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a AMD

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 persuasive 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-voit Am386™ microprocessor in October 1991, plus the
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 combina-
tion 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 IC
developments for new markets.

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

DISTINCTIVE CHARACTERISTICS

B Operating voitage 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 for4.5 Vto 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)

B 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 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 (NM)

—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
® “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

O Intel i386DX @ 5.0 V
A Am386DXL CPU@ 5.0 V
O Am386DXLVCPU@ 3.3V

250 1+
200 -1
lec (mA) 150 1
100 1~
501

0 L ! I 1 ]

T — 1 T T T

0 2 16 20 25 33
Frequency (MHz)

Note: Inputs at Vec or Vss.

Typical Power Consumption

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 discontinue

work on this proposed product without notice.

Publication #:16306  Rev. D Amendment 0
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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.

Am386 Family Products 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 V reduces 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 I/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.

SMi 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

16306B-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 signais 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 Am386DXLV Microprocessor Data Sheet
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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
High for two CLK2 cycles prior to releasing the drive of
SML.

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 external 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 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 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 SMipin, there is also a software induced
SMI mechanism. Generating a soft SMiinvolves setting
acontrolbit 12 in Debug Register 7 (DR7) and executing
an SMt 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 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 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.

The UMOV instruction can use any of the 386 address-
ing modes, as specified in the ModR/M byte of the op-

Am386 Family Products 1-7
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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/O Instruction Break

The Am386DXLV processor has an I/O instruction
break feature that allows the system logic to implement
1/O trapping for peripheral devices. To enable the I/O in-
struction break feature, IIBEN 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 I/O instruction that caused the
break. (if the I/O instruction break feature is not enabled
via lIBEN, several instructions 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 assernted
and modify the peripheral’s state.

The SMI service routine normally retums to the instruc-
tion following the I/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
defaultis to retum to the following instruction (except for
REP 1/O strings). To re-execute the 1/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 SMi s in re-
sponse to an I/O trap with IIBEN active.

Note that the I/O instruction break feature is not enabled
for memory mapped I/O devices or for 80387 bus cy-
cles, even if IIBEN is active.

1/0 Instruction Break Timing

The I/0O 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 /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 intemnal 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 Icc 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 Am386DXLV Microprocessor Data Sheet
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CONNECTION DIAGRAM
132-Lead Plastic Quad Flat Pack (PQFP) Package — Top Side View

© O NOOLHEWN

Top Side View

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.

Am386 Family Products 1-9
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CONNECTION DIAGRAM
132-Lead Plastic Quad Flat Pack (PQFP) Package — Pin Side View
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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 Dé 13 D28 112 | Vec 16 Vss 51
A3 68 A25 97 D7 12 D29 109 22 55
A4 69 A26 98 D8 9 D30 108 34 57
A5 70 A27 100 Dy 7 D31 107 49 64
A6 T A28 101 D10 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
A1l 77 BEO 31 D15 130 IIBEN 58 110 91
A12 78 BET 32 D16 129 INTR 53 117 92
A13 79 BE2 33 D17 128 | LOCK 42 123 105
A14 81 BE3 38 D18 126 Mo 40 127 111
A15 82 BS16 29 D19 125 NA 30 Vss 1 114
A16 84 Y 46 D20 124 NMI 52 10 122
A17 86 CLK2 24 D21 121 PEREQ 50 1 132
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 | 3MmI 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 71 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 FLT 76 A10 | 98 A26 120 D22
11 Vss 33 BEZ 55 Vss 77 A11 | 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 Vec
14 D5 36 SMIRDY| 58 IIBEN 80 Vss 102 A29 124 D20
15 D4 37 SMIADS | 59 SMI 81 A14 | 103 A30 125 D19
16 Voo 38 BE3 60 NC 82 A15 | 104 A31 126 D18
17 D3 39 NC 61 NC 83 Vss 105  Vss 127 Vee
18 D2 40 Vi) 62 NC 84 A16 | 106  Vcc 128 D17
19 D1 41 DS 63 NC 85 Vee 107 D31 129 D16
20 Do 42 LOCK 64 Vss 86 A17 | 108 D30 130 D15
21 Vss 43 WR 65 Vss 87 A18 | 109 D29 131 D14
22 Vee 44 Vss 66 Vss 88 A19 | 110 Vee 132 Vss

Am386 Family Products
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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

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

NG 80386DXLV —25F
258

Valid Combinations 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.

1-12 Am386DXLV Microprocessor Data Sheet
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LOGIC SYMBOL
2X Clock P CLK2 031-Do K _32_ > DataBus
< TZo ] As-a2
Addreas FLT[¢é———  Float
< 4__| BE3-BEO
RESET ¢—
NMI le Interrupt
—P| 5576 Control
16 INTR j¢——
Bus | @——ADS
Cycle —
Control | ———P|NA Am386DXLV
——  »|READY Microprocessor
PEREQ [¢— Math
4+———WR BUSY [ | Coprocessor
Control
Bus 44— D/C ERROR [¢——
Cycle | ¢—— M@
Definition
4—]LOCK SWI
System
SMIADS » | Management
MIRDY [¢——— | Mode
¢ Control
HOLD HLDA
Bus Arbitration
Control
15021B-003
Am386 Family Products 1-13
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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, M/IO, 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 data buses.
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, 1/0, and interrupt acknow-
ledge read cycles and outputs data during memory and
1/0 write cycles.

D/C

Data/Control (Output)

Abus 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.

TBEN

1/0 Instruction Break Enable (Active Low; Input)
Enables the I/O 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.

M/i0

Memory I/O (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.

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; Input/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. SMiis 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/IO, 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 READYpin does
for the Normal Mode address space. SMIRDY 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.

WR

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 .. 0.5V 1o +7V
Ambient Temperature Under Bias . . —-65°C to +125°C Voltage on Other Pins ........ -0.5Vto Vec +0.5V

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
Vee=3.0Vto 3.6 V; Tease =0°C to +100°C

Preliminary
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 \
Vi CLK2 Input Low Voltage (Note 1) -0.3 0.8 \
Vine CLK2 Input High Voltage (25 MHz) 24 Vec+0.3 \
Vou Output Low Voltage (Note 5)
lo.=0.5 mA: A31-A2, D31-D0 0.2 v
lo.=0.5 mA: BE3-BEO, W/R, D/C, M/IO, 0.2 \"
LOCK, ADS, SMIADS, HLDA, SMi
lo.=2 mA: A31-A2, D31-D0 0.45 \'
loo=2.5 mA: E—BEO, W/ﬁ, D/b—, M/B, 0.45 \'
LOCK, ADS, SMIADS, HLDA, SMi
Vou Output High Voltage (Note 5)
lon=0.1 mA: A31-A2, D31-D0 (Note 6) Vee-0.2 \'
low=0.1 mA: BE3-BEQO, Vee—-0.2 \"
W/R, D/C, M/I, LOCK,
ADS, SMIADS, HLDA, SMi
lon=0.5 mA: A31-A2, D31-D0 Vec—0.45 \"
lon=0.5 mA: BE3-BEO, Vec—0.45 Vv
W/R, D/C, M/IG, LOCK,
ADS, SMIADS, HLDA, SMi
m Input Leakage Current 0V<SVin<Vee
(All pins except BS16, PEREQ, 1IBEN, (Note 7) +10 HA
BUSY, FLT, ERROR, SMi, and SMIRDY)
I Input Leakage Current Vin=Vec-0.1V 300 pA
(PEREQ Pin) Vin=2.4 V (Note 2) 200
e Input Leakage Current Vi=0.1V -300 pA
(BS16, BUSY, FLT, ERROR, SMi, 1IBEN, Vii=0.45V (Note 3) -200
and SMIRDY)
lo Output Leakage Current 0.1 V<Vour<Vee +15 HA
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. 256 MHz lcc Typ =95 115 mA
locse Standby Current (Note 8) lccsa Typ =10 pA 150 pA
Ciw Input or I/O Capacitance Fc=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.
2. PEREQ input has an internal pull-down resistor.
3. BS16, BUSY, FLT, ERROR, SMI, SMIRDY, and 1IBEN 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 TIBEN leakage Low will be I, when pull-up is inactive and | 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 affect device reliability.

