor is a low-voltage, true
static implementation of the Intel i386SX microproces-
sor. With the operating range of 3.0 V to 5.5 V, the
Am386SXLV CPU is ideal for both desktop and battery-
powered notebook personal computers. For desktop
PCs, this device offers lower heat dissipation, allowing
system designers to remove or reduce the size and
cost of the cooling fan. The Am386SXLV microproces-
sor operates at a maximum speed of 25 MHz from
3.0 V-5.5 V and at maximum speed of 33 MHz from
45V-55V.

The Am386SXLV microprocessor's lower operating
voltage and true static design enables longer battery life

and/or lower weight for notebook applications. At
20 MHz, this device has 60% lower operating Icc than
the Intel i386SX. Lowering typical operating voltage
from 5.0 V to 3.3 V doubles the battery life. Standby
Mode allows the Am386SXLV microprocessor to be
clocked down to 0 MHz (DC) and retain full register con-
tents. In Standby Mode, typical current draw is less than
0.01 mA, a greater than 1000X reduction in power con-
sumption versus the Intel i386SX.

The Am386SXLV microprocessor is available in a small
footprint 100-pin Plastic Quad Flat Pack (PQFP) pack-
age. This package may be shipped in an optional pro-
tective ring for better lead protection during shipping.
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Additionally, the Am386SXLV microprocessor comes
with System Management Mode (SMM) for system and
power management. SMI (System Management Inter-
rupt) is a non-maskable, higher priority interrupt than
NMI and has its own code space (1 Mb in Real Mode and
16 Mb in Protected Mode). SMI can be coupled with the
1/0 instruction break feature to implement transparent
power managment of peripherals. SMM can be used by
system designers to implement system and power man-
agement code independent of the operating system or
the processor mode.

The Am386SXLV microprocessor incorporates a float
pin that places all outputs in a three-state mode to facili-
tate board test and debug.

FUNCTIONAL DESCRIPTION

Benefits of Lower Operating Voltage

The Am386SXLV microprocessor has an operating volt-
age range of 3.0 Vto 5.5 V. Low voltage allows for lower
operating power consumption, longer battery life, and/or
smaller batteries for notebook applications.

Because power is proportional to the square of the volt-
age, reduction of the supply voltage from 5.0 Vto 3.3V
reduces power consumption by 56%. This directly trans-
lates to a doubling of battery life for portable applica-
tions. Lower power consumption can also be used to
reduce the size and weight of the battery. Thus, 3.3-V
designs facilitate a reduction in the form factor.

A lower operating voltage results in a reduction of /O
voltage swings. This reduces noise generation and pro-
vide a less hostile environment for board design. Lower
Operating Voltage also reduces electromagnetic radia-
tion noise and makes to obtain FCC approval easier to
obtain.

SMM—System Management Mode

The Am386SXLV microprocessor has a new System
Management Mode (SMM) for system and power man-
agement. This mode consists of two features: System
Management Interrupt (SMI) and I/O instruction break.

SMI—System Management Interrupt

SMI is implemented by using special bus interface pins.
This interrupt method can be used to perform system
management functions such as power management in-
dependent of processor operating mode (Real, Pro-
tected, or Virtual 8086 Modes).

SMI can also be invoked in software. This allows sys-
tem software to communicate with SMI power manage-
ment code. In addition, the UMOV instruction allows
datatransfers between SMI and normal system memory
spaces.

Activating the SMI pin invokes a sequence that saves
the operating state of the processor into a separate
SMM memory space, independent of the main sys-
tem memory. After the state is saved, the processor is
forced into Real Mode and begins execution at address

FFFFFOhinthe SMM memory space where afarjumpto
the SMM code is executed. This Real Mode code can
perform its system management function and then re-
sume execution of the normal system software by exe-
cuting an RESS instruction which will reload the saved
processor state and continue execution in the main sys-
tem memory space. See Figure 1 for a general flow-
chart of an SMM operation.

SMi sampled
active (Low)

Current instruction
finishes execution,
normal ADS goes inactive

!

CPU saves state to
separate SMM memory
space, starting at address
60000h

:

CPU enters Real Mode,
starts code fetches at
location FFFFFOh in
SMM memory space

.

Real Mode SMM interrupt
handler code execution
(after FAR JUMP)

T

Restore saved state from
60000h with RES3 (OF 07)
opcode sequence

Normal code

execution
resumes

16305C—002
Figure 1. SMM Flow

CPU Interface—Pin Functions

The CPU interface for SMM consists of three pins dedi-
cated to the SMI function. One pin, SMI, is the new inter-
rupt input. The other two pins, SMIADS and SMIRDY,
provide the control signals necessary for the separate
SMM mode memory space.

Description of SMM Operation

The execution of a System Management Interrupt has
four distinct phases: the initiation of the interrupt via
SMI, a processor state save, execution of the SMM
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interrupt code, and a processor state restore (to resume
normal operation).

Interrupt Initlation

A System Management Interrupt is initiated by the driv-
ing of a synchronous, active Low pulse on the SMi pin
uniii the first SMIADS is asserted. This puise period wiii
ensure recognition of the interrupt. The CPU drives the
SMI pin active after the completion of the current opera-
tion (active bus cycle, instruction execution, or both).
The active drive of the pin by the CPU is released at the
end of the interrupt routine following the last register
read of the saved state. The CPU drives SMi High for
two CLK2 cycles prior to releasing the drive of SMI.

An SMI cannot be masked off by the CPU, and it will
always be recognized by the CPU, regardless of operat-
ing modes. This includes the Real, Protected, and
Virtual-8086 Modes of the processor.

While the CPU is in SMM, a bus hold request via the
HOLD pin is granted. The HLDA pin goes active after
bus release and the SMIADS pin floats along with the
other pins that normally float during a bus hold cycle.
SMI does not float during a Bus Hold cycle.

Processor State Save

The first set of SMM bus transfer cycles after the CPU's
recognition of an active SMI is the processor saving its
state to an extemal RAM array in a separate address
space from main system memory. This is accomplished
by using the SMIADS and SMIRDY pins for initiation and
termination of bus cycles, instead of the ADS and
READY pins. The 24-bit addresses to which the CPU
saves its state are 60000h—600CBh and 60100h-
60127h. These are fixed address locations for each
register saved.

To ensure valid operation, pipelining must be disabled
while the processoris in SMM. There are 114 datatrans-
fer cycles.

SMI Code Execution

After the processor state is saved to the separate SMM
memory space, the execution of the SMI interrupt
routine code begins. The processor enters Real Mode,
sets most of the register values to “reset” values (those
values normally seen after a CPU reset), and begins
fetching code from address FFFFFOh in the separate
SMM memory space. Normally, the first thing the inter-
rupt routine code does is a FAR JUMP to the Real Mode
entry point for the SMi interrupt routine, which is aiso in
SMM memory space.

Both INTR and NMI are disabled upon entry into
SMM. The SMM code can be located anywhere within
the 1-Mb Real Mode address space, except for where
the processor state is saved. /O cycles, as a result of
the IN, OUT, INS, and OUTS instructions, will go to the

normal address space, utilizing the normal ADS and
READY bus interface signals. This facilitates power
management code manipulating system hardware reg-
isters as needed through the standard I/0 subsystem; a
separate 1/0 space is not implemented.

Processor State Restore
(Resuming Normal Execution)

Returning to normal code execution in the main system
memory, including restoring the processor operating
mode, is accomplished by executing a special code
sequence. This code invokes a restore CPU state op-
eration that reloads the CPU registers from the saved
data in the RAM controlled by SMIADS and SMIRDY.

The ES:EDI register pair must point to the physical
address of the processor save state (6000h). In Real
Mode the address is calculated as ES - 16 + EDI offset.
The saved state should not cross a 64K boundary. The
RES3 instruction (OF 07) should be executed to start
the restore state operation. After completion of the re-
store state operation, the SMI pin will be deactivated
by the CPU and normal code execution will continue at
the point where it left off before the SMI occurred. There
are 114 data transfer cycles in the restore operation.

Software Features

Several features of the SMI function provide support
for special operations during the execution of the sys-
tem’s software. These features involve the execution
of reserved opcodes to induce specific SMI related
operations.

Software SMI Generation

Besides hardware initiation of the SMI via the SMI pin,
there is also a software induced SMI mechanism. Gen-
erating a soft SMI involves setting a control bit (Bit 12) in
the Debug Control Register (DR7) and executing an
SMiI instruction (opcode F1h).

The functional sequence of the software-based SMl is
identical to the hardware-based SMI with the exception
that the SMI pin is not initially driven active by an exter-
nal source. Upon execution of a soft SMI opcode, the
SMI pin is driven active (Low) by the processor before
the save state operation begins.

Memory Transfers to Main System Memory

While executing an SMI routine, the interrupt code can
initiate memory data reads and writes ta the main sys-
tem memory using the normal ADS and READY pins.
This initiation is accomplished by using reserved op-
codes that are special forms of the MOV instruction
(called UMOV). The UMOV opcodes can move byte,
word, or double word register operands to or from main
system memory. Multiple data transfers using the nor-

mal ADS and READY pins will occur if the operands
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are misaligned relative to the effective address used.
The UMOV opcodes are OF 10h, OF 11h, OF 12h, and OF
13h. The UMOV instruction can use any of the 386 ad-
dressing modes, as specified in the ModR/M byte of the
opcode. Note that the 16- and 32-bit versions are the
same opcodes with the exception of the 66h operand
size prefix.

I/0 Instruction Break

The Am386SXLV microprocessor has an I/O instruction
break feature that allows the system logic to implement
I/O trapping for peripheral devices. To enable the I/O
Instruction break feature, IBEN must first be asserted
active Low. On detecting an I/O instruction, the proces-
sor prevents the execution unit from executing further
instructions until READY is driven active Low by the sys-
tem. Once READY is driven active, the execution unit
either immediately responds to any active interrupt
request or continues executing instructions following
the 1/O instruction that caused the break.

The I/O instruction break feature can be used to allow
system logicto implement I/O trapping for peripheral de-
vices. On sensing an I/O instruction, the system drives
the SMI pin active before driving READY active. This en-
sures that the interrupt service routine is executed im-
mediately following the I/O instruction that caused the
break. (If the I/Q instruction break feature is not enabled
via IBEN, several instructions could execute before the
SMI service routine is executed.)

The SMI service routine can access the peripheral for
which SMI was asserted and modify its state.The SMI
service routine normally returns to the instruction follow-
ing the I/0 instruction that caused the break. By modify-
ing the saved state instruction pointer, the routine can
choose to return to the /O instruction that caused the
break and re-execute that instruction. The default is to
return to the following instruction (except for REP I/O
string instruction). To re-execute the I/O instruction that
caused the break, the SMI service routine must copy
the I/O instruction pointer over the default pointer. This
feature is particularly useful when an application pro-
gram requests an access to a peripheral that has been
powered down. The SMI service routine can restore
power to the peripheral and initiate a re-execution se-
quence transparent to the application program. This
re-execution feature should only be used if the SMl is in
response to an I/O trap with IIBEN active. Note that the
1/0 instruction break feature is not enabled for memory
mapped I/O devices or for coprocessor bus cycles even
if IIBEN is active.

1/0 Instruction Break Timing

The 1/O Instruction Break feature requires that SMI be
sampled active (Low) by the processor at least three
CLK2 edges before the CLK2 edge that ends the I/0 cy-
cle with an active READY signal. This timing applies for

both pipelined and non-pipelined cycles. If this timing
constraint is not met, additional instructions may be
executed by the interal execution unit prior to entering
SMM. Depending on the state of the prefetch queue at
the time the SMI is asserted, instruction fetch cycles
may occur on the normal ADS interface before the
SMM save state process begins with the assertion
of SMIADS. However, this fetched code will not be
executed.

True Static Operation

The Am386SXLV microprocessor incorporates a true
static design. Unlike dynamic circuit design, the
Am386SXLV device eliminates the minimum operating
frequency restriction. It may be clocked from its maxi-
mum speed all the way down to 0 MHz (DC). System
designers can use this feature to design battery-
powered notebook PCs with long battery life.

Standby Mode

This true static design of the Am386SXLV microproces-
sor allows for a Standby Mode. At any operating speed
the Am386SXLV microprocessor will retain its state
(i.e., the contents of all of its registers). By shutting off
the clock completely, the device enters Standby Mode.
Since power consumption is proportional to clock fre-
quency, operating power consumption is reduced as the
frequency is lowered. In Standby Mode, typical current
draw is reducedto less than 0.01 mA. Not only does this
feature save battery life, but it also simplifies the design
of power-conscious notebook computers in the follow-
ing ways.
1. Eliminates the need for software in BIOS to save
and restore the contents of registers.
2. Allows simpler circuitry to control stopping of the
clock (since) the system does not need to know
the state of the processor.

Lower Operating Icc

True static design also allows lower operating lcc when
operating at any speed.

Performance on Demand

The Am386SXLV microprocessor retains its state at any
speed from 0 MHz (DC) to its maximum operating
speed. With this feature, system designers may vary the
operating speed of the system to extend the battery life
in notebook systems.

For example, the system could operate at low speeds
during inactivity or polling operations. However, upon
interrupt, the system clock can be increased up to its
maximum speed. After a user-defined time-out period,
the system can be returned to a low (or 0 MHz) oper-
ating speed without losing its state. This design maxi-
mizes battery life while achieving optimal performance.
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CONNECTION DIAGRAM
100-Lead Plastic Quad Flat Pack (PQFP) Package—Top Side View

100-Pin PQFP

O NON D WON =

Top Side View

Notes: Pin 1 is marked for orientation.
N/C = Not connected; connection of an N/C pin may cause a malfunction or incompatibility with future shippings
of the Am386SXLV microprocessor.
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CONNECTION DIAGRAM
100-Lead Plastic Quad Flat Pack (PQFP) Package—Pin Side View

100-Pin PQFP
> 12 = e}
X, EER Yk RE_ =

E%Eﬁgaé%3&5&%92&&%2%%2&&&

| Hinnninnmnninninnm

Y 88388 BIITIIILLITRRB
WR A2
DS A3
MG A4
Vss A5
Vee A6
NC A7
BHE Vee
A1l A8
BLE A9
ADS A10
CLK2 A1
Vss A12
Vss Pin Side View Vss
Vss A13
Vss Al4
Vee A15
Vee 9 Vss
Vee 8 Vss
READY 7 Voo
NA 6 A16
Vss 5 Vee
HOLD 4 A17
HLDA 3 A18
Vss 2 A19
Do 1 A20

Vss ] 98
Vec ] 97
Vee [ 91
Dio[—] s8
D11 ] 87
D12 ] 86
Vss ] 85
Vec ] 84
D13 [] 83
D14 [] 82
D1s [ 81
A23 [] 80
A22 ] 79
Vss ] 78
Vss ] 77
A2t ] 76

Notes: Pin 1 is marked for orientation.
N/C = Not connected; connection of an N/C pin may cause a malfunction or incompatibility with future shippings
of the Am386SXLV microprocessor.
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PIN DESIGNATION TABLES (Sorted by Functional Grouping)

Address Data Control NC Vee Vss
Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin No. | Pin No. | Pin No.
Al 18 Do 1 ADS 16 20 8 2
A2 51 D1 100 BHE 19 27 9 5
A3 52 D2 99 BLE 17 44 10 11
A4 53 D3 96 BUSY 34 45 21 12
A5 54 D4 95 CLK2 15 46 32 13
A6 55 D5 94 DT 24 47 39 14
A7 56 D6 93 ERROR 36 42 22
A8 58 D7 92 FLT 28 48 35
A9 59 D8 90 HLDA 3 57 41
A10 60 D9 89 HOLD 4 69 49
A1 61 D10 88 IBEN 29 71 50
A12 62 D11 87 INTR 40 84 63
A13 64 D12 86 LOCK 26 91 67
A14 65 D13 83 MG 23 97 68
A15 66 D14 82 NA 6 77
A16 70 D15 81 NMI 38 78
A17 72 PEREQ 37 85
A18 73 READY 7 98
A20 75 RESET 33
A21 76 SMi 43
A22 79 SMIADS 31
A23 80 SMIRDY 30
WR 25
PIN DESIGNATION TABLES (Sorted by Pin Number)

Pin No. | Pin Name | Pin No. | Pin Name | Pin No. | Pin Name | Pin No. | Pin Name | Pin No. | Pin Name
1 Do 21 Vee 41 Vss 61 Al1 81 D15
2 Vss 22 Vss 42 Vee 62 A12 82 D14
3 HLDA 23 M/ 43 SMI 63 Vss 83 D13
4 HOLD 24 D 44 NC 64 A13 84 Vee
5 Vss 25 WR 45 NC 65 A14 85 Vss
6 NA 26 LOCK 46 NC 66 A15 86 D12
7 READY 27 NC 47 NC 67 Vss 87 D11
8 Vee 28 FLT 48 Vee 68 Vss 88 D10
9 Vee 29 IIBEN 49 Vss 69 Vee 89 D9

10 Vee 30 MIRDY 50 Vss 70 A16 90 D8
1 Vss 31 SMIADS 51 A2 7 Ve 91 Vee
12 Vss 32 Vee 52 A3 72 A17 92 D7
13 Vss 33 RESET 53 A4 73 A18 93 Dé

14 Vss 34 BUSY 54 AS 74 A19 94 D5
15 CLK2 35 Vss 55 A6 75 A20 95 D4
16 ADS 36 ERROR 56 A7 76 A21 96 D3
17 BLE 37 PEREQ 57 Vee 77 Vss 97 Vee
18 A1 38 NMI 58 A8 78 Vss 98 Vss
19 BHE 39 Vee 59 A9 79 A22 99 D2
20 NC 40 INTR 60 A10 80 A23 100 D1
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

{7}
©
o
@
¢
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on
P
=
<

|

I

OPTIONAL PROCESSING

None = Trimmed and Formed PQFP in high-temp trays (PQ 100)
F = Ringed PQFP in horizontal tubes (PQB 100)
S = Ringed PQFP in coin-stack tubes (PQB 100)

TEMPERATURE RANGE
Blank = Commercial (0°C to +100°C)

SPEED OPTION
-25=25 MHz

DEVICE NUMBER/DESCRIPTION
80386SXLV

Am386SXLV Microprocessor
High-Performance, Low-Voltage, 32-Bit
Microprocessor with 16-Bit Data Bus

PACKAGE TYPE
NG = 100-Pin Plastic Quad Flat Pack

Valid Combinations Valid Combinations

_o5 Valid Combinations lists configurations planned
to be supported in volume for this device. Consult
NG 80386SXLV —25F the local AMD sales office to confirm availability of
specific valid combinations and to check on newly
-258 released combinations.
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LOGIC SYMBOL

2X Clock

Address
Bus

Bus
Cycle
Control

Bus
Cycle
Definition

—P| CLK2

< -2-5 A23-A1

D15-D0O

< _2 |BLE BHE

RESET
NMI
INTR

Am386SXLV
Microprocessor

PEREQ
BUSY

SMmI
SMIADS
SMIRDY

[

59

HOLD HLDA

Data Bus

[ ¢&— Float

¢——
¢——

———

Interrupt
Control

} Math
Coprocessor
Control

System

\ Management
Mode
Control

I

Bus Arbitration
Control

16305C-003
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PIN DESCRIPTIONS

A23-At1
Address Bus (Outputs)

Outputs physical memory or port I/O addresses.

ADS
Address Status (Active Low; Output)

Indicates that a valid bus cycle definition and address
(W/R, D/C, M/10, BHE, BLE, and A23-A1) are being
driven at the Am386SXLV microprocessor pins. Bus
cycles initiated by ADS must be terminated by READY.

BHE, BLE
Byte Enables (Active Low; Outputs)

Indicate which data bytes of the data bus take part
in a bus cycle.

BUSY
Busy (Active Low; Input)

Signals a busy condition from a processor extension.
BUSY has an internal pull-up resistor.

CLK2

CLK2 (Input)

Provides the fundamental timing for the Am386SXLV
microprocessor.

D15-D0
Data Bus (Inputs/Outputs)

Inputs data during memory, 1/O, and interrupt
acknowledge read cycles; outputs data during memory
and /O write cycles.

D/C
Data/Control (Output)

Abus cycle definition pin that distinguishes data cycles,
either memory or I/O, from control cycles which are:
interrupt acknowledge, halt, and code fetch.

ERROR
Error (Active Low; Input)

Signals an error condition from a processor extension.
ERROR has an internal pull-up resistor.

FLT
Float (Active Low; Input)

An input which forces all bidirectional and output
signals, including HLDA, to the three-state condition.
FLT has anintemal pull-up resistor. The pin, if not used,
should be disconnected.

HLDA
Bus Hold Acknowledge (Active High; Output)

Output indicates that the Am386SXLV microprocessor
has surrendered control of its logical bus to another bus
master.

HOLD
Bus Hold Request (Active High; Input)

Input allows another bus master to request control of the
local bus.

IIBEN
1/0 Instruction Break Enable (Active Low; Input)

Enables the I/O instruction break feature. IIBEN has a
dynamic internal pull-up resistor. The IIBEN pull-up is
active during RESET and whenever the signal is not
driven active low by the system.

INTR
Interrupt Request (Active High; Input)

A maskable input that signals the Am386SXLV micro-
processor to suspend execution of the current program
and execute an interrupt acknowledge function.

LOCK
Bus Lock (Active Low; Output)

A bus cycle definition pin that indicates that other
system bus masters are not to gain control of the
system bus while it is active.

M/io
Memory/IO (Output)

A bus cycle definition pin that distinguishes memory
cycles from input/output cycles.

NA
Next Address (Active Low; Input)

Used to request address pipelining.

N/C
No Connect

Should always be left unconnected. Connection of an
N/C pin may cause the processor to maltfunction or be
incompatible with future steppings of the Am386SXLV
microprocessor.

NMI

Non-Maskable Interrupt Request

(Active High; Input)

A non-maskable input that signals the Am386SXLV
microprocessor to suspend execution of the current
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program and execute an interrupt acknowledge
function.

PEREQ .
Processor Extension Request (Active High; Input)

Indicates that the processor has data to be transferred
by the Am386SXLV microprocessor. PEREQ has an
internal pull-down resistor.

READY
Bus Ready (Active Low; Input)

Terminates the bus cycle initiated by ADS.

RESET
Reset (Active High; input)

Suspends any operation in progress and places the
Am386SXLV microprocessor in a known reset state.

SMI
System Management Interrupt (Active Low; I/0)

A non-maskable interrupt pin that signals the
Am386SXLV microprocessor to suspend execution and
enter System Management Mode. SMI has an intemal
pull-up resistor. SMI has a dynamic internal pull-up re-
sistor that is disabled when the processor is in SMM.
SMI is not three-stated during Hold Acknowledge bus
cycles.

SMIADS
SMI Address Status (Active Low; Output)

When active, this pin indicates that a valid bus cycle
definition and address (W/R D/C, M/IO, BHE, BLE, and

A23-A1) are being driven at the Am386SXLV micro-
processor pins while in the System Management Mode.
Bus cycles initiated by SMIADS must be terminated by
SMIRDY.

SMIRDY

SMI Ready (Active Low; Input)

This input terminates the current bus cycle to the SMM
Mode address space in the same manner the READY
pin does for the normal mode address space. SMIRDY
has an internal pull-up resistor. READY and SMIRDY
must not be tied together.

Vee
System Power (Input)

Provides the DC supply input.
Vss
System Ground (Input)

Provides the 0-V connection from which all inputs and
outputs are measured.

W/R
Write/Read (Output)

A bus cycle definition pin that distinguishes write cycles
from read cycles.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature .......... ~65°C to +150°C Supply Voltage with respectto Vss .. -0.5Vto +7.0V
Ambient Temperature Under Bias . —65°C to +125°C Voltage on Other Pins . ....... —-05Vto Ve +05V

Stresses above those listed may cause permanent Operating ranges define those limits between which
damage to the device. Fi Uncﬁona”ty at or above these the funcﬁona[ity of the device is guaranteed'

limits is not implied. Exposure to ABSOLUTE MAXI-

MUM RATING conditions for extended periods of time

may affect device reliability.

DC CHARACTERISTICS over COMMERCIAL operating ranges
Vee=3.0 V10 3.6 V; Tease = 0°C to +100°C

Final
Symbol | Parameter Description Notes Min Max Unit
Vi Input Low Voltage (Note 1) -0.3 +0.8 Vv
Vin Input High Voltage 2.0 Vec+0.3 \
Vie CLK2 Input Low Voltage (Note 1) -0.3 +0.8 Vv
Vine CLK2 Input High Voltage (25 MHz) 2.4 Vee+0.3 \
Voo Output Low Voltage
lo. = 0.5 mA: A23-A1, D15-D0 (Note 5) 0.2 \
lo. = 0.5 mA: BHE, BLE ,W/R, D/C, SMIADS, 0.2 v
M/IO, LOCK, ADS, HLDA, SMi
loo. = 2mA: A23-A1, D15-DO 0.45 "
lo. = 2.5 mA: BHE, BLE, W/R, D/C, SMIADS, 0.45 \"
LOCK, ADS, M/, HLDA, SMi
Vou Output High Voltage
lon = 0.1 mA: A23-A1, D15-D0 (Note 5) Ve~ 0.2 v
lon = 0.1 mA: BHE, BLE, W/R, D/C, SMIADS, | (Note 6) Vec~0.2 \'
LOCK, ADS, M/I0, HLDA, SMi
low = 0.5 mA: A23—A1, D15-DO Vee— 0.45 \"
low = 0.5 mA: BHE, BLE, W/R, D/C, SMIADS, Veo— 0.45 v
LOCK, ADS, M/O, HLDA, SMiI
Iy Input Leakage Current (All pins except 0V <Ving Vee
PEREQ, BUSY, ERROR, SMi, SMIRDY, (Note 7) +10 A
FLT,IBEN )
Iin Input Leakage Current Vin = Vec=0.1V 300 HA
(PEREQ pin) Vi =2.4V (Note 2) 200 pA
I Input Leakage Current V=01V -300 pA
(BUSY, ERROR, SMi, SMIRDY, FLT, TBEN) | Vi.= 0.45 V (Note 3) -200 pA
lo Output Leakage Current 0.1V < Vour £ Vee +15 pA
lec Supply Current (Note 8) Vee=33V Vec=3.6V
CLK2 = 40 MHz: Oper. Freq. 20 MHz lec Typ = 80 95 mA
CLK2 = 50 MHz: Oper. Freq. 25 MHz lec Typ = 95 115 mA
lecss Standby Current (Note 8) lecse Typ = 10 pA 150 pA
Cn Input or I/O Capacitance Fc = 1 MHz (Note 4) 10 pF
Cour Output Capacitance Fe = 1 MHz (Note 4) 12 pF
Cewx CLK2 Capacitance Fc = 1 MHz (Note 4) 20 pF

Notes: 1. The Min value, —0.3, is not 100% tested.

. PEREQ input has an internal pull-down resistor.

. BUSY, ERROR , FLT, SMI, IIBEN, and SMIRDY inputs each have an internal pull-up resistor.
. Not 100% tested.

. Outputs are CMOS and will pull rail-to-rail if the load is not resistive.

. Vou SMi only valid on SMi output when exiting SMM for two CLK2 periods.

. SMIi and 1IBEN leakage Low will be I when pull-up is inactive and I when pull-up is active.

. Inputs at rails (Vcc or Vss).

oNOO AWM
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature .......... -65°C to +150°C Supply Voltage with respectto Vss ... =0.5Vto+7V
Ambient Temperature under Bias . —65°C to +125°C Voltage on Other Pins ........ -05VtoVe +0.5V

Stresses above those listed may cause permanent Operating ranges define those limits between which
damage to the device. Functionality at or above these the functionality of the device is guaranteed.

limits is not implied. Exposure to ABSOLUTE MAXI-

MUM RATING conditions for extended periods of time

may affect device reliability.

DC CHARACTERISTICS over COMMERCIAL operating ranges
Vec=3.6 V10 5.5 V; Tease = 0°C to +100°C

Final
Symbol | Parameter Description Notes Min Max Unit
' Input Low Voltage (Note 1) -0.3 +0.8 \
Vin Input High Voltage 2.0 Vec+0.3 \]
Vie CLK2 Input Low Voltage (Note 1) -0.3 +0.8 \
Vine CLK2 Input High Voltage (33 MHz) 2.7 Vee+0.3 \)
Vo Output Low Voltage
loo. = 4mA: A23-A1, D15-D0 (Note 5) 0.45 Vv
lo. = 5mA: BHE, BLE ,W/R, D/C, SMIADS, 0.45 Y
M/Q, LOCK, ADS, HLDA, SMmi
Vo Output High Voltage
low = 1.0 mA: A23-A1, D15-D0O (Note 5) 2.4 Y
lon = 0.2mA: A23-A1, D15-D0 Vee—- 0.5 '
low = 0.9 mA: BHE, BLE, W/R, D/C, SMIADS, | (Note 6) 2.4 \"
LOCK, ADS, MAG, HLDA, SMi
low = 0.18 mA: BHE, BLE, W/R, D/C, SMIADS, Vec— 0.5 \
LOCK, ADS, M/iQ, HLDA, SMi
I Input Leakage Current (All pins except 0V<VinsVee
PEREQ, BUSY, ERROR, SMI, SMIRDY, (Note 7) £15 HA
FLT, and IBEN )
™ Input Leakage Current (PEREQ pin) Vi = 2.4V (Note 2) 200 nA
I Input Leakage Current
(BUSY, ERROR, SMi, SMIRDY, FLT, 1IBEN) | Vi.= 0.45 V (Note 3) —400 pA
lo Output Leakage Current 0.1 V< Vour < Vee +15 A
lec Supply Current (Note 8) Vec Typ=5.0V Vee =5.5 \
CLK2 = 40 MHz: Oper. Freq. 20 MHz lec Typ = 130 155 mA
CLK2 = 50 MHz: Oper. Freq. 25 MHz lec Typ = 160 190 mA
CLK2 = 66 MHz: Oper. Freq. 33 MHz lec Typ = 210 245 mA
lecss Standby Current (Note 8) lecss Typ = 20 pA 150 HA
Cn Input or I/0 Capacitance Fec = 1 MHz (Note 4) 10 pF
Cour Output Capacitance Fec = 1 MHz (Note 4) 12 pF
Cowx CLK2 Capacitance Fec = 1 MHz (Note 4) 20 pF

Notes: 1. The Min value, 0.3, is not 100% tested.

. PEREQ input has an internal pull-down resistor.
BUSY, ERROR, FLT, SMI, IIBEN, and SMIRDY inputs each have an internal pull-up resistor.
Not 100% tested.

. Outputs are CMOS and will pull rail-to-rail if the load is not resistive.

. Von SMi only valid on SMi output when exiting SMM for two CLK2 periods.

. SMI and TIBEN leakage Low will be I.; when pull-up is inactive and I when pull-up is active.

. Inputs at rails (Vcc or Vss).

N A WN
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SWITCHING CHARACTERISTICS
The switching characteristics given consist of output de-
lays, input setup requirements, and input hold require-
ments. All switching characteristics are relative to the
CLK2 rising edge crossing the 2.0-V level.

Switching characteristic measurement is defined in
Figure 2. Inputs must be driven to the voltage levels
indicated by Figure 2 when switching characteristics are
measured. Output delays are specified with minimum
and maximum limits measured, as shown. The mini-
mum delay times are hold times provided to external
circuitry. Input setup and hold times are specified as

minimums, defining the smallest acceptable sampling
window. Within the sampling window, a synchronous
input signal must be stable for correct operation.

Outputs ADS, W/R, D/C, MO, LOCK, BHE, BLE,
SMIADS, A23-A1, and HLDA only change at the
beginning of phase one. D15-D0 and SMI write cycles
only change at the beginning of phase two. The TIBEN,
READY, HOLD, BUSY, SMIRDY, ERROR, PEREQ,
FLT, and D15-D0 (read cycles) inputs are sampled at
the beginning of phase one. The NA, INTR, NMI, and
SMI inputs are sampled at the beginning of phase two.

Tx

(A23-A1, BHE, BLE, «—B—% Min
ADS, M/0, DT, Valid <
W/R, LOCK, HLDA, | Outputn

Valid
Output n+1

SMIADS)

(D15-Do, SMI) |:

Valid
Output n

Valid
Output n+1

(NA, INTR, NMI,
sMi)

(READY, HOLD,
FLT, ERROR, BUSY,
PEREQ, D15-DO,
TIBEN, SMIRDY)

Legend: A—Maximum Output Delay Characteristic
B — Minimum Output Delay Characteristic
C —Minimum Input Setup Characteristic
D—Minimum Input Hold Characteristic

Notes: 1. Input waveforms have tr < 2.0 ns from 0.8 V-2.0 V.
2. Vi=1.0VforVec<3.6V;1.5VforVec>36V

Valid
Input

16305C-003

Figure 2. Drive Levels and Measurement Points for Switching Characteristics
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SWITCHING CHARACTERISTICS over operating ranges at 25 MHz
Vee =3.0V-55 V; Tease = 0°C to 100°C

Final
“Ref.
Symbol{ Parameter Description Notes Figures| Min Max Unit
Operating Frequency Half CLK2 freq. 0 25 MHz
1 CLK2 Period 3 20 ns
2 CLK2 High Time at Viue 3 4 ns
3 CLK2 Low Time at0.8V 3 ns
4 CLK2 Fall Time 2.4V10 0.8V (Note 3) 3 7 ns
5 CLK2 Rise Time 0.8 Vto 2.4V (Note 3) 3 7 ns
6 A23-A1 Valid Delay C. = 50 pF 6 4 17 ns
7 A23-A1 Float Delay (Note 1) 13 4 30 ns
8 BHE, BLE, LOCK Valid Delay C. = 50 pF 6 4 17 ns
9 BHE, BLE, LOCK Float Delay (Note 1) 13 4 30 ns
10 M/G, D/C, W/R, ADS Valid Delay C. = 50 pF 6 4 17 ns
10s | SMIADS Valid Delay C. = 50 pF 6 4 25 ns
11 W/R, MG, D/C, ADS Float Delay (Note 1) 13 4 30 ns
11s | SMIADS Float Delay (Note 1)| 13 4 30 ns
12 D15-D0 Write Data Valid Delay C. = 50 pF 6,7 7 23 ns
12a | D15-D0 Write Data Hold Time C. = 50 pF 8 2 ns
13 D15-D0 Write Data Float Delay (Note 1) 13 4 22 ns
14 HLDA Valid Delay C. = 50 pF 6 4 22 ns
14f | HLDA Float Delay (Notes 1, 4) 14 4 30 ns
15 | NA Setup Time 5 5 ns
16 | NA Hold Time 5 3 ns
19 | READY Setup Time 5 9 ns
19s | SMIRDY Setup Time 5 9 ns
20 | READY Hold Time 5 4 ns
20s | SMIRDY Hold Time 5 4 ns
21 D15-D0 Read Data Setup Time 5 7 ns
22 D15-D0 Read Data Hold Time 5 5 ns
23 HOLD Setup Time 5 9 ns
24 HOLD Hold Time 5 3 ns
25 RESET Setup Time 15 8 ns
26 RESET Hold Time 15 3 ns
27 NMI, INTR Setup Time (Note 2) 5 6 ns
27s | SMiI Setup Time 5 6 ns
28 NMI, INTR Hold Time (Note 2) 5 6 ns
28s | SMi Hold Time 5 4 ns
29 PEREQ, ERROR, BUSY, FLT, IIBEN Setup Time (Note 2) 5 6 ns
30 PEREQ, ERROR, BUSY, FLT, IIBEN Hold Time (Note 2) 5 5 ns
31 SMi Valid Delay 6,13 4 22 ns
32 | SMI Float Delay (Notes 1, 4) 14 4 30 ns

Notes: 1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested.

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to
assure recognition within a specific CLK2 period.

3. Rise and Fall are not tested. They are guaranteed by design characterization.
4. Only during FLT assertion.
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SWITCHING CHARACTERISTICS over operating ranges at 33 MHz
Voo = 4.5 V-5.5 V; Terse = 0°C to 100°C

Final
Ref.
Symbol| Parameter Description Notes Figures | Min Max Unit
Operating Frequency Half CLK2 freq. 0 33.3 MHz
1 CLK2 Period 3 15 ns
2 CLK2 High Time at Vime 3 4 ns
3 CLK2 Low Time at0.8V 3 4.5 ns
4 CLK2 Fall Time 2.4V10 0.8V (Note 3) 3 4 ns
5 CLK2 Rise Time 0.8V1t02.4V (Note 3) 3 4 ns
6 A23-A1 Valid Delay C. = 50 pF 6 4 15 ns
7 A23-A1 Float Delay (Note 1) 13 4 20 ns
8 BHE, BLE, LOCK Valid Delay C. = 50 pF 6 4 15 ns
9 BHE, BLE, LOCK Float Delay (Note 1) 13 4 20 ns
10 | MIG, D/C, W/R, ADS Valid Delay C. = 50 pF 6 4 15 ns
10s | SMIADS Valid Delay C. = 50 pF 6 4 15 ns
11 W/R, M/i0, D/C, ADS Float Delay (Note 1) 13 4 20 ns
11s | SMIADS Float Delay (Note 1) 13 4 20 ns
12 D15-D0 Write Data Valid Delay C. = 50 pF 6,7 7 23 ns
12a | D15-D0 Write Data Hold Time C. = 50 pF 8 2 ns
13 D15-D0 Write Data Float Delay (Note 1) 13 4 17 ns
14 HLDA Valid Delay C. = 50 pF 6 4 20 ns
14f | HLDA Float Delay (Notes 1, 4) 14 4 20 ns
15 | NA Setup Time 5 5 ns
16 | NA Hold Time 5 2 ns
19 | READY Setup Time 5 7 ns
19s | SMIRDY Setup Time 5 7 ns
20 | READY Hold Time 5 4 ns
20s | SMIRDY Hold Time 5 4 ns
21 D15-D0 Read Data Setup Time 5 5 ns
22 D15-D0 Read Data Hold Time 5 3 ns
23 HOLD Setup Time 5 9 ns
24 HOLD Hold Time 5 2 ns
25 RESET Setup Time 15 5 ns
26 RESET Hold Time 15 2 ns
27 NMI, INTR Setup Time (Note 2) 5 5 ns
27s | SMi Setup Time 5 5 ns
28 NMI, INTR Hold Time (Note 2) 5 5 ns
28s | SMI Hold Time 5 4 ns
29 | PEREQ, ERROR, BUSY, FLT, IBEN Setup Time (Note 2) 5 5 ns
30 | PEREQ, ERROR, BUSY, FLT, IIBEN Hold Time (Note2)| 5 4 ns
31 SMi Valid Delay 6,13 4 17 ns
32 SMi Float Delay (Notes 1, 4) 14 4 20 ns

Notes: 1. Float condition occurs when maximum output current becomes less than .o in magnitude. Float delay is not 100% tested.
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to

assure recognition within a specific CLK2 period.

3. Rise and Fall are not tested. They are guaranteed by design characterization.

4. Only during FLT assertion.
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SWITCHING CHARACTERISTICS (continued)

12

VINC ‘ N /
CLK2 20V — —_— /
08V $4——— Kk ——

15

16305C-004

Figure 3. CLK2 Timing

Am386SXLV CPU Output o—_L

Figure 4. AC Test Circuit

C.

15022B-032
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SWITCHING WAVEFORMS
Tx 02

CLK2 [

119, t19s

READY,
SMIRDY

HOLD I:

D15-DO [

| t29 130

NMBEN, PEREQ,
FLT

BUSY, ERROR, I:

116

X

| 127, 127s
A

= [

§KﬂJNTR,NMI[

128, t28s

16305C-005

Figure 5. Input Setup and Hold Timing

02 01 Tx 02 01

8

CLK2

TOCK Valid n
t10, t10s
W/R, MG, )
D/C. ADS, Valid n

t6

! t12 —

[
[
[
s [ v
[
[

D15-Do Valid
t31
Max
SMI Valid n Valid n+1
—

16305C-006
Figure 6. Output Valid Delay Timing
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T
o1 02

we [/ N \_F \_

< Valid n

D15-Do [ ---------------- .

13605C-007
Figure 7. Write Data Valid Delay Timing
T
o1 92
we [ £ A F _
WA [
Min
t12a

D15-Do [ Valid n >

16305C-008

Figure 8. Write Data Hold Timing
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SWITCHING WAVEFORMS (continued)

|¢&——— Reset ——»|€¢———— Internal Initialization ————»| Cycle 1
> 15 CLK2 duration if not

going to request self-test. Non-Pipelined
> 80 CLK2 duration before If self-test is performed, add (Read)
requesting self-test. (2%°) + 60* to these numbers T T2

e ¢ bR

* Approximately
Reset |: V \
lo2]o1]o2|lo1]o2]01]|lo2[01]02

euctmare) L XXOOOPOOKET NSNS NN N

Negated to allow sensing of a
No self-test 387DX math coprocessor

BUSY [ (Note 1)
Low to begin self-test (Note 2) Asserted to indicate 387DX

(4% math coprocessor protocol
ERROR [

Up to 30 CLK2 —¥

HE, BLE, WR
[ Low || During Reset

Up to 30 CLK2 —¥

A23-A1, . .
D/G, LOCK [ High|| During Reset m
Up to 30 CLK2 —¥
ADS l: High|| During Reset

[ KX XXXKKK
w07 [ XXXXKXRXXKN YR
p1s-00 [ YXOOOOXK)----{------ (Floating)- = = === === =|{-==-~

swi [ XO00KXXY |

Notes: 1. BUSY should be held stable for eight CLK2 periods before and after the CLK2 period in which the RESET falling edge occurs.
2. If self-test is requested, the Am386SXLV microprocessor outputs remain in their reset state as shown here.

Figure 9. Bus Activity from Reset Until First Code Fetch 16305C-009
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fot]  Jotl lotl letl fetl Jo1l TJoetl letl et le1]

ck2 [
T [ \ /

S S G i SUTSRSRRE S < X
o Van N s varram N Vs \/
Data [ --<_ Vaiid )R R < A

Address [ X Valid D LT L ey ——— C X
Reset [ /
swi [ Y Valid P --emmemmmmmeemeeeea C X
Figure 10. Entering and Exiting FLT 16306B-008
lot] o1l lot] ot o1l lot1] [o1]
-
CLK2
e eea SMMin progress || @ 0—— oo ...
- foTToTTeet - Drive released by CPU
r # System may initiate another
SMIADS \ / SMi when necessary*
CPU driving SMi

-------- System control of SMi

*Once initiated, the system must hold SMi Low until the first SMIADS. At this time, the system cannot drive SMI until three
CLK2 cycles after the CPU drives SMi High. (The CPU will drive SMi High for two CLK2 cycles. The additional clock allows
the CPU to completely release SMi and prevents any driver overlap.)

16306B-011

Figure 11. Initiating and Exiting SMM

I 1 le2] Lo de2l | |

r l
SMi
b}

RESET / CPU drives SMI High for two CLK2 cycles 6-8
L __/ clocks after RESET is asserted.

16306B-010

Figure 12. RESET and SMI
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r‘
Q
Q)
A

W/R, M/G,
D/C, ADS,
SMIADS

A23-A1

D15-Do

HLDA

2]

Cycle 0 Cycle 1 Cycle 2
42 o1 TN e2 o1 TiOrTt o)
9 o )
Min Max Min iax
— — M| =1
t1, t11s 110, t10s | |
Min Max Min Max
I i R A DR
(High 2)
7 Min Max tG Min Max
sk w 7 e
T Max 12 Min
T Hghz) | —

t14

t13—Also applies to data float when write
cycle is followed by read or idle

Mi

M

t14
ax

Min

Max

Max

Valid 0

C/alid 1

Valid 2

Min

31

Max

Figure 13. Output Float Delay and HLDA and SMi Valid Delay Timing

16305C-011
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02 01 Th 02 01 Tior T1 02
oLk C N\ \ s
9 Min Max 8 Min Max
BHE, BLE, 1]
LOCK (High 2)
11, t11s t10, t10s
Min Max Min Max
W/R, M/1O,
D/C, ADS, T wen | I—1T ™
ST (High Z)
v Min Max 16 Min Max
1 —_ et — = — = —
A23-A — - {Hioh2)
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1 — — - — | — — —
D15-D0 (Figh2)
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HLDA ———‘(-'_-'EhFA——\'—
w2 — Min Max 131 Min Max
W m— 7 7S R S—
Figure 14. Output Float Delay Entering and Exiting FLT 16305C-012
RESET . Initialization Sequence _
020rd1 d2o0rd1 02 o1
t26
RESET [ N
t25
The second internal processor phase following RESET High-to-Low transition (provided t25 and t26 are met) is ¢2. 15021B-084

Figure 15. RESET Setup and Hold Timing and Internal Phase
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Note: This graph will not be linear outside the C. range shown. 15021B-079

Figure 16. Typical Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C.=120 pF)
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|
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Note: This graph will not be linear outside the C. range shown. 15021B-080

Figure 17. Typlcal Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C.=75 pF)
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nom+9 [— -—

nom + 6

Output Valid Delay (ns)

nom + 3

nom

nom -3 }—
] ] |

50 75 100 125 150
C. (picofarads)

Note: This graph will not be linear outside the C. range shown.

15021B-081

Figure 18. Typlcal Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C.=50 pF)
8 | | 1
Rise Time (ns) 0.8 V-2.0V
2 p—— —
8 | | |
50 75 100 125 150
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Note: This graph will not be linear outside the C.. range shown. 15021B-082

Figure 19. Typical Output Rise Time Versus Load Capacitance
at Maximum Operating Temperature
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PHYSICAL DIMENSIONS
BSC is an ANSI standardfor Basic Space Centering. Allmeasurements are ininches unless otherwise specified (PQB
100 outer ring is measured in millimeters). For reference only.
PQB 100 (Plastic Quad Flat Pack, Trimmed-Formed)
(all measurements are in inches)
0.897
0.875 0.903

0.008 Pin 1 1.D. ﬁ‘

0.012 )

ol|o
g vy
o |O
olo
_—

—-| -—l.ozs REF

|

/\
e~ —1
f\/
v

! | UOOEUOUCUUUET

JLILILILIL
__Jl—f {HHHAH
|

U | Side View
See Detail A 15679E
BX 44
3/31/92 SG
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PHYSICAL DIMENSIONS (continued)
PQB 100 (Plastic Quad Flat Pack, Trimmed-Formed)

.045 x 45° Chamfer MIN
—» [*+— 010 MI
/ —
5° Q [e— .002

.002 TYP (all edges) —

0.006

010 R*—\L !

0.006

l . -
0.008 T - T-

-0.000 .070
010R 5o 13° Nominal
+0.005
-0.002
.006

020// \\/70

MIN
.065 REF——

6°<6<8°

Detail A

Notes:
1. All dimensions are in inches unless otherwise specified.
2. Dimensions do not include mold protrusion.

3. Coplanarity of all leads will be within 0.004 inches measured from the seating plan. Coplanarity is measured per
specification 06-500.

4. Deviation from Lead-tip true position shall be within £0.003 inches.
5. Half span (center of package to lead-tip) shall be within +0.085 inches.
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PHYSICAL DIMENSIONS (continued)

PQB 100 — Plastic Quad Flat Pack with Molded Carrier Ring
(Inner device measured in inches; outer ring measured in millimeters)

_ 557 A /A X

1.50
DIA

46.13 4550 N
@ al
B 41.37 45.90 A -
N 41.63 37.87 Q
- 35.15 38.13
B 35.25 32.15 L
71 0.897 32.25 e
1.50 0.903 0.744 |-B-]
DIA < —_)
0.752 }/— Z2

_L\K- ..................-/._.';I.h;;.o......,................................... .....74

/ PIN 256

See Detail A

45.87|41.37 | 35.15]0.897
46.13|41.63]35.25|0.903

L~

(

| 50 DIA
: TOPVIEW  “ceeao--

- A

VA [ \
@n\f;t;nllhnunl?nnnunuuulnnlnnlnnlunlnunuuunuuuunununnlnuu.(e m 4.80

L [ Tiso D‘A‘A
| = -
See Detail B SIDE VIEW
20008A
CJ83
03/17/93 SG

1-64 Am386 Family Products



AMD
PHYSICAL DIMENSIONS (continued)
PQB 100 — Plastic Quad Flat Pack with Molded Carrier Ring (continued)
%?g —-| |-— +.025 E
: 707 x 45° (4X)
r” Sharp Measured 1.025
L [— 1.8x 45°
Sharp Measured
A Ex
b_16 025 ::y ? 0.5 R *0%
! Basic N (3X)
Detall A
1.85
Sharp Measured
— le— 650 Pitch
650 TYP [ s !
50 | | Detail Y
J‘Jﬁm ufufs)
E——__--J 3‘5t10
450 Typ—»{ |[e—
55¢
102__p
Detail B 0-10 *
1.8%92 (3510 %/ 1.04 1025
4550 4 ¥
—_— F Z
4590 RE A 160* T
1.50 70 1.27
o Wy
20 70 T n Top Gate
006 0.13
008 0.15
t ¥ 0.30 +92 1.13
7° Typ ARG 16° _ L
i :
1.50 2.5‘l 02 273 1025
Section C-C 5
01002 —sl Jo— ><5
.045 X 45° Chamfer
— 35" |e—
Bottom Gate
Section E-E

Section D-D
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PHYSICAL DIMENSIONS (continued)
PQB 100 — Plastic Quad Flat Pack with Molded Carrier Ring (continued)

Notes:
1. All dimensions and tolerances conform to ANSI Y14.5M-1982.
Controlling dimensions: package is measured in inches and ring is measured in millimeters.
These dimensions do not include mold protrusion. Allowable mold protrusion is 0.2 mm per side.
These dimensions include mold mismatch and are measured at the parting line.
Dimensions are centered about centerline of lead material.
These dimensions are from the outside edge to the outside edge of the test points.
There are six locating holes in the ring, =B— and —~C— datum holes are used for trim form and excise of the molded package
only. Holes Z1 and Z2 are used for electrical testing only.
8. This area is reserved for vacuum pickup on each of the four corners of the ring and must be flat within 0.0256 mm. No ejector
pins in this area.

9. Datum —A- surface for seating in socket applications.
10. Pin one orientation with respect to carrier ring as indicated.

No o s~LN
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| CHAPTER 1 I
INTRODUCTION

el

GENERAL DESCRIPTION

The Am386DXLV and Am386SXLV microprocessors are low voltage, true static deriva-
tives of the Am386 microprocessors with System Management Mode support. These
microprocessors are ideal for systems where battery life and system weight are major
concerns. The System Management Mode allows such systems very flexible control
over system peripherals.

Figure 1-1 CPU Block Diagram

Segmentation Unit Paging Unit Bus Control HOLD, INTR,
NMI, ERROR
, A ) ,
Eifocive AddressBus |y 5 /nput <r'—1\ Adder Request | ¢ o BTSY, HLDA,
1 Adder n] Prioritizer —
32 25 RESET, FLT,
(34) |2 SMI, IBEN
/ i 32 <
Effective Address Bus DeS(.?rl ptor Page 4
——————/—:) Registers Cache B
32 ©
=
8
Limit and :> Cg::jrol E
il a
: Attribute Attribute : S
PLA BHE, BLE,
- PLA $ Address A23-A1
@ Driver _’(m.m'
5 5 A31-A2)
[
Protection o '-E —
Test Unit 8 H k= M/I_O,D/i
2] o o Piveline/ W/R, LOCK,
a = ipeline, APS (ASTE)
AN [ Internal Control Bus % < M Bus Size 0.328%?‘
< 5 Control e TP
3 e SMIADS,
< 3 SMIRDY
3
MUX/
Barrel D15-DO
; . P n Trans-  |¢»
ihd'g:: N Decodeand | | L Instruction E> rﬁmi <;|\:E:2> ceivers (D31-D0)
— —1] Sequencing| — Decoder Checker
Fi
Multiply/ a9
Divide
3-Decoded | code | 16-Byte
ngtﬁ I Instruction | Stream Code
Register L <: Queue Queue
File /1\;——
ALU Instruction Instruction
ﬁ Control Control Predecode Prefetch 1
ALU Dedicated ALU Bus /
32
Note: DX specific characteristics shown in (). 16944A-001
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Low Voltage Features

The Am386DXLV and Am386SXLV microprocessors’ lower operating voltage and true
static design enable longer battery life and/or lower weight for portable systems. Lower-
ing the operating voltage from 5.0 V to 3.3 V effectively halves CPU and core logic
power consumption. Standby Mode of these microprocessors allows the clock frequency
to be reduced to 0 MHz (DC) and retain full register contents. In Standby Mode, typical
current draw is drastically reduced.

System Management Mode (SMM)

SMM is an advanced power management feature that allows interruption and resump-
tion of normal CPU activity. These interrupts and resumes allow the system designer to
implement very effective power management schemes. This mode of operation is imple-
mented with an SMI interrupt (System Management Interrupt), new SMM related CPU
instructions, and an TIBEN enable for an /O trapping feature (I/O Instruction Break
Enable). SMI is a non-maskable, higher priority interrupt than NMI and has its own
separate code space. SMI can be coupled with the I/O Instruction Break feature to
implement transparent power management of peripherals.

System Impact Summary

The Am386DXLV and Am386SXLV microprocessors embody the enabling technology
for advanced portable systems. The features of low voltage, true static operation and
SMM provide the system designer with new opportunities for innovation and system
differentiation. The Am386DXLV and Am386SXLV CPU's are the ideal core for the next
generation high-performance portable designs.
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SYSTEM MANAGEMENT MODE (SMM) u

SMM OVERVIEW

Capabilities

SMM provides a mechanism that interrupts the processor operation and resumes the
interrupted operation transparent to the operation system or application being run on the
system. This service routine resides in its own System Management address space.
Therefore, supporting logic can be designed to allow arbitrary interruption of the proces-
sor's activity to allow for the execution of other code tasks. One obvious application of
SMM is portable system power management.

Due to the pipelined nature of the Am386DXLV and Am386SXLV processors, accurately
interrupting processor code execution with single instruction granularity is normally very
difficult. This difficulty is primarily a concern when trapping I/O instructions. For this
reason SMM is implemented in the Am386DXLV and Am386SXLV microprocessors
with I/O Instruction Break capability. This feature allows I/O instruction trapping
implementation.

Pin Descriptions

The CPU interface for SMM consists of four pins dedicated to the SMM function. One
pin, SMI, is the System Management Interrupt input. Two pins, SMIADS and SMIRDY,
provide the control signals necessary for the separate SMI-mode memory space. The
final pin, IBEN, allows for the enabling of non-pipelined 1/0 accesses to allow for I/O
instruction trapping. The pin functions are defined as follows:

SMI System Management Interrupt — Active Low I/O pin with active
pull-up. This pin is the highest level interrupt input to the CPU.
SMIADS SMI Address Status — Active Low three-state output pin. When

active, this pin indicates that a valid bus cycle to the separate SMM
memory space has begun. It also validates the values on the W/R,
D/C, M/10, BE3-BEO, and A31-A2 pins (A23-A1, BHE, and BLE in
the case of the Am386SXLV CPU).

SMIRDY SMI Ready — Active Low input pin. This input terminates the current
bus cycle to the SMIADS initiated accesses in the same manner the
READY pin does for the ADS initiated address accesses.

IIBEN I/0 Instruction Break Enable — Active Low input pin with active
pull-up. When active, this pin enables the 1/O instruction break fea-
ture. This feature disables execution pipelining for I/O instructions. If
inactive, the feature is disabled and I/O cycles execute in a manner
clock-for-clock compatible with the Am386DXL or Am386SXL
processors.
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Pin Locations

The four SMM interface pins are at locations identified as No Connects (NCs) in the
Am386DX/DXL and Am386SX/SXL microprocessor products. The pin locations for the
Plastic Quad Flat Pack (PQFP) packages are shown in the tables below. The pin loca-
tions of all other signals remain the same as the standard products. This includes the
no-connect pins not taken up by the new SMM signals. All no-connect pins are reserved
for future use.

The Am386DXLV and Am386SXLV microprocessors are available in PQFP packages.
The SMM related pin locations are noted in Table 2-1 (for the Am386DXLV micropro-
cessor), and Table 2-2 (for the Am386SXLV microprocessor).

Table 2-1 Am386DXLV CPU SMM Pin Locations
Name PQFP Pin
SMI 59
SMIADS 37
SMIRDY 36
1IBEN 58

Table 2-2 Am386SXLV CPU SMM Pin Locations
Name PQFP Pin
SMI 43
SMIADS 31
SMIRDY 30
IIBEN 29
Features

SYSTEM MANAGEMENT MODE

SMM is implemented through a high priority System Management Interrupt (SMI). SMI is
non-maskable and higher in priority than NMI. An SMM-based system can be imple-
mented with the Am386DXLV and Am386SXLV processors’ special SMI interface pins.
This interrupt method can be used to perform system management functions independ-
ent of processor operating mode (Real, Protected, or Virtual 8086 modes).
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Activating the SMI invokes a sequence that saves the operating state of the processor
into a separate SMM memory address space, independent of the main system memory.
After the state is saved, the processor is forced into Real Mode and begins execution
out of that separate address space at the processor reset address (address FFFFFFFQOh
for the Am386DXLV microprocessor, address FFFFFOh for the Am386SXLV micropro-
cessor) where a jump to the SMM code is executed. This code performs its system
management function and then resume execution of the normal system software by
executing an SMM CPU state restore opcode sequence, which reloads the saved proc-
essor state and resume execution out of the main system memory space.

1/0 TRAPPING

1/O trapping can be implemented with the 1/O Instruction Break feature. I/O trapping
allows the system to turn off peripherals when they are not needed. The /O trapping-
hardware can then intercept accesses to these peripherals by interrupting the instruc-
tion stream, turning on the peripheral, and then re-executing the trapped 1/O instruction.
When the signal TIBEN is active, the processor execution unit pauses upon execution of
an /O transfer until the end of the transfer cycle without affecting memory or register-
related instructions. This pause allows non-pipelined interruption of the instruction via
SMI. After the SMM routine is complete, the I/O instruction can be re-executed and
normal execution resumed. The I/O Instruction Break Enable signal is dynamic and can
be enabled and disabled as the situation warrants. Thus, a system using this feature
need only pause on l/O instructions when necessary.

SMM Instructions
There are three specific instructions for SMM operation: SMI, UMOV, and RES3.

SMI—CALL TO SYSTEM MANAGEMENT INTERRUPT PROCEDURE

Opcode Instruction Clocks Description
F1 SMI DX-325 Call to System
SX-357 Management
Interrupt Procedure
Operation IF SMIE = 1
THEN ENTER SMM
ELSE

enter DEBUG exception routine (INT 1)
END

Description When SMIE bit is set in Debug Control Register (DR7, bit 12) SMI
forces the processor into SMM. If the SMIE bit is not set, the CPU
executes an INT1 debug exception.

Flags Affected SMMS bit in the Debug Status Register is set (DR6, bit 12 = 1).
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UMOV—MOVE DATA TO MAIN (USER) MEMORY

Opcode Instruction Clocks Description
OF 10 /r UMOV r/m8,r8 2/2 Move bgte register to
r/m byte
OF 11 /r UMOV r/m16,r16 2/2 Move word register to
r/m word
UMOV r/m32,r32 2/2 Move dword register to
r/m dword
OF 12 /r UMOV r8,r/m8 2/4 Move r/m byte in main
memory to byte register
OF 13/r UMOV r16,r/m16 2/4 Move r/m word in main
memory to word register
UMOV r32,r/m32 2/4 Move r/m dword in main

memory to dword register

Note:  /r indicates the ModR/M byte of the instruction contains both a register and an r/m operand. Clock
counts may be greater if access is misaligned.

Operation
Description

DEST <- SRC;

UMOV copies the second operand to the first operand with all mem-
ory references being initiated with ADS. UMOV functions like the
MOV instruction with the exception that UMOV is an SMM instruction
that references the normal memory system.

Flags Affected None

RES3—RESTORE ALL CPU REGISTERS

Opcode Instruction Clocks Description
OF 07 RES3 DX-291 Restore all CPU registers
from memory
SX-366
Operation CPU Registers <— ES:[EDI]
Description RES3 loads all CPU registers from a memory-based table referenced

by ES:[EDI]. When in SMM, the CPU save state table is loaded with
SMIADS initiated cycles. When not in SMM, the CPU save state table
is loaded with ADS initiated cycles. A new execution context will be
established in this process. Upon completion of the instruction, the
CPU resumes execution of the instruction stream described by the
CPU save state table. The function of the RES3 opcode may change
for future processors.

Flags Affected All flags are loaded from the CPU save state table.
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SMM FUNCTIONAL DESCRIPTION

Introduction

The execution of an SMI has four distinct phases: the initiation of the mode via an active
SMi signal, a processor state save, execution of the SMM interrupt code, and a proces-
sor state restore (to resume normal operation). This process is shown in Figure 2-1.

SMI Initiation

SMM is initiated by driving SMI active until the first active SMIADS pulse. The CPU
drives the SMI pin active after the completion of the current operation. The active drive
of the pin by the CPU is released at the end of the interrupt routine, following the last
memory read of the stored save state.

An SMI cannot be masked by the CPU and is always recognized by the CPU, regard-
less of operating mode. This includes the Real, Protected, and Virtual 86 Modes of the
processor.

SMI is the highest level external interrupt with precedence over both the NMI and INTR
interrupts. SMIs cannot be nested. Another SMI request is not recognized until the
completion of an SMI handler, when the CPU releases its drive of the SMI pin. Also
upon entering SMM, NMI and INTR interrupts are not enabled. NMI requests are latched
so processing of NMI's can be deferred until the SMM routine completes. INTR requests
can be enabled by the EFLAGS register or the STl instruction. In the event of an excep-
tion, software interrupt (INT N or INTO), or INTR interrupt requests, the execution of the
associated IRET instruction enables the recognition of pending NMI requests. In this
case SMM software needs to comprehend the handling of NMI as well as standard INTR
interrupts.

Figure 2-1

Complete SMM Execution Sequence

SMi sampled
Active (Low)

CPU saves CPU enters
Current instruc- state to Real Mode, SMM Interruot Restore saved
tion finished separate starts code Handler ¢ odz state from
execution, SMM Memory fetches at the execution 60000H with
normal ADS space, starting reset address (far jump) (OF 07) opcode
goes inactive at address in SMM jump sequence
60000H memory space

Normal Code
Execution

Resumes

16944A-02
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SMM can also be entered by setting the SMIE bit in debug register 7 and executing the
soft SMI instruction. This instruction is the opcode OF1h. Upon execution of this instruc-
tion, the system enters SMM as if a hardware SMI were detected.

Processor State Save

The first set of SMM bus transfer cycies after the CPU's recognition of an active SMi is
the processor saving its state to an external memory in a separate address space from
main system memory. There may be processor pre-fetch activity before entering SMM.
The first SMM memory accesses are accomplished by using the SMIADS and SMIRDY
pins for initiation and termination of bus cycles (instead of the ADS and READY pins).
The addresses to which the CPU saves its state are 60000h—600CBh and
60100h—60127h. These are fixed address locations for each register saved. Note that
each 32-bit register saved results in two 16-bit transfer cycles on the Am386SXLV CPU.
A map of the save/restore state memory area is in Appendix A.

The state save transfer cycles are initiated with SMIADS, and the bus cycle status pins
indicate a memory data write: W/R=1, D/C=1, and M/IO=1. These cycles must be termi-
nated with SMIRDY. The Am386DXLV processor accesses only SMM addresses as
32-bit accesses, ignoring BS16 for SMM cycles.

A total of 114 data transfer cycles are required for the Am386SXLV CPU and 61 cycles
for the Am386DXLV CPU to complete the save state operation: there are fifty-three
32-bit registers and eight 16-bit registers to be saved.

SMI Code Execution

After the processor state is saved to the separate SMM memory space, the execution of
the interrupt routine code begins. The processor enters Real Mode and begins fetching
code from the reset address in the separate SMM memory space. The processor state
and register contents upon entering SMM are detailed in Appendix A. Typically, the first
thing the interrupt routine code does is a jump to the Real-mode entry point for the SMM
interrupt routine, which is also in SMM memory space.

The code fetch bus transfer cycles are initiated with SMIADS, and the bus cycle status
pins indicate an instruction fetch: W/R=0, D/C=0, and M/iO=1. These cycles must be

terminated with SMIRDY. The Am386DXLV processor accesses only SMM addresses
as 32-bit accesses, ignoring BS16 for SMM cycles.

Any interrupt routine code can be executed within SMM. The SMM code can be located
anywhere within the SMM address space, except for where the processor state is
saved. If Protected Mode is enabled, SMM interrupt code has full access to the 4-Gb
address space. I/O bus cycles, as a result of the IN, OUT, INS, and OUTS instructions,
are directed to the normal address space, utilizing the normal ADS and READY bus
interface signals. This facilitates code that manipulates system hardware registers
through the standard I/O subsystem. A separate I/O space does not need to be
implemented.

Processor State Restore

Returning to normal code execution in the main system memory, including restoring the
processor operating mode, is accomplished by executing a CPU restore instruction
RES3 (opcode OFh 07h). This code invokes a restore CPU state operation that reloads
the CPU registers from the saved data in the memory space controlled by SMIADS and
SMIRDY signals.

For the RES3 instruction to execute properly, the ES:EDI register pair must point to
physical address 60000h where the interrupted CPU state is saved. The execution can
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be accomplished in Real Mode by loading ES with 6000h and clearing the EDI register.
Then RES3 should be executed to start the restore state operation. After completion of
the restore state operation, the SMI pin is deactivated by the CPU and normal code
execution continues at the address specified by the contents of the CS:EIP register in
the processor save state.

The state restore transfer cycles are initiated with SMIADS, and the bus cycle status
pins indicate a memory data read: W/R=0, D/C=1, and M/iO=1. These cycles must be
terminated with SMIRDY. There are 114 data transfer cycles required for the
Am386SXLV processor and 61 cycles required for the Am386DXLV processor to com-
plete the processor state restore. The Am386DXLV processor will only access SMM
addresses as 32-bit accesses, ignoring BS16 for SMM cycles.

If the CPU was powered down for power management purposes while in SMM, the
RESS3 instruction can be executed in Normal Mode after power up. This execution can
be done if the system logic provides normal access to the saved CPU state in SMM
memory space. The ES:EDI register pair should point to the Normal Mode address of
the saved state and the RES3 opcode (0OFh 07h) can be executed. in this case the CPU
executes the restore state with ADS initiated cycles.

1/0 INSTRUCTION BREAK

Functional Description

The operation of the I/O Instruction Break feature allows external system logic to inter-
rupt the processor on I/O instruction boundaries. This interruption is achieved by the
system logic driving TIBEN active and providing logic to assert SMI after recognition of
an /O bus cycle. This causes the CPU to enter SMM immediately after executing the I/O
instruction if SMi was asserted.

Internally, I/O Instruction Break pauses normal execution at the end of the 1/O instruction
but before execution of the following instruction. Assertion of IIBEN causes the CPU
execution unit to pause on an I/O bus cycle until it receives the final READY associated
with the I/O request. In the case of misaligned requests from the execution unit, more
than one physical I/O bus cycle can occur. After the final READY is received, the /O
instruction is completed.

When an I/O transfer that needs to be trapped is issued with TIBEN active, the system
logic must assert SMI for more than three CLK2 periods before asserting READY to
terminate the cycle. The CPU immediately goes into SMM without executing the next
instruction. Failure to meet the required setup time results in a standard SMM entry at
some point after the execution of the 1/O instruction (the 1/O instruction will not be

trapped).

The execution of coprocessor cycles is not affected, therefore coprocessor cycles
cannot be trapped as other 1/0O cycles.
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The “I/O breakable” instructions are listed below. With |/O Instruction Break enabled, the
execution clock count for these instructions increases. However, coprocessor /O in-
structions executions do not slow down. No memory or register instruction execution
times are affected.

Instruction Opcodes

IN E4, E5, EC, ED
ouT E6, E7, EE, EF
INS 6C, 6D

ouTs 6E, 6F

REP INS F36C, F36D
REP OUTS F3 6E, F3 6F

For the I/ string instructions (with or without the REP prefix), the assertion of SMi
marks the last executed |/O transfer pair. With IIBEN active, an SMI asserted on the first
I/O read or write does not usually result in another following 1/O transfer cycle until after
the SMI code is executed. An SMI asserted on the I/O read part of a REP INS instruc-
tion has a corresponding memory write cycle before entering SMM. The one exception
to this function is the REP OUTS instruction. The operation of REP OUTS can, in some
cases, execute two memory read-1/O write pairs before trapping depending upon the
state of the CPU when SMi is asserted. In this case an overrun flag is set in the CPU
save state so the need for corrective action can be detected by the SMM routine.

The I/O Instruction Break feature is implemented such that asserting SMi properly traps
an 1/O Instruction if the SMi pin is sampled active (Low) three CLK2 edges before the
CLK2 edge that ends the 1/O cycle with an active READY pin. Therefore, to implement
I/O instruction break for a particular I/O device, the access for that device must be at
least a 1 CPU wait state cycle. This timing applies to both non-pipelined and pipelined
cycles. (see Figure 2-2). Note that SMI is set up to the rising edge of CLK2 on the begln-
ning of the second phase of the processor state.

Depending on the state of the pre-fetch queue at the time SMi is asserted, instruction
fetch cycles might occur on the normal ADS interface before the SMM save state begins
with the assertion of SMIADS. However, the pre-fetched code is not executed.

Figure 2-2

1/0 Instruction Break SMiI Timing
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SMM HARDWARE INTERFACE

Pin Behavior
SMI

System Management Interrupt is an active Low I/O pin with an active
pull-up. This pin is the highest level interrupt input to the CPU. In
order to initiate SMM, SMi should be driven Low by an open collector
driver until the first SMIADS pulse occurs to ensure recognition. The
signal should then be released. In input mode, SMI must be synchro-
nous to CLK2. When the interrupt is recognized and service has
begun, the CPU drives SMI active to indicate that the SMI service
routine is executing. The CPU drives SMI inactive and then releases it
to the internal CPU pull-up upon completing the CPU restore state
process. The CPU drives SMI High for two CLK2 periods and then
releases SMi to the internal weak pull-up after the saved state is
reloaded. The SMI pull-up is active during RESET and whenever the
signal is not driven active by the CPU. The pull-up is disabled when
the CPU is driving SMi to minimize CPU power consumption. Note
that SMI is not floated during HOLD states while in SMM.

SMI Address Status is an active Low three-state output pin. When
active, this pin indicates that a valid bus cycle to the separate SMi
memory space has begun. SMIADS also validates the values on the
W/R, D/C, M/i0Q, BE3-BEO, and A31-A2 pins (A23-A1, BHE, and
BLE in the case of the Am386SXLV CPU). The function of SMIADS is
analogous to ADS. This is a three-state output which floats during a
bus HOLD cycle, as indicated by an active HLDA pin.

SMI Ready is an active Low input pin with an internal pull-up. This
input terminates the current bus cycle to SMIADS initiated accesses
in the same manner that the READY pin terminates ADS initiated
accesses. The signal SMIRDY is a CPU input that is synchronous to
CLK2. SMIRDY s function is analogous to READY ; however,
SMIRDY and READY may not be sourced from the same signal.

1/O Instruction Break Enable is an active Low input pin with an active
pull-up. IIBEN is an asynchronous CPU input that is internally syn-
chronized by the CPU to CLK2 and must be valid for several CLK2
pulses to be recognized. When active, this pin enables the I/O instruc-
tion break feature, and disables execution pipelining for I/O instruc-
tions. If inactive, the feature is disabled and I/O cycles execute in a
manner clock-for-clock compatible with the Am386DXL or Am386SXL
processors. This pin can be changed dynamically to enable or disable
I/O Instruction Break Enable as required by the system. To ensure
that the 1/O cycle is trapped, TIBEN must be active prior to the asser-
tion of SMI on the I/0 cycles. Therefore, if IBEN is to be changed
dynamically, a jump should be made to flush the instruction queue
after transitioning 1IBEN from inactive to active. The TIBEN pull-up is
active during RESET and whenever the signal is not driven active low
by the system. Once the CPU detects IIBEN being driven by the
system, the active pull-up is disabled until the next active RESET
pulse or until IIBEN is sampled High. Therefore, IBEN must be driven
at all times if the I/O Break Enable feature is used. In systems not
using the I/O Instruction Break feature, the pin does not need to be
connected.
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Bus Cycles

Bus cycles for the CPU during the SMM sequence are much like conventional CPU
cycles. SMM memory transactions are requested and terminated with the SMM specific
control lines (SMIADS, SMIRDY). Processor Save State and SMM code execution
always occur with the SMM specific control lines. I/O transactions take place in the

el tha (ARS BEAPRY) &
standard CPU /O space and therefore use standard control lines {ADS, READY) to

request and terminate the cycles. Special cycles such as interrupt acknowledge, HALT,
and shut down cycles are also indicated by activity on the standard control lines.

The state of NA is ignored during SMM code fetches because only non-pipelined cycles
can be generated in SMM. Because of this, the standard memory system should not be
allowed to perform pipelined cycles while SMI is active. Due to pipelined ADS timing,
memory transfers to/from non-pipelined SMM and a pipelined standard memory could
have unpredictable results. Therefore, NA must not be active when in SMM. NA should
be driven inactive at the receipt of the first SMIADS and held inactive until the processor
drives SMI inactive.

All SMM address space cycles made by the Am386DXLV processor are 32-bit ac-
cesses. The 32-bit processor ignores BS16 during cycles directed to the SMM
address space. The Am386DXLYV processor recognizes BS16 during accesses to the
normal address space. While a double word address space must be implemented, it
should be noted that word and byte accesses, as requured by instructions, function
properly utilizing the byte enables.

Figures 2-3 through 2-6 illustrate typical SMM bus cycles. The cycle sequence executed
as the processor enters SMM is shown in Figure 2-3. Memory and I/O access while in
SMM are detailed in Figures 2-4 and 2-5. Access to standard system memory from
SMM with the UMOV instruction is illustrated in Figure 2-6. Figure 2-7 shows the proces-
sor exiting SMM and resuming the interrupted instruction sequence.

Figure 2-3 SMI Assertion, Start of CPU Save State
CLk2 LN H[l S F Uyyuyuuuuuuuuy
nat-n2 X X 8% X X X X
2
as | [ L] l | §o
RERDY I T e O i -
READY 3 5
D31-DO ++--o-- X X Do B o { X X
Wi ‘Za i _
SMIADS - § I O e e
o ]
SMIRDY ;L’! | | 1 | LT
BEN 3
I T T
System Logic Asserts SMi until SMIADS is Active ~ CPU Asserts Processor Save State begun;
SMi System Logic stops driving SMi
16944A-004
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Figure 2.4 SMM Memory Write and Read
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Figure 2-5 SMM 1/0 Write and Read
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Figure 2-7 End of CPU Restore State
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SMI, Halt, and Shut Down

SMI can be used to interrupt the CPU in a Halt State. Upon return, the CPU will
continue execution at the next instruction beyond the HALT. if SMM transparency is
desired, the EIP must be set back to the HALT instruction before restore is executed.
Attempts to interrupt a Shut Down state with SMI have inconsistent results and are not
recommended.

If HALT or Shut Down cycles are generated while in SMM, they are generated with the
standard ADS signal.

Hold, Reset, and Interrupts

If HOLD is asserted while in SMM, the processor completes the current cycle, floats its
bus pins, and issues HLDA active, as in normal operation. The state of the SMM related
output pins is shown in Table 2-3. SMM related input pins should maintain their state
during the HOLD state. If HOLD is asserted between the time SMI is asserted and the
first SMIADS is initiated, the system logic should maintain SMI active until it is recog-
nized. RESET may be asserted at any time without regard to the processor's SMM
state. The state of SMM related output pins and the required state of the SMM related
input pins is given in Table 2-4.

Table 2-3

SMM Pin State during HOLD State

SMI Low
SMIADS Three-State

Table 2-4

SMM Pin State during RESET

SMi Not driven if not in SMM, may be driven High for two CLK2 periods
if in SMM

SMIADS High

SMIRDY High (unless driven Low by system logic)

1IBEN High (unless driven Low by system logic)

Upon entering SMM, interrupts are disabled and NMI is masked. Therefore, if INTR is
asserted, the interrupt is not recognized until SMM is exited. If an NMI is asserted while
the CPU is in SMM, the NMI is latched and serviced upon exit of SMM. Because SMI is
the highest priority interrupt in the system, it is recommended that other interrupts not be
serviced so that the interrupt priority hierarchy is preserved and the operation of SMM is
transparent to system software.

If so desired, INTR generated interrupts can be serviced by directly setting the IF bit in
the EFLAGS register or by executing the STl instruction. If interrupts are to be serviced
while in SMM, interrupt acknowledge cycles are initiated with ADS and interrupt table
references are initiated with SMIADS . Therefore, an SMM specific interrupt table must
be created in SMM address space for the interrupts requiring service.
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When servicing interrupts or exceptions, the execution of the IRET instruction enables
the recognition of NMI requests. One possible strategy for the SMM code is to disable
NMI in external system logic, a common feature in PC architecture systems. Therefore,
if interrupts or exceptions are serviced while in SMM, the system designer must account
for all possible INTR and NMI requests.

1/O Trapping

CPU cycles with I/O Instruction Break Enabled (IIBEN active) are not physically different
in terms of cycle definition. The cycle simply pauses the execution unit of the CPU until
the bus unit can complete the requested I/O cycle. The resulting bus traffic is different
than normal traffic only because there are more idle cycles than normal and code pre-
fetch cycles may appear earlier relative to data cycles. Figure 2-8 illustrates a typical I/O
instruction break. In Figure 2-8, no more instructions will be executed before the CPU
enters SMM. However, Bus Unit pre-fetch cycles are possible before the CPU enters
SMM.

Typical 1/0 Instruction Break

T T2 T2 T idle
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CLK2

A31-A2

[LJ

>
O
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-
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SMM Software Features

There are several features of the SMM function that provide support for special
operations during the execution of the system’s software. These features involve the
execution of reserved opcodes to invoke specific SMM related operations.

Processor Save State

Upon entering SMM, the processor saves its entire state in the SMM address block
from 60000h—~60127h. The complete use of this space is detailed in Appendix A. One
detail of the Save State which the SMM routine regularly checks in I/O trapping applica-
tions is the REP OUTS overrun flag. This overrun flag is contained in bit 0 of the location
6006Ch (see Table 2-5). If the overrun flag is set, no overrun has occurred. If the
overrun flag is cleared, a REP OUTS overrun has occurred (that is, two pairs of
memory-l/O accesses have occurred). In the case of an overrun, the SMM routine must
alter the affected registers to replay two cycles instead of one in order to ensure proper
re-execution of the trapped /O instruction.

Table 2-5

REP OUTS Overrun Flag

6006Ch Bit 0 0 = Overrun has occurred
1 = Normal Operation

Processor Modes

Processor modes can be changed while in SMM. Register use is the same as non-SMM
operation. For Protected Mode the descriptor tables must be built in SMM memory
space. Otherwise, operation is the same as in non-SMM applications. Example code for
changing to Protected Mode while in SMM can be found in Appendix C.

Page Mode while in SMM is of limited usefulness. All page loads come from the normal
memory and therefore are not recommended while in SMM.

Memory Transfers To Main System Memory

While executing an SMI routine, the interrupt code can initiate memory data reads and
writes to the main system memory using the normal ADS and READY pins. This initia-
tion is accomplished by using reserved opcodes that are special forms of the MOV
instruction (called UMOV). The UMOV opcodes can move byte, word, or double word
register operands to or from main system memory. Multiple data transfers using the
normal ADS and READY pins as well as SMIADS and SMIRDY pins will occur if the
operands are misaligned relative to the effective addresses used. The opcode formats
are shown in Table 2-6.

The UMOV instruction can use any of the 386 addressing modes, as specified in the
ModR/M byte of the opcode. Note that the 16- and 32-bit versions are the same op-
codes with the exception of the 066h operand size prefix. Table 2-6 illustrates the
UMOV opcode and encoded examples. Assembler macros examples can be found in
Appendix B. The data in Table 2-6 assumes a default operand and address sizes of 16
bits. Using 32-bit Protected Mode changes the use of prefixes.
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Table 2-6 UMOV Opcode Form

Opcode Instruction Description Encoded Example

OF 10 ModR/M UMOV r/m8,r8 Move byte register OF 10 00 ; umov [bx+si),al
to r/m byte

OF 11 ModR/M UMOV r/m16,r16 Move word register OF 11 00 ; umov [bx+si),ax
to r/m word

OF 11 ModR/M UMOV r/m32,r32 Move dword register 66 OF 11 00 ; umov [bx+si], eax
to r/m dword

OF 12 ModR/M UMOV r8,r/m8 Move r/m byte to OF 12 00 ; umov al,[bx+si]
byte register

OF 13 ModR/M UMOV r16,r/m16 Move r/m word to OF 13 00 ; umov ax,[bx+si]
word register

OF 13 ModR/M UMOV r32,r/m32 Move r/m dword to 66 OF 13 00 ; umov eax,[bx+si]

dword register

(Note: These encodings assume a default size of 16 bits.)

SMM Driver And Code Strategy

The basic function of the SMM service routine can be diagrammed as shown in Figure
2-9. The first phase of the SMM routine is to determine why it was invoked. SMM
interrupts are categorized by two separate types: non-execution system events

(e.g., time-out of a system timer) and, I/O trapped instructions. In both cases, the SMM
routine must query the system resources to determine which event requires

service.
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Figure 2-9 SMM Service Routine Flow Chart
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The second phase of SMM code execution is the service phase. The path chosen on
the flow chart depends on the determination of the SMI event source. The non-1/O
trapped events are primarily system dependent with only one special instruction case to
be handled. For I/O trapped events, it is assumed that the interrupted instruction
requires re-execution to properly resume operation. This could be due to an I/O opera-
tion directed toward a peripheral which is powered down. In this case, the interrupted
instruction must be examined and appropriate action taken to re-execute it properly.

Depending on the implementation of the system logic, multiple SMM interrupt sources
may be pending. The SMM code may need to poll for any other possible sources before
exiting the SMM routine.

Service Phase

Non-I/O Trapped Based SMI—When the SMI routine is involved without I/O trapping,
only the RES3 instruction is required to return to normal mode. In this case, before
issuing the resume command, the SMM code must check the interrupted instruction
stream to determine if the processor was interrupted in a HALT state. In the case of
an interrupted HALT condition, (E)IP in the save state table must be set to the HLT
instruction (EIP <= Last EIP) to prevent the processor from incorrectly resuming at the
next instruction.

1/0 Trapped SMI Events—In the event of trapped /O instructions, the SMM routine

may need to replay the trapped I/O instruction for proper task resumption. To accom-
plish this, the SMM code must examine both the CPU save state and the trapped 1/0
instruction to determine what system action must be taken and to prepare for the /O

instruction re-execution. This common front end code is diagramed in Figure 2-10.

The first task to be done is to determine the CPU mode at the time of the SMI. This can
be determined by examining the CPU save state as detailed in the following pseudo-
code example. It should be noted that the CPU mode is not specifically needed for
instruction re-execution. However, the SMM code does need to know if paging was
enabled to be able to determine the physical address of the trapped instruction.
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Figure 2-10
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DETERMINING THE CPU MODE:

IF NOT PROTECTED (CRO Bit), Loc 60000H) THEN (*Note: it is not re-
MODE = REAL; quired to determine the
ELSE exact mode of the proces-
IF NOT VM (EFLAG Bit 17, Loc 60004H) THEN sor to prepare for an in-

MODE = PROTECT: struction re-execution.
ELSE This is shown to illustrate
MODE = VIRT86; the process if other SMM
ENDIF; code requires it.*)
ENDIF;
IF PG=1 (CRO Bit 31, Loc 60000H) THEN (*We need to know if
PAGING = ON; paging was enabled*)
ELSE
PAGING = OFF;
ENDIF;
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The next task is to set the default operand and address sizes to facilitate the proper
decoding of the interrupted instruction’s operand and address fields. This is accom-
plished by examining the code segment attributes from the CPU save state as shown in
the following example.

IF (D = 0) (CS ATTR Bit 22, Loc 600B4H) THEN
DEFOPERAND = 16;
DEFADDR = 16;
ELSE
DEFOPERAND = 32;
DEFADDR = 32;
ENDIF;

To access the interrupted instruction, the SMM code must now get the instruction’s
physical address. This is a simple calculation if the CPU was not in Page Mode. If
paging was enabled the situation is more complicated since the instruction’s physical
address must be calculated from information in the CPU save state and the normal
memory-based page tables. Again, data from the CPU save state is used as shown in
the following code.