OPERATING RANGES

Supply Voltage with Respect to Vss . .

Voltage on Other Pins .......

tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL Operating Ranges

Vec=4.5V 10 5.5 V; Tcase = 0°C to +100°C

-05Vto+7V

.=05VtoVcc +0.5V
Operating ranges define those limits between which the func-

Preliminary
Symbol | Parameter Description Notes Min Max Unit
Vi Input Low Voltage (Note 1) -0.3 0.8 \
Viu Input High Voltage 2.0 Vec+0.3 \"
Vi CLK2 Input Low Voltage (Note 1) -0.3 0.8 Vv
Vine CLK2 Input High Voltage (33 MHz) 2.7 Vec+0.3 Vv
VoL Output Low Voltage (Note 5)
lo.=4 mA: A31-A2, D31-D0 0.45 Vv
loo=5 mA: m W/ﬁ, D/E, 0.45 \")
M/G, LOCK, ADS, SMIADS,
HLDA, SMi
Vo | Output High Voltage (Note 5)
lon=1 mA: A31-A2, D31-D0 (Note 6) 24 v
lon=0.9 mA: BE3-BEO,W/R, 24 v
D/C, M/G, LOCK, ADS,
SMIADS, HLDA, SMi
lu Input Leakage Current 0V<SVingVee +15 wA
(All pins except BS16, PEREQ, (Note 7)
IBEN, BUSY, FLT, SMi, SMIRDY,
and ERROR)
I Input Leakage Current V=24V 200 A
(PEREQ Pin) (Note 2)
h Input Leakage Current Vi.=0.45 —400 HA
(BST8, BUSY, FLT, SMi, SMIRDY, (Note 3)
1IBEN, and ERROR)
lo Output Leakage Current 0.45V < Vour<sVee +15 pA
lec Supply Current (Note 8) Vec =5.0V Vee =55V
CLK2 =40 MHz: Oper. Freq. 20 MHz | lec Typ=130 155 mA
CLK2 =50 MHz: Oper. Freq. 25 MHz | lcc Typ=160 190 mA
CLK2 =66 MHz: Oper. Freq. 33 MHz | lcc Typ=210 245 mA
lecse Standby Current (Note 8) lecss Typ =20 pA 150 pA
Cw Input or /0 Capacitance Fo=1 MHz (Note 4) 10 pF
Cour Output Capacitance Fe=1 MHz (Note 4) 12 pF
Cow CLK2 Capacitance Fc=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. 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. Vo is only valid for SMi when exiting SMM for two CLK2 cycles.
7. SMi and TTBEN leakage Low will be 1. 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 drivento 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.

Outputs W/R, D/C, M/IO, LOCK, BE3-BEO, ADS,
A31-A2, HLDA, and SMIADSonly change at the begin-
ning of phase one. D31-D0 (write cycles) and SMi only
change at the beginning of phase two. The READY,
HOLD, TIBEN, BUSY, ERROR, PEREQ, FLT, D31-D0,
and SMIRDY/(read cycles) inputs are sampled atthe be-
ginning of phase one. The NA, BS16, INTR, NMI, and
SMiinputs are sampled at the beginning of phase two.

CLK2 iV7
————@——
(A31-A2, D/C, ADS, - > win Max
BE3-BEO, M/10, Valid V. V. Valid
W/R, [OCK, HLDA, | Outputn \ | Output n+1
SMIADS) - =

(D31-Do, SM) |:

I Note

Max

. Valid
T Output n+1

Valid
Output

(NA, BSTS,
INTR, NMI, SMI)

[

Valid
Input Vr 2

(READY, HOLD,
FLT, ERROR, BUSY,
TIBEN, PEREQ,

D31-Do, SMIRDY)

[

Legend: A—Maximum Output Delay Spec
B—Minimum Output 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.

I Note

Voo e v g

16306B-003

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

Vec=3.0 V10 3.6 V; Tcase =0°C to +100°C

Preliminary

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 High Time at Viue 4 4 ns
3 CLK2 Low Time at0.8V 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-BEOG, LOCK Float Delay (Note 1) 13 4 30 ns
10 W/R, MAG, D/C, ADS Valid Delay C.=50 pF 3,6 4 17 ns
10s | SMIADS Valid Delay C.=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-DO0 Write Data Hold Time C.=50 pF 3,8 2 ns
13 D31-D0 Float Delay (Note 1) 13 4 22 ns
14 HLDA Valid Delay C.=50 pF 3,13 4 22 ns
14 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 | SMIRDYHold 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 NM|, 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 | SMiHold 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 .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=4.5V t0 5.5 V; Tcase = 0°C to +100°C

Preliminary

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 Vine 4 45 ns
3 CLK2 Low Time at 0.8V 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/iG, 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, MAG, 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-DO 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 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 | SMiHold Time 5 4 ns
29 PEREQ, ERROR, BUSY, FLT,

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

TIBEN 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 |10 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 o———l_
g C.

Cuincludes all parasitic capacitances.

15021B-072
Figure 3. AC Test Load
" t1
2
VHC — — —-—f— !
CLK2 20V — Z
08V{4+—— —_—y
t5 " 13 t4
Figure 4. CLK2 Timing 16306B-004
1-21
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SWITCHING WAVEFORMS
Tx 02 01 Tx 02 o1 Tx
t19,119s | 120,120s |

X

READY
SMIRDY

HOLD

121 122

129

BUSY, IBEN,
ERROR,
PEREQ, FLT

I
[
[
car-oo |
[
[
I

l 127, 127s

128, 128s

INTR, NMI, [
SMI
16306B-005
Figure 5. Input Setup and Hold Timing
62 01 Tx 02 01
oue [ f\_/_\__iw
18 - ol
BE3-BED, -
TOCK |: Valid
t10, t10s
W/R, M/iQ, .
D/C, ADS, [ Valid
SMIADS
16
A31-A2 [ Validn )
|
Max
SMi [ Valid n+1
Figure 6. Output Valid Delay Timing 16306B-006
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T
o1 62

we [/ N F

Max

< Valid n

15021B-076
Figure 7. Write Data Valid Delay Timing
T
o1 02
axe | _/17{_\_/—\_
WA [
Min
t12a
D31-D0 [ Valid n
15021B-077

Figure 8. Write Data Hold Timing
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<4——— Reset > | Internal Initializaton ——|  Cycle 1
> 15 CLK2 duration if not i
going to request self-test. NO"(;;‘;ZI;"“

> 80 CLK2 duration before If self-test is performed, add
requesting s:I;-at:;t. ( (2%°)+ 60* to these numbers T T2

*

o
1 2 3117 18 |19 ||395 [396 397 |398

cve [ UL Loy uyyyuye

* Approximately
Reset I: / \
[o2]o1]o2|[e1]o2]|01][¢ 2[e1]62

CLK (Internal) [ DCXDOCX: @OOCX?‘\_/’ \_/_\_ /_ \_/_M

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

o XX | || RXXXRX
Low to begin self-test (Note 2) Asserted to indicate 387DX
(4% math coprocessor protocol

Up to 30 CLK2 —»

Low || During Reset Valid 1

High|| During Reset m Valid 1
Up to 30 CLK2 —¥

ADS I: High|| During Reset

Up to 30 CLK2 —¥

w
m
(r)
m
O
s
3
[ | [ [ [ |

ssrs [ XXXXXXXXXXN
reaoy [ XOKKXXXXXN
p31-Do [ YOO ---1f------ (Floating)- = = = = == = = =
swi [ XXX |