GET THE INSTRUCTION'S PHYSICAL ADDRESS:

CSBASE = Loc 600B8H (32-bit wvalue); (*valid for Reval,
OFFSET = LASTEIP (Loc 60124H); Protect, and V86 Modes*)

LINEARADDR = CSBASE + OFFSET;

IF PAGING = OFF THEN
PHYSICALADDR = LINEARADDR;
ELSE
DIRENTRYADDR = PDBR(Actual CR3 Value) + (LINEARADDR[31:22]) * 4;
PAGEENTRYADDR = (DIRENTRY AND FFFFF000H) + (LINEARADDR([21:12]) * 4;
PHYSICALADDR = (PAGEENTRY AND FFFFF000H) + (LINEARADDR[11:0]);
ENDIF;

MAXINSTRLENGTH = 5 (bytes); (*the longest I/O instruction is
5 bytes w/o redundant overrides*)

Now that all the information needed to access the instruction has been extracted from
the CPU save state, the instruction can be loaded into an array and decoded. This
example assumes only required override bytes are used and there are no duplicate
overrides. The order of override prefixes is assumed to be standard. Production code
may want to take non-standard code into account. The maximum instruction length of a
poorly formed instruction with redundant override prefixes is 15 bytes. Note that the
pseudo-code does not show the detail of enabling Protected Mode for physical instruc-
tion addresses outside the Real Mode address space. An example of how to change to
Protected Mode while in SMM can be found in Appendix C.

GET INSTRUCTION STREAM:

INSTR[0:4] = [PHYSICALADDR : PHYSICALADDR + 4] use Protected Mode if

*
A rmaa o~ TMED
aaress > 1mM7)
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DECODE INSTRUCTION STREAM:

REPEAT = NO;
OPOVERRIDE = NO;
ADDROVERRIDE = NO;
POINTER = 0;

IF INSTR[POINTER] = F3H THEN (*check for repeat prefix*)
REPEAT = YES;
POINTER = POINTER + 1;

ENDIF;

IF INSTR[POINTER] = 67H THEN (*check for address size override
ADDROVERRIDE = YES prefix*)
POINTER = POINTER + 1;

ENDIF;

IF INSTR[POINTER] = 66H THEN (*check for operand size override
OPOVERRIDE = YES; prefix*)
POINTER = POINTER + 1;

ENDIF;

IF INSTR([POINTER] IN{ 2EH, 36H, 3EH, 26H, 64H, 65H) THEN (*check for OUTS
OUTSEG = INSTR[POINTER]; segment overridest*)
POINTER = POINTER + 1;

ELSE

OUTSEG = 3EH; (*DS default segment*)
ENDIF;
OPCODE = INSTR[POINTER]; (*get the opcodet*)

CASE (OPCODE) OF

E4, EC : OPTYPE = IN; OPSIZE = BYTE;
E5, ED : OPTYPE = IN; OPSIZE = WIDE;
E6, EE : OPTYPE = OUT; OPSIZE = BYTE;
E7, EF : OPTYPE = OUT; OPSIZE = WIDE;
6C : OPTYPE = INS; OPSIZE = BYTE
6D : OPTYPE = INS; OPSIZE = WIDE;
6E : OPTYPE = OUTS; OPSIZE = BYTE;
6F : OPTYPE = OUTS; OPSIZE = WIDE;
ENDCASE;

With the instruction opcode decoded, the operand and address sizes embedded in the
instruction can now also be decoded. The instruction handlers will use the sizes to
choose which registers to modify for proper re-execution (for example DI or EDI).

DETERMINE OPERAND SIZE:

IF OPSIZE = WIDE THEN (* determine word or dword *)
IF OPOVERRIDE = YES THEN
IF DEFOPERAND = 16 bits THEN
OPSIZE = DWORD;
ELSE
OPSIZE = WORD;
ENDIF;
ELSE (* no operand override *)
IF DEFOPERAND = 16 bits
OPSIZE = WORD;
ELSE
OPSIZE = DWORD;
ENDIF;
ENDIF;
ENDIF;
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DETERMINE ADDRESS SIZE:

IF OPTYPE = INS OR OPTYPE = OUTS THEN
IF ADDROVERRIDE = YES THEN
IF DEFADDR = 16 bits THEN
ADDRSIZE = 32 bits;

ELSE
ADDRSIZE = 16 bits;
ENDIF;
ELSE (* no override *)

IF DEFADDR = 16 bits THEN
ADDRSIZE = 16 bits;
ELSE
ADDRSIZE = 32 bits;
ENDIF;
ENDIF;
ENDIF;

To properly handle repeated 1/O instructions, the state of the direction flag must be
determined. The direction flag will determine how the instruction handlers set the index
registers.

GET DIRECTION FLAG:

IF OPTYPE = INS OR OPTYPE = OUTS THEN
IF DF = 0 (EFLG Bit 10, Loc 60004H) THEN
DIRECTION = FORWARD;
ELSE
DIRECTION = BACKWARD;
ENDIF;
ENDIF;

For use in restarting the REP OUTS instruction, the Overrun flag must be checked in the
CPU save state. If this flag is clear, the REP OUTS instruction handler must account for
the fact that two 1/O cycles having taken place. If it is not, the handler calculates the
index and count for only one I/O cycle.

CHECK OVERRUN:

IF OPTYPE = OUTS AND REPEAT = YES THEN
IF OVERFLAG = 0 (Bit 0, Loc 6006CH) THEN
OVERRUN = YES;
ELSE
OVERRUN = NO;
ENDIF;
ENDIF;

With this information in hand ,the SMM routine can now take any system dependent
action required by the interrupt. When this action is complete, the SMM code is ready to
resume the interrupted instruction stream. To accomplish this resumption, a separate
course of action must be taken for each type of 1/0 instruction that was interrupted.

Depending on the type of I/O instruction trapped, a different instruction handler will be
used to resume execution of the interrupted instruction stream. The following are
pseudo-code handlers for each type of I/O instruction. Note that information created by
the common front end code from the CPU save state and the instruction stream is used

to determine how to properly prepare for I/O instruction resumption.

IN, OUT Handler—This instruction is the simplest to deal with because the instruction
need only be re-executed. Therefore, the handler is reduced to assigning the save state
EIP to the value of the last EIP stored in the CPU save state.
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Opcodes IN:
E4 immed8 byte
E5 immed8 word/dword (depending on data size default or override)
EC byte (from [DX])
ED word/dword (from [DX] depending on data size)

Opcodes OUT:
E6 immed8 byte
E7 immed8 word/dword (depending on data size default or override)
EE byte (from [DX])
EF word/dword (from [DX] depending on data size)

Valid Overrides:
Opcode Size (66) on E5 and ED only to indicate size.

BEGIN IN
EIP = LAST EIP; (*save state memory location changed*)
END IN;
BEGIN OUT
EIP = LAST EIP; (*save state memory location is changed*)
END OUT;

INS Handler—The INS handler must account for operand and address sizes as well as
the state of the direction flag. The EIP is set to the last EIP and either DI or EDl is set to
the appropriate value depending on the address size.

Dependencies:
Address Size : 16 or 32 bit, depending on D bit and possible override
Operand Size : 8, 16, or 32 bit, depending on D bit and possible
override for word form
Direction Flag : Affects String Increment or Decrement

Opcodes:
6C byte
6D word/dword (depending on data size)

Valid Overrides:
OpSize (66) on 6D form to indicate word or dword
AddrSize (67) to toggle default, select DI or EDI
Segment Overrides : Ignore/Invalid
REP—see REP INS case

BEGIN INS
EIP = LAST EIP; (*save state memory location is changed?*)

CASE (OPSIZE) OF
BYTE : OFFSET = 1;
WORD : OFFSET = 2;
DWORD : OFFSET = 4;

ENDCASE;

IF DIRECTION = BACKWARD THEN
OFFSET = - OFFSET;
ENDIF;

IF ADDRSIZE = 16 BIT THEN
REG = DI;
ELSE
REG = EDI;
ENDIF;
REG = REG - OF

END INS;
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OUTS Handler—The OUTS handler is similar to the INS handler and must also account
for operand and address sizes as well as the state of the direction flag. The EIP is set

to the Last EIP and either Sl or ESl is set to the appropriate value depending on the
address size. The “OUTSEG" variable holds the intended data segment for the transfer
and does not need to be referenced in this example.

Dependencies:
Address Size : 16 or 32 bit, depending on D bit and possible
override
Operand Size : 8, 16, or 32 bit, depending on D bit and
possible override for word form
Direction Flag : Affects String Increment or Decrement

Opcodes:
6E byte
6F word/dword (depending on data size)

Valid Overrides:

OpSize (66) on 6F form to indicate word or dword

AddrSize (67) to toggle default, select SI or ESI

Segment Overrides : Any Segments allowed to override default DS for
source

REP—see REP OUTS case

BEGIN OUTS
EIP = LAST EIP; (*save state memory location is changed*)
CASE (OPSIZE) OF
BYTE : OFFSET = 1;
WORD : OFFSET = 2;
DWORD : OFFSET = 4;
ENDCASE;
IF DIRECTION = BACKWARD THEN
OFFSET = - OFFSET;
ENDIF;

IF ADDRSIZE = 16 BIT THEN
REG = SI;
ELSE
REG = ESI;
ENDIF;
REG = REG—OFFSET; (*save state memory location is changed*)
END OUTS;

REP INS Handler—The REP INS handler is similar to the INS handler because it must
account for operand and address sizes as well as the state of the direction flag. The
repeat count must also be calculated and set appropriately. The EIP is set to the Last
EIP and either the pair DI/CX or EDI/ECX are set to the appropriate values depending
on the address size.

Dependencies:
Address Size : 16 or 32 bit depending on D bit and possible
override
Operand Size : 8, 16, or 32 bit depending on D bit and
possible override for word form
Direction Flag : Affects String Increment or Decrement

Opcodes:
F3 6C byte
F3 6D word/dword (depending on data size)

Valid Overrides:
OpSize (66) on 6D form to indicate word or dword
AddrSize (67) to toggle default, select DI or EDI
Segment Overrides : Ignore/Invalid
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BEGIN REPINS
EIP = LAST EIP; (*save state memory location is changed*)

CASE (OPSIZE) OF
BYTE : OFFSET = 1;
WORD : OFFSET = 2;
DWORD : OFFSET = 4 ;
ENDCASE;
IF DIRECTION = BACKWARD THEN
OFFSET = - OFFSET;
ENDIF;

IF ADDRSIZE = 16 BIT THEN
REG = DI;
CNTREG = CX;
ELSE
REG = EDI;
CNTREG = ECX;
ENDIF;

REG = REG - OFFSET; (*save state memory location is changed*)
CNTREG = CNTREG + 1; (*save state memory location is changed¥*)
END REPINS;

REP OUTS Handler—The REP OUTS handler is the most complex since it must ac-
count for the possibility of an overrun condition in addition to operand and address sizes
and the state of the direction flag. The EIP is set to the Last EIP and either the pair
DI/CX or EDI/ECX are set to the appropriate values depending on the address sizes.
The “OUTSEG” variable holds the intended data segment for the transfer and does not
need to be referenced in this example.

Dependencies:
Address Size : 16 or 32 bit depending on D bit and possible
override
Operand Size : 8, 16, or 32 bit depending on D bit and
possible override for word form
Direction Flag : Affects String Increment or Decrement
Overrun Flag : Affects resetting of CX/ECX

Opcodes:
F3 6E byte
F3 6F word/dword (depending on data size)

Valid Overrides:
OpSize (66) on 6D form to indicate word or dword
AddrSize (67) to toggle default, select SI or ESI
Segment Overrides : Any Segments allowed to override default DS for
source

BEGIN REPOUTS
EIP = LAST EIP; (*save state memory location is changed*)

CASE (OPSIZE) OF
BYTE : OFFSET ;
WORD : OFFSET ;
DWORD : OFFSET = 4 ;

ENDCASE;

=1
= 2

IF DIRECTION = BACKWARD THEN

OFFSET = — OFFSET;

ENDIF;

IF ADDRSIZE = 16 BIT THEN
REG = SI;
CNTREG = CX;

ELSE
REG = ESI;
CNTREG = ECX;

ENDIF;
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IF OVERRUN = NO THEN
COUNT = 1;

ELSE
OFFSET = 2 * OFFSET;
COUNT = 2;

ENDIF;

AmTmanm

REG = REG - OFFSET; {*save state memory location is changed*)
CNTREG = CNTREG + COUNT; (*save state memory location is changed*)
END REPOUTS;

SMM STATUS BIT

Before exiting SMM, the SMM code must be sure to clear the System Management
Mode Status bit (SMMS) in the debug status register (DR6, bit 12). Some diagnostic
software checks this register and may indicate a CPU failure if the SMMS bit is not
cleared before return. The definition of the lower 16 bits of the Debug Status Register is
given in Table 2-7 for reference.

Table 2-7

Debug Register 6 (Low word only)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 do
BT BS BD SMMS O 0 0 0 0 O 0O 0O B3 B2 Bl BO

SMMS = 1 SMM was entered
SMMS = 0 SMM status cleared

It should be noted that nothing prevents software from setting the SMMS bit. This can
cause confusion in determining the source of the status change and should not be done.
The protocol of allowing the CPU to set the bit and clearing the status with the SMM
code should be maintained.

HANDLING MULTIPLE EVENTS

At the completion of the appropriate instruction handler, the SMM code may include a
section to check for pending non-trap events and handle these events before exiting
SMM. If there are no other pending SMI requests then the SMM code need only issue
the resume command to exit SMM and continue proper execution of the interrupted
instruction stream.

SOFTWARE SMI GENERATION

Besides hardware initiation of the system management interrupt via the SMI pin, there is
also a software induced SMI mechanism. Generating a soft SMI involves setting control
bit SMIE in Debug Control Register (DR7, bit 12) and executing a reserved opcode. The
definition of the lower 16 bits of the Debug Control Register is given in Table 2-8 for
reference.

A logic one written to the SMIE controi bit enabies the soft SMi opcode. The SMIE bit is
located at bit 12 in DR7. The default (reset) state of SMIE is zero. The other reserved
bits in DR7 remain as previously defined.

The soft SMI opcode is OF 1h. If the SMIE bit is a one, execution of opcode OF1h gener-
ates a soft SML. If the SMIE bit is a zero, then execution of this opcode generates a
standard Interrupt 1 (Debug Exception). The code fragment in Figure 2-11 shows an
example of how to generate a soft SMI.
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After execution of the SMM routine, normal code execution resumes at the instruction
following the OF 1h opcode. The SMIE bit should be set back to zero after the execution
of the OF1h opcode so that any errant execution of an OF1h opcode by application
software behaves the same as in a non-SMI based system.

The functional sequence of the software-based SMI is identical to the hardware-based
SMI with the exception that the SMI pin is not initially driven active by an external
source. Upon execution of a soft SM! opcode, the SMi pin is driven active {Low) by
the processor before the save state operation begins. It should be noted for Protected
Mode use that the soft SMI opcode is not a privileged instruction.

Figure 2-11

Soft SMI Generation

MOV EAX,DR7 ;get current DR7 contents
OR EAX,00001000h ;set SMIE bit (#12)
MOV DR7,EAX ;load DR7 with SMIE set
DB  OF1h ;execute soft SMI
Table 2-8 Debug Register 7 (Low word only)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 SMIE O 0 GE LE G3 L3 G2 L2 Gl L1 GO LO
SMIE = 1 enables soft SMI
SMIE = 0 disables soft SMI
HARDWARE ISSUES
The Am386DXLV and Am386SXLV microprocessors provide an unprecedented oppor-
tunity for product differentiation due to the general nature of the SMM solution. System
logic hardware support for SMM comprehends both basic SMM interface support as well
as I/O trapping via the 1/0 Instruction Break Enable feature. The following design guide-
lines and examples are provided as a basis for planning new SMM support logic.
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SMM Signal Design Guidelines

SMI This signal is a synchronous input, which does not have the multiple
stages of synchronization of the NMI and INTR interrupt inputs. SMi is
also bidirectional and is pulled up by a weak internal pull-up when not
driven by the CPU. This pull-up disabled when the CPU uses SMI as
an ouiput o conserve power. After the processor drives the SMi
signal High (inactive), external logic should allow SMI to be High two
CLK2 periods before driving it Low again. The CPU drives SMI High
during these CLK2 periods, thereby eliminating the larger current
demand usually associated with open collector protocols.

SMIADS This pin is a standard CPU output. No special treatment is required.
Note that the signal floats in response to a HOLD state.

SMIRDY This pin is a standard synchronous CPU input with an internal pull-up.
Despite its similar function to READY, the two signals cannot be
sourced from the same signal. System logic should terminate
SMIADS initiated accesses by asserting SMIRDY. READY is ignored
during SMIADS initiated cycles. Terminating ADS initiated cycles with
SMIRDY results in unpredictable CPU behavior.

NBEN This signal is an asynchronous CPU input with active pull-up. TIBEN is
synchronized by CLK2 internal to the CPU. The IIBEN pull-up is
active during RESET pulses and whenever the signal is not driven
active by the system. To conserve power, the pull-up is disabled by
the CPU whenever the CPU detects that the system logic is driving
IIBEN Low.

CHIPSET INDEPENDENT DESIGN EXAMPLE

Figure 2-12 shows an Am386SXLV process-based system implementation that is inde-
pendent of the normal system control logic (a chip-set independent design).

This design can be implemented on a CPU daughter-card or on a motherboard with
existing chip sets. The design example consists of an Am386SXLV CPU, SMM Bus
Control Logic, an SMM Code ROM, and an SMM State Save RAM.

The SMM Bus Control Logic contains a bus control state machine that starts cycles
upon receiving an SMIADS, generates command pulses with the appropriate number of
wait states for the SMM RAM or ROM, and then generates an SMIRDY pulse. The logic
also contains the address decoder for the ROM and RAM chip enables. The ROM chip
enable should be active for a predefined code space, along with an alias in the last

16 bytes of the ROM for the initial FFFFFOh code fetches. The RAM chip enable should
be active for at least the physical address range of 60000h—601FFh for the CPU save
state table.

The SMM Code ROM is a simple 16-bit ROM implementation, with all bytes always
driven on the D15-DO0 pins on all ROM reads. The SMI State Save RAM is a simple

16-bit RAM implementation, with all bytes always written or read during bus transfer
cycles to or from the RAM. Simple 16-bit capability is all that is required for the CPU
state save and restore. If the RAM is also to be used as a “scratch pad” memory, then
individual byte write cycles can be supported by factoring in the byte enable lines (BHE
and BLE) into separate write enables per byte. An Am386DXLV processor-based design

would have a 32-bit ROM and RAM subsystem. All bus control logic would be the same.
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Figure 2-12 SMM Function Discrete Implementation
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The bus control logic should also include a register for the CPU to identify the SMI
source. The SMM routine can use this information to determine its course of action
dependent on whether the source was an I/O trap event, soft SMI, or general SMI.

CHIP SET INTEGRATION

Figure 2-13 shows a suggested Am386SXLV processor-based system implementation
that could be included in the design of the normal system control logic (SMM integration
within the chip set). The two main areas in the system control logic that would be af-
fected are the bus control logic and the memory mapper of the DRAM controlier.

The Bus Control Logic would have additional connections for the SMIADS, SMIRDY,,
SMI, and TIBEN pins. It should generate the standard control signals for SMM bus cy-
cles while indicating to the DRAM controller that SMM address mapping should be done
for the cycle. The bus controller could also convert the 16-bit only cycles to 8-bit conver-
sion cycles in order to support a smaller bus width for the SMI Code ROM and Save
State RAM if they are separate from the system DRAM.

The DRAM controller can be designed to map SMM addresses into a protected area of
system DRAM. A good example area would be unused Shadow RAM space. Both the
SMM code and Save State addresses could be mapped into a single 16-KB to 128-KB
segment of system DRAM. With the exception of the save state and SMM code memory
area, the rest of the SMM address space can be mapped one for one onto the normal
address space. This allows the use of standard memory reference instructions to access

data areas and BIOS routines.
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Figure 2-13 SMM System Logic Functions
Chip Set Partition Boundary
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The system power management unit should route its system management related inter-
rupts to the Bus Control Logic. This solution allows the PMU to be asynchronous to the

system clock. The bus control logic is then responsible for generating the synchronous

SMi signal.

The Bus Control Logic should also include a register for the CPU to identify the SMI
source. The SMM routine uses this information to determine its course of action depend-
ent on whether the source was an I/O trap event, soft SMI, or general SMI.

SOFT SMI ALTERNATIVES

In cases where it is desirable to implement software initiated SMI routines, the system
designer can use the soft SMI request opcode just as the software requested INT N
command functions for normal interrupts. However, it may be desirable to implement a
register in the system logic which asserts the SMi signal in response to an I/O register
write.

The system core logic designer should include a register that indicates how the interrupt
was generated (whether the source was an I/O trap or not) and what system event
needs service if the event was not an I/O trap.
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LOW-VOLTAGE OPERATION ‘l

LOW-VOLTAGE OPERATION OVERVIEW

The low-voltage operation of the Am386DXLV and Am386SXLV microprocessors is an
enabling technology for the design of portable systems with long battery life. This capa-
bility, combined with CPU clock management and SMM features, allows the design of
very low power computing systems.

Low-Voltage Standard

Industry standards for low-voltage operation are emerging to facilitate the design of
components which will make up a complete low-voltage system. As a guideline, the
Am386DXLV and Am386SXLV processor specifications follow the first article or regu-
lated version of the JEDEC 8.0 low-voltage proposal. This standard proposal calls for a
Ve range of 3.3 V £ 10%. To ease the design of a mixed voltage system, the standard
also supports CMOS and TTL outputs.

Power Savings

CMOS Dynamic power consumption is proportional to the square of the operating volt-
age multiplied by capacitance and operating frequency. Static CPU operation can
reduce power consumption by enabling the system designer to reduce operating fre-
quency when possible. However, operating voltage is always the dominant factor in
power consumption. By reducing the operating voltage from 5 V to 3.3 V for any device,
the power consumed is reduced by 56% (see Figure 3-1).

Figure 3-1 3-V and 5-V System Dynamic Power Consumption
33V 5V
Pa=V2CFK Ps=V2CFK
P3=K(3.3)2CFK Ps=(5)2CFK
P3=10.89CFK Ps=25CFK
Reduction = 1 — Pa/Ps
=1-044
=56%
where V = Voltage
C = Capacitance
F = Frequency
K = Constant
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The reduction of CPU and core logic operating voltage dramatically reduces overall
system power consumption. Additional power savings can be realized as low-voltage
mass storage and peripheral devices become available.

Two basic strategies exist in designing systems containing the Am386DXLV and
Am386SXLV microprocessors. The first strategy is to design a homogenous system in
which all logic components operate at 3.3 V. This provides the best overall power con-
sumption. However, system designers may need to include devices for which 3.3-V
versions are not available. In the second strategy, the system designer must then de-
sign a mixed 5-V/3.3-V system. This compromise allows the system designer to mini-
mize the core logic power consumption while still including the functionality of the 5-V
features. The choice of a mixed voltage system design also involves balancing design
complexity with the need for the additional features.

PIN LEVEL INTERFACE

Ideally, Am386DXLV and Am386SXLV microprocessors are used in homogenous low-
voltage systems. However, in some cases not all system logic devices are available in
low-voltage versions. In this case, mixed voltage systems must be examined. There are
two cases to consider when designing mixed voltage systems.

First consider a 3.3-V device driving a 5-V input (see Figure 3-2a). In this case, the
3.3-V signal is subject to lower noise immunity than a 5-V signal. If the buffer has a pure
CMOS input, the 3.3-V signal does not drive the input buffer completely out of the transi-
tion region, thereby allowing excessive current to be consumed. The second case, a 5-V
device driving a 3.3-V input (see Figure 3-2b) poses a more serious problem. In this
case, the 5-V signal will over drive and possibly breakdown the 3.3-V input. This break-
down can lead to potentially damaging latch up of the 3.3-V device.

These interface problems can be avoided in two ways. The first consideration is the use
of voltage translation buffers (see Figure 3-3). These dual voltage devices provide a
seamless interface between different voltage devices.

A second solution addresses the 5-V driving a 3.3-V input case and uses discrete com-
ponents to provide the 5-V to 3.3-V interface (see Figure 3-4). Here the use of a diode
and pull-up simply and effectively translates a 5-V input signal to a 3.3-V input signal.
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Figure 3-2 Mixed 5-V/3-V Considerations
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Figure 3-3 Mixed System with Voltage Translators
3.3-V 5V 5.V
CMOs 33V CMOS/TTL
LOGIC LOGIC
33v XLATOR 5V
a. 3.3-V to 5-V Translation
5-V 5V 3.3V
CMOs a3V CMOS/TTL
LOGIC ’ LOGIC
5V XLATOR 33V
b. 5-V to 3.3-V Translation 16 47
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Figure 3-4 Mixed System with Discrete Translators
5-V 33V 33-V
CMOS CMOS/TTL
LOGIC LOGIC
N N
5V ¢ ? 33V
16944A-18
Figure 3-S5 Discrete Translator Function

33V 33V

a. 5-V Output at Logic 0 b. 5-V Output at Logic 1

16844A-019

The operation of this discrete translator is diagramed in Figure 3-5. When the 5-V signal
is Low, the diode is forward biased and the pull-up current is shunted through the 5-V
driver (see Figure 3-5a). Thus, a low voltage is presented to the 3.3-V input. When the
5-V signal is High, the diode is reverse biased with respect to the 3.3-V pull up and is
thus blocked from the 3.3-V input (see Figure 3-5b); therefore, the 3.3-V pull-up is pre-
sented to the input as a valid High. The choice of the pull-up value must balance the AC
timing requirements of the signal with the desire for low current consumption.

Optionally, the use of discrete components can be eliminated by understanding the
type of devices needed to interface to 3.3-V and 5-V logic and including the translation
into the system core logic. Signals requiring a 5-V interface can be driven by circuitry
with 5-V supplies. Any 3.3-V devices can be driven by circuitry with 3.3-V supplies. In
this solution the core logic isolates different parts of the interface logic to drive the
appropriate levels.
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SMM CPU STATE AND REGISTER "
STORE/LOAD MAP

Table A-1 SMI Memory Register Store/Load Map In Address Order

SMM

Address Registers Comments
60000 CRO

60004 EFLAGS

60008 EIP

6000C EDI

60010 ESI

60014 EBP

60018 ESP

6001C EBX

60020 EDX

60024 ECX

60028 EAX

6002C DR6

60030 DR7

60034 TR 16-bit Register
60038 LDT 16-bit Register
6003C GS 16-bit Register
60040 FS 16-bit Register
60044 DS 16-bit Register
60048 SS 16-bit Register
6004C CS 16-bit Register
60050 ES 16-bit Register
60054 SATSS ATTR. TASK DESCR
60058 SB:TSS BASE ADDR TSS
6005C SL:TSS ADDR LIMIT TSS
60060 Reserved

60064 SB:IDT BASE ADDR IDT
60068 SL:DT ADDR LIMIT IDT
6006C IOFLAG REP OUTS Overrun Flag
60070 SB:GDT BASE ADDR
60074 SL:GDT ADDR LIMIT
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Table A-1

SMI Memory Register Store/Load Map In Address Order (continued)

SMM

Address Registers Comments
60078 SALDT ATTR LDT DESCR.
6007C SB:.LDT BASE ADDR LDT
60080 SL.LDT ADDR LIMIT LDT
60084 SA:GS ATTR GS DESCR
60088 SB:GS BASE ADDR GS
6008C SL:GS ADDR LIMIT GS
60090 SAFFS ATTR FS DESCR
60094 SB:FS BASE ADDR FS
60098 SL:FS ADDR LIMIT FS
6009C SA:DS ATTR DS DESCR
600A0 SB:DS BASE ADDR DS
600A4 SL:DS ADDR LIMIT DS
600A8 SA:SS ATTR SS DESCR
600AC SB:SS BASE ADDR SS
600B0 SL:SS ADDR LIMIT SS
600B4 SA.CS ATTR CS DESCR
600B8 SB:CS BASE ADDR
600BC SL:CS ADDR LIMIT
600C0O SAES ATTR ES DESCR
600C4 SB:ES BASE ADDR

600C8 SL:ES ADDR LIMIT

60100 Temporary Register
60104 Temporary Register
60108 Temporary Register
6010C Temporary Register
60110 Temporary Register
60114 Temporary Register
60118 Temporary Register
6011C Temporary Register
60120 Temporary Register
60124 LEIP Last EIP

Notes:

1. For the overrun flag at 6006CH, all bits 15—1 are reserved by AMD for future use.
2. All bits of 60060 are reserved by AMD.
3. Unused bits in 16-bit writes reserved by AMD.
4. Définitions: SA-Segment Attribute
SB-Segment Base
SL-Segment Limits
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Table A-2 SMI Memory Register Store/Load Map In Bus Cycle Order

SMM

Address Registers Comments

60000 CRO

60100 Temporary Register
60104 Temporary Register
60108 Temporary Register
6010C Temporary Register
60110 Temporary Register
60114 Temporary Register
60118 Temporary Register
6011C Temporary Register
60120 Temporary Register
60124 LEIP Last EIP

60004 EFLAGS

60008 EIP

6000C EDI

60010 ESI

60014 EBP

60018 ESP

6001C EBX

60020 EDX

60024 ECX

60028 EAX

6002C DRé6

60030 DR7

60034 TR 16-bit Register
60038 LDT 16-bit Register
6003C GS 16-bit Register
60040 FS 16-bit Register
60044 DS 16-bit Register
60048 SS 16-bit Register
6004C CS 16-bit Register
60050 ES 16-bit Register
60054 SATSS ATTR TASK DESCR
60058 SB:TSS BASE ADDR TSS
6005C SL:TSS ADDR LIMIT TSS
60060 Reserved

60064 SB:IDT BASE ADDR IDT
60068 SL:IDT ADDR LIMIT IDT
6006C IOFLAG REP OUTS Overrun Flag
60070 SB:GDT BASE ADDR
60074 SL:GDT ADDR LIMIT

60078 SA.LLDT ATTR LDT DESCR
6007C SB.LDT BASE ADDR LDT
60080 SL:LDT ADDR LIMIT LDT
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Table A-2

SMI Memory Register Store/Load Map In Bus Cycle Order (continued)

SMM

Address Registers Comments

60084 SAGS ATTR GS DESCR
60088 SB:GS BASE ADDR GS
6008C SL:GS ADDR LIMIT GS
60090 SAFS ATTR FS DESCR
60094 SB:FS BASE ADDR FS
60098 SL:FS ADDR LIMIT FS
6009C SA:DS ATTR DS DESCR
600A0 SB:DS BASE ADDR DS
600A4 SL:DS ADDR LIMIT DS
600A8 SA:SS ATTR SS DESCR
600AC SB:SS BASE ADDR SS
600B0 SL:SS ADDR LIMIT SS
600B4 SACS ATTR CS DESCR
600B8 SB:CS BASE ADDR
600BC SL:.CS ADDR LIMIT
600C0 SAES ATTR ES DESCR
600C4 SB:ES . BASE ADDR
600C8 SL:ES ADDR LIMIT

Notes:

1. For the overrun flag at 6006CH, all bits 15—1 are reserved by AMD for future use.
2. All bits of 60060 are reserved by AMD.
3. Unused bits in 16-bit writes reserved by AMD.
4. Definitions: ~ SA—Segment Attribute
SB-Segment Base
SL-Segment Limits
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Table A-3 Processor State Upon Entering SMM

Value of Saved Register

Register Value

CRO 0

EFLAGS 00000002

EIP 0000FFFO0

EDI 0

ESI 0

EBP 0

ESP 0

EBX 0

EDX 0

ECX 0

EAX 0

DR6 Previous DR6 w/bit 12 = 1 and bits 3-0
reflect debug reg 0-3 status

DR7 0

TR 0

LDT 0

GS 0

FS 0

DS 0

SS 0

Ccs F000

ES 0

CPL 0

Note: Page Unit TLB — FLUSHED
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Table A-3

Processor State Upon Entering SMM (continued)

Values of Internal Descriptor Cache

Register Value
SATSS 00008200
SB:TSS 0

SL:TSS FFFFFFFF
SAIDT none exists
SB:DT 0

SL:IDT 0000FFFF
SA.GDT none exists
SB:GDT 0

SL:GDT 0000FFFF
SA:GS 00008200
SB:GS 0

SL:GS 0000FFFF
SAFFS 00008200
SB:FS 0

SL:FS 0000FFFF
SA:DS 00008200
SB:DS 0

SL:DS 0000FFFF
SA:SS 00008200
SB:SS 0

SL:SS 0000FFFF
SA.CS 00008200
SB:CS FFFF0000
SL:CS 0000FFFF
SAES 00008200
SB:ES 0

SL:ES 0000FFFF

Note:

1. Definitions:  SA—Segment Attribute
SB-Segment Base
SL-Segment Limits

Page Unit TLB — FLUSHED
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Table A-3 Processor State Upon Entering SMM (continued)

Values of Non-Saved Registers

Register Value

DRO unchanged
DR1 unchanged
DR2 unchanged
DR3 unchanged
CR2 unchanged
CR3 unchanged
TR6 unchanged
TR7 unchanged
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UMOV ASSEMBLER MACROS ‘I

The following listing can be used to construct the various forms of the UMOV instruction.

Se Ne Se Se o Se Se Se o Se Se o Se we we S

e Se Se S se se ose m.

.************************MACROS**********

UMOV Code Builder Macros

khkkkdkdkkkdkhkdkhkdhhkdkhkdkkdkdkhdkhdkhkdhdkhdhdhdhdhkdddhdddkd

MACRO INVOCATION/FORMATS:

umovrdw preg, pmem, padder ;UMOV memory read, word/doubleword
umovrd8 preg, pmem, padder ;UMOV memory read, byte, real mode
umovrd8p preg, pmem, padder ;UMOV memory read, 4.25byte,32-bit prot
umovwrw pmem, preg, padder ;UMOV memory write, word/doubleword
umovwr8 pmem, preg, padder ;UMOV memory write, byte, real mode
umovwr8p pmem, preg, padder ;UMOV memory write, byte, 32-bit prot

PARAMETERS :
preg - register specification, (i.e. AX,AL,EAX,SI,etc.)
pmem - memory address spec, one of the 386 addressing modes,

example would be [SI] or [EBX][ECX*4]+10

padder - displacement spec: this field specifies the added length
of the instruction due to the addressing mode, (i.e., the
number of bytes to add to the instruction besides the
basic ModRegR/M. Displacements and the SIB byte add to
the length).
This field should be one of the following:

Keyword Adder Example

nod 0 umovrdw ax, [si],nod

ds 1 umovrd8 bl, [di+055h],ds8

dle 2 umovwrw [bx+0AAAAK],dx,dl6

d32 4 umovwr8 [ebx+0100000h],cx,d32

sib 1 umovrdw eax, [ebx] [esi*2]

sibd8 2 umovwrw [ebx] [ecx*4]+5, eax,sibd8
sibd32 ) umovwr8 [ebx] [ecx*4]+100000H,dh, sibd32

WARNINGS:

For the word and doubleword versions of the macros, all address
and operand sizing prefixes will be properly generated.
However, with the byte-sized versions, care must

be taken to ensure that incorrect address size overrides don't
get generated. To solve this problem, two versions of the byte
size macros are supplied. UMOVRD8 and UMOVWR8 are for use in
16-bit code segments (those with the USE16 segment attribute).
UMOVRD8P and UMOVWR8P are for use in 32-bit Protected-Mode code
segments (those with the USE32 segment attribute).
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COMMENTS :

- Currently, only lowercase keywords are recognized for the
padder field.

~o Se me se se s

- Note that segment register overrides ARE ALLOWED in these
macros:

umovrd8 al,es:[di],nod

ehkkhkhkkhkhhkkhkhkdhhkhhhkhkhhhkhhkhhkhhhhkdhkhhhhhkhhhdkhrdhhhhhhkhkk
*

;* UMOV READ WIDE (16/32) FROM MEMORY TO REGISTER
.k

skdkhkhkdkhkkhkhkkkhkhkhhhhdhhhhhdkdhhhhkddhhdhhhddhhhhkhkoddkdhkdhkkkhk
i

umovrdw macro preg, pmem, padder
local istart, inext,dispcnt, iprefix, isize, iopcode

;i figure out displacement field size

IFIDN <padder>, <nod>
dispent = 0

ELSE

IFIDN <padder>, <d8>
dispent = 1

ELSE

IFIDN <padder>,<dlé>
dispcent = 2

ELSE

IFIDN <padder>,<d32>
dispent = 4

ELSE

IFIDN <padder>,<sib>
dispent = 1

ELSE

IFIDN <padder>,<sibd8>
dispcnt = 2

ELSE

IFIDN <padder>,<sibd32>
dispent = 5

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

; istart code generation

istart = §
lar preg, pmem

inext = $

isize = $-istart

iprefix = isize - dispent - 3

iopcode = istart + iprefix + 1
org iopcode ;ilocate for overlay opcode
db 13H ; jumove opcode
org inext ;i 1go back to next
endm
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;*'k***********************************************************
.k
;* UMOV READ BYTE (8 BIT) FROM MEMORY TO REGISTER, 16-BIT CS
*
;*******t*****t***********************************************
umovrd8 macro preg,pmem,padder

local istart, inext,dispcent, iprefix, isize, iopcode, sreg
;ifigure out displacement field size

IFIDN <padder>, <nod>
dispecnt = 0

ELSE

IFIDN <padder>,<d8>
dispcent = 1

ELSE

IFIDN <padder>,<dl6>
dispcnt = 2

ELSE

IFIDN <padder>,<d32>
dispent = 4

ELSE

IFIDN <padder>,<sib>
dispent = 1

ELSE

IFIDN <padder>,<sibd8>
dispcnt = 2

ELSE

IFIDN <padder>,<sibd32>
dispcnt = 5

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
;;figure out register substitution

IFIDN <preg>,<al>
sreg EQU <AX>

ELSE

IFIDN <preg>,<bl>
sreg EQU <BX>

ELSE

IFIDN <preg>,<cl>
sreg EQU <CX>

ELSE

IFIDN <preg>,<dl>
sreg EQU <DX>

ELSE

IFIDN <preg>, <ah>
sreg EQU <SP>

ELSE

IFIDN <preg>, <bh>
sreg EQU <DI>

ELSE

IFIDN <preg>,<ch>
sreg EQU <BP>

ELSE

IFIDN <preg>, <dh>
sreg EQU <SI>

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
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ENDIF
ENDIF

;;start code generation

istart =38

lar sreg, pmem

inext =

isize = $§-istart

iprefix = isize - dispcnt - 3

iopcode = istart + iprefix + 1
org iopcode ;ilocate for overlay opcode
db 12H ; ;umove opcode
org inext ;igo back to next
endm

PR L
.
;* UMOV READ BYTE (8 BIT) FROM MEMORY TO REGISTER, 32-BIT CS

.k
7

o F g g e e g de e ok ek ke ke ko ok ke ok ke e e gk g gk gk ok ke ke ke ke e ke g e e g e de ok ok e ok ok ke ok ok ek e e ok g de o e %k e g
7

umovrd8p macro preg,pmem, padder

local istart, inext,dispcnt, iprefix, isize, iopcode, sreg
;;figure out displacement field size

IFIDN <padder>,<nod>
dispecnt = 0

ELSE

IFIDN <padder>, <d8>
dispcnt = 1

ELSE

IFIDN <padder>,<dlé>
dispcnt = 2

ELSE

IFIDN <padder>,<d32>
dispent = 4

ELSE

IFIDN <padder>,<sib>
dispcnt = 1

ELSE

IFIDN <padder>,<sibd8>
dispcnt = 2

ELSE

IFIDN <padder>,<sibd32>
dispcent = 5

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
;:figure out register substitution

IFIDN <preg>,<al>

sreg EQU <EAX>

ELSE

IFIDN <preg>,<bl>
sreg EQU <EBX>

ELSE

IFIDN <preg>,<cl>
sreg EQU <ECX>

ELSE

IFIDN <preg>,<dl>
sreg EQU <EDX>

ELSE

IFIDN <preg>,<ah>
sreg EQU <ESP>

ELSE

IFIDN <preg>,<bh>
sreg EQU <EDI>
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ELSE

IFIDN <preg>,<ch>
sreg EQU <EBP>

ELSE

IFIDN <preg>,<dh>
sreg EQU <ESI>

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
;istart code generation
istart = $

lar sreg, pmem
inext = §
isize = $-istart

iprefix = isize - dispent - 3
iopcode = istart + iprefix + 1

org iopcode ;i locate for overlay opcode
db 12H ; ;umove opcode

org inext ;1go back to next

endm

ckkhkkhkkkhhkkhkhhhkdhhkhkhhkhkhhhhhhhhhhdhdhkhdkhhhhkdkhdkhhkhkdkkhk
*

;* UMOV WRITE WIDE (16/32) TO MEMORY FROM REGISTER
. *

;**************************************************
UMOVWIW macro pmem,preg,padder
local istart, inext,dispent,i
;ifigure out displacement field siz
IFIDN <padder>, <nod>
dispent = 0 4
ELSE
IFIDN <padder>,<d8>
dispent = 1
ELSE
IFIDN <padder>,<dlé>
dispent = 2
ELSE
IFIDN <padder>,<d32>
dispcnt = 4

IFIDN <padder>, <sib>

IFIDN <padder>,<sibd8>

IFIDN <padder>,<sibd32>
dispcnt = 5

Am386DXLV/SXLV Technical Reference Manual 1-115



n AMD

; ;start code generation
istart = $

lar preg, pmem
inext = $§
isize = $-istart
iprefix = isize - dispent ~ 3
iopcode = istart + iprefix + 1
org iopcode ;i locate for overlay opcode
db 11H ; ;umove opcode
org inext ;igo back to next
endm

ckkdkkkhkdhkkhkhk kb hkkhkhkhkhdhhdhhkhhkhkhhkhdhhhhhdhdhhhhhhhhhhkhhkdkhkdhdhdhkdkhkkd
*

;* UMOV WRITE BYTE (8 BIT) TO MEMORY FROM REGISTER, 16-BIT CS
. *

ahkkkhkkhkhkhkkhkdhkhkhdhhhhkhkhhhdhhhhkhhkhdhhhhhhbkhdhhkhbhhhhhkhdhhkhdkhhhhhkhkhkdkkkd

umovwr8 macro pmem, preg, padder

local istart, inext,dispcnt, iprefix, isize, iopcode, sreg
;i figure out displacement field size

IFIDN <padder>, <nod>
dispent = 0 .