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

fotl lotl lotl et Jetl fet1l Tlotl let]l let1|l Jo1]

cLk2 [

% AN /
Contol [ X__Vall__r-----eeoeeeeeeeeeeeaaaas < X

0 R @ S G ™D SEPRPEREEPRPPREEEERERPLRR < —X
Address [ — X Valid ) TR R U < X

Reset [ /

smi [ X Valid | Ymmeemmmmm e aa e < )4

Figure 10. Entering and Exiting FLT 16306B-008
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lo1] o1l lotl o1l o1l letl o]
- - SMMin progress || 00— __--.
- foTTTTTeet - Drive released by CPU
- # 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 releases control of SMiand
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. Inlilatlng and Exiting SMM

lo2] [ R T O R A 22 I

| —
=

RESET / CPU drives SMI High for two CLK2 cycles 6 to 8

clocks after RESET is asserted.

| —

16306B-010

Figure 12. RESETand S
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CLK2

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

A31-A2

D31-Do

HLDA

o
g

Cycle 0 Cycle 1 Cycle 2
19 — . t8 >
Min Max Min Max
11 (Hehz | ——T ]
t11, t11s t10t10s
Min Max Min Max
[ Hehz | — T
t6 >
v Min Max Min Max
[ I Hehz) | |— T
t13 2
Min Max 2 Min Max
| [T Hehz | |———]

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

t14 t14
Min Max

Min Max

Valid 0

Valid 1

. ( Valid 2

Min
131

Max Min Max
131

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

16306B-011
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92 61 62 o1 02
CLkz [ l_\_7£—\__7‘_\_7
e Min Max ° Min Max
m[ 1]
LoCK (High Z)
t11, t11s t10 t10s
WA, M, [ Min Max Min Max
D/C, ADS, — — T Fen |~ I —1 1
SVITADS (High Z)
v Min Max 6 Min Max
A31—A2|: — — 11 — —|— — —+ —
(High 2)
13 Min Max 12 Min Max
D31—0|: — 11—t —
o (High 2)
14 Min Maxt14 Min Max
H [ p—— — et ——]— —— — —]
LDA (High 2)
SMi I:
82 =+ Min Max 131 Min Max
— 77 S R S—
Figure 14. Output Float Delay Entering and Exiting FLT 16306B-012
RESET Initialization Sequence
62o0r01 ¢2o0rd1 o2 01
CLK2
126
DEQET I- b
[ s ) L \\ \
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
Am386 Family Products 1-27



nAMD PRELIMINARY

nom + 6 I I I

nom + 3 |— —

nom
Output Valid Delay (ns)

nom -3

nom -6

nom -9 | |
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 (C.=120 pF)

nom +9 [— | ] |

nom + 6

nom+3

Output Valid Delay (ns)

nom
nom -3
nom -6 l l
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 |— | l |

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 T | T
Rise Time (ns) 0.8 V-2.0V
2 — p—
8 l l |
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. Preliminary; package in development.

PQ 132 — Plastic Quad Flat Pack; Trimmed and Formed (all measurements in inches)

1401 1

1.075
1.085
1.097
1.10
Pin11.D. —\
[ ]
|
Top View
See Detail A 0.160
—-| l«— 025 REF 0.180
/ 3
Y i
LRV L‘=~1—J—
|J¢e————————— 0.80 REF ———— 0.020
0.040
Side View
16423A
BX 43
4/22/92 SG
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PHYSICAL DIMENSIONS (continued)

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

.045 x 45° Chamfer
—ﬂ e— .010 MIN
50 - fe— .002

1
.002 TYP (all edges) —+} N

010 Rt 0006 1
0.130
150

0.15
0.006 J -
0008 T
40.005
o1 047-002 .070
. o £3° ;
00015 5 Nominal
-0.000
.006 R l

’j\q\/”

.065 REF—»

<6<8°

Detall 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. Lead spacing as measured from centerline to centerline will be within 0.003 inches.

Am386 Family Products
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PHYSICAL DIMENSIONS (continued)

PQB132 —Plastic Quad Flat Pack with Bumper, Molded Carrier Ring
(Inner device Iis measured in inches; outer ring is measured in millimeters)

A A 45.87
46.13
SaEaO = A D——
D2 41.37 :

41.63 37.87 . . ‘
. . 35.15 38.13 A
35.25 32.1
:-G—

1097 32.25
pARAL ‘—(:)'
1.50 Diam. 1.103 A 0.944 Z2 A
0.952 1.50 Diam.
:
® Q. WWI le,
4137| 3215 ! %eg% /"}—J "%
1.8 220 (o] a2 C 'y
41.63 32.256 4 4 DetailA .
® P!
A @ 0.944 § '
0.952 & -——-—-—'—-—'—
4550| |35.15 " !
4590| |3525| (H i l
Pe
a587| |a7.87| [1.007( o ! ot
4613| [3813[ [103| | EB=% /[ o= (e}
% J—p 132
®| & | | \
Al A & |
A L Pin1/
(A A——
e
30° J— T===-7
1.50 Diam. Detail Y
TOP VIEW
Detail B
e
[ | ] \ y
A biasl 2.00| 4.80
T [ A A
1.80 -
SIDE VIEW
16423A
CB 50
2/5/92 SG
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PQB 132 —Plastic Quad Flat Pack with Bumper, Molded Carrier Ring (continued)

008 __' |__ E
inches —— +.025
oz 707 x 45° (4X) ———
Sharp Measured e +.025
I 1.8 x 45°
| Sharp Measured
l ‘
E
008 B z
inches <16 025 inches - =>é o
: Basic N @X)
Detall A
1.85
Sharp Measured
—> le— .650 Pitch
650 T 1
PR | Detall Y
ohhn
¥l I
L |
- — a4
450 Typ —»{ |e—
.045 X 45° Chamfer
Detail B
45.50
25.90 REF A
1.50 o
soe| [ o
7 I/ Section D-D
inches 006 013 inches
.008 0.15
7 Typ '
7°
1.50
Section C-C

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.
D and E dimensions do not include mold protrusion. Allowable mold protrusion is 0.2 mm per side.
D, D3, E, and E3 dimensions include mold mismatch and are measured at the parting line.
Dimensions are centered about centerline of lead material.
Dimensions D1 and E1 are from outside edge to 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 .025 mm.
No ejector pins in this area.

9. Surface A is used for seating in socket applications.
10. Pin one orientation with respect to carrier ring as indicated.

NoosLND
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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-5.5V
—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)

H 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 -

200+
lc (MA) 150+

100 -

50 -1

O Inteli386SX @ 5.0 V
A Am386SXLCPU@ 5.0V
O Am386SXLVCPU@ 3.3V

Frequency (MHz)

Note: Inputs at Vec or Vss.

Typical Power Consumption

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 discontinue work on this proposed

product without notice.

Publication #:16305  Rev. D Amendment 0
Issue Date: _ June 1992
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BLOCK DIAGRAM

Segmentation Unit Paging Unit Bus Control HOLD, INTR,
NMI|, ERROR
- f 3-Input <rL——1\ Request —_— !
Effective Address Bus | > Adder <f .. 4P BUSY, RESET
Adder Prioritizer o
32 v 25 HLDA, FLT,
“ SMI, TBEN
- f Descriptor 32| Ppage 2
Effective Address Bus ,[ - > Registers Cache 8
<
g
—N Limitand Cg:t(;m c'%
V| Atoute Attribute
- PLA 1J> Address BFE, BLE,
g Driver A23-A1
Protection 8 -
Test Unit I ] 5 M/iG, D/C,
5 W . W/R, TOCK
2 e Pipeline/ =
VAN Internal Control Bus ] g ) Bus Size [P ADS, NA,
< g Control READY,
E - SMIADS,
= 3 SMIRDY
o
MUX/
Barrel
] Trans- [€®» D15-DO
SAf:;f;:, :> Decode and U Instruction f|> Pri:ﬁ:;h/ <*_,132> ceivers
Status Sequencing Decoder Checker
Fl
Muttiply/ | o
Divide
Control 3-Decoc.ied Code | 16-Byte
ROM Instruction | gyrgam| Code
Register L <: Queue Queue
File ALU
32Bit
Control Instruction Instruction
ﬁ Control Predecode Prefetch ,
ALU Dedicated ALU Bus ,/
%2 16305C-001
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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 microprocessor
operates at a maximum speed of 25 MHz from 3.0V to
5.5V and at maximum speed of 33 MHz from 45V
to5.5V.