ELSE

IFIDN <padder>, <d8>
dispent = 1

ELSE

IFIDN <padder>,<dlé>
dispent = 2

ELSE

IFIDN <padder>,<d32>
dispent = 4

ELSE

IFIDN <padder>,<sib>
dispent = 1

ELSE

IFIDN <padder>,<sibd8>
dispent = 2

ELSE

IFIDN <padder>,<sibd32>
dispcnt = 5

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

;i figure out register substitution
IFIDN <preg>,<al>

sreg EQU <AX>

ELSE

IFIDN <preg>,<bl>
sreg EQU <BX>

ELSE

IFIDN <preg>,<cl>
sreg EQU <CX>

ELSE

IFIDN <preg>,<dl>
sreg EQU <DX>

ELSE

IFIDN <preg>,<ah>
sreg EQU <SP>

ELSE

IFIDN <preg>, <bh>
sreg EQU <DI>

ELSE

IFIDN <preg>,<ch>
sreg EQU <BP>

1-116

Am386 Family Products



AMD

ELSE

IFIDN <preg>,<dh>
sreg EQU <SI>

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
;istart code generation
istart =$

lar sreg, pmem

inext = $
isize = $-istart
iprefix = isize - dispent - 3
iopcode = istart + iprefix + 1

org iopcode ;i1 locate for overlay opcode

db 10H ; iumove opcode

org inext ;:1go back to next

endm
'.***********************************************************‘**
. *
;* UMOV WRITE BYTE (8 BIT) TO MEMORY FROM REGISTER, 32-BIT CS
. %
:.**************************************t***********************
umovwr8p macro pmem,preg,padder

local istart, inext,dispcnt, iprefix, isize, iopcode, sreg
;:figure out displacement field size

IFIDN <padder>, <nod>
dispent = 0

ELSE

IFIDN <padder>,<d8>
dispent = 1

ELSE

IFIDN <padder>,<dl6>
dispcnt = 2

ELSE

IFIDN <padder>,<d32>
dispent = 4

ELSE

IFIDN <padder>,<sib>
dispent = 1

ELSE

IFIDN <padder>,<sibd8>
dispcnt = 2

ELSE

IFIDN <padder>,<sibd32>
dispent = 5

ELSE

.ERR

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
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;i figure out register substitution
IFIDN <preg>,<al>

sreg EQU <EAX>
ELSE
IFIDN <preg>,<bl>
sreg EQU <EBX>
ELSE
IFIDN <preg>,<cl>
sreg EQU <ECX>
ELSE
IFIDN <preg>,<dl>
sreg EQU <EDX>
ELSE
IFIDN <preg>, <ah>
sreg EQU <ESP>
ELSE
IFIDN <preg>, <bh>
sreg EQU <EDI>
ELSE
IFIDN <preg>,<ch>
sreg EQU <EBP>
ELSE
IFIDN <preg>,<dh>
sreg EQU <ESI>
ELSE
ERR
* ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
;;start code generation
istart =
lar sreg, pmem
inext =
isize = $-istart
iprefix = isize - dispcnt - 3
iopcode = istart + iprefix + 1
org iopcode ;ilocate for overlay opcode
db 10H ; jumove opcode
org inext ;igo back to next
endm
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PROTECTED MODE SAMPLE ‘

Listing 1 Protected Mode Entry While In SMM

page ,132
NAME protcode

.386P

;****extern decls ****

EXTRN SEG_STARTUP_REALSEG:ABS

;1link time "define="

EXTRN _SEG_SYS_GDT_LIMIT:ABS

;GDT LIMIT

EXTRN _SEG_SYS_GDT_PADDR:ABS

;GDT PHYSICAL ADDRESS

EXTRN _SEG_SYS_IDT_LIMIT:ABS

;IDT LIMIT

EXTRN _SEG_SYS_IDT_PADDR:ABS

; IDT PHYSICAL ADDRESS

EXTRN _SEG_FLATDATA_BEGIN: PWORD

;for flatdata selector

o % de gk ek ke ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok MACROS d gk g ok gk ek ek vk ke ok e ok sk ok ok ek ek sk ok gk ok ok ke ok ok ok ke ok ok ok ok ok ok ke
i

kK KKK I KRR A KR K AR AR h KRR Ak KKK A IR AR I KA AR KA I kAR Ak k kAR AR
; MAIN PROGRAM

smidata
;******

sscr0
sseflg
sseip
ssedi
ssesi
ssebp
ssesp
ssebx
ssedx
ssecx
sseax

ssdré6
ssdr’7

sstr
ssduml

ssldt
ssdum2

ssgs
ssdum3

ssfs
ssdumd

ssds
ssdumb

ssss
ssdumé

sscs
ssdum7

segment use32 rw ‘DATA’ ; should be located at 60000h
smi save state data

org Oh

dad ?
dd ?
dd ?
dd ?
dd ?
dd ?
dd ?
dd ?
dd ?
dd ?
dd ?
dd ?
dda ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
dw ?
aw ?
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Listing 1 Protected Mode Entry While In SMM (continued)

sses dw ?
ssdum8 dw ?
sstssa dd ?
sstssb dd ?
sstssl dd ?
ssidta dd ?
ssidtb dd ?
ssidtl dd ?
ssgdta dd ?
ssgdtb dd ?
ssgdtl dd ?
ssldta dd ?
ssldtb dd ?
ssldtl dd ?
ssgsa dd ?
ssgsb dd ?
ssgsl dd ?
ssfsa dd ?
ssfsb dd ?
ssfsl dd ?
ssdsa dd ?
ssdsb dd ?
ssdsl dd ?
ssssa dd ?
ssssb dd ?
ssssl dd ?
sscsa dd ?
sscsb dd ?
sscsl dd ?
ssesa dd ?
ssesb dd ?
ssesl dd ?
org 100h
ssptu dd ?
ssr22 dd ?
ssr26 dd ?
ssr27 dd ?
ssr28 dd ?
ssr29 dd ?
ssr210 dd ?
ssr4l dd ?
ssr42 dd ?
ssr43 dd ?
org 200h
stdata label byte
org 1FFFh
lastone db ? ;end of 8k data segment

smidata ends
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Listing 1

Protected Mode Entry While In SMM (continued)

;******* StaCk Segment J de g de ok ok ok

stack segment para STACK use32 rw ‘STACK’ ;locate at 62000h
stkbot db Offfh dup (?)

stktop db ?

stack ends

j¥***x*xx%x Protected Mode code ****x*x*
pcode segment use32 er ‘CODE’ ;locate at 64000h
pstart:
assume cs:pcode,ds:smidata,ss:stack,es:nothing,
fs:nothing, gs:nothing

mov ebx, OFOFOFOFOh ;very large address
mov eax, 05A5A5A5AH
; umov es: [ebx], eax ;example write to upper memory
db 026h,0Fh,11h,00h
;clear text screen to prove in Protected Mode
mov ebx,0B8000h ;screen address for cga style screen
mov ecx,2048 ;guess at number bytes
mov ax,0700h+’ ;jguess at char value
clrtop:
; umov es: [ebx],ax
db 066h, 026h, 0Fh, 11h, 00h

add ebx, 2
loop32 clrtop

;*** Protected Mode resume
mov edi, 0
mov ax,ds ;ds has smidata segment
mov es,ax
assume es:smidata
prezume db 0fh ;protect mode loadall from es:[edi]
db 07h
nop
nop
nop
nop

hlt
pcode ends

;******* Startup Segment % %k Kk ok kg ok ok ok ko ke k ok

startup segment usel6 er ‘CODE’

FFFFO0 equ 0ffO0h ;ROM location 0fh bytes from the top
assume cs:startup ;will be set at load time

;******* Cs BASED VARS %k Kk ok ok ok ok

gdt_p label pword
dw _SEG_SYS_GDT_LIMIT
dd _SEG_SYS_GDT_PADDR
idt_p label pword
dw _ _SEG_SYS_IDT_LIMIT
dd _ _SEG_SYS_IDT_PADDR
null_p label pword
dw Oh
dd Oh
;******* ROM CODE START % % Kk Kk ok ok k
org 100h ;bottom of 4k segment at 67000h +
100H
start:
in al, 080h ;increment port 80h
inc al
inc al
out 080h,al
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Listing 1 Protected Mode Entry While In SMM (continued)
;¥***x%* DROTECT MODE ENTRY ******

cli

lidte c¢s:null_p ;shutdown if error

lgdte c¢s:gdt_p ;load gdt pointer

mov eax,cr0 ;set protect bit

or eax,01h

mov cr0, eax

jrp short flush ;flush prefetch queue
flush:

mov bx,seg stack ;setup stack

mov ss,bx

assume ss:stack

mov esp,offset stktop

mov bx,seg smidata ;setup ds

mov ds, bx

assume ds:smidata

mov bx, seg_SEG_FLATDATA_BEGIN ;setup es,fs,gs

mov es, bx

mov fs,bx

mov gs, bx

lidte «c¢s:idt_p ;setup real idt

jmp far ptr pstart ;far intersegment jump

j*¥****xx%x END PROTECT MODE ENTRY *****
; REAL MODE RESUME ONLY!!!
; Setup resume from data at 60000h assumes EDI=0
mov edi, 0
mov ax, 6000h
mov es,ax
rezume db 0fh
db 07h

nop
nop
nop
nop

hlt

H

i BOOTSTRAP RESET ROUTINE

reset:

H jmp far ptr start
DB 0EAh ;FAR JUMP OPCODE
DW offset start
DW SEG_STARTUP_REALSEG
nop
nop

org FFFF0 + 000Fh
lastfill db 0AAh

startup ends ;end of startup code

end start ;end of code, start desig is nop

1-122 Am386 Family Products



AMD n

Listing 2

PHAR Lap Link File

protcode

! object file

{-omfboot protcode.omf

!for software debugger
{-symbols

! ~isymbols

! -locmap

-binary protcode.bin 060000h
!-hex protcode.hex

-386

! 386 target

-multiseg

-segsyms

-nosshide

-mapnames 20

-mapwidth 132

-build gdt, idt

-locate seg startup 067000h
—define SEG_STARTUP_REALSEG=6700h
-locate seg smidata

060000h .

-locate seg stack

062000h

-locate seg pcode

064000h

-locate seg sys_gdt

063000h

-locate seg sys_idt

063100h

-segment FLATDATA limit=0FFFFFFFFh
-locate seg FLATDATA 00000000h

rw

Am386DXLV/SXLV Technical Reference Manual

1-123






Chapter 2
SCSI Products



n AMD

CHAPTER 2

Small Computer System Interface (SCSI) Products

Am53C94LV Data Sheet

Table of Contents



PRELIMINARY

P

Advanced
Micro

antvallan MNavsian
VI VIIC] WEeVILED

DISTINCTIVE CHARACTERISTICS
B Functionally compatible with Am53C94

B Supports Low Voltage operation at 3.3 V.
Conforms to JEDEC baseline specification

W High current drivers (48 mA) for direct
connection to the single ended SCSI bus

B Supports Disconnect and Reselect commands

B AMD patented GLITCH EATER™ circultry B Supports burst mode DMA operation with a
B 5 Mbit per second SCSI transfer rate threshold of 8
B 20 Mbit per second DMA transfer rate u 2:’)!;[:%“33 %te :Iaognged queuing as per the
B 16-bit DMA Interface plus 2 bits of parity < Spoecifica
B Supports group 2 and 5 command recognition

B Flexible bus architecture, supports a three bus as per the SCSI-2 specification

architecture

A for lo

B Supports single ended SCSI bus " c:r‘:sa:;ﬁlgr 0S process W power
B Selection of multiplexed or non-multiplexed

address and data bus B Available in 100-pin PQFP package
GENERAL DESCRIPTION

The Low-Voltage, High-Performance SCSI Controller
(LVHPSC) has a flexible three bus architecture. The
LVHPSC has a 16-bit DMA interface, an 8-bit host data
interface and an 8-bit SCS| data interface. The LVHPSC
is designed to minimize host intervention by implement-
ing common SCSI sequences in hardware. An on-chip
state machine reduces protocol overheads by perform-
ing the required sequences in response to a single com-
mand fromthe host. Selection, Reselection, Information
Transfer and Disconnection commands are directly
supported.

The 16-byte internal FIFO further assists in minimizing
host involvement. The FIFO provides a temporary
storage for all command, data, status and message
bytes as they are transferred between the 16 bit host
data bus and the 8 bit SCSI data bus. During DMA op-
erations the FIFO acts as a buffer to allow greater la-
tency in the DMA channel. This permits the DMA chan-
nel to be suspended for higher priority operations such
as DRAM refresh or reception of an ISDN packet.

Parity on the DMA bus is optional. Parity can either be
generated and checked or it can be simply passed
through.

The patented GLITCH EATER Circuitry in the High Per-
formance SCSI Controller detects signal changes that
are less than or equal to 15 ns and filters them out. It is
designed to dramatically increase system performance
and reliability by detecting and filtering glitches that can
cause system failure.

The GLITCH EATER Circuitry is implemented on the
ACK and REQ lines only. These lines often encounter
many electrical anomalies which degrade system per-
formance and reliability. The two most common are Re-
flections and Voltage Spikes. Reflections are a result of
high current SCSI signals that are mismatched by stubs,
cables and terminators. These reflections vary from ap-
plication to application and can trigger false handshake
signals on the ACK and REQ lines if the voltage ampli-
tude is atthe TTL threshold levels. Spikes are generated
by high current SCSl signals switching concurrently. On
the control signals (ACK and REQ) they can trigger false
data transfers which result in loss of data, addition of
random data, double clocking and reduced system reli-
ability. AMD’s GLITCH EATER Circuitry helps maintain
excellent system performance by treating the glitches.
Refer to the diagrams GLITCH EATER Circuitry and
System Block Diagram.

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended

to help you evaluate this product. AMD reserves the right to change or d work on this

d product without notice.

Fublication# 17058 Rev. B Amendment/0
Issue Date: January 1993
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GLITCH EATER Circuitry in SCSI Environment
>15 ns_l I_

SCSI Environment

}_51 5ns

Device without the __ACK or

|_|U\/

Valid Signal Glitches

GLITCH EATER Circuit EQ Input

Y

Glitches pass through as valid signals

AMD's Device with the ACK or
GLITCH EATER Circuit ~ REQ Input

Valid Signal Passes

Glitches Filtered

16506B-050A
SYSTEM BLOCK DIAGRAM
4 ADDR .
CPU 16 8 j«—F— SCS| Data
’ Data | Am53C94LV
9
16 le—~— SCS| Control
’l
16 DMA
DMA A
16
Memory ra
17058A-001A
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SYSTEM BUS MODE DIAGRAMS

BUSMD;, DMAWE
BUSMDo wWh I
RD
= Am53C94LV < Address Bus
Host
8-Bit Data Bus Bus
DMA7- Processor :D Controller
DACK DREQ .
DMA
Controller
7058A-
Bus Mode 0 17058A-002A
Voo
| BUSMD1 DWR
BUSMDo Whie I
RD
= AmS53C94LV ho : Address Bus
Host B
oae Bus Processor Contl:'tsaller
DMA1s—o
DBACK DREQ 16 8 ﬁ
[ . 4 I
DMA )
Controller ’
17058A-003A
Bus Mode 1
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SYSTEM BUS MODE DIAGRAMS

Voo
BUSMD; WR
BUSMDo RD Host
| ALE Processor
— 8-Bit Data Bus
- AD7-0 < >
Am53Co4LV
16-Bit Data Bus
DMA1s-0
ASO
BHE DMA
DMARD [* Controller
DMAWR |«
DREQ
DACK
17058A-004A
Bus Mode 2
Vbbb
p
BUSMD+ WR
BUSMDq RD
Address Bus Host
As—o < '> Processor
8-Bit Data Bus
AD7- < 1I>
Am53C94LV
16-Bit Data Bus
DMA;s50
_ DMA
DMAWR Controller
DREQ
DACK
17058A-005A
Bus Mode 3
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BLOCK DIAGRAM
18 16 x 9 FIFO 18,
DMA15-0 = 4 (including parity) - ° scsiBus Inputs
Data 7 Data + Parity
DMAP1o =% Transcoivers) g 5cs) Bus Ouputs
4 Parity Logic i
DMA Control «=——yl—ust Ve Data + Pary
8
// —
AD7.o @] Bus
6 Interface
Host Contro| <=——yi—t» Unit
MUX Register Main
C§ = 8, Bank Sequencer
BUSMD1—o = 4 .—/?— SCS! Control
scsl Inputs
™1 control
CLK et |4 SCSI Contro
RESET e AL oupus
7 scsi ||
Sequencer
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CONNECTION DIAGRAM
Am53C94LV (Top View)

PQFP
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12 Am53C94LV SBEEw
13 100-Pin PQFP - o 68| 1T Vs

RELATED AMD PRODUCTS

Part Number Description
Am33C93A 5 Mbytes/sec Async/Synchronous CMOS SCSI Controller
Am53C80A 4 Mbytes/sec Asynchronous CMOS SCSI Controller
Am53C94 High-Performance CMOS SCSI Controller (Single-Ended)
Am53CF94 CMOS Fast SCSI-2 Chip (Single-Ended)

Am53CF94LV Low Voltage Fast SCSI-2 Controller
Am53C96 High-Performance CMOS SCSI Controller (Single-Ended and Differential)
Am53CF96 CMOS Fast SCSI-2 Controller (Single-Ended and Differential)
Am85C30 Enhanced Serial Communications Controller (ESCC)
Am85C80 Combination SCSI Controller (Am53C80A) and ESCC (Am85C30)

28
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LOGIC SYMBOL
le———» SD7-0
DMA ;5 jae——  SDp
OMAP 1 et }—— soore
ALE [A3] —— —> SDCr
OMARD [A2) —— [« WMsa
BHE [A1] — - ©P
ASO [A0] ——# D
DREQ *— [« AN
oAk —*|  Amsscoav [T 5%V
AD7_y «*— r SEL
DVMAWR ——— [ RsT
A ——o le—— REG
— le——  ACK
S —» = BSYC
T | —» SEIC
BUSMD1o — [—— ®sc
CLK —* " REXC
RESET —1 [ #cKc
17058A-008A
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AMS3C94LY K

[e]
2

ALTERNATE PACKAGING OPTION

MW = Trimmed and Formed in a Tray (PQR100)
Blank = Molded Ring Carrier (36 mm)

TEMPERATURE RANGE
C = Commercial

PACKAGE TYPE
K = 100-Pin PQFP (PQR100)

SPEED OPTION
Not Applicable

DEVICE NUMBER/DESCRIPTION

Am53C94LV
Low-Voltage, High-Performance
SCSI Controller

Valid Combinations Valid Combinations
Valid Combinations list configurations planned to
AM53C94LV ] KC, KCW be supported in volume for this device. Consult

the local AMD sales office to confirm availability of
specific valid combinations, to check on newly
released combinations, and to obtain additional
data on AMD’s standard military grade products.
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SCSI OUTPUT CONNECTIONS

4>

AmS53Co4LV SDr-o.p
SDCr-0, P

—
SEL, BSY, REQ, ACK, RST <:-|
€

SELC, BSYC, REQC,
ACKC, RSTC

v

MSG, C/D, /G, ATN

Am53C94LV Single Ended SCSI Bus Configuration

16506B-048A
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PIN DESCRIPTION
Host Interface Signals

DMA 5.0
Data/DMA Bus (Input/Output, Active High, Internal
Pullup)

The configuration of this bus depends on the Bus Mode
1-0 (BUSMD1-o) inputs. When the device is configured
for single bus operation, the host can access the internal
register set on the lower eight lines and the DMA ac-
cesses can be made to the FIFO using the entire bus.
When using the Byte Mode via the BHE and AQ inputs
the data can be transferred on either the upper or lower
half of the DMA1s- bus.

DMAP:.0
Data/DMA Parity Bus (Input/Output, Active High,
Internal Pullup)

These lines are odd parity for the DMA1s—o bus.
DMAP 1 is the parity for the upper half of the bus
(DMA15-g) and DMAP 0 is the parity for the lower half of
the bus (DMA7-0).

ALE [A3]
Address Latch Enable [Address 3] (Input,
Active High)

This is a dual function input. When the device is config-
ured for single bus operation this input acts as ALE. As
ALE, this input latches the address on the AD7—o bus on
its Low going edge. When the device is configured for
dual bus operation this input acts as A3. As A3, this in-
put is the third bit of the address bus.

DMARDJAZJ

DMA Read [Address 2] (Input, Active Low

[Active High])

This is a dual function input. When the device is config-
ured for single bus operation this input acts as DMARD.
As DMARD, this input is the read signal for the DMA1s—o
bus. Whenthe device is configured for dual bus opera-
tionthis input acts as A2. As A2, this input is the second
bit of the address bus.

BHE [A1
Bus High Enable [Address 1] (Input, Active High)

This is a dual function input. When the device is config-
ured for single bus operation this input acts as BHE. As
BHE, this input along with ASO indicates on which lines
the data transfer is to take place. When the device is
configured for dual bus operation this input acts as A1.
As At1, this input is the first bit of the address bus.

The following is the decoding for the BHE and ASO
inputs:

BHE | ASO Bus Used
1 1 Upper Bus — DMA1s-g, DMAP
1 0 Full Bus — DMA5-0, DMAP;
0 1 Reserved
0 0 Lower Bus —~ DMA7—o, DMAPq
ASO [AO

Address Status [Address 0] (Input, Active High)

This is a dual function input. When the device is config-
ured for single bus operation this input acts as AS0. As
ASQO, this input along with BHE indicates on which lines
the data transfer is to take place. When the device is
configured for dual bus operation this input acts as A0.
As AQ, this input is the zeroth bit of the address bus.

DREQ
DMA Request (Output, Active High, Hi-2)

This output signal to the DMA controller will be active
during DMA read and write cycles. During a DMA read
cycle it will be active as long as there is a word (or a byte
in the byte mode) in the FIFO to be transferred to mem-
ory. During a DMA write cycle it will be active as long as
there is an empty space for a word (or a byte in the byte
mode) in the FIFO.

DACK

DMA Acknowledge (Input, Active Low)

This input signal from the DMA controller will be active
during DMA read and write cycles. The DACK signal is
used to access the DMA FIFO only and should never be
active simultaneously with the CS signal, which ac-
cesses the registers only.

AD7.
Host Address Data Bus (Input/Output, Active
High, Internal Pullup)

This bus is used only in the dual bus mode. This bus al-
lows the host processor to access the device's internal
registers while the DMA bus is transferring data. When
using the multiplexed bus mode, these lines can be
used for address and data. When using a non-multi-
plexed bus mode these lines can be used for the
data only.

DMAWR
DMA Write (Input, Active Low)

This signal writes the data on the DMAss.o bus into the
internal FIFO when DACK is also active. When in the
single bus mode this signal must be tied to the
WR signal.
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Read (Input, Active Low)

This signal reads the internal device registers and
places their contents on the data bus, when either CS
signal or DACK signal is active.

WR
Write (Input, Active Low)

This signal writes the internal device registers with the
value present on the data bus, when the CS signal is
also active.

cs
Chip Select (Input, Active Low)

This signal enables the read and write of the device reg-
isters. CS enables access to any register (including the
FIFO) while the DACK enables access only to the FIFO.
CS and DACK should never be active simultaneously in
the single bus mode, they may however be active simul-
taneously inthe dual bus mode providedthe CS signalis
not enabling access to the FIFO.

INT

Interrupt (Output, Active Low, Open Drain)

This signal is a non-maskable interrupt flag to the host
processor. This signal is latched on the output on the
high going edge of the clock. This flag may be cleared
by reading the Interrupt Status Register (ISTAT) or by
performing a device reset (hard or soft). This flag is not
cleared by a SCSI reset.

BUSMD:.o
Bus Mode (Input, Active High)

These inputs configure the device for single bus or dual
bus operation and the DMA width.

BUSMD1 | BUSMDO Bus Configuration

1 1 Two buses: 8-bit Host Bus and
16-bit DMA Bus
Register Address on Az and

Data on AD Bus

Two buses: Multiplexed and
byte control

Register Address on AD3—o
and Data on AD Bus

Single bus: 8-bit Host Bus and
16-bit DMA Bus

Register Address on As-o and
Data on DMA Bus

Single bus: 8-bit Host Bus and
8-bit DMA Bus

Register Address on Az and
Data on DMA Bus

CLK

Clock (Input)

Clock input used to generate all the internal device tim-
ings. The maximum frequency of this input is 25 MHz. A
minimum of 10 MHz is required to maintain the SCSI bus
timings.

RESET

Reset (Input, Active High)

This input when active resets the device. The RESET
input must be active for at least two CLK periods after
the voltage on the power inputs has reached Vcc
minimum.

SCSI Interface Signals

SD7»
SCSI Data (Input, Active Low, Schmitt Trigger)

These are SCSI data input pins.

SDe
SCSI Data Parity (Input, Active Low, Schmitt
Trigger)

This is the SCSI data parity input pin.

SDCro
SCSI Data Control (Output, Active Low,
Open Drain)

These are SCSI data output pins.

(]
SCSI Data Control Parity (Output, Active Low,
Open Drain)

This is the SCSI data parity output pin.

MSG

Message (Input/Output, Active Low, Schmitt
Trigger)

This is a bidirectional signal with 48 mA output driver. It
is an output in the target mode and a Schmitt trigger in-
put in the initiator mode.

C/D

Command/Data (Input/Output, Schmitt Trigger)
This is a bidirectional signal with 48 mA output driver. It
is an output in the target mode and a Schmitt trigger in-
put in the initiator mode.

170
Input/Output (Input/Output, Schmitt Trigger)
This is a bidirectional signal with 48 mA output driver. It

is an output in the target mode and a Schmitt trigger in-
put in the initiator mode.
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ATN

Attention (Input/Output, Active Low, Schmitt
Trigger)

This signal is a 48 mA output in the initiator mode and a
Schmitt trigger input in the target mode. This signal will
be asserted when the initiator detects a parity error or it
can be asserted via certain initiator commands.

BSY
Busy (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

SEL
Select (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

RST
Reset (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

REQ
Request (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

ACK
Acknowledge (Input, Active Low, Schmitt Trigger). This
is a SCSI input signal with a Schmitt trigger.

BSYC

Busy Control (Output, Active Low, Open Drain)
This is a SCSI output with 48 mA drive. This pin is the
BSY output for the SCSI bus.

SELC

Select Control (Output, Active Low, Open Drain)
This is a SCSI output with 48 mA drive. This pin is the
SEL output for the SCSI bus.

RSTC
Reset Control (Output, Active Low, Open Drain)

This is a SCSI output with 48 mA drive. The Reset SCSI
command will cause the device to drive RSTC active for
25-40 microseconds, which will depend on the CLK fre-
quency and the conversion factor. This pin is the RST
output for the SCSI bus.

REQC

Request Control (Output, Active Low, Open Drain)
This is a SCS| output with 48 mA drive. This signal is as-
serted only in the target mode.

ACKC
Acknowledge Control (Output, Active Low,
Open Drain)

This is a SCSI output with 48 mA drive. This signal is as-
serted only in the initiator mode.
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FUNCTIONAL DESCRIPTION

Register Map
Address
(Hex) Operation Register

00 Read Current Transfer Count
Register LSB

00 Write Start Transfer Count Register
LSB

01 Read Current Transfer Count
Register MSB

01 Write Start Transfer Count Register
MSB

02 Read/Write | FIFO Register

03 Read/Write | Command Register

04 Read Status Register

04 Write SCSI Destination |D Register

05 Read Interrupt Status Register

05 Write SCSI Timeout Register

06 Read Internal State Register

06 Write Synchronous Transfer Period
Register

07 Read Current FIFO Internal State
Register

07 Write Synchronous Offset Register

08 Read/Write | Control Register 1

09 Write Clock Factor Register

0A Write Forced Test Mode Register

0B Read/Write | Control Register 2

oC Read/Write | Control Register 3

OF Write Data Alignment Register

Note:

Not all registers in this device are both readable and writable.
Some read only registers share the same address with write
only registers. The registers can be accessed by asserting
the CS signal and then asserting either RD or WR signal de-
pending on the operation to be performed. Only the FIFO
Register can be accessed by asserting either CS or DACK in
conjunction with RD and WR signals or DMARD and DMAWR
signals. The register address inputs are ignored when DACK
is used but must be valid when CS is used.
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Current Transfer Count Register

(00H-01H) Read Only
Current Transfer Count Register Address: O0H-O1H
CTCREG Type: Read

15 14 13 12 11 10 9 8

CRVL15 [CRVL14 JCRVL13 | CRVL12 JCRVL11 |CRVL10 | CRVLS | CRVL8

X X X X X X X X

7 6 5 4 3 2 1 0

CRVL7 | CRVL6| CRVL5S | CRVL4 | CRVL3 | CRVL2 | CRVL1 | CRVLO

X X X X X X X X

16506B-013A

CTCREG - Bits 15:0 - CRVL 15:0 — Current
Value 15:0

This is a two byte register. It counts down to keep track
of the number of DMA transfers. Reading this registers
will return the current value of the counter. The counter
will decrement by one for every byte transferred and two
for every word transferred overthe SCSI bus. The trans-
action is complete when the count reaches zero. These
registers are automatically loaded with the values inthe
Start Transfer Count Register every time a DMA com-
mand is issued.

In the target mode, this counter is decremented by the
active edge of DACK during the Data-In phase and by
REQC during the Data-Out phase.

Inthe initiator mode, the counter is decremented by the
active edge of DACK during the Synchronous Data-In
phase or by ACKC during the Asynchronous Data-In
phase and by DACK during the Data-Out phase.

Start Transfer Count Register (00H-01H)
Write Only

Start Transfer Count Register
STCREG

Address: 00H-01H
Type: Write

15 14 13 12 11 10 9 8

STVL15 |STVL14 |STVL13 |STVL12 |STVL11 | STVL10 | STVLY | STVLS

X X X X X X X X

7 6 5 4 3 2 1 0

STVL7 |STVLE | STVLS | STVL4 | STVL3 ] STVL2 | STVL1 ] STVLO

X X X X X X X X

16506A-014A

STCREG - Bits 15:0 - STVL 15:0 — Start Value 15:0

This is a two byte register. It contains the number of
bytes to be transterred during a DMA operation. The
value of this register is set to the number of bytes to be
transferred prior to a DMA transfer command. This reg-
ister retains its programmed value until it is overwritten
and is not affected by hardware or software reset.
Therefore, itis not necessary to reprogram the count for
subsequent DMA transfers of the same size. Writing a
zero to this register sets a maximum transfer count of
65536 bytes. The value in this register is undefined at
power-up.

FIFO Register (02H) Read/Write

FIFO Register Address: 02H
FFREG Type: Read/Write

7 6 5 4 3 2 1 0

FF7 | Fre | Frs | Fra | Fra | FR2 | FR1 | FRO

0 0 0 0 0 0 0 0

16506A-015A

FFREG - Bits 7:0 - FF 7:0 - FIFO 7:0

The bottom of the 16x9 FIFO is mapped into the FIFO
Register address. By reading and writing this register
the bottom of the FIFO can be read or written. This is the
only register that can also be accessed by DACK along
with DMARD or DMAWR. This register is reset to zero
by hardware or software reset and also at the start of a
selection or reselection sequence.

Command Register (03H) Read/Write

Address: 03H
Type: Read/Write

Command Register
CMDREG

7 6 5 4 3 2 1 0

DMA CMDsé | CMD5 | CMD4 | CMD3 | CMD2 | CMD1 CMDO

Command 6:0

Direct Memory
Access

16506A-016A

Commands to the device are issued by writing to this
register. This register is two deep which allows for com-
mand queuing. The second command can be issued be-
fore the first one is completed. The Reset command and
the Stop DMA command are not queued and are exe-
cuted immediately. Reading this register will return the
command currently being executed (or the last com-
mand executed if there are no pending commands).
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CMDREG - Bit 7 - DMA - Direct Memory Access

The DMA bit when set notifies the device that the com-
mand is a DMA instruction, when reset it is a non-DMA
instruction. For DMA instructions the Current Transfer
Count Register (CTCREG) will be loaded with the con-
tents of the Start Transfer Count Register (STCREG).
The data is then transferred and the CTCREG is decre-
mented for each byte until it reaches zero.

CMDREG - Bits 6:0 - CMD 6:0 - Command 6:0

These command bits decode the commands that the
device needs to perform. There are a total of 29
commands grouped into four categories. The groups
are Initiator Commands, Target Commands, Selection/
Reselection Commands and General Purpose Com-
mands.

Initiator Commands
CMD6 | CMDS5 CMD4 CMD3 CMD2 CMD1 CMDO | Command
0 0 1 0 0 0 0 Information Transfer
0 0 1 0 0 0 1 Initiator Command Complete Steps
0 0 1 0 0 1 0 Message Accepted
0 0 1 1 0 0 0 Transfer Pad Bytes
0 0 1 1 0 1 0 Set ATN
0 0 1 1 0 1 1 Reset ATN
Target Commands
CMD6 | CMD5 CMD4 CMD3 CMD2 CMD1 CMDO | Command
0 1 0 0 0 0 0 Send Message
0 1 0 0 0 0 1 Send Status
0 1 0 0 0 1 0 Send Data
0 1 0 0 0 1 1 Disconnect Steps
0 1 0 0 1 0 0 Terminate Steps
0 1 0 0 1 0 1 Target Command Complete Steps
0 1 0 0 1 1 1 Disconnect
0 1 0 1 0 0 0 Receive Message Steps
0 1 0 1 0 0 1 Receive Command
0 1 0 1 0 1 0 Receive Data
0 1 0 1 0 1 1 Receive Command Steps
0 0 0 0 1 0 0 DMA Stop
_ldle Commands
CMD6 | CMD5 CMD4 CMD3 CMD2 CMD1 CMDO | Command
1 0 0 0 0 0 0 Reselect Steps
1 0 0 0 0 0 1 Select without ATN Steps
1 0 0 0 0 1 0 Select with ATN Steps
1 0 0 0 0 1 1 Select with ATN and Stop Steps
1 0 0 0 1 0 0 Enable Selection/Reselection
1 0 0 0 1 0 1 Disable Selection/Reselection
1 0 0 0 1 1 0 Select with ATN3 Steps
General Commands
CMD6 | CMD5 CMD4 CMD3 CMD2 CMD1 CMDO | Command
0 0 0 0 0 0 0 No Operation
0 0 0 0 0 0 1 Clear FIFO
0 0 0 0 0 1 0 Reset Device
0 0 0 0 0 1 1 Reset SCSI Bus
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Status Register (04H) Read

Status Register Address: 044
STATREG Type: Read
7 6 5 4 3 2 1 0
INT I0E PE c1Zz acv MSG ciD Vo
0 0 0 0 0 X X X
l — Input/Output
Command/Data
Message
Group Code Valid
Count to Zero
Parity Error
lllegal Operation Error
Interrupt

16506A-017A

This read only register contains flags to indicate the
status and phase of the SCSI transactions. It indicates
whether an interrupt or error condition exists. It should
be read every time the host is interrupted to determine
which device is asserting an interrupt. The data is
latched until the Interrupt Status Register is read. The
phase bits will be latched only if latching is enabled inthe
Control Register 2, otherwise, it will indicate the current
SCSI phase. If command stacking is used, two inter-
rupts might occur. Reading this register will clear the
status information for the first interrupt and update the
Status Register for the second interrupt.

STATREG - Bit 7 - INT - Interrupt

The INT bit is set when the device asserts the interrupt
output. This bit will be cleared by a hardware or software
reset. Reading the Interrupt Status Register will deas-
sert the interrupt output and also clear this bit.

STATREG - Bit 6 - IOE - lllegal Operation Error

The IOE bit is set when an illegal operation is attempted.
This condition will not cause an interrupt, it will be de-
tected by reading the status register while servicing an-
other interrupt. The following conditions will cause the
IOE bit to be set:

DMA and SCSiI transfer directions are opposite.
FIFO overflows.

In initiator mode an unexpected phase change
detected during synchronous data transfer.

m  Command Register overwritten.

This bit will be cleared by reading the Interrupt Status
Register or by a hard or soft reset.

STATREG - Bit 5 — PE - Parity Error

The PE bit is set if the parity checking option is enabled
in Control Register 1 and the device detects a parity er-
ror on incoming SCSI data, command, status or mes-

sage bytes. Detection of a parity error condition will not
cause an interrupt but will be reported with other inter-
rupt causing conditions. When a parity error is detected
in the information phase of the initiator mode ATN is as-
serted on the SCSI bus.

This bit will be cleared by reading the Interrupt Status
Register or by a hard or soft reset.

STATREG - Bit 4 - CTZ - Count To Zero

The CTZ bit is set when the Current Transfer Count
Register (CTCREG) has counted down to zero. This bit
will be reset when the CTCREG is written.

Reading the Interrupt Status Register will not affect this
bit. This bit will however be cleared by a hard or soft re-
set.

Note:

A non-DMA NOP will not reset the CTZ bit since it does not
load the CTCREG but a DMA NOP will reset this bit since it
loads the CTCREG.

STATREG - Bit 3 - GCV - Group Code Valid

The GCV bit is set if the group code field in the Com-
mand Descriptor Block (CDB) is one that is defined by
the ANSI Committee in their document X3.131 - 1986. If
the SCSI-2 Feature Enable (S2FE) bit in the Control
Register 2 (CNTLREG2) is set, Group 2 commands will
be treated as ten byte commands and the GCV bit will be
set. If S2FE is reset then Group 2 commands will be
treated as reserved commands. Group 3 and 4 com-
mand will always be considered as reserved com-
mands. The device will treat all reserved commands as
six byte commands. Group 6 commands will always be
treated as vendor unique six byte commands and Group
7 commands will always be treated as vendor unique
ten byte commands.

The GCV bit is cleared by reading the Interrupt Status
Register (INSTREG) or by a hard or soft reset.

2-18

SCSI Products



PRELIMINARY

AMD n

STATREG - Bit 2 - MSG - Message
STATREG - Bit 1 — C/D - Command/Data
STATREG - Bit 0 - /O - Input/Output

Bit2 Bit1 Bito
MSG C/D Vo SCSi Phase
1 1 1 Message In
1 1 0 Message Out
1 0 1 Reserved
1 0 0 Reserved
0 1 1 Status
0 1 0 Command
0 0 1 Data_In
0 0 0 Data_Out

The MSG, C/D and I/O bits together can be referred to
as the SCSI Phase bits. They indicate the phase of the
SCSI bus. These bits may be latched or unlatched de-
pending on the option selected in Control Register 2
(CNTLREG2) by the Latch SCSI Phase (LSP) bit.

In the latched mode the SCSI phase bits are latched at
the end of acommand and the latch is opened when the
Interrupt Status Register (INSTREG) is read. In the un-
latched mode, they indicate the phase of the SCSI bus
when this register is read.

SCSI Destination ID Register (04H) Write

SCSI Destination ID Register
SDIDREG

Address: 04H
Type: Write

—I—— SCSI Destination ID 2:0

Reserved

Reserved

Reserved

Reserved

Reserved

16506A-018A

SDIDREG - Bits 7:3 - RES - Reserved

SDIDREG - Bits 2:0 ~ DID 2:0 - Destination ID 2:0

The DID 2:0 bits are the encoded SCSI ID of the device
on the SCSI bus which needs to be selected or
reselected.

DID2 DID1 DIDO SCSI D

7

O 0O 0O O = = 4 =
©O O = =+ OO = =
O - 0 - 0 = 0 =
O - M Wa OO

At power-up the state of these bits is undefined. The DID 2:0
bits are not affected by reset.
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Interrupt Status Register (05H) Read

Interrupt Status Register

Address: 05h

INSTREG Type: READ
7 6 5 4 3 2 1 0
SRST ICMD DIs SR Kle} RESEL | SELA SEL
0o o JofJo oo ]Jol]o

| L Selected
Selected with Attention
Reselected

Successful Operation

Service Request
Disconnected

Invalid Command

SCS| Reset

16506A-053A

The Interrupt Status Register (INSTREG) will indicate
the reasonforthe interrupt. This register is used withthe
Status Register (STATREG) and Internal Status Regis-
ter (ISREG) to determine the reason for the interrupt.
Reading the INSTREG will clear all three registers.

INSTREG - Bit 7 - SRST - SCSI Reset

The SRST bit will be set if a SCSI Reset is detected and
SCSiI reset reporting is enabled via the DISR (bit 6) of
the CNTLREG1.

INSTREG - Bit 6 — ICMD - Invalid Command

The ICMD bit will be set if the device detects an illegal
command code. This bit is also set if a command code
from a different mode is detected than the mode the de-
vice is currently in.

INSTREG - Bit 5 - DIS — Disconnected

The DIS bit can be set in the target or the initiator mode
when the device disconnects from the SCSI bus. In the
target mode this bit will be set if a terminate or a com-
mand complete sequence causes the device to discon-
nect from the SCSI bus. In the Initiator mode this bit will
be set if the target disconnects or a selection or reselec-
tion timeout occurs.

INSTREG - Bit 4 — SR — Service Request

The SR bit can be set in the target or the initiator mode
when another device on the SCSI bus has a service re-

quest. In the target mode this bit will be set when the in-
itiator asserts the ATN signal. In the Initiator mode this
bit is set whenever the target requests an information
transfer phase.

INSTREG - Bit 3 - SO - Successful Operation

The SO bit can be set in the target or the initiator mode
when an operation is successfully complete. In the
target mode this bit will be set when any target mode
command is completed. In the initiator mode this bit is
set after a target has been successfully selected, aftera
command is successfully completed and after an infor-
mation transfer command when the target requests a
message in phase.

INSTREG - Bit 2 - RESEL - Reselected

The RESEL bit is set at the end of the reselection phase
indicating that the device has been reselected as an in-
itiator.

INSTREG - Bit 1 — SELA - Selected with Attention

The SELAbit is set atthe end of the selection phase indi-
cating that the device has been selected and that the
ATN signal was active during the selection.

INSTREG - Bit 0 — SEL - Selected

The SEL bit is set at the end of the selection phase indi-
cating that the device has been selected and that the
ATN signal was inactive during the selection.
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SCSI Timeout Register (05H) Write

SCSI Timeout Register Address: 05H
STIMREG Type: Write
7 6 5 4 3 2 1 0

STM7 | STIM6 | STIMS | STIM4 | STIM3 | STIM2 | STIM1 | STIMO

X X X X X X X X

16506A-020A

This register determines how long the initiator (target)
will wait for a target to respond to a selection (reselec-
tion) before timing out. It should be set to yield 250 ms to
comply with ANSI standards for SCSI.

STIMREG - Bits 7:0 — STIM 7:0 — SCSI Timer 7:0

The value loadedin STIM 7:0 can be calculated fromthe
following formula:

STIM7:0 =

[(SCSI Time Out) (Clock Frequency) / (8192 (Clock
Factor))]

Example:

SCSI Time Out (in seconds): 250 ms. (Recommended
by the ANSI Standard) = 250 x 10-3 s.

Clock Frequency: 20 MHz. (assume) = 20 x 106 Hz.

Clock Factor: CLKF 2:0 from Clock Conversion Regis-
ter (09H) =5

STIM 7:0 = (250 x 10-3) X (20 x 106) / (8192 (5)) = 122
decimal

Internal State Register (06H) Read

Internal State Register
ISREG

Address: 06H
Type: Read

1 0

ISt IS0

0 0

—_[_—_.—__ Internal State 2:0

Synchronous Offset Flag
Reserved

Reserved

Reserved

Reserved

16506A-019A

The Internal State Register (ISREG) tracks the progress
of a sequence-type command. It is updated after each
successful completion of an intermediate operation. If
an error occurs, the host can read this register to deter-
mined at where the command failed and take the neces-
sary procedure for recovery. Reading the Interrupt
Status Register will clear this register.

ISREG - Bits 7:4 - RES - Reserved

ISREG - Bit 3 - SOF - Synchronous Offset Flag

The SOF is reset when the Synchronous Offset Register
(SOFREG) has reached its maximum value.

Note:
The SOF bit is active Low.

ISREG - Bits 2:0 - IS 2:0 - Internal State 2:0

The IS 2:0 bits along with the Interrupt Status Register
(INSTREG) indicates the status of the successfully
completed intermediate operation. Refer to the Status
Decode section for more details.

Am53C94LV Data Sheet

2-21



&\ AmD

PRELIMINARY

Initiator Select without ATN Steps

Internal State  Interrupt Status
Register (06H) Register (05H) Explanation
Bits 2:0 (Hex) Bits 7:0 (Hex)
0 20 Arbitration steps completed or disconnected or selection time—out
4 18 Selection with ATN steps fully executed
3 18 Sequence halted during command transfer due to premature phase change
(target)
2 18 Arbitration and selection completed; sequence haited because target failed to
assert command phase
Initiator Select with ATN Steps
Internal State  Interrupt Status
Register (06H) Register (05H) Explanation
Bits 2:0 (Hex) Bits 7:0 (Hex)
4 18 Selection with ATN steps fully executed
3 18 Sequence halted during command transfer due to premature phase change;
some CDB bytes may not have been sent; check FIFO flags
2 18 Message out completed; sent one message byte with ATN true, then released
ATN; sequence halted because target failed to assert command phase after
message byte was sent
0 18 Arbitration and selection completed; sequence halted because target did not

assert message out phase; ATN still driven by HPSC

Initiator Select with ATN3 Steps

Internal State  Interrupt Status
Register (06H) Register (05H)
Bits 2:0 (Hex) Bits 7:0 (Hex)
0 20
4 18
3 18
2 18
0 18

Explanation

Arbitration steps completed or disconnected or selection time—out

Selection with ATN3 steps fully executed

Sequence halted during command transfer due to premature phase change;
some CDB bytes may not have been sent; check FIFO flags

One, two, or three message bytes sent; sequence halted because target failed
to assert command phase after third message byte, or prematurely released
message out phase; ATN released only if third message byte was sent

Arbitration and selection completed; sequence halted because target failed to
assert message out phase; ATN still driven by HPSC

Initiator Select with ATN and Stop Steps

Internal State  Interrupt Status

Register (06H) Register (05H)
Bits 2:0 (Hex) Bits 7:0 (Hex)
0 20
0 18
1 18

Explanation

Arbitration steps completed or disconnected or selection time—out

Arbitration and selection completed; sequence halted because target failed to
assert message out phase; ATN still asserted by HPSC

Message out completed; one message byte sent; ATN on
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Target Selected without ATN Steps

Internal State  Interrupt Status
Register (06H) Register (05H) Explanation

Bits 2:0 (Hex) Bits 7:0 (Hex)

2 11 Selected; received entire CDB; check valid group status bit; initiator asserted
ATN in command phase

1 11 Sequence halted in command phase due to parity error; some CDB bytes may
nﬁt have been received; check FIFO flags; initiator asserted ATN in command
phase

2 01 Selected; received entire CDB; check valid group status bit

1 01 Sequence halted in command phase because of parity error; some CDB bytes
may not have been received; check FIFO flags

0 01 Selected; loaded bus D into FIFO; null-byte message loaded into FIFO

Target Select with ATN Steps, SCSI-2 Bit NOT SET

Internal State  Interrupt Status
Register (06H)  Register (05H) Explanation

Bits 2:0 (Hex) Bits 7:0 (Hex)

2 12 Selection complete; received one message byte and entire CDB; initiator as-
serted ATN during command phase

1 12 Halted in command phase; parity error and ATN true

0 12 Selected with ATN; stored bus ID and one message byte; sequence halted be-
cause ATN remained true after first message byte

2 02 Selection completed; received one message byte and the entire CDB

1 02 Sequence halted in command phase because of parity error; some CDB bytes
not received; check valid group code bit and FIFO flags

0 02 Selected with ATN; stored bus ID and one message byte; sequence halted be-

cause of parity error or invalid ID message

Target Select with ATN Steps, SCSI-2 Bit SET

Internal State  Interrupt Status
Register (06H) Register (05H) Explanation

Bits 2:0 (Hex) Bits 7:0 (Hex)

5 12 Halted in command phase; parity error and ATN true

4 12 ATN remained true after third message byte

0 02 Selected with ATN; stored bus ID and one message byte; sequence halted be-
cause of parity error or invalid ID message

6 02 Selection completed; received three message bytes and the entire CDB

5 02 Received three message bytes then halted in command phase because of parity

error; some CDB bytes not received; check valid group code bit and FIFO flags
402Parity error during second or third message byte

Target Recelve Command Steps

Internal State  Interrupt Status
Register (06H) Register (05H) Explanation

Bits 2:0 (Hex) Bits 7:0 (Hex)

2 18 Received entire CDB; initiator asserted ATN
1 18 Sequence halted during command transfer due to parity error; ATN asserted by
initiator
08 Received entire CDB
1 08 Sequence halted during command transfer due to parity error; check FIFO flags
Target Disconnect Steps

Internal State Interrupt Status
Register (06H) Register (05H) Explanation

Bits 2:0 (Hex) Bits 7:0 (Hex)

2 28 Disconnect steps fully executed; disconnected; bus is free
1 18 Two message bytes sent; sequence halted because initiator asserted ATN
0 18 One message byte sent; sequence halted because initiator asserted ATN
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Target Terminate Steps

Internal State  Interrupt Status
Register (06H) Register (05H)

Bits 2:0 (Hex) Bits 7:0 (Hex)

2 28
1 18
0 18

Explanation

Terminate steps fully executed; disconnected; bus is free

Status and message bytes sent; sequence halted because initiator asserted
ATN

Status byte sent; sequence halted because initiator asserted ATN

Target Command Complete Steps

Internal State  Interrupt Status
Register (06H) Register (05H)

Bits 2:0 (Hex) Bits 7:0 (Hex)

1 18
0 18
2 08

Explanation

Status and message bytes sent; sequence halted because initiator set ATN
Status byte sent; sequence halted because initiator set ATN
Command complete steps fully executed
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Synchronous Transfer Period Register
(06H) Write

Synchronous Transfer Period Register Address: 06H
STPREG Type: Write
3 2 1 0
STP3 STP2 STP1 STPO
0 1 0 1

Synchronous Transter Period 4:0

Reserved

Reserved

Reserved

16506A-021A

The Synchronous Transfer Period Register (STPREG)
contains a 5-bit value indicating the number of clock cy- Clocks/
cles each byte will take to be transferred over the SCSI STP4 STP3 | STP2| STP1 | STPO| Byte
bus in synchronous mode. The minimum value allowed 0 0 1 0 0 5
is 5. The STPREG defaults to five after a hard or soft 0 0 1 0 1 5
reselt. 0 0 1 1 0 6
STPREG - Bits 7:5 — RES - Reserved 0 Y 1 1 1 7
STPREG - Bits 4:0 - STP 4:0 - Synchronous ¢ ° * * * *
Transfer Period 4:0 * ¢ ¢ ¢ ¢ °
The STP 4:0 bits are programmed to specify the syn- ! ! ! ! ! 31
chronous transfer period or the number of clock cycles 0 0 0 0 0 32
for each byte transfer in the synchronous mode. The 0 0 0 0 1 33
minimum value for STP 4.0 is five. Missing table entries 0 0 0 1 0 34
follow the binary code. 0 0 o 1 9 35

AmS53C94LYV Data Sheet
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Current FIFO/Internal State Register (07H) Read

Current FIFO/Internal State Register Address: 07H
CFISREG Type: Read
7 6 5 4 3 2 1 0
182 151 150 CF4 CF3 cr2 | cF1 CFO
0 0 0 0 0 0 0 0
Current FIFO 4:0
Internal State 2:0

16506A-022A

This register has two fields, the Current FIFO field and
the Internal State field.

CFISREG - Bits 7:5 - IS 2:0 - Internal State 2:0

The Internal State Register (ISREG) tracks the progress
of a sequence-type command.

The IS 2:0 bits are duplicated from the IS 2:0 field inthe
Internal State Register (ISREG) in the normal mode. If
the device is in the test mode, IS 0 is set to indicate that
the offset value is non zero. A non zero value indicates

that synchronous data transfer can continue. A zero
value indicates that the synchronous offset count has
been reached and no more data can be transferred until
an acknowledge is received.

CFISREG - Bits 4:0 - CF 4:0 — Current FIFO 4:0

The CF 4:0 bits are the binary coded value of the num-
ber of bytes in the FIFO. These bits should not be read
when the device is transferring data since this count
may not be stable.

Synchronous Offset Register (07H) Write

Synchronous Offset Register
SOFREG

Address: 07H

Type: Write

2 1 0

so2 so1 SO0

0 0 0

\_— Synchronous Offset 3:0

Reserved
Reserved
Reserved
Reserved

16506A-023A

The Synchronous Offset Register (SOFREG) contains
a 4-bit count of the number of bytes that can be sent to
(or received from) the SCSI bus without an ACK (or
REQ). Bytes exceeding the threshold will be sent one
byte at a time (asynchronously). That is, each byte will
require an ACK/REQ handshake. To set up an asyn-
chronous transfer, the SOFREG is set to zero. The
SOFREG is set to zero after a hard or soft reset.

SOFREG - Bits 7:4 - RES -~ Reserved

SOFREG - Bits 3:0 — SO 3:0 - Synchronous Offset
3:0

The SO 4.0 bits are the binary coded value of the num-
ber of bytes that can be sent to (or received from) the
SCSI bus without an ACK (or REQ) signal.
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Control Register One (08H) Read/Write
Control Register One Address: 08H
CNTLREG1 Type: Read/Write
7 6 5 4 3 2 1 0
ETM | OISR | PTE | PERE | STE | cib2 | ciot | cioo
0 0 0 0 0 X X X

Self Test Enable

Parity Error Reporting Enable

Parity Test Enable
Disable Interrupt on SCS| Reset

Extended Timing Mode

16506A-024A

The Control Register 1 (CNTLREG 1) sets up the device
with various operating parameters.

CNTLREG1 - Bit 7 - ETM - Extended Timing Mode

The ETM bitiis set if an extra clock period is required be-
tween the data being driven on the bus and the REQ or
ACK being asserted. This is some times necessary in
high capacitive loading environments. The ETMbitis re-
set to zero by a hard or soft reset.

CNTLREGH - Bit 6 — DISR - Disable Interrupt on
SCSI Reset

The DISR bit masks the reporting of the SCSI reset.
When the DISR bit is set and a SCSI reset is asserted,
the device will disconnect fromthe SCSIbus and remain
idle without interrupting the host processor. When the
DISR bitis reset and a SCSlreset is asserted the device
will respond by interrupting the host processor. The
DISR bit is reset to zero by a hard or soft reset.

CNTLREG1 - Bit 5 - PTE - Parity Test Enable

The PTE bit is for test use only. When the PTE bit is set
the parity on the output (SCSI or host processor) bus is
forced to the value of the MSB (bit 7) of the output data
from the internal FIFO. This allows parity errors to be
created to test the hardware and software. The PTE bit
is reset to zero by a hard or soft reset.

CNTLREG?1 - Bit 4 - PERE - Parity Error Report-
ing Enable

The PERE bit enables the checking and reporting of par-
ity errors on incoming SCS| bytes during the information
transfer phase. When the PERE bit set and a bad parity
is detected, the PE bit in the STATREG is will be set but
an interrupt will not be generated. In the initiator mode
the ATN signal will also be asserted on the SCS! bus.
When the PERE bit is reset and a bad parity occurs it is
not detected and no action is taken.

CNTLREGT - Bit 3 - STE - Self Test Enable

The STE bit is for test use only. When the STE bit is set
the device is placed in a test mode which enables the
device to access the test register at address 0AH. Tore-
set this bit and to resume normal operation the device
must be issued a hard or soft reset.

CNTLREG1 - Bit 2:0 - CID 2:0 - Chip ID 2:0

The Chip ID 2:0 bits specify the binary coded value of
the device ID on the SCSI bus. The device will arbitrate
with this ID and will respond to selection or reselectionto
this ID. At power-up the state of these bit are undefined.
These bits are not affected by hard or soft reset.
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Clock Factor Register (09H) Write

Clock Factor Register Address: 09H
CLKFREG Type: Write
1 0
CLKF1 | CLKFO
1 0
L Clock Factor 2:0
Reserved
Reserved
Reserved
Reserved
Reserved
16506A-025A
The Clock Factor Register (CLKFREG) must be set to e Clock
indicate the input frequency range of the device. This nput Clo
value is crucialfor controlling various timings to meetthe CLKF2 | CLKF1 CLKF0 | Frequency in MHz
SCSiI specification. The selector can be calculated by 0 1 0 10
rounding off the quotient of (Input Clock Frequency in
MHz)/(5 MHz). The device has a frequency range of 10 0 1 1 10.01 to 15
to 25 MHz. 1 0 0 15.01 10 20
CLKFREG - Blts 7:3 — RES — Reserved 1 0 1 20.01t0 25
CLKFREG - Bits 2:0 — CLKF 2:0 — Clock Factor 2:0
The CLKF 2:0 bits specify the binary coded value of the
clock factor. The CLKF 2:0 bits will default to a value of 2
by a hard or soft reset.
Forced Test Mode Register (0AH) Write
Forced Test Mode Register Address: OAH
FTMREG Type: Write
1 0
FIM FT™M
0 0
| L— Forced Target Mode
Forced Initiator Mode
Forced High Impedance Mode
Reserved
Reserved
Reserved
Reserved
Reserved
16506A-026A

The Forced Test Mode Register (FTMREQG) is for test
use only. The STE bit inthe CNTLREG1 must be set for
the FTMREG to operate.

FTMREG - Bits 7:3 — RES - Reserved
FTMREG - Bit 2 - FHI - Forced High impedance
Mode

The FHI bit when set places all the output and bidirec-
tional pins into a high impedance state.
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FTMREG - Bit 1 - FIM - Forced Initiator Mode

The FIM bit when set forces the device into the initiator
mode. The device will then execute all initiator com-
mands irrespective of the SCSI bus status.

FTMREG - Bit 0 - FTM - Forced Target Mode

The FTM bit when set forces the device into the target
mode. The device will then execute all target commands
irrespective of the SCSI bus status.

Control Register Two (0BH) Read/Write

Control Register Two Address: OBH
CNTLREG2 Type: Read/Write
7 6 5 4 3 2 1 0
DAE | tsp | seo | TsoR | seFe | AcDPE | PGRP | PGDP
0 0 0 0 0 0 0 0

_—

Pass Through/Generate Data Parity
Pass Through/Generate Register Parity
Abort on Command/Data Parity Error
SCSI-2 Features Enable

Tri-State DMA Request

Select Byte Order
Latch SCSI Phase

Data Alignment Enable

16506A-027A

The Control Register 2 (CNTLREG?2) sets up the device
with various operating parameters.

CNTLREG2 - Bit 7 - DAE - Data Alignhment Enable

The DAE bit is used in the initiator Synchronous Data-In
phase only. Whenthe DAE bit is set one byte is reserved
at the end of the FIFO when the phase changes to the
Synchronous Data-In phase. The contents of this byte
will become the lower byte of the DMA word (16-bit)
transfer to the memory, the upper byte being the first
byte of the first word received from the SCSI bus.

Note:

If an interrupt is received for a misaligned boundary on a
phase change to synchronous data the following recovery
procedure may be followed. The host processor should copy
the byte at the start address in the host memory to the Data
Alignment Register OFH (DALREG) and then issue an infor-
mation transfer command. The first word the device will write
to the memory (via DMA) will consists of the lower byte from
the DALREG and the upper byte from the first byte received
from the SCSI bus.

The DAE bit must be set before the phase changes to
the Synchronous Data-In. The DAE bitis reset to zero by
a hard or soft reset or by writing the DALREG when in-
terrupted in the Synchronous Data-In phase.

CNTLREG2 - Bit 6 ~ LSP - Latch SCSI Phase

The LSP bit is used to enable or disable the latching of
the SCSI phase bits (MSG, C/D and 1/O) in the Status
Register (STATREG) 04H.

When the LSP bit is set the phase bits STSTREG - Bits
2:0 are latched at the end of each command. This simpli-
fies software for stacked commands. When the LSP bit
is reset the phase bits STATREG - Bits 2:0 reflect the

actual state of the SCSI phase lines at any instant of
time. The LSP bit is reset by a hard or soft reset.

CNTLREG2 - Bit 5 - SBO - Select Byte Order

The SBO bit is used only when the BUSMD 1:0 = 10 to
enable or disable the byte control onthe DMA interface.
When SBOis set and the BUSMD 1:0 = 10, the byte con-
trol inputs BHE and ASO control the byte positions.
When SBO is reset the byte control inputs BHE and ASO
are ignored.

CNTLREG2 - Bit 4 — TSDR - Tri-State DMA
Request

The TSDR bit when set sends the DREQ output signalto
high impedance state and the device ignores all activity
on the DMA request (DREQ) input. This is useful for
wiring-OR several devices that share a common DMA
request line. When the TSDR bit is reset the DREQ
output is drivento TTL levels.

CNTLREG2 - Bit 3 - S2FE - SCSI-2 Features
Enable

The S2FE bit allows the device to recognize two SCSI-2
features. The two features are extended message fea-
ture and the Group 2 command recognition.

Extended Message Feature: When the S2FE bit is set
and the device is selected with attention, the device will
monitor the ATN signal at the end of the first message
byte. If the ATN signal is active, the device will request
two more message bytes before switching to the com-
mand phase. If the ATN signal is inactive the device will
switch to the command phase. When the S2FE bit is re-
set the device as a target will request a single message
byte. As an initiator, the device will abort the selection
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sequence if the target does not switch to the command
phase after receiving a single message byte.

Group 2 Command Recognition: When the S2FE bit is
set the group 2 commands are recognized as 10 byte
commands. The GCV (Group Code Valid) bit in the
STATREG (04H) is set. When the S2FE bit is reset, the
device will interpret the group 2 commands as reserved
commands and will request 6 byte commands. The

P

GCV bit in the STATREG wiil not be set in this case.

CNTLREG2 - Bit 2 - ACDPE - Abort on Command/
Data Parity Error

The ACDPE bit when set allows the device to abort a
command or data transfer when a parity error is de-
tected. When the ACDPE bit is reset parity error is ig-
nored.

CNTLREG?2 - Bit 1 - PGRP - Pass Through/Gener-
ate Register Parity

The PGRP bit when set causes the data along with the
parity from the host to pass through to the FIFO under

the control of the CS and the WR signals. When the
PGRP bit is reset, the device generates the parity onthe
data from the host before writing it to the FIFO.

When the device is placing the data on the SCSI bus, it
will check for an outgoing parity error if either the PGRP
bit is set or the PGDP (Pass Through/Generate Data
Parity) bit is set.

CNTLREG2 - BIit 0 -

ate Data Parity

The PGDP bit when set causes the data along with the
parity from the host to pass through to the FIFO under
the control of the DACK and the WR signals. When the
PGDP bit is reset, the device generates the parity onthe
data from the host before writing it to the FIFO.

When the device is placing the data on the SCSI bus, it
will check for an outgoing parity error if either the PGDP
bitis setorthe PGRP (Pass Through/Generate Register
Parity) bit is set.

PGDP - Pass Through/Gener-

Control Register Three (0CH) Read/Write

Control Register Three
CNTLREG3

Address: 0CH

Type: Read/Write

1 0
MDM | Bss
0 0

I L— BurstSize 8
Modify DMA Mode
Last Byte Transfer Mode

Reserved

Reserved

Reserved

Reserved

Reserved

16506A-028A

CNTLREG3 - Bits 7:3 - RES - Reserved

CNTLREGS3 - Bit 2 - LBTM - Last Byte Transfer
Mode

The LBTM bit specifies how the last byte in an odd byte
transfer is handled during 16-bit DMA transfers. This
mode is not used if byte control is selected via BUSMD
1:0 inputs and BSO (Byte Select Order) bit in the
CNTLREG2. This mode has no affect during 8-bit DMA
transfers and on transfers on the SCSI bus.

When the LBTM bit is set the DREQ signal will not be

asserted for the last byte, instead the host will read or

write the last byte from or to the FIFO. When the LBTM

bit is reset the DREQ signal will be asserted for the last
byte and the following 16-bit DMA transfer will contain
the last byte on the lower bus. If the transfer is a DMA
read the upper bus will be all ones.

The LBTM bit is reset by hard or soft reset.

CNTLREGS - Bit 1 - MDM - Modify DMA Mode

The MDM bit is used to modify the timing of the DACK
signal with respect to the DMARD and DMAWR signals.
The MDM bit is used in conjunction with the Burst Size 8
(BS8) bitinthe CNTLREG3. Both bits have to be config-
ured for proper device operation.

Whenthe MDM bitis set and the device is in a DMA read
or write mode the DACK signal will remain asserted
while the data is strobed by the DMARD or DMAWR sig-
nals. Inthe DMA read mode when BUSMD 1:0 = 11 the
DACK signal will toggle for every DMA read.

Whan tha MDM hit ie res

read or write mode the DACK signal will toggle ev
time the data is strobed by the DMARD or DMA WR
signals. :

at and tha davina ie in D

~2§;
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CNTLREG3 - BIit 0 — BS8 — Burst Size 8

The BSB8 bit is used to modify the timing of the DREQ
signal with respect to the DMARD and DMAWR signals.
The BS8 bit may be used in conjunction with the Modify
DMA Mode (MDM) bit in the CNTLREGS to enable the
Burst PMA mode. Both bits have to be set for proper op-
eration.

When the BS8 bit is set the device delays the assertion
of the DREQ signal until 8 bytes or 4 words transfer is
possible.

When the BS8 bit is set and the device is in a DMA write
mode the DREQ signal will be asserted onlywhen 8 byte
locations are available for writing. In the DMA read
mode the DREQ signal will go active under the following
circumstances:

At the end of a transfer,

B In the target mode,
— when the transfer is complete
or
— when the ATN signal is active

B In the initiator mode,
— when the Current Transfer Register
is decremented to zero
or
- after any phase change

In the middle of a transfer

B Inthe initiator mode,
— when the last 8 bytes of the FIFO are full
— during Synchronous Data-In transfer when the
Event Transfer Count Register is greater than
7 and the last 8 bytes of the FIFO are full.

When the BS8 bit is reset and the device is in a DMA
read or write mode the DREQ signal will toggle every
time the data is strobed by the DMARD or DMAWR
signals.

Using Bit 0 (BS8) and Bit 1 (MDM) of Control Register 3,
one can enable the different combination modes shown
in the table below.

(MDM)| (BS8) Maximum
Bit 1 Bit 0 Function Synchronous Offset
0 0 Normal DMA 15
Mode
0 1 Burst Size 8 7
Mode
1 0 Reserved -
1 1 Modified DMA 15
Mode

Data Alignment Register (OFH) Write

Data Alignment Register Address: OFH
DALREG Type: Write
7 6 5 4 3 2 1 0
DA7 | DA6 | DAS | DA4 | DA3 | DAZ | DAi DAD
0 0 0 0 0 0 0 0

16506A-020A

The Data Alignment Register (DALREG) is used if the
first byte of a 16-bit DMA transfer from the SCSI bus to
the host processor is misaligned. Prior to issuing an in-
formation transfer command, the host processor must
set the Data Alignment Enable (DAE) bit in the
CNTLREG2.

DALREG - Bits 7:0 — DA 7:0 — Data Alignment 7:0
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COMMANDS

The device commands can be broadly divided into two
categories, DMA commands and non-DMA commands.
DMA commands are those which cause data movement
between the host memory and the SCSI bus while

non-DMA commands are those that cause data move-
ment between the device FIFO and the SCSI bus. The
MSB of the command byte differentiates DMA com-
mands from non-DMA commands.

Summary of Commands
Command Command
Code (Hex) Code (Hex)
Command DA | oA Command DMA | DMA
. Mode | Mode Mode | Mode
Initiator Commands Idle State Commands
Information Transfer 10 90 Reselect Steps 40 co
Initiator Command Complete Steps 11 91 Select without ATN Steps 41 C1
Message Accepted 12 - Select with ATN Steps 42 c2
Transfer Pad Bytes 18 98 Select with ATN and Stop Steps 43 Cc3
Set ATN 1A - Enable Selection/Reselection 44 c4
Reset ATN 1B - Disable Selection/Reselection 45
Target Commands Select with ATN3 46 Cé
Send Message 20 A0 General Commands
Send Status 21 Al No Operation 00 80
Send Data 22 A2 Clear FIFO 01 81
Disconnect Steps 23 A3 Reset Device 02 82
Terminate Steps 24 A4 Reset SCSI bus 03 83
Target Command Complete Steps 25 A5
Disconnect 27 A7
Receive Message 28 A8
Receive Command Steps 29 A9
Receive Data 2A AA
Receive Command Steps 2B AB
Target Abort DMA 04 84
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COMMAND DESCRIPTION
Initiator Commands

Initiator commands are executed by the device when it
is in the initiator mode. If the device is not in the initiator
mode and an initiator command is received the device
will ignore the command, generate an |Ilegal command
interrupt and clear the Comman Regisier

Command
(CMDREG) 03H.

Information Transfer Command
(Command Code 10H/90H)

The Information Transfer command is used to transfer
information bytes over the SCSI bus. This command
may be issued during any SCSI Information Transfer
phase. Information transfer for synchronous data must
use the DMA mode.

The device will continue to transfer information until it is
terminated by any one of the following conditions:

W The target changes the SCSI bus phase before the
expected number of bytes are transferred. The
device clears the Command Register (CMDREG)
03H, and generates a service interrupt when the
target asserts REQ.

B Transfer is successfully complete. If the phase is
Message Out, the device deasserts ATN before
asserting ACK for the last byte of the message.
When the target asserts REQ, a service interrupt is
generated.

B In the Message In phase when the device receives
the last byte. The device keeps the ACK signal
asserted and generates a Successful Operation
interrupt.

During synchronous data transfers the target may send

up to the maximum synchronous threshold number of

REQpulses to the initiator. If it is the Synchronous Data-

In phase then the target sends the data and the REQ

pulses. These bytes are stored by the initiator in the

FIFO as they are received.

Information Transfer Command when issued during the
following SCSI phases and terminating in synchronous
data phases, is handled as described below:

B Message In/Status Phase —When a phase change
to Synchronous Data-In or Synchronous Data-Out is
detected by the device, the Command Register
(CMDREG) 03H is cleared and the DMA interface is
disabled to disallow any transfer of data phase bytes.
If the phase change is to Synchronous Data-In and
bad parity is detected on the data bytes coming in, it

vommeba ainan  th, Qénds Damiatar

is not reported since the Stalus Register
(STATREG) 04H will report the status of the
command just completed. The parity error flag and
the ATN signal will be asserted when the Transfer
Information command begins execution.

B Message OQut‘Command Phase — When a phase
change to Synchronous Data-In or Synchronous
Data-Out is detected by the device, the Command
Register (CMDREG) 03H is cleared and the DMA
interface is disabled to allow any transfer of data

phase bytes. If the phase change is to Synchronous

Data-In and bad parity is detected on the data bytes
coming in, itis not reported since the Status Register
(STATREG) 04H will report the status of the
command just completed. The parity error flag and
the ATN signal will be asserted when the Transfer
Information command begins execution. The FIFO
Register29 (FFREG) 02H will be latched and will
remain in that condition until the next command
begins execution. The value in the FFREG indicates
the number of bytes in the FIFO when the phase
changed to Synchronous Data-In. These bytes are
cleared from the FIFO, which now contains only the
incoming data bytes.

B In the Synchronous Data-Out phase, the threshold
counter is incremented as REQ pulses are received.
The transfer is completed when the FIFO is empty
and the Current Transfer Count Register (CTCREG)
00H-01H is zero. The threshold counter will not
be zero.

® In the Synchronous Data-In phase, the Current
Transfer Count Register (CTCREG) is decre-
mented as bytes are read from the FIFO rather than
being decremented whenthe bytes are being written
to the FIFO. The transfer is completed when Current
Transfer Count Register (CTCREG) is zero but the
FIFO may not be empty.

Initiator Command Complete Steps
(Command Code 11H/91H)

The Initiator Command Complete Steps command is
normally issued when the SCSI bus is in the Status In
phase. One Status byte followed by one Message byte
is transferred if this command completes normally. After
receiving the message byte the device will keep the
ACK signal asserted to allow the initiator to examine the
message and assert the ATN signal if it is unacceptable.
The command terminates early if the target does not
switch to the Message In phase or if the target discon-
nects from the SCSI bus.

Message Accepted Command
(Command Code 12H)

The Message Accepted Command is used to release
the ACK signal. This command is normally used to com-
plete a Message In handshake. Upon execution of this
command the device generates a service request inter-
rupt after REQ is asserted by the target.
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After the device has received the last byte of message, it
keeps the ACK signal asserted. This allows the device
to either accept or reject the message. To accept the
message, Message Accepted Command is issued. To
reject the message the ATN signal must be asserted
(with the help of the Set ATN Command) before issuing
the Message Accepted Command. In either case the
Message Accepted Command has to be issued to re-
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Transfer Pad Bytes Command
(Command Code 18H/98H)

The Transfer Pad Bytes Command is used to recover
from an error condition. This command is similar to the
Information Transfer Command, only the information
bytes consists of null data. It is used when the target ex-
pects more data bytes than the initiator has to send. Itis
also used when the initiator receives more information
than it expected from the target.

When sending data to the SCS| bus, the FIFO is loaded
with null bytes and these bytes are sent out to the SCSI
bus. DMA has to be enabled when pad bytes are trans-
ferred to the SCSI bus. No actual DMA requests are
made but the device uses the Current Transfer Count
Register (CTCREG) 00H-01H to terminate the
transfer.

When receiving data from the SCSI bus, the device will
receive the pad bytes and place them on the top of the
FIFO and unload them from the bottom of the FIFO.

The command terminates under the same condition as
the Information Transfer Command, only the device
does not keep the ACK signal asserted during the last
byte of the Message In phase. If this command termi-
nates prematurely, due to a disconnect or a phase
change, before the CTCREG decrements to zero, the
FIFO may contain residual pad bytes.

Set ATN Command (Command Code 1AH)

The Set ATN Command is used to drive the ATN signal
active on the SCSI bus. An interrupt is not generated at
the end of this command. The ATN signal is deasserted
before asserting the ACK signal during the last byte of
the Message Out phase.

Note: The ATN signal is asserted by the device without
this command in the following cases:

| If any select with ATN command is issued and the
arbitration is won.

H An initiator needs the target's attention to send a
message. The ATN signal is asserted before deas-
serting the ACK signal.

Reset ATN Command (Command Code 1BH)

The Reset ATN Command is used to deassert the ATN
signal on the SCSI bus. An interrupt is not generated at
the end of this command. This command is used only
when interfacing with devices that do not support the
Common Command Set (CCS). These older devices do
not deassert their ATN signal automatically on the last
byte of the Message Out phase. This device does deas-

sert its ATN signal automatically on the last byte of the
Message Out phase.

Target Commands

Target commands are executed by the device when it is
in the target mode. If the device is not in the target mode
and a target command is received the device will ignore
the command, generate an illegal command interrupt
and clear the Command Reglster (CMDREG) 03H.

A SCSI bus reset during any target command will cause
the device to abort the command sequence , flag a SCSI
bus reset interrupt (if the interrupt is enabled) and dis-
connect from the SCSI bus.

Normal or successful completion of a target command
will cause a Successful Operation interrupt to be
flagged. If the ATN signal is asserted during a target
command sequence the Service Request bit is asserted
in the Interrupt Status Register (INSTREG) 05H. If the
ATN signalis asserted when the device is in anidle state
a Service Request interrupt will be generated, the Suc-
cessful Operation bit in the INSTREG will be reset and
the CMDREG cleared.

Send Message Command
(Command Code 20H/AOH)

The Send Message Command is used by the target to
inform the initiator to receive a message. The SCSI bus
phase lines are set to the Message In Phase and mes-
sage bytes are transferred from the device FIFO to the
buffer memory.

Send Status Command
(Command Code 21H/A1H)

The Send Status Command is used by the target to in-
formthe initiator to receive status information. The SCSI
bus phase lines are set to the Status Phase and status
bytes are transferred fromthe target device to the initia-
tor device.

Send Data Command (Command Code 22H/A2H)

The Send Data Command is used by the target to inform
the initiator to receive data bytes. The SCSI bus phase
lines are set to the Data-In Phase and data bytes are
transferred from the target device to the initiator device.

Disconnect Steps Command
(Command Code 23H/A3H)

The Disconnect Steps Command is used by the target to
disconnect from the SCSI bus. This command consists
of two steps. The first step consists of sending two bytes
of the Save Data Pointers commands by the targetinthe
Message In Phase. Inthe second step the target discon-
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connected bits are set in the Interrupt Status Register
(INSTREG) 05H upon command completion. If ATN sig-
nalis asserted by the initiator then Successful Operation
and Service Request bits are set in the INSTREG, the
CMDREG is cleared and Disconnect Steps Command
terminates without disconnecting.
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Terminate Steps Command
(Command Code 24H/A4H)

The Terminate Steps Command is used by the target to
disconnect from the SCSI bus. This command consists
of three steps. The first step consists of sending one
status byte by the target in the Status Phase. The sec-
ond step consists of sending one message byte by the
targetinthe Message In Phase. As the third step the tar-
get disconnects from the SCSI bus. Successful Opera-
tion and Disconnected bits are set inthe Interrupt Status
Register (INSTREG) 05H upon command completion. If
ATN signal is asserted by the initiator then Successful
Operation and Service Request bits are set in the IN-
STREG, the CMDREG is cleared and Terminate Steps
Command terminates without disconnecting.

Target Command Complete Steps Command
(Command Code 25H/A5H)

The Target Command Complete Steps Command is
used by the target to inform the initiator of a linked com-
mand completion. This command consists of two steps.
The first step consists of sending one status byte by the
target in the Status Phase. The second step consists of
sending one message byte by the target in the Message
In Phase. The Successful Operation bit is set in the In-
terrupt Status Register (INSTREG) 05H upon command
completion. If ATN signal is asserted by the initiator then
Successful Operation and Service Request bits are set
in the INSTREG, the CMDREG is cleared and Target
Command Complete Steps Command terminates
prematurely.

Disconnect Command
(Command Code 27H/A7H)

The Disconnect Command is used by the target to dis-
connect from the SCSI bus. All SCSI bus signals except
RSTC are released and the device returns to the Dis-
connected state. The RSTC signal is driven active for
about 25 micro seconds (depending on clock frequency
and clock factor). Interrupt is not generated to the micro-
processor.

Recelve Message Steps Command
(Command Code 28H A8H)

The Receive Message Steps Command is used by the
target to request message bytes from the initiator. Dur-
ing this command the target receives the message
bytes from the initiator while the SCSI bus is in the Mes-
sage Out Phase. The Successful Operation bit is set in
the Interrupt Status Register (INSTREG) 05H upon
command completion. If ATN signal is asserted by the
initiator then Successful Operation and Service Re-
quest bits are set in the INSTREG, the CMDREG is
cleared. If a parity error is detected, the device ignores
the received message bytes until ATN signal is as-
serted, the Successful Operation bit is set in the IN-
STREG, and the CMDREG is cleared.

Recelve Commands Command
(Command Code 29H/A9H)

The Receive Commands Command is used by the tar-
get to request the initiator for command bytes. During

this command the target receives the command bytes
from the initiator while the SCSI bus is in the Command
Phase. The Successtul Operation bit is set in the Inter-
rupt Status Register (INSTREG) 05H upon command
completion. If ATN signal is asserted by the initiator then
Successful Operation and Service Request bits are set
in the INSTREG, the CMDREG is cleared and the com-
mand terminates prematurely. If a parity error is de-
tected, the device continues to receive command bytes
until the transfer is complete if the Abort on Command/
Data Parity Error (ACDPE) bit in the Control Register
(CNTLREG?2) 0BH is reset. If the ACDPE bit is set, the
command is terminated immediately. The Parity Error
(PE) bit in the Status Register (STATREG) 04H is set
and CMDREG is cleared.

Receive Data Command
(Command Code 2AH/AAH)

The Receive Data Command is used by the target to re-
quest the initiator for data bytes. During this command
the target receives the data bytes from the initiator while
the SCSI bus is in the Data-Out Phase. The Successful
Operation bit is set in the Interrupt Status Register (IN-
STREG) 05H upon command completion. if ATN signal
is asserted by the initiator then Successful Operation
and Service Request bits are set in the INSTREG, the
CMDREG is cleared and the command terminates pre-
maturely. If a parity error is detected, the device contin-
ues to receive data bytes until the transfer is complete if
the Abort on Command/Data Parity Error (ACDPE) bit in
the Control Register (CNTLREG2) 0BH is reset. If the
ACDPE bit is set, the command is terminated immedi-
ately. The Parity Error (PE) bit in the Status Register
(STATREG) 04H is set and CMDREG is cleared.

Receilve Command Steps Command
(Command Code 2BH/ABH)

The Receive Command Steps Command is used by the
target to request the initiator for command information
bytes. During this command the target receives the
command information bytes from the initiator while the
SCSil bus is in the Command Phase.

The target device determines the command byte length
fromthe first command byte. If an unknown length is re-
ceived, the Start Transfer Count Register (STCREG)
00H-01H is loaded with 5 and the Group Code Valid
(GCV) bit in the Status Register (STATREG) 04H is re-
set. If a valid length is received, the STCREG is loaded
with the appropriate value and the GCV bit in the
STATREG is set. If ATN signal is asserted by the initia-
tor then the Service Request bit is set inthe INSTREG,
and the CMDREG is cleared If a parity error is detected,
the command is terminated prematurely and the
CMDREG is cleared.

DMA Stop Command (Command Code 04H/84H)

The DMA Stop Command is used by the target to allow
the microprocessor to discontinue data transfers due to
a lack of activity on the DMA channel. This command is
executed from the top of the command queue. If there is
a queued command waiting execution, it will be over-
written and the lllegal Operation Error (IOE) bit in the
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Status Register (STATREG) 04H will be set. This com-
mand is cleared from the command queue once it is
decoded.

Caution must be exercised when using this command.

The DMA Stop Command can be used only during a
DMA Target Send Data Command or DMA Target Re-
ceive Data Command execution. In both cases the DMA
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During a DMA Target Send Data Command the FIFO
has to be empty or the Current FIFO (CF 4:0) bits in the
Current FIFO/Internal State Register (CFISREG) 07H
are zero.

During a DMA Synchronous Target Receive Data Com-
mand the Current Transfer Count Register (CTCREG)
00-01H is zero, which is indicated by the Count to Zero
(CT2) bit of the Status Register (STATREG) 04H. or
when the Synchronous Offset Register (SOFREG) 07H
has reached its maximum value which is indicated by
the Synchronous Offset Flag (SOF) bit of the Internal
State Register (ISREG) 06H.

During a DMA Asynchronous Target Receive Data
Command the FIFO is full which is indicated by the Cur-
rent FIFO (CF 4:0) bits in the Current FIFO/Internal
State Register (CFISREG) 07H being all high or Current
Transfer Count Register (CTCREG) 00-01H is zero,
which is indicated by the Count to Zero (CTZ) bit of the
Status Register (STATREG) 04H.

Idle State Commands

The Idle State Commands can be issued to the device
only when the device is disconnected from the SCSI
bus. If these commands are issued to the device when it
is logically connected to the SCSI bus, the commands
are ignored, and the device will generate anillegal com-
mand interrupt and clear the Command Register
(CMDREG) 03H.

Reselect Steps Command
(Command Code 40H/COH)

The Reselect Steps Command is used by the target de-
vice to reselect an initiator device. When this command
is issued the device arbitrates for the control of the SCSI
bus. If the device wins arbitration, it reselects the initia-
tor device and transfers a single byte identify message.
Before issuing this command the SCSI Timeout Regis-
ter (STIMREG) 05H, the Control Register One
(CNTLREGH1) 08H and the SCSI Destination ID Regis-
ter (SDIDREG) 04H must be set to the proper values. If
DMA is enabled, the Start Transfer Count Register
(STCREG) 00H-01H must be set to one. If DMA is not
enabled, the single byte identify message must be
loaded into the FIFO before issuing this command. This
Register times out. This command also resets the Inter-
nal State Register (ISREG) 06H.

Select without ATN Steps Command
(Command Code 41H/C1H)

The Select without ATN Steps Command is used by the
initiator to select a target. When this command is issued
the device arbitrates for the control of the SCSI bus.
When the device wins arbitration, it selects the target
device and transfers the Command Descriptor Block
(CDB). Before issuing this command the SCSI Timeout
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(CNTLREG1) 08H and the SCSI Destination ID Regis-
ter (SDIDREG) 04H must be set to the proper values. If
DMA is enabled, the Start Transfer Count Register
(STCREG) 00H-01H must be set to the total length of
the command. If DMA is not enabled, the data must be
loaded into the FIFO before issuing this command. This
command will be terminated early if the SCSI Timeout
Register times out or if the target does not go to the
Command Phase following the Selection Phase or if the
target exits the Command Phase early.