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-
agerangeof3.0Vto 5.5V. 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
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

SMaI 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
data transfers 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)

|

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 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
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, regardiess 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 data trans-
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 also 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/O 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
RESS3 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 SMIl 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
SMi instruction (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 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/0 trapping for peripheral devices. To enable the I/O
Instruction break feature, IIBEN 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 s 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 I/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 /O instruction, the system drives
the SMipin active before driving READYactive. This en-
sures that the interrupt service routine is executed im-
mediately following the I/O instruction that caused the
break. (If the I/0 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
following the 1/O instruction that caused the break. By
modifying the saved state instruction pointer, the routine
can choose to return to the 1/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 1/0 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/O 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 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 /O 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 intemal 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
Am386SXLYV 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 reduced to 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

L] -
] ]
- ]
] [
] ]
! ]
[ -
] [
] ]
] ]
] -
Vs 12 64 A13
Vel = Bt Top Side View b =R
CLK2 15 61 A1
ADS 16 60 A10
BLE 17 ' 59 A9
A1 18 58 A8
BHE 19 57 Voo
NC 20 56 A7
Voo 21 55 A6
Vss 22 54 A5
(Y e} 23 53 A4
DS 24 52 A3

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.

1
2
3
4
5
6
7
8
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CONNECTION DIAGRAM
100-Lead Plastic Quad Flat Pack (PQFP) Package—Pin Side View

Pin Side View

- D WH O ON ®O

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 IIBEN 29 71 50
A12 62 D11 87 INTR 40 84 63
A13 64 D12 86 LOCK 26 91 67
Al4 65 D13 83 VVTe} 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
W/R 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 Voo 41 Vss 61 A1 81 D15
2 Vss 22 Vss 42 Vee 62 A12 82 D14
3 HLDA 23 Mo 43 SMi 63 Vss 83 D13
4 HOLD 24 D/C 44 NC 64 A13 84 Vee
5 Vss 25 WR 45 NC 65 Al4 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 NBEN 49 Vss 69 Vee 89 D9

10 Vee 30 SMIRDY 50 Vss 70 A16 90 D8
11 Vss 31 SMIADS 51 A2 71 Vee 91 Vee
12 Vss 32 Vee 52 A3 72 A17 92 D7
13 Vss 33 RESET 53 A4 73 A18 93 D6
14 Vss 34 BUSY 54 A5 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.

NG 80386SXLV 25

Valid Combinations

NG 80386SXLV

—25F
-258

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 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.
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LOGIC SYMBOL
2X Clock — CLK2 D15-Do Data Bus
£ EE A23-A1
AddrBesz FLT{¢——— Float
< 2 BLE, BRE
RESET
Interrupt
NMI Control
INTR
<4——ADS
Bus _ Am386SXLV
CCytcleI —M NA Microprocessor
ol
ontr — | rEADY
PEREQ (¢ Math
WR BUSY [@&—— | Coprocessor
— Control
Bus | ¢ bfe
Cycle — MO
Definition
< LOCK SMi [¢——»
System
MIADS [ | Management
MIRDY [¢&—— | Mode
TIBEN |e Control
HOLD HLDA )
Bus Arbitration
Control
16305C-003
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PIN DESCRIPTIONS

A23-A1
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/iO, 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, /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 /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 an internal 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 1/O instruction break feature. IIBEN has a
dynamic internal pull-up resistor. Once IIBEN is driven
active, it must be driven until the processor is reset.

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/10

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 malfunction 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 cument
program and execute an interrupt acknowledge
function.
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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 internal
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.

VCC
System Power (Input)

Provides the DC supply input.

Vs
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 +7.0 V
Ambient Temperature Under Bias . —65°C to +125°C Voltage on Other Pins ........ -0.5VtoVe +0.5V

Stresses above those listed may cause permanent  Qperating 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=3.0 V10 3.6 V; Tease = 0°C to +100°C

Preliminary
Symbol | Parameter Description Notes Min Max Unit
Vi Input Low Voltage (Note 1) -0.3 +0.8 \
Vin Input High Voltage 2.0 Vec+0.3 Vv
Vie CLK2 Input Low Voltage (Note 1) -0.3 +0.8 \'
Vine CLK2 Input High Voltage (25 MHz) 2.4 Vee+ 0.3 v
Vou Output Low Voltage
lo. = 0.5 mA: A23-A1, D15-D0 (Note 5) 0.2 v
loo = 0.5 mA: BHE, BLE ,W/R, D/C, SMIADS, 0.2 v
M/Q, LOCK, ADS, HLDA, SMi :
loo = 2mA: A23-A1, D15-DO 0.45 \
loo = 2.5 mA: BHE, BLE, W/R, D/C, SMIADS, 0.45 Vv
LOCK, ADS, M/I0, HLDA, SMi
Von Output High Voltage
lon = 0.1 mA: A23-A1, D15-D0 (Note 5) Veo— 0.2 v
low = 0.1 mA: BHE, BLE, W/R, D/C, SMIADS, (Note 6) Vee— 0.2 Vv
LOCK, ADS, M/, HLDA, SMi
lon = 0.5 mA: A23-A1, D15-D0 Vee— 0.45 Vv
lon = 0.5 mA: BHE, BLE, W/R, D/C, SMIADS, Vee— 0.45 \"
LOCK, ADS, M0, HLDA, SMI
Iy Input Leakage Current (All pins except 0V<VingVee
PEREQ, BUSY, ERROR, SMI, SMIRDY, (Note 7) +10 nA
FLT, IBEN)
™ Input Leakage Current Vih = Vec-0.1V 300 nA
(PEREQ pin) Vi = 2.4 V (Note 2) 200 pA
I Input Leakage Current V=01V -300 pA
(BUSY, ERROR, SMi, SMIRDY, FLT, IIBEN) Vi = 0.45V (Note 3) —200 pA
lo Output Leakage Current 0.1V < Vour € Vee +15 pA
lec Supply Current (Note 8) Vee =33V Vee =36V
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) lecese Typ = 10 pA 150 HA
Cw Input or I/O Capacitance Fc = 1 MHz (Note 4) 10 pF
Cour Output Capacitance Fe = 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, ITBEN, 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.

. SMi and ITBEN leakage Low will be I when pull-up is inactive and I when pull-up is active.
. Inputs at rails (Vcc or Vss).

ONONLEON
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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
damage to the device. Functionality at or above these
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=4.5V 10 5.5 V; Tease = 0°C to +100°C

OPERATING RANGES

Supply Voltage with respectto Vss . . .

Voltage on Other Pins ........

-05Vto+7V

-05VtoVe +0.5V

Operating ranges define those limits between which

the functionality of the device is guaranteed.