Select with ATN Steps Command
(Command Code 42H/C2H)

The Select with ATN Steps Command is used by the in-
itiator to select a target. When this command is issued
the device arbitrates for the control of the SCSI bus.
When the device wins arbitration, it selects the target
device with the ATN signal asserted and transfers the
Command Descriptor Block (CDB) and a one byte mes-
sage. Before issuing this command the SCSI Timeout
Register (STIMREG) 05H, the Control Register One
(CNTLREG1) 08H and the SCSI Destination ID Regis-
ter (SDIDREG) 04H must be set to the proper values. If
DMA is enabled, the Start Transfer Count Register
(STCREG) 00H-01H must be set to the total length of
the command. if DMA is not enabled, the data must be
loaded into the FIFO before issuing this command. This
command will be terminated early in the following situ-
ations:

B The SCSI Timeout Register times out

B The target does not go to the Message Out Phase
following the Selection Phase

W The target exits the Message Phase early

B The target does not go to the Command Phase
following the Selection Phase

B The target exits the Command Phase early

Select with ANT and Stop Steps Command
(Command Code 43H/C3H)

The Select with ATN and Stop Steps Command is used
by the initiator to select a target. When this command is
issued the device arbitrates for the control of the SCSI
bus. When the device wins arbitration, it selects the tar-
get device with the ATN signal asserted and transfers
the Command Descriptor Block (CDB) and stops after
one message byte is sent, but the ATN signal is not
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deasserted at the end of the command which allows the
initiator to send other messages after the ID message is
sent out. Before issuing this command the SCSI
Timeout Register (STIMREG) 05H, the Control Register
One (CNTLREG1) 08H and the SCSI Destination 1D
Register (SDIDREG) 04H must be set to the proper val-
ues. This command will be terminated early if the SCSI
Timeout Register times out or if the target does not go to
the Message Out Phase following the Selection Phase.

Enable Selection/Reselection Command
(Command Code 44H/C4H)

The Enable Selection/Reselection Command is used by
the targetto respond to a bus-initiated reselection. Upon
disconnecting from the bus the Selection/Reselection
circuit is automatically disabled by device. This circuit
has to be enabled for the device to respond to subse-
quent reselection attempts and the Enable Selection/
Reselection Command is issued to do that. This com-
mand is normally issued within 250 ms (select/reselect
timeout) after the device disconnects from the bus. If
DMA is enabled the device loads the received data to
the buffer memory, but if the DMA is disabled, the re-
ceived data stays in the FIFO.

Disable Selection/Reselection Command
(Command Code 45H/C5H)

The Disable Selection/Reselection Command is used
by the target to disable response to a bus-initiated
reselection. When this command is issued before a bus
initiated selection or reselection is initiated, it resets the
internal mode bits previously set by the Enable Selec-
tion/Reselection Command. The device also generates
a function complete interrupt to the processor. If how-
ever, this command is issued after a bus initiated selec-
tion/reselection has already begun the command is ig-
nored since the Command Register is held reset and all
incoming commands are ignored. The device generates
a selected or reselected interrupt when the sequence is
complete.

Select with ATN3 Steps Command
(Command Code 46H/C6H)

The Select with ATN3 Steps Command is used by the
initiator to select a target. This command is similar to the
Select with ATN Steps Command, except that it sends
exactly three message bytes. When this command is
issued the device arbitrates for the control of the SCSI
bus. When the device wins arbitration, it selects the
target device with the ATN signal asserted and transfers
the Command Descriptor Block (CDB) and three
message bytes. Before issuing this command the SCSI

Timeout Register (STIMREG) 05H, the Control Register
One (CNTLREG1) 08H and the SCSI Destination ID
Register (SDIDREG) 04H must be set to the proper
values. If DMA is enabled, the Start Transfer Count
Register (STCREG) 00H-01H must be set to the total

length of the command. If DMA is not enabled, the data

must be loaded into the FIFO before issuing this
command. This command will be terminated early in the
following situations:

B The SCSI Timeout Register times out

B The target does not go to the Message Out Phase
following the Selection Phase

B The target exits the Message Phase early

B The target does not go to the Command Phase
following the Selection Phase

B The target exits the Command Phase early

General Commands

No Operation Command
(Command Code 00H/80H)

The No Operation Command is used to perform no op-
eration and no interrupt is generated at the end of this
command. This command is issued after the Reset De-
vice Command to enable the Command Register. A No
Operation Command in the DMA mode may be used to
verify the contents of the Start Transfer Count Register
(STCREG) 00H - 01H. After the STCREG is loaded with
the transfer count and a No Operation Command is is-
sued, reading the Curmrent Transfer Count Register
(CTCREG) 00H-01H will give the transfer count value.

Clear FIFO Command
(Command Code 01H/81H)

The Clear FIFO Command is used to initialize the FIFO
to the empty condition. The Current FIFO Register
(CFISREG) 07H reflects the empty FIFO status and the
bottom of the FIFO is set to zero. No interrupt is gener-
ated at the end of this command.

Reset Device Command
(Command Code 02H/82H)

The Reset Device Command immediately stops any de-
vice operation and resets all the functions of the device.
It returns the device to the disconnected state and it also
generates a hard reset. The Reset Device Commandre-
mains on the top of the Command Register FIFO hold-
ing the device in the reset state until the No Operation
Command is loaded. The No Operation command
serves to enable the Command Register.

Reset SCSI Bus Command
(Command Code 03H/83H)

The Reset SCSI Bus Command is used to assert the
RSTC signal for approximately 25 ms. This command
causes the device to go to the disconnected state. No
interrupt is generated upon command completion. A
SCSI reset interrupt is however generated upon com-
mand completion if the interrupt is not disabled in the
Control Register One (CNTLREG1) 08H.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -65°C to +150°C
Ambient Temperature Under Bias . . —-55°C to +125°C
MaximumVop ................. -05Vto+7.0V
DC Voltage Applied to Any Pin . —0.5to (Voo + 0.3) V
Input Static Discharge Protection .. 3000 V pin to pin

(Human body model: 100 pF at 1.5 KQ)

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta) ....... 0°C to +70°C
Supply Voltage (Vop) . ............... 3.3V10%

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC OPERATING CHARACTERISTICS Vop=29 Vto 3.7 V; Tcase = 0°C to + 100°C

Parameter
Symbol Parameter Description Pin Names Test Condition Min Max Unit
lccs Static Supply Current Vbp MAX 2.0 mA
lcco Dynamic Supply Current Voo MAX 25 mA
Ly Latch Up Current All /O Vws10V -100 +100 mA
SCSI Pins
VIH Input High Voltage All SCSI Inputs 2.0 Vop +0.3 v
Vi Input Low Voltage All SCSI Inputs Vss-0.3 0.4 v
VIHsT Input Hysterisis All SCSI Inputs 29V<Vop<37V 200 mV
VoH Output High Voltage SDC7-o, SDCp, 22 v
REQC, ACKC
VoLt SCSI Output Low SD7- and SDp loL= 4 mA 0.4 v
Voltage
VoL2 SCSI Output Low SDC7-0, SDCp, MSG, loL= 48 mA 0.5 v
Voltage C/D, /0, ATN, RSTC,
SELC, BSYC, ACKC,
REQC
i Input Low Leakage 00V<SVINS27V -10 +10 HA
IH Input High Leakage 2.7V <VINS VDD -10 +10 pA
loz High Impedance Leakage 0V < Vourt < Vob -10 +10 HA
Host Bidirectional Pins
ViH Input High Voltage DMA 150, 2.0 Vop +0.3 \
DMAP1-o and AD7-0
Vi Input Low Voltage DMAs-o, Vss—-0.3 0.4 v
DMAP1— and AD7—o
VOH Output High Voltage DMA1s—o, 2.2 \"
DMAP;_o and AD7-0
VoL Output Low Voltage DMA1s-0, loL= 0.5 mA 0.2 Vv
DMAP‘—O and
AD70 loL=2 mA 0.45 Vv
e Input Leakage DMA;s-q, 0.0V<VINS VDD -15 +15 HA
DMAP - and AD70
loz High Impedance Leakage | DMA1s-o, 0V < Vout < Voo -15 +15 HA
DMAP1_0 and AD7_0
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DC OPERATING CHARACTERISTICS (continued)

Parameter
Symbol Parameter Description Pin Names Test Condition Min Max Unit
Host Output Pins
Vo Output High Voltage DREQ and INT 22 \'
VoL Output Low Voltage DREQ and INT loL= 0.5 mA 0.2 \'
loL= 2.5 mA 0.45 Vv
loz High Impedance Leakage | DREQ and INT 0 < Vout < Voo -10 +10 HA
Host Input Pins
ViH Input High Voltage ALE[A3], DMARD[A2], - 2.0 Vop+03| V

BHE[A1], ASO[A0] DACK,
DMAWR, RD, WR, CS,
BUSMD1-o, CLK, RESET

ViL Input Low Voltage ALE[A3], DMARD[A2], Vss-0.3 0.4 v
BHE[A1], ASO[A0] DACK,
DMAWR, RD, WR, CS,

BUSMD;—, CLK, RESET

SWITCHING TEST CIRCUIT

From Output

Under Test v

‘ low 16505A-049A

3.0V

K All Inputs j 5V
0.0V

_______ VoH

.0
g 8:// True Data Outputs AD 7-0, DMA 15-0, DMAP1-0)'——— 15V

———————————— VoL

1.5V
VoL +0.3V

! 15V
All Open Drain Outputs 0.8V

VoH
X All Other Outputs X 5V

Tristate Outputs AD 7-0, DMA 15-0, DMAP1-0

16505A-048A
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHtoL fromHto L
May Will be
Change Changing
fromLtoH fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010
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CLK
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Clock Input 16505A-030A
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
1 tPwiL Clock Pulse Width Low 14.58 ns
2 tcp Clock period 40 100 ns
3 L Synchronization latency 54.58 | 185.42 ns
(parameter 2 + parameter 1)
4 tPWH Clock Pulse Width High 14.58 ns
Note:
Clock Frequency Range = 10 MHz to 25 MHz for Asynchronous SCSI Bus
= 12 MHz to 25 MHz for Synchronous SCSI Bus
RESET / \
Reset Input 16505A-031A
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
5 tPWH Reset Pulse Width High 500 ns
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16505A-032A
Interrupt Output
Parameter

No. Symbol Parameter Description Test Conditions Min Max Unit
6 ts INT W.to RD L Set Up Time 0 ns
7 tPD RD Lo INT K Delay 0 100 ns
8 tPwL RD Pulse Width Low 50 ns
9 tPD ROF 1o INT LDelay ns
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Cs

RD

WR

AD7-o

DMA7

DMAPo

Register Read/Write with Non-Multiplexed Address Data Bus
16505A-033A
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit

10 ts Address to TS {_Set Up Time 0 ns
1 tH Address to TS L Hold Time 50 ns
12 ts TS Lto RD L. Set Up Time 1 ns
13 tPD TS L to Data Valid Delay 90 ns
14 tPWL RD Pulse Width Low 50 ns
15 tro RD Lto Data Valid Delay 50 ns
16 tH AD-F to ©5 F Hold Time 0 ns
17 tz RD_F to Data High Impedance 50 ns
18 tH RD_F to Data Hold Time 2 ns
19 tPWH CS Pulse Width High 40 ns
20 ts TS Lto WR L Set Up Time 0 ns
21 tPWL WR Pulse Width Low 40 ns
22 ts Data to WR_f Set Up Time 18 ns
23 tH WRK 1o 55 FHold Time 0 ns
24 ts WR_F 10 TS Set Up Time 60 ns
25 tPWH WR Pulse Width High 60 ns
26 tH Data to WR _§ Hold Time 0 ns
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AL
28 i29
P -y () P
AD7—o =l Address
cs
—>— 32 !‘-34-’- 36 "‘—
: -<-37 -
AD \: /
— 29 ;--40-—5 44—
16506B-055A
Register Read/Write with Multiplexed Address Data Bus
Parameter

No. Symbol Parameter Description Test Conditions Min Max Unit
27 tPWH ALE Pulse Width High 20 ns
28 ts Address to ALE L Set Up Time 10 ns
29 tH Address to ALE L Hold Time 10 ns
30 ts ALERL to TS ¥ Set Up Time 10 ns
31 tPD TS L to Data Valid Delay 90 ns
32 ts TS L to RD L.Set Up Time 0 ns
33 tPD RD U to Data Valid Delay 50 ns
34 tPwL RD Pulse Width Low 50 ns
35 tH RDA to Data Hold Time 2 ns
36 tH ROK to TS K Hold Time 0 ns
37 tz ROA to Data High Impedance 40 ns
38 ts CS_F to ALE K set Up Time 50 ns
39 ts TS Wo WR L Set Up Time 0 ns
40 tPwL WR Pulse Width Low 40 ns
41 ts Data to WA K Set Up Time 15 ns
42 ts WR Kto ALEF set Up Time 50 ns
43 tH Data to WR K Hold Time 0 ns
44 tH WA K to TS_F Hold Time 0 ns
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DREQ \ / \ /
— 45 —=: 49 :'.-; 45 — — 49 E“‘:
H 46 o ” 45 T
DACK
-4—- a7 -—-—4-51-»-4-—-—- 47 —»-4-5‘-—-
: : - 54 g.‘_ 55 _»: §7 *
MAW|
DMA 150
DMAP1o
16505A-035A
DMA Read/Write without Byte Control
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
45 tPD DACK Lto DREQV Valid Delay 38 ns
46 tp DACK Lto DACK _period 100 ns
47 tPWL DACK Pulse Width Low 60 ns
48 tPD DACK L to Data Valid Delay 41 ns
49 tPD DACK K to DREQ_K Valid Delay 40 ns
50 tp back.¥ o DAckS period 13+50-t51 ns
51 tPWH DACK Pulse Width High 12 ns
52 z BACK ¥ 10 Data High Imggdance 50 ns
53 tH DACK_f to Data Hold Time 2 ns
54 ts DACK L to DMAWR L Set Up Time 0 ns
55 tPwL DMAWR Pulse Width Low 50 ns
56 ts Data to DMAWR_§ Set Up Time 18 ns
57 tH DMAWR_K to DACK_§ Hold Time 0 ns
58 tPWH DMAWR Pulse Width High 40 ns
59 tH Data to BMAWR _§ Hold Time 0 ns
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DREQ

DACK

ASo

BHE

DMARD

DMAWR

DMAs5o

DMAP1-o

DMA Read/Write with Byte Control 16505A-036A
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit

60 tPD DACK Lto DREQ ¥ Valid Delay 38 ns
61 tp DACK L to DACK W period 100 ns
62 tPwL DACK Pulse Width Low 60 ns
63 ts DACK V.to DMARD L Set Up Time 0 ns
64 ts BHE, ASO to DMARD {_Set Up Time 20 ns
65 tPwL DMARD Pulse Width Low 60 ns
66 trPD DMARD Uto Data Valid Delay 51 ns
67 tH BHE, ASO to DMARDLK Hold Time 20 ns
68 tH BMARD_K to BACKK Hold Time 0 ns
69 tz DMARD K to Data High Impedance 40 ns
70 tH DMARD_¥ to Data Hold Time 2 ns
71 tPD bAcK ¥ to DREQK Valid Delay 40 ns
72 tp DACK ¥ to DACK K period 100 ns
73 tPWH DACK Pulse Width High 12 ns
74 ts DACK Lto DMAWR L Set Up Time 0 ns
75 ts BHE, ASO to DMAWR U Set Up Time 20 ns
76 tPwL DMAWR Pulse Width Low 50 ns
77 ts Data to DMAWR ¥ Set Up Time 18 ns
78 tH BHE, ASO to DMAWR & Hold Time 20 ns
79 th omMAWR ¥ to DACK & Hold Time 0 ns
80 tPWH DMAWR Pulse Width High 40 ns
81 tH Data to BMAWR-¥ Hold Time 0 ns
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DREQ / "';".( \ /_

— Q] i

f

i 94

- 83 :

—_— gy — —>§90§<—
DMARD
—b{m 4—55—.- 88 -4—39—»‘ 91
i _’*92 -q—
DA .E @) .? .%
DMAP1-0

16506B-056A

Burst DMA Read without Byte Control

MAW
—i g5 ll—gs — B gy @—gg —Ii102iee—
: ——1 00—
DMAwo0 ___D_D_D_D__
DMAP—o 4

16506B-057A

Burst DMA Write without Byte Control
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Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
82 tPD DACK ¥ to DREQ V_Valid Delay 45 ns
83 tPwL DACK Pulse Width Low 100 ns
84 ts DACK Lto DMARD ¥ Set Up Time 0 ns
85 tp DMARD Y_to DMARD W period 130 ns
86 trPD DMARD Lto Data Valid Delay 70 ns
87 tPWH DMARD Pulse Width High 60 ns
88 tPwL DMARD Pulse Width Low 70 ns
89 tp DMARDK to DMARD _K period t3+ 50 ns
90 tPD bMARD-F to DREQ L Valid Delay 140 ns
91 tz DMARD_F to Data High Impedance 50 ns
92 tH DMARD ¥ to Data Hold Time 2 ns
93 trPD pAck K to DREQ FValid Delay 40 ns
94 tPWH DACK Pulse Width High 60 ns
95 ts DACK L to DMAWR L Set Up Time 0 ns
96 tp DMAWR L to DMAWR L period 160 ns
97 tPWH DMAWR Pulse Width High 60 ns
98 tPwL DMAWR Pulse Width Low 100 ns
99 tp DMAWR Kto DMAWR K period t34 50 ns
100 ts Data to DMAWR.F Set Up Time 18 ns
101 tPD BMAWR_F to DREQ LValid Delay 140 ns
102 tH Data to DMAWR _§ Hold Time 0 ns
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— 11—

117

—b 106 4—107—» 110 4——112 —» 114 _—
—» 108-‘—

DMA15¢

DMAP1o

— 15 —

A A A D

16506B-059A
Burst DMA Read with Byte Control

——

g

)
I
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—.‘:1‘6_——

117

o

——

DMA;1s-0
DMAP;-o

16506B-060A
Burst DMA Write with Byte Control
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Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
103 tPD DACK L to DREQ L Valid Delay 45 ns
104 tPwL DACK Pulse Width Low 100 ns
105 ts BHE, ASO to DMARD ¥.Set Up Time 20 ns
106 ts DACK Lto DMARD VSet Up Time 0 ns
107 tp DMARD L to DMARD U period 130 ns
108 tPD BMARD Lto Data Valid Delay 70 ns
109 tPWH DMARD Pulse Width High 60 ns
110 tPwL DMARD Pulse Width Low 70 ns
m tH BHE, ASO to DMARGH Hold Time 20 ns
112 tp DMARD & to DMARD F period 13450 ns
113 tPD DMARD_f to DREQ L Valid Delay 140 ns
114 z oMARD K to Data High Impedance . 50 ns
115 tH DMARD_K to Data Hold Time 2 ns
116 tPD DACK_F to DREQ K Valid Delay 50 ns
117 tPWH DACK Pulse Width High 60 ns
118 ts DACK Lto DMAWR L Set Up Time 0 ns
119 ts BHE, ASO to DMAWR L Set Up Time 20 ns
120 tp DMAWR L to DMAWR L period 160 ns
121 tPWH DMAWR Pulse Width High 60 ns
122 tPWL DMAWR Pulse Width Low 100 ns
123 tH BHE, ASO to oMAWRK Hold Time 20 ns
124 tp BMAWR & to DMAWR K period t3+50 ns
125 tPD DMAWR_F to DREQ L Valid Delay 140 ns
126 tH Data to DMAWR.¥ Hold Time 0 ns
127 ts Data to DMAWR_F Set Up Time 18 ns
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SDC7-0
SDCP
- 129
ACKG :
“ 130
REG /
16505A-043A
Asynchronous Initiator Send
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
128 ts Data to ACKC L Set Up Time 55 ns
129 tPD REQ Kto Data Delay 80 ns
130 tPD REQ K10 ACKT K Delay 46 ns
131 tPD REQ Lto ACKC L Delay 72 ns
oK \ / \
Ean 132 i e
16505A-044A
Asynchronous Initiator Receive
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
132 K REQ_F to ACKC_K Delay 43 ns
133 tPD REQ Lto ACKC L Delay 72 ns
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SDCr7-0
SDCP
- 135
REQGC
- 136
ACK \
16505A-045A
Asynchronous Target Send
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
134 ts Data to REQC L Set Up Time 55 ns
135 tPD ACK L to Data Delay 88 ns
136 tPD ACK Lto REQC_K Delay 75 ns
137 tPD ACK FtoREQC L Delay 45 ns
REQC \ / \
- 138 - e -
ACK \ /
’ ' 16505A-046A
Asynchronous Target Receive
Parameter . .
No. Symbol Parameter Description Test Conditions Min Max Unit
138 tPD ACK Vto REQCK Delay 75 ns
139 tPD AcK KFto REQC L Delay 45 ns
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0 - 140 =
SDC7 x X
SDCP :
: — - : . -_— 40 ->
r— gy -— gy — :
REQC
ACKC
16505A-047A
Synchronous Initiator Target Transmit
Parameter
No. Symbol Parameter Description Test Conditions Min Max Unit
140 tPD CLKF to Data Delay 15* 90 ns
141 ts ACKC or REQC L to Data 55 ns
Set Up Time
142 tPD CLK _£to ACKC or REQC Y.Delay 13* 68 ns
143 tPD CLK U to ACKC or REGc ¥ Delay 17 70 ns

* The minimum values have a wide range since they depend on the Synchronization latency. The synchronization latency,
in turn, depends on the operating frequency of the device.
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PHYSICAL DIMENSIONS*

PQR100
Plastic Quad Flat Pack Trimmed and Formed (measured in millimeters)
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* For reference only. BSC is an ANSI standard for Basic Space Centering.
Not drawn to scale.
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PHYSICAL DIMENSIONS*

PQR100

Molded Carrier Ring Quad Flat Pack (measured in millimeters)
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Am27LV010/Am27LV010B

1 Megabit (131,072 x 8-Bit) CMOS EPROM

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
W Single +3.3 V power supply
— Regulated power supply 3.0 V-3.6 V
— Unregulated power supply 2.7 V-3.6 V
(for battery operated systems)
B Low power consumption:
— 10 pA typical CMOS standby current
— 90 uW maximium standby power
— 54 mW maximum power at 5 MHz

B Fast access time—120 ns

B JEDEC-approved pinout
— Pin compatible with 5.0 V 1 Mbit EPROM
— Easy upgrade from 28-pin EPROMs

B Fast Flashrite™ programming
— Typical programming time of 16 seconds

W Latch-up protected to 100 mA from -1V to
Vec+1V

B High noise immunity

B Compact 32-pin DIP package requires ho
hardware change for upgrades to 8 Mbit

B Versatile features for simple Interfacing
— Both CMOS and TTL input/output compatibility
— Two line control functions

GENERAL DESCRIPTION

The Am27LV010 is a low voltage, low power megabit,
ultraviolet erasable, progammable read-only memory,
organized as 128K words by 8 bits per word.

The Am27LV010operates from a single power supply of
3.3 V and is offered with two power supply tolerances.
The Am27LV010 has a Vcc tolerance range of 3.3 V +
10% making it suitable for use in systems that have
regulated power supplies. The Am27LV010B has a volt-
age supply range of 2.7 V-3.6 V making it an ideal part
for battery operated systems.

Maximum power consumption of the Am27LV010 in
standby mode is only 90 uW. If the device is constantly
accessed at 5 MHz, thenthe maximum power consump-
tion increases to 54 mW. These power ratings are sig-
nificantly lower than typical EPROMs. Also, as power
consumption is proportional to voltage squared, 3.3 V

devices consume at least 57% less power than their
5.0 V counterparts. Due to its lower current and voltage,
the Am27LV010 is well-suited for battery operated and
portable systems as it extends the battery life in these
systems. Typical applications are notebook and hand-
held computers as well as cellular phones.

The Am27LV010 is packaged in the industry standard
32-pin windowed ceramic DIP and LCC packages, as
well as one-time programmable (OTP) packages. This
device is pin-compatible with the 5.0 V devices.

The Am27LV010 uses AMD’s Flashrite™ programming
algorithm (100 ps pulses) resulting in typical program-
ming time of 16 seconds. This device is manufactured
on AMD’s sub-micron process technology which pro-
vides high speed, low power and high noise immunity.

BLOCK DIAGRAM o— Vcc Data Outputs DQ0O-DQ7
O——=t> Vss K_M
o—= Ver Preeeett
Ot —» Output Enable
CE —» Ch'gsg able Output Buffers
PGM | Prog Logic
( — M . Y-Gatin,
—_— Decoder hd g
A0-A16
Address< B
Inputs | —— X : 1,048,576-Bit
o]  Decoder . Cell Matrix
—y :
\ —* 17341A-1
This document contains information on a product under development at Advanced Micro Devices, Inc. The inf ion is i ded Publicatk 17341 Rev. A Amendment/0

to help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice.

P
Issue Date: 1983
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PRODUCT SELECTOR GUIDE
Family Part No. Am27LV010
Ordering Part No:
Am27LV010 (3.0V-3.6V) 120 -150 -200 -250 -300
Am27LV010B (2.7 V-3.6 V) -200 -250 -300
Max Access Time (ns) 120 150 200 250 300
CE (E) Access (ns) 120 150 200 250 300
OE (G) Access (ns) 50 65 75 100 120
CONNECTION DIAGRAMS
Top View
DIP PLCC/LCC
ver [} 1 D 32[] vee
A6 []2 31[] ram (F)
A15[] 3 30 ne
A4 2911 A14
A2[s 28] A13
A6 [] s 27[] As A7 A14
As 7 26[] A9 A6 A13
As[]s 25[] A1t e ”
A3} o 24l oE@) A3 A1t
A2 [110 23[] At0 A2 SE @)
AL 11 22[1 cE®) A1 A10
Ao [] 12 210 par oég g)gf)
pao ] 13 20[] Das
DQ1 [ 14 19[] Das
paz [ 15 18[] DQ4
vss D16 7b oas etns 17341A-3
Notes:

1. JEDEC nomenclature is in parenthesis.

2. The 32-pin DIP to 32-pin LCC configuration varies from the JEDEC 28-pin DIP to 32-pin LCC configuration.

PIN DESCRIPTION

A0-A16 = Address Inputs

CE(E) = Chip Enable Input
DQO-DQ7 = Data Input/Outputs

Vss = Ground

NC = No Internal Connect
OE (G) = Output Enable Input
PGM (P) = Program Enable Input
Vee = Vcc Supply Voltage
Vee = Program Supply Voltage

LOGIC SYMBOL
17
'__'t> A0-A16 o
DQo-DQ7 m
——=] CE (E)
—| rami ;)
—™|CE@
17341A-4
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ORDERING INFORMATION
EPROM Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AM27LVO10 -120 D C B
N T

L— OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

TEMPERATURE RANGE

C = Commercial (0°C to +70°C)

| = Industrial (-40°C to +85°C)

E = Extended Commercial (-55°C to +125°C)

PACKAGE TYPE

D = 32-Pin Ceramic DIP éCDV032)

L = 32-Pin Rectangular eramic Leadless
Chip Carrier (CLV032)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am27LV010 - 1 Megabit (131,072 x 8-Bit) Low Voltage CMOS EPROM with
3.0 V-3.6 V Vcc Tolerance

Am27LV010B -1 Megabit (131,072 x 8-Bit) Low Voltage CMOS EPROM with
2.7V-3.6 V Vcc Tolerance

Valid Combinations Valid Combinations

" Valid Combinations list configurations planned to be
AM27LV010-120_} DC, DCB, LC, LCB supported in volume for this device. Consult the lo-
AM271V010-150 cal AMD sales office to confirm availability of specific
AM27LV010-200 valid combinations or to check on newly released
AM27LV010-250 combinations.

-300 DC, DCB, DE,
AM27LV010-30 DEB, DI, DIB,
AM27LV010B-200
AM27LV010B-250
AM27LV010B-300

Am27LV010 Data Sheet 35
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ORDERING INFORMATION
OTP Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AM27LV010 4150 P C

-L—— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)

PACKAGE TYPE

P = 32-Pin Plastic DIP (PD 032)

J = 32-Pin Rectangular Plastic Leaded
Chip Carrier (PL 032)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am27LV010 — 1 Megabit (131,072 x 8-Bit) Low Voltage CMOS OTP EPROM with
3.0V-3.6 V Vcc tolerance

Am27LV010B —1 Megabit (131,072 x 8-Bit) Low Voltage CMOS OTP EPROM with
2.7V -3.6 V Vcc Tolerance

Valid Combinations

Valid Combinations Valid Combinations list configurations planned to be

AM27LV010-150 supported in volume for this device. Consult the lo-

A cal AMD sales office to confirm availability of specific
M27LV010-200 valid combinations or to check on newly released

AM27LV010-250 combinations.

AM27LV010-300 PC, JC, PI, JI

AM27LV010B-200

AM27LV010B-250

AM27LV010B-300

3-6 EPROM Products



PRELIMINARY AMDn

MILITARY ORDERING INFORMATION
APL Products
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved

Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by
a combination of:

AM27LV010 150 /

A A
-I_— LEAD FINISH

A = Hot Solder Dip

19
>

PACKAGE TYPE

X = 32-Pin Ceramic DIP (CDV032)

U = 32-Pin Rectangular Ceramic Leadless
Chip Carrier (CLV032)

DEVICE CLASS
/B = Class B

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am27LV010 - 1 Megabit (131,072 x 8-Bit) Low Voltage CMOS EPROM with
3.0V -3.6 V Vcc Tolerance

Am27LV010B -1 Megabit (131,072 x 8-Bit) Low Voltage CMOS EPROM with
2.7 V-3.6 V Vcc Tolerance

Valid Combinations

AM27LV010-150 Valid Combinations
AM27LV010-200 Valid Combinations list configurations planned to

be supported in volume for this device. Consuilt
AM27LV010250_| oy /BUA the local AMD sales office to confirm availability of
AM27LV010-300 specific valid combinations, or to check on newly
AM27LV010B-250 released combinations.
AM27LV010B-300

Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9,10, 11.

Am27LV010 Data Sheet 3-7
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FUNCTIONAL DESCRIPTION
Erasing the Am27LV010

In order to clear all locations of their programmed con-
tents, itis necessary to expose the Am27LV010to anul-
traviolet light source. A dosage of 15 W seconds/cm? is
required to completely erase an Am27LV010. This dos-
age can be obtained by exposure to an ultraviolet lamp
— wavelength of 2537 Angstroms (&) —with intensity of
12,000 pW/cm?for 15 to 20 minutes. The Am27LV010
should be directly under and about one inch from the
source and all filters should be removed from the UV
light source prior to erasure.

It is important to note that the Am27LV010, and similar
devices, will erase with light sources having wave-
lengths shorter than 4000 A. Although erasure times will
be much longer than with UV sources at 2537A, never-
theless the exposure to fluorescent light and sunlight will
eventually erase the Am27LV010 and exposure to them
should be prevented to realize maximum system reli-
ability. If used in such an environment, the package win-
dow should be covered by an opaque label or
substance.

Programming the Am27LV010

Upon delivery, or after each erasure, the Am27LV010
has all 1,048,576 bits in the “ONE", or HIGH state. “ZE-
ROs” are loaded into the Am27LV010 through the pro-
cedure of programming.

The programming mode is entered when 12.75 V
+0.25V is applied to the Vep pin, CE and PGM are at ViL
and OE is at ViH.

For programming, the datato be programmed is applied
8 bits in parallel to the data output pins.

The Flashrite programming algorithm reduces program-
ming time by using initial 100 us pulses followed by a
byte verification to determine whetherthe byte has been
successfully programmed. If the data does not verify, an
additional pulse is applied for a maximum of 25 pulses.
This process is repeated while sequencing through
each address of the EPROM.

The Flashrite programming algorithm programs and
verifies at Vcc =6.25V and Vep = 12.75 V. After the final
address is completed, all bytes are compared to the
original data with Vcc = Vep = 5.25 V. Am27LV010 can

be programmed using the same algorithm as the 5 V'

counterpart 27C010.

Program Inhibit

Programming of multiple Am27LV010s in parallel with
different data is also easily accomplished. Except for
CE, all like inputs of the parallel Am27LV010 may be
common. A TTL low-level program pulse applied to an
Am27LV010 CE input with Vep = 12.75+ 0.25 V, PGM

LOW, and OE HIGH will program that Am27LV010. A
high-level CE input inhibits the other Am27LV010s from
being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The
verify should be performed with OE and CE at Vi, PGM
at Vi4, and Vep between 125V and 13.0 V.

Auto Select Mode

The auto select mode allows the reading out of a binary
code from an EPROM that will identify its manufacturer
andtype. This mode is intended for use by programming
equipment for the purpose of automatically matching
the device to be programmed with its corresponding
programming algorithm. This mode is functional in the
25°C + 5°C ambient temperature range that is required
when programming the Am27LV010.

To activate this mode, the programming equipment
must force 12.0 £ 0.5 V on address line A9 of the
Am27LV010. Two identifier bytes may then be se-
quenced from the device outputs by toggling address
line AO from ViL to Vin. All other address lines must be
held at ViL during auto select mode.

Byte 0 (A0 = ViL) represents the manufacturer code, and
Byte 1 (A0 = Vin), the device identifier code. For the
Am27LV010, these two identifier bytes are given in the
Mode Select table. All identifiers for manufacturer and
device codes will possess odd parity, with the MSB
(DQ7) defined as the parity bit.

Read Mode

The Am27LV010 has two control functions, both of
which must be logically satisfied in order to obtain data
at the outputs. Chip Enable (CE) is the power control
and should be used for device selection. Output Enable
(OE) is the output control and should be used to gate
data to the output pins, independent of device selection.
Assuming that addresses are stable, address access
time (tacc) is equal to the delay from CE to output (tce).
Data is available at the outputs toe after the falling edge
of OE, assuming that CE has been LOW and addresses
have been stable for at least tacc — toe.

Standby Mode

The Am27LV010 has a CMOS standby mode which re-
duces the maximum Vcc current to 25 pA. Itis placed in
CMOS-standby when CE is at Vcc + 0.3 V. The
Am27LV010 also has a TTL-standby mode which re-
duces the maximum Vcc currentto 0.6 mA. It is placed in
TTL-standby when CE is at Vii. When in standby mode,
the outputs are in a high-impedance state, independent
of the OE input.

3-8 EPROM Products
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Mixed Power Supply System

Am27LV020 (in 3.0 V to 3.6 V regulated power supply)
can be intefaced with § V system only when the 1/O pins
(DQO0-DQ7) are not driven by the 5 V system. ViHmax =
Vccewy + 2.2 V for address and clock pins and ViHmax =
Vcecewy + 0.5 V for 1/O pins should be followed to avoid
CMOS latch-up condition

Output OR-Tieing

To accommodate multiple memory connections, a two-
line control function is provided to allow for:

® Low memory power dissipation
W Assurance that output bus contention will not occur

Itis recommended that CE be decoded and used as the
primary device-sele cting function, while OE be made a
common connection to all devices in the array and con-
nected to the READ line from the system control bus.
This assures that all deselected memory devices are in

their low-power standby mode and that the output pins
are only active when data is desired from a particular
memory device.

System Applications

During the switch between active and standby condi-
tions, transient current peaks are produced on the rising
and falling edges of Chip Enable. The magnitude of
these transient current peaks is dependent on the out-
put capacitance loading of the device. At a minimum, a
0.1 uF ceramic capacitor (high frequency, low inherent
inductance) should be used on each device between
Vce and Vss to minimize transient effects. In addition, to
overcome the voltage drop caused by the inductive ef-
fects of the printed circuit board traces on EPROM ar-
rays, a 4.7 pF bulk electrolytic capacitor should be used
between Vcc and Vss for each eight devices. The loca-
tion of the capacitor should be close to where the power
supply is connected to the array.

Mode Select Table
Mode Pins | == oF PGM A0 A9 ver | Outputs
Read ViL ViL X X X X Dout
Output Disable ViL VIH X X X X High Z
Standby (TTL) ViH X X X X X High Z
Standby (CMOS) Vcc+03V X X X X X High Z
Program ViL ViH ViL X X Vep DN
Program Verify ViL ViL VIH X X Vep Dout
Program Inhibit VIH X X X X Vep High Z
Auto Select | Manufacturer Code ViL ViL X ViL VH X 01H
(Note 3) Device Code ViL ViL X ViH VH X OEH
Notes:

1. Xcan be either ViL or VIH
2. VH=120V+05V
3. A1-A8=A10-A16=ViIL

4. See DC Programming Characteristics for Vrp voltage during programming.

Am27LV010 Data Sheet 3-9
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature:
OTPProducts .............. —65°C to +125°C
All Other Products . .......... —65°C to +150°C
Ambient Temperature
with Power Applied ............. —55°C to +125°C

Voltage with Respect to Vss:
All pins except A9, Vep, and

Vec(Note 1) ............. -0.6 Vto Vcc +0.6 V

A9andVer(Note2) ........... —-0.6Vto135V

VOC ot e -06Vto7.0V
Notes:

1. During transitions, the input may overshoot Vss
to —2.0 V for periods of up to 20 ns. Maximum DC
voltage on input and I/O may overshoot to Vec + 2.0 V
for periods up to 20 ns.

2. During transitions, A9 and Ve may overshoot
Vss to 2.0 V for periods of up to 20 ns. A9 and
Ver must not exceed 13.5 V for any period of time.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. This is a stress rat-
ing only; functional operation of the devices at these or any
other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES
Commercial (C) Devices

Case Temperature (Tc) . ......... 0°C to +70°C
Industrial (I) Devices

Case Temperature (Tc) ... ..... —40°C to +85°C
Extended Commercial (E) Devices

Case Temperature (Tc) ... .... -55°C to +125°C
Military (M) Devices

Case Temperature (Tc) ....... -55°C to +125°C
Supply Read Voltages:

Vecfor Am27LVO10 .......... +3.0Vto+36V

Vecfor Am27LV0O10B ......... +2.7Vto+3.6V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

3-10 EPROM Products
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DC CHARACTERISTICS over operating ranges unless otherwise specified

(Notes 1, 4, 5 and 7) (for APL products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested
unless otherwise noted)

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
TTL and CMOS Inputs for Vec =3.0Vto 3.6 V
VoH Output HIGH Voltage lIoH = —2.0 mA 2.4 \
VoL Output LOW Voltage loL =2.0 mA 0.4 \
VIH Input HIGH Voltage 2.0 Vcc+03| V
ViL Input LOW Voltage -0.3 +0.8 Vv
[N} Input Load Current VIN =0 Vto Vce C/l Devices 1.0 wA
E/M Devices 1.0
Lo Output Leakage Current VouTt =0V to Vcc C/I Devices 5 WA
EM Devices 5
Icct Vcc Active Current (Note 5) CE =V, C/l Devices 15
f=5MHz mA
|(%lger=\ gm:uts) E/M Devices 20
lcc2 Vcc TTL Standby Current CE = VIH TTL 0.6 mA
Icca Vcc CMOS Standby Current CE=Vcc £03V CMOS 25 nA
IpP1 Vep Current During Read CE = OE = Vi, VPP = Vco 100 HA
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
CMOS Inputs for Vec =2.7Vto 36 V
VoH Output HIGH Voltage loH = —20 pA Vcec — 0.1 \"
VoL Output LOW Voltage loL =20 pA 0.1 \"
VIH Input HIGH Voltage 0.7Vcc | Vec+03| V
ViL Input LOW Voltage -0.3 0.2 Vce V'
Lt Input Load Current VIN =0 Vto +Vce C/l Devices 1.0 A
E/M Devices 1.0 .
Lo Output Leakage Current Vout =0V to +Vcc C/I Devices 5 WA
E/M Devices 5
CE = Vi, C/I Devices 15
lcct Vcc Active Current (Note 5 f=5MHz, mA
and 8) E%lge; 00 Lr::uts) EM Devices 20
Iccs Vcc CMOS Standby Current CE=Vcc+03V 25 nA
IPP1 Vep Current During Read CE =OE = ViL, VPP = VcC 100 HA

Am27LV010 Data Sheet
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Figure 1. Typical Supply Current

vs. Frequency
Vec=3.6V,T=25C

10 l

8.0 mA
7.5 i
. —

] 6.4
\\ mA

5
2.5
0
756 560 26 0 25 50 75 100 125 150

Temperature in °C

Figure 2. Typical Supply Current
vs. Temperature
Vec=3.6V,f=5MHz

17341A-5 17341A-6
CAPACITANCE (Notes 2, 3, and 7)
Parameter CDV032 CLV032
Symbol Parameter Description Test Conditions Typ Max | Typ | Max | Unit
CiN Input Capacitance VIN=0V 10 12 8 10 pF
Cout Output Capacitance Vour=0V 12 15 9 12 pF
Notes:
1. Ve must be applied simultaneously or before Ver, and removed simultaneously or after V.
2. Typical values are for nominal supply voltages.
3. This parameter is only sampled and not 100% tested.
4. Caution: The Am27LV010 must not be removed from, or inserted into, a socket or board when Vcc or Vep is applied.
5. Icc1 is tested with OF = ViH to simulate open outputs.
6. TA=+25°C, f=1MHz.
7. During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns.

Maximum DC voltage on output pins may overshoot to Vcc + 2.0 V for periods less than 20 ns.

©

For typical supply current valves at various frequencies, refer to Figure 1. For temperature, refer to Figure 2.
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for
APL products, Group A, Subgroups 9, 10 (Notes 1, 3, and 4) and 11 are tested unless
otherwise noted)

Am27LV010
Parameter Test
JEDEC | Standard| Description Conditions -120 | -150 | -200 | -250 | -300 Unit
tavav tacc gd;iresz tc: CE=OE=ViL Min ns
utput Delay Max | 120 | 150 | 200 [ 250 | 300
teLav tce Chip Enable SE-V Min ns
to Output Delay = Max | 120 | 150 | 200 | 250 | 300
tcLav toE Output Enable to CE=VIL Min - - - - -
= ns
Output Delay Max | 50 | 65 75 | 100 | 120
tEHQZ, toF Chip Enable HIGH
tGHQz or Output Enable Min 0 0 0 0 0
HIGH, whichever ns
comes first, to
Output Float Max 40 50 60 60 60
(Note 2)
taxax toH Output Hold from Min 0 0 0 0 0
Addresses, CE, or ns
OE, whichever Max - - - - -
occurred first
Notes:

1. Vcc must be applied simultaneously or before Ve, and removed simultaneously or after Vep.

This parameter is only sampled, not 100% tested.

2.
3. Caution: The Am27LV010 must not be removed from, or inserted into, a socket when Vep or Vcc is applied.
4

. Output Load: 1 TTL gate and CL = 100 pF
Input Rise and Fall Times: 20 ns
Input Pulse Levels: 0.45Vto 2.4V

Timing Measurement Reference Level—Inputs: 0.8 V and 2.0 V
Outputs: 0.8 Vand 2.0 V.

Am27LV010 Data Sheet
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SWITCHING TEST CIRCUIT

Device 2.7kQ

Under 50V
Testing

—I— CL Diodes = IN3064
I 6.2kQ or Equivalent

17341A-7
CL = 100 pF including jig capacitance
SWITCHING TEST WAVEFORM
24V
20V 20V
> Test Points <
08V 08V
0.45V
Input Output

17341A-8

AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0”. Input pulse rise and fall times are < 20 ns.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS

Must Be Will Be

Steady Steady

May Will Be

Change Changing

fromHto L fromHto L

May Will Be

Change Changing

fromLto H from Lto H

Don't Care, Changing,

Any Change State

Permitted Unknown

Does Not Center

Apply Line is High
Impedance
“Off” State

KS000010
SWITCHING WAVEFORM
24 _————
Addresses J 20 Addresses Valid 2.0
0.45 X 0.8 ___no0s8

tCE
— —
OF \l
- toF
tActI:‘— toE —* (Note 2)
N (Note 1) > 1oH
High Z - High Z
Output ((((G Valid Output E))) E—
Notes: 17341A-9

1. OE may be delayed up to tacc — toE after the falling edge of addresses without impact on tacc.

2. tpF is specified from OE or CE, whichever occurs first.
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PHYSICAL DIMENSIONS*

CDV032
32-Pin Ceramic DIP (measured in inches)
le 1.635 |
B 1.680 |
1
.565
> O -
1
. _ R
— le—
.045 .100 .005
.065 BSC MIN

TOP VIEW

‘ .008
160 i 018
220 015
125 —? .060 197%0
.200

I L— —>l
.014 -600 r‘:ﬁ?govdoaz

.026 BSC 5/18/92 ¢ de
SIDE VIEW END VIEW

*For reference only. BSC is an ANSI standard for Basic Space Centering.
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PHYSICAL DIMENSIONS*
CLV032
32-Pin Rectangular Ceramic Leadless Chip Carrier (measured in inches)

.300
BSC

—

.150
BSC

.400
BSC

o 42
022 —f—_
I 015
442
.458
.040 X 45° REF (3x) 440
l' MAX 'I 080
.140
3
UV Lens
540 530
580 MAX
-+ 054
1 088 " "_
Index Corner . gD
.020 X 45° REF PLANE 2 /4 210193 ¢ do
PLANE 1
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PHYSICAL DIMENSIONS*

PD 032

32-Pin Plastic DIP (measured in inches)
L 1.640 |
r 1.680 'l

jf
—| |
045 .090 .005
.065 110 MIN
TOP VIEW le—-600
625
Nt
140 | . 008
225 015 (‘ 015
120 —f.o 0
160

—le %Z——/-— |

014 .630 121468
; CJ75 PD 032
022 700 1/21/93 c do
SIDE VIEW END VIEW
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PHYSICAL DIMENSIONS*

PL 032
32-Pin Rectangular Plastic Leaded Chip Carrier (measured in inches)
.020
042 .050 MIN
048 REF 042
s k=], 2en
® /} :
: It o 1
i .032 013
i % }'.021
585 547 300 .390
595 553 [ REF 430
1 ]
1 1
1 1
1 ] N
| S N S S ) .009
447 | 015 080
P o= e
032
“__‘4‘—92 *%—D i
TOP VIEW SIDE VIEW
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Am27LV020/Am27LV020B

2 Megabit (262,144 x 8-Bit) Low Voltage CMOS EPROM

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Single 3.3 V power supply
— Regulated power supply 3.0 V-3.6 V
— Unregulated power supply 2.7 V-3.6 V
(battery-operated systems)

B Low power consumption:
— 10 pA typical CMOS standby current
— 90 uW maximum standby power
— 54 mW power at 5 MHz maximum

B Fast access time
— 150 ns

B JEDEC-approved pinout
— Pin compatible with 5.0 V 2-Mbit EPROM
— Easy upgrade from 28-pin JEDEC EPROMs

B 100% Flashrite™ programming
— Typical programming time of 32 seconds

B Latch-up protected to 100 mA from -1 V to
Vece+1V

B High noise immunity

H Compact 32-pin DIP package requires no
hardware change for upgrades to 8 Mbit

W Versatile features for simple interfacing
— Both CMOS and TTL input/output compatibility
— Two line control functions

GENERAL DESCRIPTION

The Am27LV020 is a low voltage, low power megabit,
ultraviolet erasable, progammable read-only memory
organized as 256K words by 8 bits per word.

The Am27LV020 operates from a single power supply of
3.3 V and is offered with two power supply tolerances.
The Am27LV020 has a Vcc tolerance range of 3.3 V +
10% making it suitable for use in systems that have
regulated power supplies. The Am27LV020B has a volt-
age supply range of 2.7 V-3.6 V making it an ideal part
for battery operated systems.

Maximum power consumption of the Am27LV020 in
standby mode is only 90 uW. If the device is constantly
accessed at 5 MHz, thenthe maximum power consump-
tion increases to 54 mW. These power ratings are sig-
nificantly lower than typical EPROMs. Also, as power
consumption is proportional to voltage squared, 3.3 V

devices consume at least 57% less power than their
5.0 V counterparts. Due to its lower current and voltage,
the Am27LV020 is well-suited for battery operated and
portable systems as it extends the battery life in these
systems. Typical applications are notebook and hand-
held computers as well as cellular phones.

The Am27LV020 is packaged in the industry standard
32-pin windowed ceramic DIP and LCC packages, as
well as one-time programmable (OTP) packages. This
device is pin-compatible with the 5.0 V devices.

The Am27LV020 uses AMD’s Flashrite™ programming
algorithm (100 ps pulses) resulting in typical program-
ming times of 32 seconds. This device is manufactured
on AMD’s sub-micron process technology which pro-
vides high speed, low power and high noise immunity.

o— Vce
O \/55
O— Vpp

BLOCK DIAGRAM

Data Outputs DQO-DQ7

i

Output Enable
Chip Enable
and
Prog Logic

Output Buffers

Y
Decoder

Y-Gating

A0-A17
Address
Inputs

Decoder

\ — ™

2,097,152-Bit
Cell Matrix

17342A-1

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended

to help you to evaluate this product. AMD reserves the right to chang

work on this

Publication# 17342 Rev. A Amendment/0 ]

product without notice. Issue Date: February 1993
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PRODUCT SELECTOR GUIDE
Family Part No. Am27LV020
Ordering Part No:
Am27LV020 (3.0 V-3.6 V) -150 -200 -250 -300
Am27LV020B (2.7 V-3.6 V) -200 -250 -300
Max Access Time (ns) 150 200 250 300
CE (E) Access (ns) 150 200 250 300
OE (G) Access (ns) 65 75 100 120
CONNECTION DIAGRAMS
Top View
PDIP PLCC/LCC
\ % ~
vee[J1© 32;| Vce o
wegez  aprome) 32802
A15[] 3 30[] A17 MMM
A12 [} 4 29[] A14 732 1323130
A7[s 28] A13 A7 Ata
A6 []e 27(] As A6 A13
As 7 26 ] A9 A5 A8
A4[]s 25[] A1 A4 A9
A3} o 24[] oE (@) fé At
OE @
A2 110 23] At0 At Ato :
At [ 1 22[] GE(E) A0 TE®
Ao} 12 21[] par DQo DQ7
pao [} 13 20[] DQs
bat [} 14 10] pas R|RIRIRIRIA
pa2 [J15 18] pas 5888388
[alya] [alalaNa]
vss [116 7 bas oo, 17342A-3
Notes:

1. JEDEC nomenclature is in parenthesis.

2. The 32-pin DIP to 32-pin LCC configuration varies from the JEDEC 28-pin DIP to 32-pin LCC configuration.

PIN DESCRIPTION

AO-A17 = Address Inputs

CE (E) = Chip Enable Input

Vss = Ground

DQO-DQ7 = Data Input/Outputs

OE (G) = Output Enable Input
PGM (P) = Program Enable Input
Vce = Vcc Supply Voltage
Vep = Program Supply Voltage

LOGIC SYMBOL

DQo-DQ7

185 :

—
—
D —

L

17342A-4
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ORDERING INFORMATION
EPROM Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AM27LV020 -150 D C B

.[:—— OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

TEMPERATURE RANGE

C = Commercial (0°C to +70°C)

| = Industrial (—40°C to +85°C)

E = Extended Commercial (-55°C to +125°C)

PACKAGE TYPE

D = 32-Pin Ceramic DIP (CDV032)

L = 32-Pin Rectangular Ceramic Leadless
Chip Carrier (CLV032, JEDEC Type)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am27LV020 - 2 Megabit (262,144 x 8-Bit) Low Voltage CMOS EPROM with
3.0 V-3.6 V Vcc Tolerance

Am27LV020B -2 Megabit (262,144 x 8-Bit) Low Voltage CMOS EPROM with
2.7 V-3.6 V Vcc Tolerance

Valid Combinations Valid Combinations
5C. DCB. DI Valid Combinations list configurations planned to be
) , DI, supported in volume for this device. Consult the lo-
AM27LV020-150 | DIB, LC, LCB, cal AMD sales office to confirm availability of specific
LI, LB valid combinations or to check on newly released
AM27LV020-200 combinations.

AM27LV020250 | v pog DE,
AM27LV020-300 | DEB, DI, DIB,
AM27LV020B-200 Iiﬁa 'I%B'L |i5||'3
AM27LV020B-250 PEE
AM27LV0208B-300
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ORDERING INFORMATION
OTP Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AM27LV020 =150

1o
(2]

-L— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)

PACKAGE TYPE

P = 32-Pin Plastic DIP (PD 032)

J = 32-Pin Rectangular Plastic Leaded
Chip Carrier (PL 032)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am27LV020 - 2 Megabit (262,144 x 8-Bit) Low Voltage CMOS OTP EPROM with
3.0 V-3.6 V Vcc Tolerance

Am27LV020B - 2 Megabit (262,144 x 8-Bit) Low Voltage CMOS OTP EPROM with
2.7V-3.6 V Vcc Tolerance

Valid Combinations

Valid Combinations Valid Combinations list configurations planned to be

AM27LV020-150 supported in volume for this device. Consult the lo-

cal AMD sales office to confirm availability of specific

AM271V020-200 valid combinations or to check on newly released
AM27LV020-250 combinations.

AM27LV020-300 PC, JC, P1, JI
AM27LV020B-200
AM27LV020B-250
AM27LV020B-300
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense apﬁlicaﬂons are available in several packages and operating ranges. APL (Approved

Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by
a combination of:

AM27LVO20 200 j

10
bd

A
L LEAD FINISH

A = Hot Solder Dip

PACKAGE TYPE

X = 32-Pin Ceramic DIP éCDV032)

U = 32-Pin Rectangular Ceramic Leadless
Chip Carrier (CLV032)

DEVICE CLASS
/B = Class B

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am27LV020 — 2 Megabit (262,144 x 8-Bit) Low Voltage CMOS EPROM with
3.0 V-3.6 V Vcc Tolerance

Am27LV020B — 2 Megabit (262,144 x 8-Bit) Low Voltage CMOS EPROM with
2.7 V-3.6 V Vcc Tolerance

Valid Combinations Valid Combinations
q Valid Combinations list configurations planned to
AM271 V020-200 be supported in volume for this device. Consult
AM27LV020-250 the local AMD sales office to confirm availability of
AM27LV020-300 | /BXA, /BUA specific valid combinations, or to check on newly
AM27LV020B-250 released combinations.
AM27LV020B-300 Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9, 10, 11.
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FUNCTIONAL DESCRIPTION
Erasing the Am27LV020

In order to clear all locations of their programmed con-
tents, itis necessary to expose the Am27LV020to an ul-
traviolet light source. A dosage of 15 W seconds/cm? is
required to completely erase an Am27LV020. This dos-
age can be obtained by exposure to an ultraviolet lamp
—wavelength of 2537 Angstroms (K) —with intensity of
12,000 pW/cm?for 15 to 20 minutes. The Am27LV020
should be directly under and about one inch from the
source and all filters should be removed from the UV
light source prior to erasure.

It is important to note that the Am27LV020, and similar
devices, will erase with light sources having wave-
lengths shorterthan 4000 A. Atthough erasure times will
be much longer than with UV sources at 2537K, never-
theless the exposure to fluorescent light and sunlight will
eventually erase the Am27LV020 and exposure to them
should be prevented to realize maximum system reli-
ability. If used in such an environment, the package win-
dow should be covered by an opaque label or
substance.

Programming the Am27LV020

Upon delivery, or after each erasure, the Am27LV020
has all 2,097,152 bits in the “ONE”, or HIGH state. “ZE-
ROs" are loaded into the Am27LV020 through the pro-
cedure of programming.

The programming mode is entered when 12.75 V +
0.25 V is applied to the Vep pin, CE and PGM are at Vi
and OE is at Vik.

Forprogramming, the data to be programmed is applied
8 bits in parallel to the data output pins.

The Flashrite algorithm reduces programming time by
using 100 us programming pulse and by giving each ad-
dress only as many pulses as are necessary in order to
reliably program the data. After each pulse is applied to
a given address, the data in that address is verified. If
the data does not verify, additional pulses are given until
it verifies or the maximumis reached. This process is re-
peated while sequencing through each address of the
Am27LV020. This part of the algorithm is done at Vcc =
6.25 V to assure that each EPROM bit is programmed to
a sufficiently high threshold voltage. After the final ad-
dress is completed, the entire EPROM memory is veri-
tied at Vcc = Vee = 5.25 V. Am27LV020 can be
programmed using the same algorithm as the 5 V coun-
terpart 27C020.

Program Inhibit

Programming of multiple Am27LV020s in parallel with
different data is also easily accomplished. Except for
CE, all like inputs of the parallel Am27LV020 may be
common. A TTL low-level program pulse applied to an
Am27LV020 CE input with Vep = 12.75 + 0.25 V, PGM
LOW, and OE HIGH will program that Am27LV020. A
high-level CE input inhibits the other Am27LV020s from
being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The
verify should be performed with OE and CE at Vi, PGM
at Vi, and Vep between 125V and 13.0V. -

Auto Select Mode

The auto select mode allows the reading out of a binary
code from an EPROM that will identify its manufacturer
andtype. This mode is intended for use by programming
equipment for the purpose of automatically matching
the device to be programmed with its corresponding
programming algorithm. This mode is functional in the
25°C + 5°C ambient temperature range that is required
when programming the Am27LV020.

To activate this mode, the programming equipment
must force 12.0 + 0.5 V on address line A9 of the
Am27LV020. Two identifier bytes may then be se-
quenced from the device outputs by toggling address
line Ao from ViL to ViH. All other address lines must be
held at ViL during auto select mode.

Byte 0 (A0 = ViL) represents the manufacturer code, and
Byte 1 (A0 = ViH), the device identifier code. For the
Am27LV020, these two identifier bytes are given in the
Mode Select table. All identifiers for manufacturer and.
device codes will possess odd parity, with the MSB
(DQ7) defined as the parity bit.

Read Mode

The Am27LV020 has two control functions, both of
which must be logically satisfied in order to obtain data
at the outputs. Chip Enable (CE) is the power control
and should be used for device selection. Output Enable
(OE) is the output control and should be used to gate
data to the output pins, independent of device selection.
Assuming that addresses are stable, address access
time (tacc) is equal to the delay from CE to output (tce).
Data is available at the outputs toe after the falling edge
of OE, assuming that CE has been LOW and addresses
have been stable for at least tacc - toe.

Standby Mode

The Am27LV020 has a CMOS standby mode which re-
duces the maximum Vcc current to 25 pA. It is placed in
CMOS-standby when CE is at Vcc + 0.3 V. The
Am27LV020 also has a TTL-standby mode which re-
duces the maximum Vcc currentto 0.6 mA. itis placed in
TTL-standby when CE is at ViH. When in standby mode,
the outputs are in a high-impedance state, independent
of the OE input.

Mixed Power Supply System

Am27LV020 (in 3.0 V to 3.6 V regulated power supply)
can be intefaced with 5 V system only when the I/0
pins (DQ0-DQ7) are not driven by the 5§ V system.
ViHmax = Vcewy + 2.2 V for address and clock pins and
ViHmax = VccLv + 0.5 V for /O pins should be followed to
avoid CMOS latch-up condition.
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Output OR-Tieing

To accommodate multiple memory connections, a two-
line control function is provided to allow for:

B Low memory power dissipation
B Assurance that output bus contention will not occur

Itis recommended that CE be decoded and used as the
primary device-selecting function, while OE be made a
common connection to all devices in the array and con-
nected to the READ line from the system control bus.
This assures that all deselected memory devices are in
their low-power standby mode and that the output pins
are only active when data is desired from a particular
memory device.

System Applications

During the switch between active and standby condi-
tions, transient current peaks are produced on the rising
and falling edges of Chip Enable. The magnitude of
these transient current peaks is dependent on the out-
put capacitance loading of the device. At a minimum, a
0.1 uF ceramic capacitor (high frequency, low inherent
inductance) should be used on each device between
Vce and Vss to minimize transient effects. In addition, to
overcome the voltage drop caused by the inductive ef-
fects of the printed circuit board traces on EPROM ar-
rays, a 4.7 uF bulk electrolytic capacitor should be used
between Vcc and Vss for each eight devices. The loca-
tion of the capacitor should be close to where the power
supply is connected to the array.

Mode Select Table
Mode Pins CE OE PGM A0 A9 Vep Outputs
Read ViL ViL X X X X Dout
Output Disable ViL VH X X X X High Z
Standby (TTL) VIH X X X X X High Z
Standby (CMOS) Vcc£03V X X X X X High Z
Program ViL VH ViL X X Vep DIN
Program Verify Vi ViL VIH X X Vep Dout
Program Inhibit VH X X X X Vep High Z
Auto Select | Manufacturer Code ViL ViL X ViL VH X 01H
(Note 3) Device Code ViL ViL X VIH VH X 97H

Notes:

1. VW=120Vt05V

2. Xcan be either ViL or ViH
3. A1-A8=A10-A17 = ViL
4.

See DC Programming Characteristics for Vep voltage during programming.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature:
OTPProducts .............. —-65°C to +125°C
All Other Products ........... -65°C to +150°C
Ambient Temperature
with Power Applied ............. -55°C to +125°C

Voltage with Respect to Vss:
All pins except A9, Vep, and

Vcc(Note1) ............. -0.6 Vto Vcc +0.6 V
A9andVer(Note2) ............. -0.6Vto 135V
VOC vttt -06Vto7.0V
Notes:

1. During transitions, the input may overshoot Vss to
—2.0 V for periods of up to 20 ns. Maximum DC voltage
on input and I/O may overshoot to Vcc + 2.0 V for peri-
ods of up to 20 ns.

2. During transitions, A9 and Vep may overshoot Vss to
—2.0 V for periods of up to 20 ns. A9 and Vep must not
exceed 13.5 V for any period of time.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Case Temperature (Tc) .......... 0°C to +70°C
Industrial (I) Devices

Case Temperature (Tc) ........ —40°C to +85°C
Extended Commercial (E) Devices

Case Temperature (Tc) ... .... -55°C to +125°C
Military (M) Devices

Case Temperature (Tc) ... .... -55°C to +125°C
Supply Read Voltages:

Vccfor Am27LV020 .......... +3.0Vto+3.6V

Vccfor Am27LV020B ......... +2.7Vto +3.6V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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DC CHARACTERISTICS over operating ranges unless otherwise specified

(Notes 1, 4, 5 and 7) (for APL products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested
unless otherwise noted)

Parameter
Symbol | Parameter Description Test Conditions Min Max Unit
TTL and CMOS Inputs for Vec =3.0Vto 3.6 V
VOH Output HIGH Voltage loH = 2.0 mA 2.4 \J
VoL Output LOW Voltage loL = 2.0 mA 0.4 \"
VIH Input HIGH Voltage 2.0 Vec+03] V
ViL Input LOW Voltage -0.3 +0.8 \'
I Input Load Current VIN =0 V to Vce C/l Devices 1.0 WA
E/M Devices 1.0
ILo Output Leakage Current Vout = 0 V to Vcc C/l Devices 5.0 WA
E/M Devices 5.0
lec m&:scg":ngusr; ent F_Eﬁ' l\)llh'z C/l Devices 15 i
:%lge; OOS:QmS) E/M Devices 20
Icc2 Vcc TTL Standby Current CE=ViH,OE = ViL TTL 0.6 mA
lcca Vce CMOS Standby Current CE=Vcc +03V CMOS 25 pA
IPP1 Vpp Supply Current (Read) CE = OE = ViL, VPP = VcC 100 17.}
Parameter
Symbol | Parameter Description Test Conditions Min Max Unit
CMOS for Vec =2.7Vto 3.6 V
VoH Output HIGH Voltage loH = —20 pA Vce — 0.1 \Y
VoL Output LOW Voltage loL = 20 pA 0.1 \"
VIH Input HIGH Voltage 0.7Vcc | Vcc+03| V
ViL Input LOW Voltage -0.3 0.2 Vce v
Ll Input Load Current VIN=0Vto +Vcc C/| Devices 1.0 uA
EM Devices 1.0
Lo Output Leakage Current Vout =0 V to +Vce C/I Devices 5.0 HA
EM Devices 5.0
CE=Vi, C/I Devices 15
Icct Vcc Active Current f=5MHz, mA
(Notes 5 and 8) lout = 0 mA E/M Devices 20
(Open Outputs)
Iccs Vcc CMOS Standby Current CE=Vcc+03V 25 pA
IPP1 Vpp Supply Current (Read) CE=0E = ViL, Vpp = VcC 100 HA
Am27LV020 Data Sheet 3-29
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10 10
/“/ _—1 9.4 mA l
] 8.0 mA
e 715 . 7.5 —
5 |—1 b [~~~ 6.4 mA
E < 6.4 mA £ ]
S<
OE 5 OE 5
>c >c
Q- = Q=
Q Q
=1 =]
“ 25 n 25
0 0
1 2 83 4 5 6 7 8 9 10 -75 -50 -25 0 25 50 75 100 125 150
Frequency in MHz Temperature in °C
Figure 1. Typical Supply Current Figure 2. Typical Supply Current
vs. Frequency vs. Temperature
Vec=36V,T=25°C Vec=36V,f=5MHz
17342A-5 17342A-6
CAPACITANCE (Notes 2, 3 and 7)
Parameter CDV032 CLVo032 PD032 PL032
Symbol | Parameter Description | Test Conditions | Typ |[Max | Typ | Max | Typ | Max | Typ | Max | Unit
CIN Input Capacitance VIN=0V 10 | 12 8 10 10 12 8 10 | pF
Cout Output Capacitance Vout =0V 12 | 15 9 12 12 15 9 12 | pF
Notes:
1. Ve must be applied simultaneously or before Viep, and removed simultaneously or after Vep.
2. Typical values are for nominal supply voltages.
3. This parameter is only sampled and not 100% tested.
4. Caution: The Am27LV020 must not be removed from, or inserted into, a socket or board when Vcc or Ver is applied.
5. lcc1 is tested with OE = ViH to simulate open outputs.
6. TA=+25°C, f=1MHz
7. During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns.

Maximum DC voltage on output pins may overshoot to Vcc + 2.0 V for periods less than 20 ns.

o

For typical supply current values at various frequencies, refer to Figure 1. For temperature, refer to Figure 2.

3-30

EPROM Products




PRELIMINARY

AMD l"l

SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified

(Notes 1, 3 and 4) (for APL products, Group A,

unless otherwise noted)

ubgroups 9, 10 and 11 are tested

PRELIMINARY
Parameter Am27LV020/Am27LV020B
Symbols Parameter
JEDEC| Standard| Description Test Conditions -150 | -200 | -250 | -300 Unit
tavav tacc | Address to CE-OE=V Min
= = V|L ns
Output Delay Max | 150 | 200 | 250 | 300
teLav tce | Chip Enable Min
Output Delay OF = VL Max | 150 | 200 | 250 | 300 "
taLav t0E | Output Enable to Min
CE=V
Output Delay " Max | 65 75 | 100 | 120 ns
tEHQZ, toF Chip Enable HIGH Min 0 0 0 0
tgHaz | (Note 2) | or Output Enable
HIGH, whichever ns
comes first, to Max 50 60 60 60
Output Float
tAxax tOH Output Hold from Min 0 0 0 0
Addresses, CE, or ns
OE, whichever Max
occurred first
Notes:

1.

2.
3.
4

Input Rise and Fall Times: 20 ns,
Input Pulse Levels: 0.45Vt02.4V,
Timing Measurement Reference Level—Inputs: 0.8V and 2.0V,
Outputs: 0.8 Vand 2.0 V

Vce must be applied simultaneously or before Vep, and removed simultaneously or after Vep.
This parameter is only sampled and not 100% tested.

Caution: The Am27LV020 must not be removed from, or inserted into a socket or board when Viep or Vcc is applied.
. Output Load: 1 TTL gate and CL = 100 pF,

Am27LV020 Data Sheet
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SWITCHING TEST CIRCUIT

Device 2.7kQ
Under |

Test

50V

Diodes = IN3064
or Equivalent

17342A-7
CL = 100 pF including jig capacitance
SWITCHING TEST WAVEFORM
2.4V
20V 20V
> Test Points <
08V 08V
045V
Input Output
17342A-6

AC Testing: Inputs are driven at 2.4 V for a Logic “1” and 0.45 V for a Logic “0". Input pulse rise and fall times are < 20 ns.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must Be Will Be
Steady Steady
May Will Be
Change Changing
fromHto L fomHto L
May Will Be
Change Changing
fromLtoH fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High
Impedance
“Off" State
KS000010
SWITCHING WAVEFORM
2.4 —_————
Addresses 20 Addresses Valid 2.0
0.45 08 —-—_n038
o \
tce
————
o \
! === toF
tace toE —™ (Note 2)
(Note 1) - foH
High Z -TTT High Z
Output {((«] Valid Output E» E'g—
Notes: 17342A-8

1. OE may be delayed up to tacc —tOE after the falling edge of addresses without impacton tacc.

2. tpF is specified from OE or CE, whichever occurs first.

Am27LV020 Data Sheet
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PHYSICAL DIMENSIONS*
CDV032
32-Pin Ceramic DIP (measured in inches)
|- 1.635
[ 1.680 *'i
565
> O e
1
.Hl—ll—ll—ll——ll—ll——ll—-’ —JLJLJ>L J°*L T
—f _J |: — |—
045 .100 005
.065 BSC MIN
TOP VIEW

160 ‘

220 i 015
125 a0
% }

— | |—
014
.026
SIDE VIEW

*For reference only. BSC is an ANSI standard for Basic Space Centering.

END VIEW

11092C
CJ11 CDV032
5/18/92 c dc
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PHYSICAL DIMENSIONS*
CLVO032
32-Pin Rectangular Ceramic Leadless Chip Carrier (measured in inches)

.300 o
BSC

-

.150
BSC

™ "ots
442
458
.040 X 45° REF (3x) 440
|‘ MAX '| -080
- 340 e
4 )
UV Lens
540 530
580 MAX

\_ Y,

Index Corner 082430
.020 X 45° REF PLANE2 # Sorsaede

PLANE 1
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PHYSICAL DIMENSIONS*
PD 032
32-Pin Plastic DIP (measured in inches)

le 1.640 .
r 1.680 'l

530

580

— —]
.045 .090 .005
.065 110 MIN

TOP VIEW

—] f—
.014
022

SIDE VIEW

600
.625
~—
.008
015
lt—
.630 121468
- 700 CJ75 PD 032
1/21/93 cdc
END VIEW
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PHYSICAL DIMENSIONS*

PL 032
32-Pin Rectangular Plastic Leaded Chip Carrier (measured in inches)
.020

042 .050 MIN
.048 REF 042

I 056 "

[

: Dt g ;
i E‘T.O 2 013
0 ; }' 021

585 547 .300 .390

565 553 [ REF .430
[ 1l
; %
I
: J

’ | SN S S S ) - 009
- RLCTA— 015 .080
.453 |.095  os971D
.485 125 | CJd8 PL 032
‘<—_.4—95 <—1—46-—> 1/21/83 ¢ de
TOP VIEW SIDE VIEW
Am27LV020 Data Sheet 3.37
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PALLV16V8Z-30

Low-Voltage, Zero-Power 20-Pin EE CMOS Universal

Programmable Array Logic

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Low-voltage operation, 3.3 V JEDEC
compatible

— Vec=+3.0Vto+3.6V
B Zero-power CMOS technology
— 15 pA standby current
— 30 ns propagation delay
B Industrial operating temperature range
— Tc =-40°C to +85°C

B Unused product term disable for reduced
power consumption

B PIn, function and fuse-map compatible with all
20-pin GAL® devices

B Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability

H Direct plug-in replacement for the PAL16R8
serles and most of the PAL10H8 series

Outputs programmable as registered or combi-
natorial in any combination

Programmable output polarity
Programmable enable/disable control
Preloadable output registers for testability
Automatic register reset on power up

Cost-effective 20-pin plastic DIP and PLCC
packages

B Extensive third-party software and programmer
support through FusionPLDS™ partners

B Fully tested for 100% programming and func-
tional yields and high reliability

GENERAL DESCRIPTION

The PALLV16VS8Z is an advanced PAL® device built
with low-voltage, zero-power, high-speed, electrically-
erasable CMOS technology. It is functionally compatible
with all 20-pin GAL devices. The macrocells provide a
universal device architecture. The PALLV16V8Z will di-
rectly replace the PAL16R8 and PAL10H8 series de-
vices, with the exception of the PAL16C1.

The PALLV16V8Z provides zero standby power and
high speed. At 15 pA maximum standby current, the
PALLV16V8Z allows battery powered operation for an
extended period.

The PALLV16V8Z utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through
floating-gate cells in the AND logic array that can be
erased electrically.

The fixed OR array allows up to eight data product terms
peroutputfor logic functions. The sumofthese products
feeds the output macrocell. Each macrocell can be
programmed as registered or combinatorial with an ac-
tive-high or active-low output. The output configuration
is determined by two global bits and one local bit
controlling four muttiplexers in each macrocell.

AMD’s FusionPLD program allows PALLV16V8Z de-

signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar. Please refer to
page 4-20 or the Software Reference Guide to PLD
Compilers for certified development systems, and page
4-22 forthe Programmer Reference Guide for approved
programmers.

Publication# 17422 Rev. A Amendment/0
Issue Date: November 1992
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BLOCK DIAGRAM
] CLK/lo
8
Programmable AND Array

32 x 64

MACRQ MACRO MACRQ MACRQO MACR MACRQ MACRQ MACRQ

4— I 4 4 — 4 <4
MCo  J—{MC1 MC2  p———MC3 j—MC4 |J—MCs jp—MCes |—MC7
OE/lg /0o 1101 1102 1103 1104 1105 1/0e o7

17422A-1

CONNECTION DIAGRAMS (Top View)

DIP

-
[

n

o

CLK/

[ ] Vee
19| ] vo,
18] 106
17 [J vos
[ 1o,
15 J o,
14 Jwo,
13[J vo,
12[J o,
] OFn,
17422A-2

[}

ainisiaininis

~

GND [

—_
o
-
p—y

PIN DESIGNATIONS

CLK = Clock

GND = Ground

I = Input

/0 = Input/Output
OE = Output Enable
Vcc = Supply Voltage

PLCC

m]lz
M]h
'3]Vcc
a[]vor

o] - [] cLkrio

18]] 0

D 1/0s

] vos
15{] vos
14]] vo,

& K
a1 r—
o2} N o0 o »

—_ -

o

2 g E"’ S o 17422A-3
10} o) = =

Note:
Pin 1 is marked for orientation.
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ORDERING INFORMATION

Industrial Products

AMD programmable logic products for industrial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

PAL LV 16 vsz 0P 1
FAMILY TYPE
PAL = Programmable Array Logic
TECHNOLOGY
LV = Low-Voltage
NUMBER OF
ARRAY INPUTS OPERATING CONDITIONS
| = Industrial (—40°C to +85°C)
OUTPUT TYPE
V = Versatile
NUMBER OF FLIP-FLOPS PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)
POWER J = 20-Pin Plastic Leaded Chip
Z = Zero Power (15 pA Icc Standby) Carrier (PL 020)
SPEED
-30 = 30 nstpp
Valid Combinations Valid Combinations
PALLV16V8Z-30 PI, JI The Valid Combinations table lists configurations

planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations and to
check on newly released combinations.

PALLV16V8Z-30 Data Sheet 4-5
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FUNCTIONAL DESCRIPTION

The PALLV16V8Z is a low-voltage, EE CMOS version
of the PALCE16V8. In addition, the PALLV16V8Z has
zero standby power and unused product term disable.

The PALLV16V8Zis auniversal PAL device. It has eight
independently configurable macrocells (MCo—MC7).
Each macrocell can be configured as registered output,
combinatorial output, combinatorial I/O or dedicated in-
put. The programming matrix implements a program-
mable AND logic array, which drives a fixed OR logic
array. Buffers for device inputs have complementary
outputs to provide user-programmable input signal po-
larity. Pins 1 and 11 serve either as array inputs or as
clock (CLK) and output enable (OE), respectively, for all
flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALLV16V8Z are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design
specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALLV16V8Z. First, it can be programmed as a stan-
dard PAL device from the PAL16R8 and PAL10H8
series. The PAL programmer manufacturer will supply
device codes for the standard PALdevice architectures
tobe usedwith the PALLV16V8Z. The programmer will
program the PALLV16V8Z in the corresponding archi-
tecture.This allows the user to use existing standard
PAL device JEDEC files without making any changes to
them. Alternatively, the device can be programmed as
a PALLV16V8Z. Here the user must use the
PALLV16V8Z device code.This option allows full utiliza-
tion of the macrocell.

To
Adjacent
11 Macrocell
OE 10
Vce 00
01

A
t 'TJ__SLOX
Gt

L 4 11
T__"X—{\}o-o-@uox

D Q 10
= SLix ClLk P @
10
(1);( L From
*SG1 JLC SLox éﬁ{acem
*In macrocells MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer. 17422A-4

Figure 1. PALLV16V8 Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /O, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
in the combinatoriai configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MC+7, a macrocell configured
as a dedicated input derives the input signal from an ad-
jacent /0. MCo derives its input from pin 11 (OE) and
MC7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SL07 and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALLV16V8Z
will emulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOx, in conjunction with
SG1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7, SGO replaces SG1 on the feedback mul-
tiplexer. This accommodates CLK being the adjacent
pin for MC7 and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SGO = 0, SG1 = 1 and
SLOx=0. There is only one registered configuration. All
eight product terms are available as inputs to the OR
gate. Data polarity is determined by SL1x The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations

The PALLV16V8Z has three combinatorial output con-
figurations: dedicated output in a non-registered device,
I/0 in a non-registered device and I/O in a registered
device.

Dedicated Output In a Non-Registered
Device

The control bit settings are SGO = 1, SG1 = 0 and
SLOx = 0. All eight product terms are available to the OR
gate. Although the macrocell is a dedicated output, the
feedback is used, with the exception of MC3 and MCa.
MCs and MC4 do not use feedback in this mode. Be-
cause CLK and OE are not used in a non-registered de-
vice, pins 1 and 11 are available as input signals. Pin 1

willuse the feedback path of MC7 and pin 11 will use the
feedback path of MCo.

Combinatorial I/0O In a Non-Registered
Device

The control bit settings are SG0 = 1, SG1 = 1, and
SLOx = 1. Only seven product terms are available to the
OR gate. The eighth product term is used to enable the
output buffer. The signal at the I/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial I/O in a Registered Device

The control bit settings are SG0 = 0, SG1 = 1 and
SLOx = 1. Only seven product terms are available to the
OR gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding 1/0
signal.

Dedicated Input Configuration

The control bit settings are SG0 = 1, SG1 = 0 and
SLOx = 1. The output buffer is disabled. Except for MCo
and MCy the feedback signalis an adjacent I/O. For MCo
and MCy the feedback signals are pins 1 and 11. These
configurations are summarized in Table 1 and illustrated
in Figure 2.

Table 1. Macrocell Configuration

sGo| sG1| SLox| cell Configuration| Devices Emulated

Device Uses Registers
0 1 0 | Registered Output | PAL16R8, 16R6,
16R4

0 1 1 | Combinatorial /O | PAL16R6, 16R4
Device Uses No Registers
1 0 0 | Combinatorial PAL10H8, 12HS6,

Output 14H4, 16H2, 10L8,
1216, 14L4, 16L2
PAL12H6, 14H4,
16H2, 1206, 14L4,
16L2

PAL16L8

1 0 1 |Input

1 1 1 | Combinatorial I/O

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active highif SL1xis 1 and active
low if SL1x is 0.

PALLV16V8Z-30 Data Sheet 4-7
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Registered Active Low Registered Active High

VA
AY

)

]
/

Combinatorial I/O Active Low Combinatorial I/O Active High
Vce Vce
Note 1 Note 1
Combinatorial Output Active Low Combinatorial Output Active High

Notes: K}————G Adjacent /O pin
1. Feedback is not available on pins 15 and 16 in the Note 2

combinatorial output mode.

2. The dedicated-input configuration is not available Dedicated Input
on pins 15 and 16. 17422A-5
Figure 2. Macrocell Configurations
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Benefits of Lower Operating Voltage

The PALLV16V8Z has an operating voltage range of
3.0V to 3.6 V. Low voltage allows for lower operating
power consumption, longer battery life, and/or smaller
batteries for notebook applications.

Because power is proportional to the square of the volt-
age, reduction of the supply voltage from5.0 Vto 3.3V
significantly reduces power consumption. This directly
translates to longer battery life for portable applications.
Lower power consumption can also be used to reduce
the size and weight of the battery. Thus, 3.3-V designs
facilitate a reduction in the form factor.

A lower operating voltage results in a reduction of I/O
voltage swings. This reduces noise generation and pro-
vides a less hostile environment for board design. Lower
Operating Voltage also reduces electromagnetic radia-
tion noise and makes obtaining FCC approval easier.

Zero-Standby Power Mode

The PALLV16V8Z features a zero-standby power
mode. When none of the inputs switch for an extended
period (typically 50 ns), the PALLV16V8Z will go into
standby mode, shutting down most of its internal cir-
cuitry. The current will go to almost zero (lcc < 15 pA).
The outputs will maintain the states held before the
device went into the standby mode.

When any input switches, the internal circuitry is fully
enabled and power consumption returns to normal. This
feature results in considerable power savings for opera-
tion at low to medium frequencies. This savings is illus-
trated in the Icc vs. frequency graph on page 4-17.

Product-Term Disable

On a programmed PALLV16V8Z, any product terms
that are not used are disabled. Power is cut off from
these product terms so that they do not draw current. As
shown in the Icc vs frequency graph on page 4-17,
product-term disabling results in considerable power
savings. This savings is greater at the higher
frequencies.

Further hints on minimizing power consumption can be
found in the Application Note “Minimizing Power Con-
sumption with Zero-Power PLDs,” order #16948.

Power-Up Reset

Allflip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALLV16V8Z will de-
pend on whether they are selected as registered or
combinatorial. If registeredis selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic. Details on power-up reset can be
found on page 4-19.

Register Preload

The register on the PALLV16V8Z can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions fromillegal states can
be verified by loading illegal states and observing proper
recovery.

The preload function is not disabled by the security bit.
This allows functional testing after the security bit is
programmed.

Security Bit

A security bit is provided on the PALLV16V8Z as a
deterrent to unauthorized copying of the array configu-
ration patterns. Once programmed, this bit defeats
readback of the programmed pattern by a device pro-
grammer, securing proprietary designs from competi-
tors. However, programming and verification are also
defeated by the security bit. The bit can only be erased
in conjunction with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALLV16V82Z device. It consists of 64 bits of program-
mable memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALLV16V8Z can be programmed on standard
logic programmers. It also may be erased to reset a pre-
viously configured device back to its unprogrammed
state. Erasure is automatically performed by the pro-
gramming hardware. No special erase operation is
required. Approved programmers are listed on page
4-22.

Quality and Testability

The PALLV16V8Z offers a very high level of built-in
quality. The erasability if the device provides a direct
means of verifying performance of all the AC and DC
parameters. In addition, this verifies complete program-
mability and functionality of the device to yield the
highest programming yields and post-programming
function yields in the industry.

Technology

The high-speed PALLV16V8Z is fabricated with AMD’s
advanced electrically-erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
This technology provides strong input-clamp diodes,
output slew-rate control, and a grounded substrate for
clean switching.

PALLV16V8Z-30 Data Sheet 4-9
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LOGIC DIAGRAM
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

RespecttoGround ............. —-05Vto +7.0V

DC input Voltage . ... ....... 05V toVcc +05V

DC Output or I/O

PinVoltage ............... -05V toVec+05V
Static Discharge Voltage . ... ............. 2001V
Latchup Current

(TA=—40°Ct085°C)................... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Industrial (I) Devices
Operating Case

Temperature (Tc)
Supply Voltage (Vcc) with
Respect to Ground

—-40°C to +85°C

+3.0Vto+36V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter
Symbol | Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage VIN = ViH or ViL lon = —2 mA 2.4 v
Vce = Min lon=-100pA [Vcc-0.1V %
VoL Output LOW Voltage VIN = ViH or ViL loL =2 mA 0.4 \'
Vce = Min loL = 100 pA 0.1 Vv
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vcc +0.3| V
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
IIH Input HIGH Leakage Current VIN = Vce, Vec = Max (Note 2) 10 HA
he Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -10 nA
lozH Off-State Output Leakage Vout = Vcc, Vec = Max 10 HA
Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -10 HA
Current LOW VIN = ViH or ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 -150 | mA
Icc Supply Current Outputs Open (louT=0mA) | f=0MHz 15 nA
Vce = Max f =25 MHz 55 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. I/Opin leakage is the worst case of li. and lozL (or liH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4-12
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CiN Input Capacitance VIN=20V Veec =5.0V, Ta = 25°C, 5 pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
trD Input or Feedback to Combinatorial Output (Note 3) 30 ns
ts Setup Time from Input or Feedback to Clock 30
tH Hold Time 0 ns
tco Clock to Output 15 ns
twL Clock Width LOW 13 ns
tWH HIGH 13 ns
Maximum External Feedback | 1/(tsstco) 22 MHz
fmax Frequency Internal Feedback (fcNT) 38.4 MHz
(Note 4) No Feedback  [1/(ts+tH) 38.4 MHz
trzx OE to Output Enable 25 ns
trxz OE to Output Disable 25 ns
teA Input to Output Enable Using Product Term Control 30 ns
tER Input to Output Disable Using Product Term Control 30 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the trp will typically be about 2 ns faster.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

PALLV16V8Z-30 Data Sheet
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SWITCHING WAVEFORMS

Input or
Feedback vr
Input or 1s tH
Feedback %ZT
VT
t°D Clock tco
Combinatorial VT
Output )
Registered y
17422A-7 Output T
17422A-8
Combinatorial Output Registered Output
Input VT
twH
ter teA -
Clock VT . VoH - 0.5V
VT
Output VoL + 0.5V C
twi
17422A-9 17422A-10
Clock Width Input to Output Disable/Enable
\21
OE
tPxz tPzx
§ ?r VOH - 0.5V/7 7
Output VAl
P ——LbL VoL + o.5v\ll
17422A-11
OE to Output Disable/Enable
Notes:

1. Vr=1.5VforInput Signals and 1.65 V for Output Signals.
2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2-5 ns typical.