Preliminary
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 Vv
Vie CLK2 Input Low Voltage (Note 1) -0.3 +0.8 \
Vine CLK2 Input High Voltage (33 MHz) 2.7 Vec+0.3 \Y
Vou Output Low Voltage
loo. = 4mA: A23-At1, D15-DO (Note 5) 0.45 Vv
lo. = 5mA: BHE, BLE ,W/R, D/C, SMIADS, 0.45 \"
M/IG, LOCK, ADS, HLDA, SMi
Von Output High Voltage
low = 1.0 mA: A23-A1, D15-D0 (Note 5) 2.4 v
low = 0.2mA: A23-A1, D15-D0 Vec— 0.5 \"
low = 0.9 mA: BHE, BLE, W/R, D/C, SMIADS, | (Note 6) 2.4 Y
LOCK, ADS, M/IO, HLDA, SMi
low = 0.18 mA: BHE, BLE, W/R, D/C, SMIADS, Vec— 0.5 \
LOCK, ADS, M/IG, HLDA, SMi
lu Input Leakage Current (All pins except 0V <Vins Ve
PEREQ, BUSY, ERROR, SMI, SMIRDY, (Note 7) 115 HA
FLT, and TIBEN )
M Input Leakage Current (PEREQ pin) Vi = 2.4V (Note 2) 200 HA
" Input Leakage Current
(BUSY, ERROR, SMi, SMIRDY, FLT, IIBEN) V= 0.45V (Note 3) -400 HA
ho Output Leakage Current 0.1 V < Vour < Vee 15 HA
lec Supply Current (Note 8) Vec Typ=5.0V Vec =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
lecse Standby Current (Note 8) lecse Typ = 20 pA 150 pA
Cw Input or I/0 Capacitance Fe = 1 MHz (Note 4) 10 pF
Cour Output Capacitance Fec = 1 MHz (Note 4) 12 pF
Cewx 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 intemal pull-down resistor.
3. BUSY, ERROR FLT, SMI, TBEN, and SMIRDY 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 SMi only valid on SMI output when exiting SMM for two CLK2 periods.
7. SMi and TIBEN leakage Low will be Iu when pull-up is inactive and | when pull-up is active.
8. Inputs at rails (Vcc or Vss).
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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, M/IO, LOCK, BHE, BLE,
SMIADS, A23-At, 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-DO0 (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

ouee [ 17[?‘__\—":/%[_

—@—
(A23-A1, BRE, BLE, Min
ADS, M/G, DIC, Valid \ Valid
W/R, [OCK, HLDA, | Outputn Output n+1
SMIADS)

(D15-D0, M) [

Valid
Output n

Valid
Output n+1

le—O—>]

(NA, INTR, NMI,
SMI)

Valid
Input

(READY, HOLD,
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 Vto 2.0 V.
2. Vi=1.0VforVec<3.6V; 1.5V for Vec > 3.6 V.

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 =3.0 V10 3.6 V; Tcase = 0°C to 100°C

Preliminary
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 5 ns
4 CLK2 Fall Time 2.4V10 0.8V (Note 3) 3 7 ns
5 CLK2 Rise Time 0.8Vto2.4V (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/O, 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, M/IG, 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 | SMIRDYHold 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 | SMi Setup Time 5 6 ns
28 NMI, INTR Hold Time (Note 2) 5 6 ns
28s | SMiHold 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 l.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 over operating ranges at 33 MHz
Vee = 4.5 V-5.5 V; Tease = 0°C to 100°C

Preliminary
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 Ve 3 4.5 ns
3 CLK2 Low Time at0.8V 3 45 ns
4 CLK2 Fall Time 2.4V10 0.8V (Note 3) 3 4 ns
5 CLK2 Rise Time 0.8Vto2.4V (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 MAG, D/C, W/R, ADS Valid Delay C. = 50 pF 6 4 15 ns
10s | SMIADS Valid Delay C. = 50 pF 6 4 16 ns
11 W/R, M/10, 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 | SMiHold Time 5 4 ns
29 PEREQ, ERROR, BUSY, FLT, IBEN Setup Time (Note 2) 5 5 ns
30 PEREQ, ERROR, BUSY, FLT, IBEN Hold Time (Note 2) 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 Iuo 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)

L t1

VINC k 3 r
CLK2 20V —— —— —_— [
08V 4 4———

15

16305C—004
Figure 3. CLK2 Timing
Am386SXLV CPU Output Dj
I C.
15022B-032
Figure 4. AC Test Circuit
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SWITCHING WAVEFORMS

Tx

¢ 2

t19, t19s

READY,
SMIRDY

HOLD
D15-D0

IIBEN, PEREQ,
FLT

NA

[
[
[
I
[

SMi, INTR, NMI

t16

ly

61

I 127, 127s 128, 128s l

Figure 5. Input Setup and Hold Timing

Tx

16305C—005

CLK2

D15-Do

02 01 Tx 02
18 -
Min ‘Max
Valid n 5 ) Valid n+1
110, t10s »
Min Max
Valid n K Valid n+1
t6
Max
Valid n Valid n+1

|

61

t12 —
Valid
31
Min Max
Valid n Valid n+1

Figure 6. Output Valid Delay Timing

16305C-006
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T
o1

F N\

1
02

C N\

2 Min, Max
D15-Do I: ---------------- --- Valid n
13605C-007
Figure 7. Write Data Valid Delay Timing
i
1 62
we [ £ A _F _
W/R [
Min
t12a
D15-DO [ Valid n >

16305C-008

Figure 8. Write Data Hold Timing

Am386 Family Products 1-55



nAMD PRELIMINARY

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

* *
1 2 3|17 18 |19 ||395 [396 397 |398

cve [ UMY ULUUUyuyyyuut

* Approximately
Reset |: [ \
[o2]01]02][o1]02|01][0 2]01]|02

et [ OO SN NN /N

Negated to allow sensing of a
No self-test 387DX math coprocessor
ausy e XX T 1 TOO0KKX
Low to begin self-test (Note 2) Asserted to indicate 387DX
{{a math coprocessor protocol

Up to 30 CLK2 —
Low || During Reset KXXXX)‘ Valid 1

High|| During Reset XXX Valid 1
Up to 30 CLK2 —

DS |: High]l During Reset

|
Ci
7]
<

Upto 30 CLK2 —

L
L
TS
L

[ X000
reaoy [ XXXXXXXXXXN
p1s-do [ YOO ---1----- (Floating) - == == == - - -

sw [ XXXXXXXY |

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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[et] lo1l letl letl letl let1]l letl fet1l Jetl [e1]
I N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

T L\ /
ontol £ X__Vald - e annnneees < X
N A I S < X
Address [ X Valid D R < X
Reset [ /
swi [ Y Valid P --eemmem et 'S X
Figure 10. Entering and Exiting FLT 16306B-008
) lo1] o1l lo1] o1l lot] lot] o1l
CLK2
- e SMMinprogress | @@ 00— ___.-.
M “

Drive released by CPU

- -» 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| O T T T - I

‘ )]

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

[2]

16306B-010

Figure 12. RESET and SMI
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CLK2

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

A23-A1

D15-Do0

HLDA

[%2]

Cycle 0 Cycle 1 Cycle 2
02 01 Th 02 01 Tior T1 02
9 18
Min Max Min Max
T (Hehz) |~ | — T
11, t11s » 10,1108
Min Max Min Max
— — Hws | 1—
7
! Min Max 16 Min Max
[ [ Hiehs | ———]
t13 t12
Min Max - Min Max
- b —— —] — — — c—
(High 2)
t13—Also applies to data float when write
cycle is followed by read or idle
t14