4-14 PAL Products
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady

May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
from Lto H

fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
g Impedance
“Off"” State
KS000010-PAL
SWITCHING TEST CIRCUIT
33V
S1
R1
Output Test Point
Rz CL
S2

i 17422A-12

Measured
Specification S1 S2 CL R1 R2 Output Value
tPD, tco Closed Closed 165V
tpzx, teA Z — H: Open Z — H: Closed 30 pF 165V
Z - L: Closed Z - L:Open 1.6K 1.6K
trxz, tER H —Z: Open H — Z: Closed H—-Z:VoH-05V
L Z: Closed L —Z: Open 5pF L—Z:VoL+05V

PALLV16V82-30 Data Sheet
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ENDURANCE CHARACTERISTICS

The PALLV16V8Z is manufactured using AMD's ad-
vanced Electrically Erasable process. This technology
uses an EE cell to replace the fuse link used in bipolar

parts. As a result, the device can be erased ar
reprogrammed — a feature which allows 100% testing .
the factory.

Symbol Parameter Min Units Test Conditions
toR Min Patiern Data Retention Time 10 Years Max Siorage
Temperature
20 Years Max Operating
Temperature
N Min Reprogramming Cycles 100 Cycles Normal Programming
Conditions
ROBUSTNESS FEATURES

The PALLV16V82Z-30 has some unique features that
make it extremely robust, especially when operating in
high-speed design environments. Input clamping
circuitry limits negative overshoot, eliminating the possi-

bility of false clocking caused by subsequent ringing.
special noise filter makes the programming circuil
completely insensitive to any positive overshoot tr
has a pulse width of less than about 100 ns.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vce
I
|
|
|
|
ESD Input |Programming ok
Protection Transition |_Pins only Programming Positive P .
and Detecton “————————— Voltage Overshoot | rcgrilrpmmg
Clamping Detection Filter freuitry
Typical Input
Vee
I Provides ESD
l Protection and
Clamping
Preload Feedback Input
= Circiitry input Transition
Detection
Typical Output 17422018
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POWER-UP RESET

The PALLV16V8 has been designed with the capability
to reset during system power-up. Following power-up,
all flip-flops will be resetto LOW. The output state will be
HIGH independent of the logic polarity. This feature pro-
vides extra flexibility to the designer and is especially
valuable in simplifying state machine initialization. A
timing diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

1. The Vcc rise must be monotonic.

2. Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time L
See Switching Characteristics
twi Clock Width LOW
4V Vce
Power
I tPR
Registered
Output / / 7l
[+ ts
Clock \\NK
twL
17422A-16
PALLV16V82-30 Data Sheet 4-19
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DEVELOPMENT SYSTEMS (subject to change)
For more information on the products listed below, please consult the AMD FusionPLD Catalog.

MANUFACTURER

COMPILERS

Advanced Micro Devices, Inc.

901 Thompson Place MS 1028
Sunnyvale, CA 94088-3543

(800) 222-9323 or (408) 732-2400

PALASM® Software Rev. 1.0

Cadence (Valid) Design Systems, Inc.
555 River Oaks Parkway

San Jose, CA 95134

(408) 943-1234

Contact Cadence

Capilano Computing Systems, Ltd.
960 Quayside Dr., Suite 406

New Westminster, B.C.

Canada V3M 6G2

(800) 444-9064 or (604) 522-6200

Contact Capilano

Data I/0

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746

(800) 332-8246 or (206) 881-6444

ABEL™-4 Software Rev. 2.0

ISDATA GmbH

Daimlerstr. 51

D-7500 Karlsruhe 21

Germany

0721/75 10 87 or (408) 373-7359 (U.S.)

LOG/iC™ Software Rev. 3.2

Logical Devices, Inc.

1201 E. Northwest 65th PI.

Fort Lauderdale, FL 33309

(800) 331-7766 or (305) 974-0967

CUPL™ Software Rev. 4.0

Mentor Graphics Corp.
8005 S.W. Beckman Rd.
Wilsonville, OR 97070-7777
(800) 345-2308

Contact Mentor Graphics

MINC Incorporated

6755 Earl Drive, Suite 200
Colorado Springs, CO 80918
(719) 590-1155

PLDesigner® Software Rev. 2.1

OrCAD

3175 N.W. Aloclek Dr.
Hillsboro, OR 97124
(503) 690-9881

Programmable Logic Design Tools Rev. 4.0

Viewlogic Systems, Inc.

293 Boston Post Road West
Mariboro, MA 01752

(800) 422-4660 or (508) 480-0881

Contact Viewlogic

MANUFACTURER

SCHEMATIC EDITORS AND LIBRARIES

OrCAD

3175 N.W. Aloclek Dr.
Hillsboro, OR 97124
(503) 690-9881

Contact OrCAD

Data /O

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746
(800) 32-8246 or (206) 881-6444

Contact Data /0

4-20

PAL Products




AMD a

DEVELOPMENT SYSTEMS (subject to change)

For more information on the products listed below, please consult the AMD FusionPLD Catalog.

Newbury Park, CA 91320
(805) 499-6867

MANUFACTURER SIMULATORS
ALDEC Company, inc.
3525 Old Conejo Rd., Suite 111 Contact ALDEG

Cadence (Valid) Design Systems, Inc.
555 River Oaks Parkway

San Jose, CA 95134

(408) 943-1234

Contact Cadence

iNt GmbH

Bunsenstrasse 6

D-8033 Martinsreid/Munich
Germany

(89) 857-6667

Contact iNt

Logic Automation, Inc.
19500 NW Gibbs Dr.
P.O. Box 310
Beaverton, OR 97075
(503) 690-6900

Contact Logic Automation

OrCAD

3175 N.W. Aloclek Dr.
Hillsboro, OR 97124
(503) 690-9881

Contact OrCAD

Viewlogic Systems, Inc.

293 Boston Post Road West
Mariboro, MA 01752

(800) 422-4660 or (508) 480-0881

Contact Viewlogic

MANUFACTURER

TEST GENERATION SYSTEM

Acugen Software, Inc.

427-3 Amherst St., Suite 391
Nashua, NH 03063

(603) 891-1995

Contact Acugen

Data l/O

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746

(800) 332-8246 or (206) 881-6444

Contact Data /O

iNt GmbH

Bunsenstrasse 6

D-8033 Martinsreid/Munich
Germany

(89) 857-6667

Contact iNt

Advanced Micro Devices is not responsible for any information relating to the products of third parties. The i

an endorsement by AMD of these products.

of such inf ion is not a repi ion nor

PALLV16V82Z-30 Data Sheet

4-21



n AMD

APPROVED PROGRAMMERS (subject to change)
For more information on the products listed below, please consult the AMD FusionPLD Catalog.

Manufacturer

Programmer Configuration

Advanced Micro Devices, Inc.

901 Thompson Place

Sunnyvale, CA 94088

(800) 222-9323 or (408) 732-2400

LabPro™ Rev. A1.3

Advin Systems, Inc.

1050-L East Duane Avenue
Sunnyvale, CA 94086
(408) 243-7000

U40 Rev. 10.36
U80 Rev. 10.36

BP Microsystems

10681 Haddington, Suite #190
Houston, TX 77043

(800) 225-2102 or (713) 461-9430

PLD-1128 Rev. 1.86

Data /0

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746

(800) 332-8246 or (206) 881-6444

UniSite™

Family/Pinout Codes:

DIP: Rev.3.6
Model 2900 Rev. 1.9
M3900 Rev. 1.3

80-E1

Digelec, Inc.

20144 Plummer St.

Chatsworth, CA 91311

(800) 367-8750 or (818) 701-9677
or

Digitronics

25 Galgaley Haplada St.

Herzliya B46722, Israel
52-55-9615

ALLPROS88 Rev. 2.2

Logical Devices, Inc.

1201 E. Northwest 65th PI.

Fort Lauderdale, FL 33309

(800) 331-7766 or (305) 974-0967

Contact Logical Devices

Micropross

Parc d'Activite des Pres

5, rue Denis-Papin

59650 Villeneuve-d'Ascq, France
(20) 47.90.40

Contact Micropross

4-22
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APPROVED PROGRAMMERS (continued) (subject to change)

Manufacturer Programmer Configuration

SMS North America, Inc.

16552 NE 135th PI.

Redmond, WA 98052

(800) 722-4122 or (206) 883-8447
or Contact SMS
SMS

Im Morgental 13

D-8994 Hergatz, Germany
07522-5018

Stag Microsystems
1600 Wyatt Dr. Suite 3
Santa Clara, CA 95054
(408) 988-1118

or Contact Stag
Stag House

Martinfield, Welwyn Garden City
Herfordshire UK AL7 1JT
707-332148

System General Corp.
510 S. Park Victoria Dr.
Milpitas, CA 95035
(408) 263-6667

or Contact System General
System General Corp.

3F, No. 1, Alley 8, Lane 45
Bao Shing Rd., Shin Diau
Taipei, Taiwan
2-917-3005

PALLV16V8Z-30 Data Sheet 4-23
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PHYSICAL DIMENSIONS*

PD 020

20-Pin Plastic DIP (measured in inches)

1.010
1.040

——
T
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.280
1
[
] e ] e— el e
,045 .090 .005
.065 110 MIN.
TOP VIEW .300
325
008
140 i i
.200 015 /.015
120 _—f .060
160 o
—||-— Fo ™
.01I4 7 L__3_§9__.| g‘sgzé:n 020
022 .430 12/18/91 c dc
SIDE VIEW END VIEW
PL 020
20-Pin Plastic Leaded Chip Carrier (measured in inches)
.020
042 .050 MIN
048 REF 042
oot 056
[ ]
K 1Y o o
.032 021
g2 %0 i Fas0 20
395 . 0 i REF 7330
l i i
| S S S S - .20_9_
) .350 015 )
356 120 06970D
385 165 _o Do o
395 .180
TOP VIEW SIDE VIEW

*For reference only. BSC is an ANSI standard for Basic Space Centering.
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PALLV22V10Z-25

Low-Voltage, Zero-Power 24-Pin EE CMOS Versatile

PAL Device

I

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

H Low-voltage operation, 3.3 V JEDEC
compatible

B Zero-power CMOS technology
— 15 pA standby current
— 25 ns first-access propagation delay

B Unused product term disable for reduced
power consumption

W Industrial operating temperature range
— Tc =—40°C to +85°C

W 3.3V (CMOS)and 5V (CMOS and TTL)-
compatibie inputs and /O

B Electrically-erasable technology provides
reconfigurable logic and full testability

B 10 macrocells programmable as registered or
combinatorial, and active high or active low to
match application needs

B Varled product term distribution allows up to
16 product terms per output for complex
functions

M Global asynchronous reset and synchronous
preset for Initialization

B Power-up reset for initialization and register
preload for testabliity

B Extensive third-party software and programmer
support through FusionPLD®" partners

H 24-pin SKINNYDIP®, 24-pin SOIC and 28-pin
PLCC packages save space

GENERAL DESCRIPTION

The PALLV22V10Z is an advanced PAL device built
with low-voltage, zero-power, high-speed, electrically-
erasable CMOS technology. It provides user-program-
mable logic for replacing conventional zero-power
CMOS SSI/MSI gates and flip-flops at a reduced chip
count.

The PALLV22V10Z provides high speed at low voltage
and zero standby power. At 15 nA maximum standby
current, the PALLV22V10Z allows battery powered op-
eration for an extended period.

The ZPAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

The product terms are connected to the fixed OR array
with a varied distribution from 8 to16 across the outputs
(see Block Diagram). The OR sum of the products feeds

the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial, and active
high or active low. The output configuration is deter-
mined by two bits controlling two multiplexers in each
macrocell.

AMD’s FusionPLD program allows PALLV22V10Z de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar. Please refer to
page 4-39 or the Software Reference Guide to PLD
Compliers for certified development systems, and page
4-41 or the Programmer Reference Guide for approved
programmers.

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended
10 help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice.

Publication# 17661 Rev. A Amendment®

Issue Date: March 1993
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PRELIMINARY
BLOCK DIAGRAM
CLK/lo li-
1 "
Programmable
AND Array
\v4 (44 x 132)
isee [Thioac hisse
CELL CELL _-PRESET
1/00 1/O1 1102 1/Os 1/04 1/0s 1106 1107 I/Os I/Os
17661A-1
CONNECTION DIAGRAMS
Top View
SKINNYDIP/SOIC PLCC
N/}
CLK/o[] 10 24 [ vee
W[ 2 23 [J 1/og
12[] 3 22 ] 1108
13} 4 21 Do, [ 1107
1[5 20 [ vos % 1106
1s[] 6 19 [l vos 05
] NC
16} 7 18 [J 104 ] 1/04
iz[] 8 17 Jvos ] 1103
8[] o 16 [J o2 ] 102
1o[] 10 15 [J 170
ho[] 11 14 [J oo
12 13
GNDC s 17661A-3
17661A-2
Note:
Pin 1 is marked for orientation.
PIN DESCRIPTION
CLK = Clock
GND = Ground
| Input
le} = Input/Output
NC = No Connect
Vcc = Supply Voltage
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ORDERING INFORMATION
Industrial Products

AMD programmable logic products for industrial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of these elements:

FAMILY TYPE
PAL = Programmable Array Logic

PAL LV 22 V 10225 P |

-L OPERATING CONDITIONS

TECHNOLOGY
LV = Low-Voltage

NUMBER OF

ARRAY INPUTS
OUTPUT TYPE

V = Versatile

NUMBER OF OUTPUTS

POWER

Z = Zero Power (15 pA icc standby)

Valid Combinations

PALLV22V10Z-25

P, Ji, SI

| = Industrial (-40°C to +85°C)

PACKAGE TYPE

P = 24-Pin 300-mil Plastic
SKINNYDIP (PD3024)

J = 28-Pin Plastic Leaded Chip
Carrier (PL 028)

S = 24-Pin Plastic Gull-Wing
Small Outline Package
(SO 024)

SPEED
-25 = 25 ns tpPD

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.

Consult the local AMD sales office to confirm
availability of specific valid combinations, and to
check on newly released combinations.

PALLV22V10Z-25 Data Sheet
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PRELIMINARY

FUNCTIONAL DESCRIPTION

The PALLV22V10Z is the low-voltage, zero-power ver-
sion of the PALCE22V10. It has all the architectural
features of the PALCE22V10. In addition, the
PALLV22V10Z has zero standby power and unused
product term disable.

The PALLV22V10Z allows the systems engineer to im-
plement the design on-chip, by programming EE cells to
configure AND and OR gates within the device, accord-
ing to the desired logic function. Complex interconnec-
tions between gates, which previously required
time-consuming layout, are lifted fromthe PC board and
placed onsilicon, where they can be easily modified dur-
ing prototyping or production.

Product terms with all connections opened assume the
logical HIGH state; product terms connectedto bothtrue
and complement of any single input assume the logical
LOW state.

The PALLV22V10Z has 12 inputs and 10 I/O macro-
cells. The macrocell (Figure 1) allows one of four poten-
tial output configurations; registered output or
combinatorial I/O, active high or active low (see Figure
2). The configuration choice is made according to the
user’s design specification and corresponding program-
ming of the configuration bits So - S1. Multiplexer con-
trols are connected to ground (0) through a
programmable bit, selecting the “0” path through the
multiplexer. Erasing the bit disconnects the control line
from GND and it floats to Vcc (1), selecting the “1” path.

The device is produced with a EE cell link at each input
to the AND gate array, and connections may be selec-
tively removed by applying appropriate voltages to the
circuit. Utilizing an easily-implemented programming al-
gorithm, these products can be rapidly programmed to
any customized pattern.

Variable Input/Output Pin Ratio

The PALLV22V10Z has twelve dedicated input lines,
and each macrocell output can be an I/O pin. Buffers for
device inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Registered Output Configuration

Each macrocell of the PALLV22V10Z includes a D-type
flip-flop for data storage and synchronization.The flip-
flop is loaded on the LOW-to-HIGH transition of the
clock input. In the registered configuration (S1 = 0), the
array feedback is from Q of the flip-flop.

Combinatorial I/O Configuration

Any macrocell can be configured as combinatorial by
selecting the multiplexer path that bypasses the flip-flop
(S1=1). Inthe combinatorial configuration the feedback
is from the pin.

o
AR 10
° DO ™M1 1
H DaQ 00 3 10n
CLK—P a 01
1
SP S17] l ] S So Output Configuration
So = 0 0 Registered/Active Low
0 0 1 Registered/Active High
—5'.} . 1 0 Combinatorial/Active Low
‘_—_— 1 1 Combinatorial/Active High

0 = Programmed EE bit
1 = Erased (charged) EE bit

17661A-4

Figure 1. Output Logic Macrocell
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AR S1=0

-0 So=0
°
.
°

CLK—P @

So=1
S1=0

Registered/Active High

So=0
St1=1

. <

Combinatorial/Active Low

So=1
S1=1

: &3

. <

Combinatorial/Active High
17661A-5

Figure 2. Macrocell Configuration Options

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/O pin, and may be con-
figured as a dedicated input if the buffer is always
disabled.

Programmable Output Polarity

The polarity of each macrocell output can be active high
or active low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is controlled by programmable bit So in the
output macrocell, and affects both registered and com-
binatorial outputs. Selection is automatic, based on the
design specification and pin definitions. If the pin defini-
tion and output equation have the same polarity, the out-
put is programmed to be active high (So = 1).

Preset/Reset

For initialization, the PALLV22V10Z has additional
Preset and Reset product terms. These terms are con-
nected to all registered outputs. When the Synchronous

Preset (SP) product term is asserted high, the output
registers willbe loaded with a HIGH on the next LOW-to-
HIGH clock transition. When the Asynchronous Reset
(AR) product term is asserted high, the output registers
will be immediately loaded with a LOW independent of
the clock.

Note that preset and reset control the flip-flop, not the
output pin. The output level is determined by the output
polarity selected.

Benefits of Lower Operating Voltage

The PALLV22V10Z has an operating voltage range of
3.0 Vto 3.6 V. Low voltage allows for lower operating
power consumption, longer battery life, and/or smaller
batteries for notebook applications.

Because power is proportional to the square of the volt-
age, reduction of the supply voltage from5.0 Vto 3.3V
significantly reduces power consumption. This directly
translates to longer battery life for portable applications.
Lower power consumption can also be used to reduce
the size and weight of the battery. Thus, 3.3 V designs
facilitate a reduction in the form factor.

A lower operating voltage results in a reduction of /O
voltage swings. This reduces noise generation and pro-
vides a less hostile environment for board design. Lower
operating voltage also reduces electromagnetic radia-
tion noise and makes obtaining FCC approval easier.
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Zero-Standby Power Mode

The PALLV22V10Z features a zero-standby power
mode. When none of the inputs switch for an extended
period (typically 30 ns), the PALLV22V10Z will go into
standby mode, shutting down most of its internal cir-
cuitry. The current will go to almost zero (lcc < 15 pA).
The outputs will maintain the states held before the de-
vice went into the standby mode.

If a macrocell is used in registered mode, switching pin
CLK/lp will not affect standby mode status for that mac-
rocell. If a macrocell is used in combinatorial mode,
switching pin CLK!/lo will affect standby mode status for
that macrocell.

This feature reduces dynamic Icc proportional to the
number of registered macrocells used. If all macrocells
are used as registers, and only CLK/lo is switching, the
device will not be in standby mode but dynamic lcc will
typically be < 2 mA. This is because only the CLK/lo
buffer will draw current.

When any input switches, the internal circuitry is fully en-
abled and power consumption returns to normal. This
feature results in considerable power savings for opera-
tion at low to medium frequencies.

Product-Term Disable

On a programmed PALLV22V10Z, any product terms
that are not used are disabled. Power is cut off from
these product terms so that they do not draw current.
Product-term disabling results in considerable power
savings. This savings is greater at the higher fre-
quencies.

Further hints on minimizing power consumption can be
found in the Application Note “Minimizing Power Con-
sumption with Zero-Power PLDs,” order #16948.

3.3V (CMOS) and 5 V (CMOS and TTL) Compatible
Inputs and I/O

Input voltages can be at TTL levels without the device
drawing more current than true 3.3 V CMOS levels. Ad-
ditionally, the PALLV22V10Z can be driven withtrue 5V
CMOS levels due to special input and /O buffer cir-
cuitry.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PALLV22V10Z will
depend on the programmed output polarity. The Vcc

rise must be monotonic and the reset delay time is
1000 ns maximum. Details on power-up reset can be
found on page 4-38.

Register Preload

The registers on the PALLV22V10Z can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions from illegal states can
be verified by loading illegal states and observing proper
recovery.

Security Bit

After programming and verification, a PALLV22V10Z
design can be secured by programming the security EE
bit. Once programmed, this bit defeats readback of the
internal programmed pattern by a device programmer,
securing proprietary designs from competitors. When
the security bit is programmed, the array will read as if
every bit is erased, and preload will be disabled.

The bit can only be erased in conjunction with erasure of
the entire pattern.

Programming and Erasing

The PALLV22V10Z can be programmed on standard
logic programmers. It also may be erased to reset a pre-
viously configured device back to its virgin state. Era-
sure is automatically performed by the programming
hardware. No special erase operation is required. Ap-
proved programmers are listed on page 4-41.

Quality and Testability

The PALLV22V10Z offers a very high level of built-in
quality.

The erasability of the CMOS PALLV22V10Z allows di-
rect testing of the device array to guarantee 100% pro-
gramming and functional yields.

Technology

The high-speed PALLV22V10Z is fabricated with
AMD’s advanced electrically-erasable (EE) CMOS
process. The array connections are formed with proven
EE cells. Inputs and outputs are designed to be 3.3 and
5 V device compatible. This technology provides strong
input-clamp diodes, output slew-rate control, and a
grounded substrate for clean switching.
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LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature ........... —65°C to +150°C Industrial (I) Devices

Ambient Temperature with Operating Case

Power Applied ................. -55°C to +125°C Temperature (Tc) ............ —40°C to +85°C
Supply Voltage with Respect Supply Voltage (Vcc) with

toGround .................... -05Vto+7.0V Respectto Ground ........... +3.0Vto+3.6V
DC Input Voltage .............. -05Vto+5.5V O tino AL define those limits b hich th

DC Output or /O Pin Voltage . . . .. OB V0485V e e rantand, oo en e fune:

Static Discharge Voltage . ... ............. 2001V
Latchup Current (Tc = —40°C to +85°C) .... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter

Symbol Parameter Description Test Conditions Min | Max | Unit

Vo Output HIGH Voltage VIN=VIHor ViL lon=-2mA | 24 \Y

Vce = Min loH = 100 pA| Vee- \Y

0.1

VoL Output LOW Voltage ViN=ViHorViL loL=2mA 0.4 Vv

loL = 100 pA 0.1 v

Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 5.5 \

Voltage for all Inputs (Notes 1, 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Notes 1, 2)

IH Input HIGH Leakage Current | Vin = Vcc, Vec = Max (Note 3) 10 | pA

e Input LOW Leakage Current | Vin=0V, Vcc = Max (Note 3) -10 | pA
lozn Off-State Output Leakage Vout = Vce, Vee = Max 10 A

Current HIGH VIN = ViHor ViL (Note 3)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -10 | pA
Current LOW ViN = ViHor ViL (Note 3)
Isc Output Shont-Circuit Current Vout = 0.5 V, Vcc = Max (Note 4) -15 | =75 | mA
Icc Supply Current Outputs Open (lout= 0 mA) | f = 0 MHz 15 HA
Vce = Max f =25 MHz 55 | mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. I/Opin leakage is the worst case of li. and lozL (or IiH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test probiems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CiN Input Capacitance ViN=2.0V Vec=33V
Ta = 25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter
Symbol | Parameter Description Min Max Unit
tro Input or Feedback to Combinatorial Output (Note 3) 25 ns
ts Setup Time from Input, Feedback or SP to Clock 15 ns
tH Hold Time 0 ns
tco Clock to Output 15 ns
tar Asynchronous Reset to Registered Output 25 ns
tarw Asynchronous Reset Width 25 ns
tARR Asynchronous Reset Recovery Time 25 ns
tsPR Synchronous Preset Recovery Time 25 ns
twi Clock Width | LOW 10 ns
twH HIGH 10 ns
Maximum | External Feedback | 1/(ts + tco) 33.3 MHz
Frequency
fmax (Note 4) Intemal Feedback (fcnr) 35.7 MHz
No Feedback [ 1/(wn +tw) 50 MHz
tea Input to Output Enable Using Product Term Control 25 ns
ter Input to Output Disable Using Product Term Control 25 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the trp may be slightly faster.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time
the design is modified where frequency may be affected.
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SWITCHING WAVEFORMS
input or
Feedback f v
Input or
Feedback vr s H
tpD Clock VT
Combinatorial vr tco
Output )
Registered
17661A-7 Output \"
17661A-8
Combinatorial Output Registered Output
Input VT
twH
teEr tea
Clock VT K VoK - 0.5V E
\%
Output VoL + 0.5V T
twL
17661A-9 17661A-10
Clock Width Input to Output Disable/Enable
Input > Input
Asserting 1ARW Asserting
Asynchronous )K VT Synchronous VT
Reset Preset
tAR ts tH tsPR
Registered
Output V1 Clock VT
tARR tco
Registered
Clock VT Omput VT
17661A-11 17661A-12
Asynchronous Reset Synchronous Preset
Notes:
1. Vr=1.5V for Input Signals and 1.65 V for Output Signals.
2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2 ns — 5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
from Lto H fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off" State
KS000010-PAL
SWITCHING TEST CIRCUIT
33V
; S1
% R1
Output O- j_ €@ Tost Point
R2 CL
S2
i 17661A-13
Measured
Specification | Si S2 CL R1 R2 Output Value
tro, tco Closed Closed 165V
tea Z — H: Open Z—>H:Closed | 30pF | 1.6KQ | 1.6KQ 165V
Z - L: Closed Z - L: Open
ter H—-2Z:Open H — Z: Closed 5 pF H->Z:Von-05V
L —»Z: Closed L - Z: Open L—>Z:VoL+05V
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fMAax Parameters

The parameter fmax is the maximum clock rate at which
the device is guaranteed to operate. Because the flexi-
bility inherent in programmable logic devices offers a
choice of clocked flip-flop designs, fmax is specified for
three types of synchronous designs.

The first type of design is a state machine with feedback
signals sent off-chip. This external feedback could go
back to the device inputs, or to a second device in a
multi-chip state machine. The slowest path defining the
period is the sum of the clock-to-output time and the in-
put setup time for the external signals (ts + tco). The re-
ciprocal, fmax, is the maximum frequency with external
feedback or in conjunction with an equivalent speed de-
vice. This fmax is designated ‘fmax external.”

The second type of design is a single-chip state ma-
chine with internal feedback only. In this case, flip-flop
inputs are defined by the device inputs and flip-flop out-
puts. Underthese conditions, the period is limited by the

internal delay from the flip-flop outputs through the inter-
nal feedback and logic to the flip-flop inputs. This fmaxis
designated “tmax internal”. A simple internal counteris a
good example of this type of design, therefore, this pa-
rameter is sometimes called “fcnt.”

The third type of design is a simple data path applica-
tion. In this case, input data is presented to the flip-flop
and clocked through; no feedback is employed. Under
these conditions, the period is limited by the sum of the
data setup time and the data hold time (ts + t+). How-
ever, a lower limit for the period of each fmax type is the
minimum clock period (twH + twi). Usually, this minimum
clock period determines the period for the third fmax,
designated “tmax no feedback.”

fmax external and fmax no feedback are calculated pa-
rameters. fmax externalis calculated fromts and tco, and
fmax no feedback is calculated from twL and twn. fmax in-
ternal is measured.

LOGIC

(Second Chip)

CLK
re—ee—————————————y———— A
| |
| V |
—t—’ L—i—»
: LOGIC * REGISTER i
1 -] |
U —— 4

fmax Internal (fonT)

CLK
rFm———emmmm——y ey m A
! |
\4
| |
$»| LOGIC |meeiel REGISTER ——}—>
|
|
|
A —— J

fmax No Feedback; 1/(ts + tH) or 1/(twH + twL)

17661A-14
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ENDURANCE CHARACTERISTICS

The PALLV22V10Z is manufactured using AMD's ad-
vanced Electrically Erasable process. This technology
uses an EE cell to replace the fuse link used in bipolar

parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at
the factory.

Symbol| Parameter Test Conditions Min Unit
tor Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles
ROBUSTNESS FEATURES

The PALLV22V10Z-25 has some unique features that
make it extremely robust, especially when operating in
high speed design environments. Input clamping
circuitry limits negative overshoot, eliminating the possi-

bility of false clocking caused by subsequent ringing. A
special noise filter makes the programming circuitry
completely insensitive to any positive overshoot that
has a pulse width of less than about 100 ns.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

T Vcc
|
|
|
|
|

ESD Input ! Programming =
Protection Transition LPins only Programming Positive P .
and Detection ——————=——x Voltage [—] Overshoot [—® r%g_ran)mlng
Clamping Detection Filter ircuitry
Typical Input
Vce
l Provides ESD
Protection and
l Clamping
Preload Feedback Input
= Circuitry Input  Transition
Detection
Typical Output
17661A-16
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POWER-UP RESET

The power-up reset feature ensures that all flip-flops will
be reset to LOW after the device has been powered up.
The output state will depend on the programmed pat-
tern. This feature is valuable in simplifying state ma-
chine initialization. A timing diagram and parameter
table are shown below. Due to the synchronous opera-
tion of the power-up reset and the wide range of ways
Vce can rise to its steady state, two conditions are re-

quired to ensure a valid power-up reset. These condi-
tions are:

B The Vcc rise must be monotonic.

B Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Description Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twi Clock Width LOW Characteristics
Vce
Power 27V
I trr
Registered [
Active-Low / / 7
Output L
ts
Clock \\*
L—- twe -‘I
17661A-17

Power-Up Reset Waveform
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DEVELOPMENT SYSTEMS (subject to change)

For more information on the products listed below, please consult the AMD FusionPLD Catalog.

MANUFACTURER

COMPILERS

Advanced Micro Devicss, Inc.

901 Thompson Place MS 1028
Sunnyvale, CA 94088-3543

(800) 222-9323 or (408) 732-2400

PALASM® Software Rev. 2.2 or later

Cadence (Valid) Design Systems, Inc.

655 River Oaks Parkway
San Jose, CA 95134
(408) 943-1234

Contact Cadence

Capilano Computing Systems, Ltd.

960 Quayside Dr., Suite 406

New Westminster, B.C.

Canada V3M 6G2

(800) 444-9064 or (604) 522-6200

Contact Capilano

Data I/O

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746

(800) 332-8246 or (206) 881-6444

ABEL™-4 Software Rev. 2.0 or later

ISDATA GmbH
Daimlerstr. 51
D-7500 Karlsruhe 21

Germany
0721/75 10 87 or (408) 373-7359 (U.S.)

LOG/C™ Software

Logical Devices, Inc.

1201 E. Northwest 65th PI.

Fort Lauderdale, FL 33309

(800) 331-7766 or (305) 974-0967

CUPL™ Software Rev. 2.11 or later

Mentor Graphics Corp.
8005 S.W. Beckman Rd.
Wilsonville, OR 97070-7777
(800) 345-2308

Contact Mentor Graphics

MINC Incorporated

6755 Earl Drive, Suite 200
Colorado Springs, CO 80918
(719) 590-1156

PLDesigner® Software

OrCAD

3175 N.W. Aloclek Dr.
Hillsboro, OR 97124
(503) 690-9881

Programmable Logic Design Tools

Viewlogic Systems, Inc.

293 Boston Post Road West
Mariboro, MA 01752

(800) 422-4660 or (508) 480-0881

Contact Viewlogic

MANUFACTURER

SCHEMATIC EDITORS AND LIBRARIES

OrCAD
3175 N.W. Aloclek Dr.

Hillsboro, OR 97124 Contact OrCAD
(503) 690-9881

Data /0

10525 Willows Road N.E.

P.O. Box 97046 Contact Data /0

Redmond, WA 98073-9746
(800) 332-8246 or (206) 881-6444

PALLV22V102-25 Data Sheet
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DEVELOPMENT SYSTEMS (subject to change)
For more information on the products listed below, please consult the AMD FusionPLD Catalog.

Newbury Park, CA 91320
(805) 499-6867

MANUFACTURER SIMULATORS
ALDEC Compapy, Inc. )
3525 Old Conejo Rd., Suite 111 Contact ALDEC

Cadence (Valid) Design Systems, Inc.
555 River Oaks Parkway

San Jose, CA 95134

(408) 943-1234

' Contact Cadence

iNt GmbH

Bunsenstrasse 6

D-8033 Martinsreid/Munich
Germany

(89) 857-6667

Contact iNt

Logic Automation Inc.
19500 NW Gibbs Dr.
P.O. Box 310
Beaverton, OR 97075
(5083) 690-6900

Contact Logic Automation

OrCAD

3175 N.W. Aloclek Dr.
Hillsboro, OR 97124
(503) 690-9881

Contact OrCAD

Viewlogic Systems, Inc.

293 Boston Post Road West
Marlboro, MA 01752

(800) 422-4660 or (508) 480-0881

Contact Viewlogic

MANUFACTURER

TEST GENERATION SYSTEM

Acugen Software, Inc.
427-3 Amherst St., Suite 391
Nashua, NH 03063

(603) 891-1995

ATGEN™ Software

Data /O

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746

(800) 332-8246 or (206) 881-6444

PLDtest™ Plus Software

iNt GmbH

Bunsenstrasse 6

D-8033 Martinsreid/Munich
Germany

(89) 857-6667

Contact iNt

Advanced Micro Devices is not responsible for any information relating to the products of third parties. The inclusion of such information is not a representation nor

an endorsement by AMD of these products
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APPROVED PROGRAMMERS (subject to change)
For more information on the products listed below, please consult the AMD FusionPLD Catalog.

(408) 243-7000

Manufacturer Programmer Configuration
Advin Systems, Inc.

1050-L East Duane Avenue U40 Rev. 10.36
Sunnyvale, CA 94086 U84 Rev. 10.36

BP Microsystems

10681 Haddington, Suite #190
Houston, TX 77043

(800) 225-2102 or (713) 461-9430

PLD-1128 Rev. 1.55

Data I/O

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746

(800) 332-8246 or (206) 881-6444

UniSite™ Family/Pinout Codes:
DIP: Rev.3.4 -
PLCC: Rev.34

Logical Devices, Inc.

1201 E. Northwest 65th PI.

Fort Lauderdale, FL 33309

(800) 331-7766 or (305) 974-0967

Contact Logical Devices

Micropross

Parc d’Activite des Pres

5, rue Denis-Papin

59650 Villeneuve-d'Ascq, France
(20) 47.90.40

Contact Micropross

SMS North America, Inc.

16552 NE 135th PI.

Redmond, WA 98052

(800) 722-4122 or (206) 883-8447
or

SMS

Im Morgental 13

D-8994 Hergatz, Germany
07522-5018

Contact SMS

Stag Microsystems

1600 Wyatt Dr. Suite 3

Santa Clara, CA 95054

(408) 988-1118

or

Stag House

Martinfield, Welwyn Garden City
Herfordshire UK AL7 1JT
707-332148

Contact Stag

System General Corp.
510 S. Park Victoria Dr.
Milpitas, CA 95035

(408) 263-6667

or

System General Corp.

3F, No. 1, Alley 8, Lane 45
Bao Shing Rd., Shin Diau
Taipei, Taiwan
2-917-3005

Turpro-1 Rev. 1.50

PALLV22V10Z-25 Data Sheet
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PHYSICAL DIMENSIONS*
PD3024
24-Pin 300-mil Plastic SKINNYDIP (measured in inches)

e 1150 -
I 1.270
o T s T e O s O e T s O s T e O s T s T e B 0 |
240
1 .280
o
| N SN SN R S gy Su— S | Sy w—
—»L — L— ’ I I ¢ l-—
.030 .045 -090 005
MIN .065 110 ;
MIN
015
.060
140 | 008
.200 * .015
T —lle— 014 )
125 022 % 07089F-002
.160 BC 4
12/10/90 cd
PL 028

28-Pin Plastic Leaded Chip Carrier (measured in inches)

+

.020
MIN

.30
RE

.090

.042 .050
.048 REF 042
HE oo ohdie 056 "1
@
E bd
] .032
485 450 E ]T
.495 .456
i i
i I
i i
450 | 015
.456
.485
DT
TOP VIEW

0 390
F .430

.120 06751F
165 BV 8 PL 028
"Tm-’ 12/3191 c de
SIDE VIEW
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PHYSICAL DIMENSIONS*
SO 024

24-Pin Plastic Gull-Wing Small Outline Package (measured in inches)

LR A RRARE

2914 3940
. .2992 4190
0 _ 9 '
J L TOP VIEW
045
.055
- 5985
- 6141 = '
10926
1043 | If( )ih § 0001
Il L _.l Lj.0125
.0040 o
.0138 0118 8° .016
0192 : 050
o
SIDE VIEW END VIEW 004

*For reference only. BSC is an ANSI standard for Basic Space Centering.
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Sales Offices

North American

ALABAMA (205) 882-9122

ARIZONA ..o (602) 242-4400

CALIFORNIA,
Culver City
Newport Beach ..
Sacramento(RosewlIe)

.(408) 452-0500

Woodland Hills ... ~(818) 992-4155
CANADA, Ontario,

Kanata (613) 592-0060

Willowdale ...(416) 222-7800

COLORADO ..... (303) 741-2900
CONNECTICUT ...... ...(203) 264-7800
FLORIDA,

Clearwater (813) 530-9971

Ft. Lauderdale ....
Orlando (Longwood).

...(407) 361-0050
...(407) 862-9292

GEORGIA ...(404) 449-7920
IDAHO ..ot (208) 377-0393
ILLINOIS,

Chicago (ltasca) .... ...(708) 773-4422

Naperville.... (708) 505-9517
MARYLAND ...... (301) 381-3790
MASSACHUSETTS (617) 273-3970
MINNESOTA ...(612) 938-0001
NEW JERSEY,

Cherry Hill..... (609) 662-2900

Parsippany ... ...(201) 299-0002
NEW YORK,

Brewster ...(914) 279-8323

Rochester ... ...(716) 425-8050
NORTH CAROLINA

Charlotte ... ...(704) 875- 3091

...(919) 878- 8111

...(614) 891-6455
(513) 439-0268
(503) 245-0080
...(215) 398-8006

...(512) 346-7830
(214) 934-9099
...(713) 376-8084

Interna t lanal
BELGIUM, Antwerpen

FRANCE, Paris

(03) 248 43 00
.(03) 248 46 42
(1) 49-75-10-10
...(1) 49-75-10-13

GERMANY,
Bad Homburg .(06172)-24061

.(06172)-23195

Mdnchen ... ....(089) 45053-0
(089) 406490
HONG KONG, ..........ccceouc ..(852) 865-4525
Wanchai (852) 865-4335
ITALY, Milano .................. ....(02) 3390541
..(02) 38103458

JAPAN,
AtSUQGi ... ...(0462) 29-8460
(0462) 29-8458
Kanagawa .................... (0462) 47-2911
(0462) 47-1729
Tokyo ... (03) 3346-7550
(03) 3342-5196
Osaka .......cocoevvvecnnee (06) 243-3250
(06) 243-3253
KOREA, Seoul.... (82) 2-784-0030

(82) 2-784-8014

International (continued)
LATIN AMERICA,
Ft. Lauderdale

...(305) 484-8600
(305) 485-9736

SINGAPORE...........cco..... ...(65) 3481188
...(65) 3480161

SWEDEN,
Stockholm area ... ..(08) 98 61 80
(Bromma) ..(08) 98 09 06
TAIWAN, Taipei ............... ..(886) 2-7153536

(886) 2-7122183
(0925) 830380

UNITED KINGDOM,
Manchester area

(Warrington) ..(0925) 830204
London area ................ ..(0483) 740440
(Woking) ..(0483) 756196

North American Representatlves -
CANADA
Burnaby, B.C. - DAVETEK MARKETING...........(604) 430-3680
Kanata, Ontario — VITEL ELECTRONICS ........ .(613) 592-0060
Mississauga, Ontario — VITEL ELECTRONICS . (416) 564-9720
Lachine, Quebec — VITEL ELECTRONICS ........ (514) 636-5951
ILLINOIS

Skokie — INDUSTRIAL

REPRESENTATIVES,INC
INDIANA

Huntington — ELECTRONIC MARKETING

...(708) 967-8430

CONSULTANTS, INC .....oooocooereeees e (317) 921-3450
Indianapolis — ELECTRONIC MARKETING
CONSULTANTS, INC ..ooorseeees oo (317) 921-3450

IOWA
LORENZ SALES ....ooooecevee oo seeeess e (319) 377-4666

KANSAS

Merriam — LORENZ SALES ..

Wichita — LORENZ SALES....
KENTUCKY

ELECTRONIC MARKETING

CONSULTANTS, INC ... (317) 921-3452
MICHIGAN

Holland - COM-TEK SALES, INC

Brighton — COM-TEK SALES, INC
MINNESOTA

Mel Foster Tech. Sales, Inc. ........
MISSOURI

..(913) 469-1312
....(316) 721-0500

....(616) 335-8418
....(313) 227-0007

...(612) 941-9790

LORENZ SALES ..ot (314) 997-4558
NEBRASKA

LORENZ SALES ..o, (402) 475-4660
NEW MEXICO

THORSON DESERT STATES ........cccoccvnenee (505) 883-4343
NEW YORK

East Syracuse — NYCOM, INC ................... (315) 437-8343

Hauppauge — COMPONENT

CONSULTANTS, INC ..o (516) 273-5050
OHIO

Centerville - DOLFUSS ROOT & CO .(513) 433-6776

Columbus — DOLFUSS ROOT & CO . .(614) 885-4844

Westlake — DOLFUSS ROOT & CO................ (216) 899-9370
OREGON

ELECTRA TECHNICAL SALES, INC .............
PENNSYLVANIA

RUSSELL F. CLARK CO.,INC. ....
PUERTO RICO

COMP REP ASSOC, INC ..o (809) 746-6550
UTAH

Front Range Marketing ".............ccccoevienineninns (801) 288-2500
WASHINGTON

ELECTRA TECHNICAL SALES ........cccoeevene (206) 821-7442
WISCONSIN

Brookfield — INDUSTRIAL

REPRESENTATIVES,INC ........ccccoemniniirnnan (414) 789-9393

(503) 643-5074

...(412) 242-9500
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