Min

t14
Max

Min Max

Valid 0

( Valid 1 X

Valid 2

Min
31

Max

16305C-011

Figure 13. Output Float Delay and HLDA and SMI Valid Delay Timing
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02 01 Th 02 01 TiorT1 02
oLk C N\ O\ \
9 - 8
Min Max Min Max
BHE, BLE, 1 .
LOCK (High 2)
1, t11s 110, t10s
WA, M3, Min Max Min Max
D/C, ADS, — — IT H_'hZ_—_—-—
SMIADS (High 2)
7
! Min Max 16 Min Max
A23-A1 —— 1+ — — |1 — 1 —
r (High Z)
13 Min Max 12 Min Max
D15-DoO — — 11— — |1 — — —
(High Z)
14f
! Min Maxt1 4 Min Max
HLDA —— —a — —|— — —1T —
(High Z)
32 —«
¢ Min Max 131 Min Max
SMI . —  — ] —
(High 2)
Figure 14. Output Float Delay Entering and Exiting FLT 16305C—012
RESET _ Initialization Sequence -~
62o0rd 1 020r¢1 62 01
t26
RESET [ N
t25
The second intemal 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 I | T

nom + 3 — —

nom
Output Valid Delay (ns)

nom -3

nom -6

nom -9 | |
50 75 100 125 150

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 (C.=120 pF)

nom+9 [— I | T

nom + 6
nom+3
Output Valid Delay (ns)

nom

nom -3

nom —6 | l
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 I— -

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 | T T
Rise Time (ns) 0.8 V-2.0V
2 —
8 l ] l
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

Preliminary; package in development. BSC is an ANSI standard for Basic Space Centering. All measurements are in
inches unless otherwise specificed (PQB 100 outer ring is measured in millimeters). For reference only.

PQ 100 —Plastic Quad Flat Pack; Trimmed and Formed

0.008 =]
0016 =]

.897
.903

Top View

0.160 0.130
0.180 0.150 "

0.020
0.040

[&—— 0.60 REF ————

Side View

15679E
BX 44
3/31/92 SG
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PHYSICAL DIMENSIONS (continued)

PQ 100 —Plastic Quad Flat Pack; Trimmed and Formed (continued)

.045 x 45° Chamfer
5° /'
.002 TYP (all edges) —

0.006

+
.010R
_\

— [*— .010MIN
N [+— .002

—ﬂ
N

0.130
0.150

Notes:

Noriunal
L

Detall A

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. Lead spacing as measured from centerline to centerline will be within 0.003 inches.
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PHYSICAL DIMENSIONS (continued)

PQB-100 (Plastic Quad Flat Pack with Bumper, Molded Carrler Ring)

oo T

A4 N7
41907 0 TVVY

41.63 37.87 . .
35.15 38.13 A @ R
. 35.25 32.15

{p2

21 0.897 32.25 . .
- 0.903
1.50 Diam. @ 0.744 /N
0.752 / 1.50 Diam.

50« ! — 26/

41.37 ! 51 q—- >

63 CH s C / 4
. 4 $ DetailA

L AR B B B B & B B B & B & B N u & &

4587| |37.87| |o.se7 A ¢ 4 h N
46.13| [38.13| [0.903 7554 D /, i{% : N
+ 100 1 \
G @ [ ” b \‘
Al A ! N
‘\ i o /’
/N \ g Pint,
( 77 < Y/
o IK De N\\ N//
300 MM J % T=———%
1.50 Diam. Detail Y
TOP VIEW
Detail B
C—1 A
1 ] \ [
/9\ ] A\ Y T T T T T T :: ...... ”\2.00 4.80
T \/1 YA
1.80 ==
SIDE VIEW
15680D
CB 50
4/8/92 SG
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PHYSICAL DIMENSIONS (continued)

PQB 100— Plastic Quad Flat Pack with Bumper, Molded Carrier Ring (continued)

inches —0-0§ —-| }ﬂ— +.025 E
.707 x 45° (4X)

Sharp Measured +.025
1.8 x 45°
Sharp Measured
E
008 T z
inches < 16 025 inches =>é T ospuom

Basic N (3X)
Detall A
1.85

Sharp Measured
—> le— .650 Pitch
650 Typ —— — =
0Py ] Detall Y
T"L‘L.D ufuls
|
[ I (]
A50 Typ—»| |e—
.045 X 45° Chamfer

Detall B

]

45.50
3590 REFA

w

¥ Section D-D

/Z g—-:g inches

\ )

70

1.50
Section C-C
Notes:

1. All dimensions and tolerances conform to ANSI Y14.5M-1982.
2. Controlling dimensions: package is measured in inches and ring is measured in millimeters.
3. D and E dimensions do not include mold protrusion. Allowable mold protrusion is 0.2 mm per side.
4. D, D3, E, and E3 dimensions include mold mismatch and are measured at the parting line.
5. Dimensions are centered about centerline of lead material.
6. Dimensions D1 and E1 are from outside edge to outside edge of the test points.
7. 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 .025 mm. No ejector
pins in this area.

9. Surface A is used for seating in socket applications.
10. Pin one orientation with respect to carrier ring as indicated.
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| CHAPTER 1 |
INTRODUCTION a

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
) 3-input Request NMI, ERROR,
Effective Address Bus | > Adr:jp:r K 3 Adder <¥_L Pﬂm;; [¢—>BUSY, HLDA,
"32 - RESET, FLT,
12 (349) 2 “SMi, IBEN
/ i «w
Effective Address Bus [ ), Desgnptor Page 2
Registers Cache g
32 3
<
3
— Limit and » Contol 3
i o
Atirbute Atribute G SHE. SLE,
- PLA j—f> Address A23-A1
3 Driver (BE3-BES,
é § A31-A2)
Protection § &
Test Unit B 2 % W0, DT,
° A s Pipeline/ W_lel, LOSK,
H ___55
N [ Internal Control Bus 35 ﬂ:> Bus Size 0% 'ﬁ%)'
k < 5 Control ’ ’
5 o MIADS,
5 8 SMIRDY
(8]
MUX/
Barrel D15-DO
; Trans- (g
Shifter, —N Decode and 4 Instruction Prefetch/ ceivers (D31-DO)
Adder s ] L Decoder Limit 32
Status equencing Checker
| Flags
Multiply/
Divide
3-Decoded | code | 16-Byte
ngt':; I Instruction | gtream| Code
Register L <: Queue <ﬁ Queue
File 1
ALU ——— 2Bt —
C i Iinswruction mstrucuon
G Control Control Predecode Prefetch s
ALU Dedicated ALU Bus /
32
Note: DX specific characteristics shownin (). 16944A-001
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Low Volitage 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 IIBEN enable for an I/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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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, 11BEN, allows for the enabling of non-pipelined I/O accesses to allow for /0
instruction trapping. The pin functions are defined as follows:

SMi System Management Interrupt— Active Low /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, MO, BE3-BED, 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 /O Instruction Break Enable — Active Low input pin with active
pull-up. When active, this pin enables the I/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 Am386DXLYV CPU SMM Pin Locations
Name PQFP Pin
SMI 59
SMIADS 37
SMIRDY 36
IIBEN 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). SMl 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 FFFFFFFOh
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

I/O trapping can be implemented with the I/O Instruction Break feature. I/O trapping
allows the system to turn off peripherals when they are not needed. The I/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 I/O instruction.
When the signal IIBEN is active, the processor execution unit pauses upon execution of
an 1/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 1/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 I/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 b%te register to
r/m byte
OF 11 /r UMOV r/m16,r16 212 Move word register to
r/m word
UMOV 1/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,//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

Flags Affected

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.

None

RES3—RESTORE ALL CPU REGISTERS

Opcode

Instruction Clocks Description

OF 07

RES3 DX-291 Restore all CPU registers
from memory
SX-366

Operation
Description

Flags Affected

CPU Registers <— ES:[EDI]

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.

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.

SMil 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, Int Restore saved
tionfinished |~ separate | starts code SMM In erupt |, state from
execution, SMM Memory fetches at the Hand el:tt;ode 60000H with
normal ADS space, starting reset address efxet? lon (OF 07) opcode
goes inactive at address in SMM (far jump) sequence
60000H memory space

Normal Code
Execution

Resumes
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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

Na ranamnitian ~Af an anti

Illb‘ Illbl a!:l Ul OlVIlVI UUD lldllblcl byblcb dllcl ll IU \JI'U 9 fcLuyinuui vl aii abl.lvc Sllv‘ll IO
the processor saving its state to an extemal 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 nomal 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 /O space does not need to be
implemented.

Processor State Restore

Retuming 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
RES3 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 (OFh 07h) can be executed. In this case the CPU
executes the restore state with ADS initiated cycles.

I/0 INSTRUCTION BREAK

Functional Description

The operation of the I/O Instruction Break feature allows extemal system logic to inter-
rupt the processor on I/Q instruction boundaries. This interruption is achieved by the
system logic driving IIBEN active and providing logic to assert SMI after recognition of
an I/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 I/O instruction (the I/O instruction will not be
trapped).

The execution of coprocessor cycles is not affected, therefore coprocessor cycles
cannot be trapped as other I/O cycles.
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The “I/O breakable” instructions are listed below. With I/O Instruction Break enabled, the
execution clock count for these instructions increases. However, coprocessor I/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

OouTSs 6E, 6F

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

For the I/O string instructions (with or without the REP prefix), the assertion of SMi
marks the last executed 1/O transfer pair. With TIBEN active, an SMI asserted on the first
1/0 read or write does not usually result in another following I/O transfer cycle until after
the SMI code is executed. An SMI asserted on the I/O read part of a REP INS instruction
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-I/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 I/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/0 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 begin-
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 SMI Timing

Non-Pipelined T T2 T2 T1
Pipelined ‘ T2P ‘ TP 1 T2 | T |

ADS :
READY Setup — ‘_ L]
M |

16944A-03
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SMM HARDWARE INTERFACE

Pin Behavior

SMI

SMIADS

SMIRDY

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 intemal 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/IO, BE3-BED, and A31-A2 pins (A23-A1, BRE, and
BLE in the case of the Am386SXLV CPU). The functlon 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 intemal pull-up. This
input terminates the current bus cycle to SMIADS initiated accesses in
the same manner that the READY pin terminates ADS initiated ac-
cesses. The sngnal 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.

I/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 1/0 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/0 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/O cycles. Therefore, if IBEN is to be changed
dynamically, a jump should be made to flush the instruction queue
after transitioning IIBEN from inactive to active. The IIBEN pull-up is
active during RESET and whenever the signal is not driven active 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, IIBEN must be driven at all
times if the I/O Break Enable feature is used. In systems not using the
I/0 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
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 Am386DXLV 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 required 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
nae X XX 8% XX
2
as | [ L[ 1L 5 %
READY l | z £
D31-DO -+ X X Yo BR o ( X X
s .§ - _
SMIADS gé I e
SMIRDY %ﬁ | | 1 | LT
TBEN 3k
| 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 1/0O Write and Read
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Figure 2-7
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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)

IIBEN 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/0 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.

Figure 2-8

Typical 1/0 Instruction Break
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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-1/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 I/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 UMOYV Opcode Form

Opcode Instruction Description Encoded Example

OF 10 ModR/M UMOV /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-I/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 |/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-l/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 I/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/O
instruction to determine what system action must be taken and to prepare for the I/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),

MODE = REAL;

ELSE

IF NOT VM

MODE =
ELSE
MODE =
ENDIF;
ENDIF;

IF PG=1 (CRO Bit 31,
ON;

PAGING =

(EFLAG Bit 17,

PROTECT:

VIRTS86;

OFF;

Loc 60000H)

Loc 60004H)

Loc 60000H) THEN

THEN

THEN

(*Note: it is not re-
quired to determine the
exact mode of the proces-
sor to prepare for an in-
struction re-execution.
This is shown to illustrate
the process if other SMM
code requires it.*)

(*We need to know if
paging was enabled*)
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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.

SETTING DEFAULT SIZES:

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 Real,
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/0O 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
Address > 1M*)
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DECODE INSTRUCTION STREAM:

REPEAT = NO;

OPOVERRIDE = NO;

ADDROVERRIDE = NO;

POINTER = 0;

IF INSTR[POINTER] = F3H THEN
REPEAT = YES;

POINTER = POINTER + 1;

ENDIF;

IF INSTR[POINTER] = 67H THEN
ADDROVERRIDE = YES
POINTER = POINTER + 1;

ENDIF;

IF INSTR[POINTER] = 66H THEN
OPOVERRIDE = YES;
POINTER = POINTER + 1;

ENDIF;

IF INSTR[POINTER] IN{ 2EH, 36H, 3EH, 26H, 64H, 65H) THEN

OUTSEG = INSTR[POINTER];
POINTER = POINTER + 1;

ELSE
OUTSEG = 3EH;

ENDIF;

OPCODE = INSTR[POINTER];

CASE (OPCODE) OF
E4, EC : OPTYPE = IN; OPSIZE
E5, ED : OPTYPE = IN; OPSIZE
E6, EE OPTYPE = OUT; OPSIZE
E7, EF OPTYPE = OUT; OPSIZE
6C : OPTYPE = INS; OPSIZE
6D OPTYPE
6E OPTYPE
6F : OPTYPE

ENDCASE;

(*check for repeat prefix*)

(*check for address size override

prefix*)

(*check for operand size override

prefix*)

(*check for OUTS
segment overrides*)

(*DS default segment*)

(*get the opcode*)

BYTE;
WIDE;
BYTE;
WIDE;
BYTE
INS; OPSIZE =
OUTS; OPSIZE
OUTS; OPSIZE

WIDE;
BYTE;
WIDE;

o

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
IF OPOVERRIDE = YES THEN
IF DEFOPERAND = 16 bits THEN

OPSIZE = DWORD;
ELSE
OPSIZE = WORD;
ENDIF;
ELSE
IF DEFOPERAND = 16 bits
OPSIZE = WORD;
ELSE
OPSIZE = DWORD;
ENDIF;
ENDIF;
ENDIF;

(* determine word or dword *)

(* no operand override *)
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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 I/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 I/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 I/O 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 EDI 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 - OFFSET; (* save state memory location is changed *)
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 ES| 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 1;
WORD : OFFSET 2;
DWORD : OFFSET = 4 ;

ENDCASE;

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;

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 0 0 0 0 0 0 O O 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 control bit enables 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 SMI. 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 OF 1h 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 SMl 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 SMI 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 0 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/O 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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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 intemal pull-up when not
driven by the CPU. This pull-up disabled when the CPU uses SMI as
an output to 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.

IIBEN This signal is an asynchronous CPU input with active pull-up. IBEN 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
1IBEN 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-DO 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

(2

SMM Function Discrete Implementation

Address

v

Mo >
D15-DO
Am386SXLV

Microprocessor

ADS ——»
ADS SMM Code
READY ¢— Memory
= To standard
W/R chip set logic
DIC—&1+—»

ROMCE
SMM MRD SMM
5 R —————&—P
A23-A14 Bus Control Save State
IIBEN Logic RAM
SMIADS .
SMIRDY
SMi RAMCE

Address

16944A-13

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 controller.

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 cycles
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 conversion
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

ADS
READ_Y : Power
W/R v Management
Microprocessor : Bus Control
Mo : Logic
SMIADS : Bus
SMIRDY : ——— Control
: Signals
SMi
IIBEN
SMI Mode
Memory
_ Mapper/ ’ DRAM
A23-A2 DRAM Address
Controller

16944A-14

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 ‘

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
Ps=VZCFK Ps=VECFK
Ps=K(3.3°CFK Ps=(5)?CFK
P2=10.89CFK Ps=25CFK

Reduction = 1 — Po/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 voitage 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
3.3-v 5-V
CMOS 33V CMOS/TTL
LOGIC ‘—/— LOGIC
oV
™ !\ 5V CMOS logic
3.3V 5V consumes too
much power
a. 3.3-V Driver to 5-V Input
5V
5-V 3.3-V
CMOS CMOS/TTL
LOGIC LOGIC
oV
LATCH-UP
5V 3.3V 5-V outputs
overdrive
3.3-Vinputs
b. 5-V Driver to 3.3-V Input
16944A-16
Figure 3-3 Mixed System with Voltage Translators
3.3-V 5V 5-V
CMOS 33V CMOS/TTL
LOGIC LOGIC
3.3V XLATOR 5V
a. 3.3-V to 5-V Translation
5-V 5V 3.3-V
CMOS 33V CMOS/TTL
LOGIC ) LOGIC
5V XLATOR {33V
b. 5-V to 3.3-V Translation 16944A-17
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Figure 3-4 Mixed System with Discrete Translators

5V 33V 33V
CMOSs CMOS/TTL
LOGIC LOGIC

16944A-18

Figure 3-5 Discrete Translator Function

3.3V 3.3V

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

16944A-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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APPENDIX A

SMM CPU STATE AND REGISTER ‘l
STORE/LOAD MAP

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

SMM

Address Registers Comments
60000 CRoO

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:IDT 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 SA:FS 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
600CO 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. Definitions: ~ 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 CRoO

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 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 SA:TSS 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.LDT 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 SA:GS 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 SA:.CS 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 0000FFFO
EDI 0

ESI
EBP
ESP
EBX
EDX
ECX
EAX

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

[eNeoNeoNoNeNoNe)

O
»
© ©ogxoococooo o©
=}
S

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
SA:TSS 00008200
SB:TSS 0

SL:TSS FFFFFFFF
SA:IDT none exists
SB:IDT 0

SLIDT 0000FFFF
SA:GDT none exists
SB:GDT 0

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

SL:GS 0000FFFF
SAFS 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 ‘

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

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

UMOV Code Builder Macros

LE R R R SRR SRR R R R R R R R EEEEEEEEEEEEEESESESE]

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:

Ne s S SeoSs oSe Se o Se o Se oSe se oSe S s

; Keyword Adder Example

; nod 0 umovrdw ax, [si],nod

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

; dle 2 umovwrw [bx+0AAAAh],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 5 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 USEl16 segment attribute).
UMOVRD8P and UMOVWR8P are for use in 32-bit Protected-Mode code
segments (those with the USE32 segment attribute).

e St Se Se oS Ne Se S Se s
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COMMENTS :

- Currently,
padder field.

only lowercase keywords are recognized for the

- Note that segment register overrides ARE ALLOWED in these

macros:

umovrd8 al,es:[di],nod

ekkhkhkhkhkhkhkhkhkdhkhkhkhkhkhkhkhkhhkhkhhkhkhkhkhkhkhkhhhhdhhdhhhhhhhkhhhkhkhdhk

*

.k

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

skhkhkhkhkkhkhkhkhhkhkhkhkhkhkhkhkhkhhkhhAhkAhkhkhkhkhkhkhkhhkhhohkrhhhhkhhhhhhi
7

umovrdw macro pred,pmem,padder

local

;:figure out
IFIDN
dispent = 0
ELSE
IFIDN
dispcnt = 1
ELSE
IFIDN
dispcnt = 2
ELSE
IFIDN
dispcnt = 4
ELSE
IFIDN
dispcnt = 1

dispcnt = 2
ELSE
IFIDN

dispcnt = 5
ELSE
.ERR
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF

;istart code
istart = §
lar

$

inext =
isize =
iprefix =
iopcode =

db

org inext

endm

istart, inext,dispcnt, iprefix, isize, iopcode
displacement field size

<padder>, <nod>

<padder>, <d8>

<padder>, <d16>

<padder>, <d32>

<padder>, <sib>

<padder>, <sibd8>

<padder>, <sibd32>

generation

preg, pmem

S-istart

isize - dispcnt - 3
istart + iprefix + 1
org iopcode

;ilocate for overlay opcode
; ;umove opcode
; ;9o back to next

13H
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ekhkhkhkhkhkhkhkhhkhkhkhkhhkhkhkhhhkhhhhkhkhhhhkhkhkhkhhkhkhkdhhhhhhhhdhrhhhhkrhkdkhkrhhkhkdk

.
;* UMOV READ
*

’

BYTE (8 BIT) FROM MEMORY TO REGISTER, 16-BIT CS

AR SRR R RS R RS SRR RS R R R RS R R R R R RS R R SRR RS R R R EEEEEEESS]

umovrd8 macro preg,pmem, padder

local

;;figure out
IFIDN
dispent = 0
ELSE
IFIDN
dispent = 1
ELSE
IFIDN
dispcnt = 2
ELSE
IFIDN
dispcent = 4

dispent = 1
ELSE
IFIDN

dispent = 2
ELSE
IFIDN

dispent = 5
ELSE
.ERR
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF

;;figure out
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
IFIDN
sreg EQU
ELSE
.ERR
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF
ENDIF

istart, inext,dispent, iprefix, isize, iopcode, sreg
displacement field size

<padder>, <nod>

<padder>, <d8>

<padder>, <d16>

<padder>, <d32>

<padder>, <sib>

<padder>, <sibd8>

<padder>, <sibd32>

register substitution
<preg>, <al>
<AX>

<preg>, <bl>
<BX>

<preg>,<cl>
<CX>

<preg>, <dl>
<DX>

<preg>, <ah>
<SP>

<preg>, <bh>
<DI>

<preg>, <ch>
<BP>

<preg>, <dh>
<SI>
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ENDIF
ENDIF

;istart code generation

istart =S

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 KAk ke k ok ok ok ok kA kKA kAR AR AR Ak h kK k kK Kk kKK AR KK KRAEKAKAKNKA AR
. *
;* UMOV READ BYTE (8 BIT) FROM MEMORY TO REGISTER, 32-BIT CS

. *
;*************************************************************

umovrd8p macro preg,pmem, padder

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

IFIDN <padder>, <nod>
dispcent = 0

ELSE

IFIDN <padder>,<d8>
dispcent = 1

ELSE

IFIDN <padder>,<dlé6>
dispcnt = 2

ELSE

IFIDN <padder>,<d32>
dispcnt = 4

ELSE

IFIDN <padder>,<sib>
dispcnt = 1

ELSE

IFIDN <padder>, <sibd8>
dispcnt = 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 <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

TRR

B =199

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF

ENDIF
; istart code generation
istart = §

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

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

org iopcode ;;locate for overlay opcode
d 12H ; ;umove opcode

org inext ; igo back to next

endm

chkkhkhkkhkhhkhkhkhkkhkdkhkhkkhkhkhkhkhhkhkhhhhhhkhdhhhkhkhhhhhhhkhkhkhhkhkhkk
’
*

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

I
ekkhkhkhkhkhhhkhkhkhkhhkhhkhhkhkhkhhkdhhrhhhhkkhhkhkhhrhhrhkhhrhhrhhhhhkhhkhd
1

umoVWrw macro pmem,preg,padder

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

IFIDN <padder>, <nod>
dispcnt = 0

ELSE

IFIDN <padder>, <d8>
dispent = 1

ELSE

IFIDN <padder>,<dl6>
dispcnt = 2

ELSE

IFIDN <padder>,<d32>
dispcnt = 4

ELSE

IFIDN <padder>,<sib>
dispent = 1

ELSE

IFIDN <padder>,<sibd8>
dispent = 2

ELSE

IFIDN <padder>,<sibd32>
dispent = 5

ELSE

.ERR

ENDIF

ENDIF

™I TR
niNwvar

ENDIF
ENDIF
ENDIF
ENDIF
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; ;start code generation
istart = §

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

PR P T T T T Ty
. *

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

. *

’
ehkhkhkhkhkhkAkkhkhkhhhhhhhhkhhhhhhhhhhhkhhhkhkhkhkhhhhhhkhkrkArhkhhrkrhkhhkhrhkhdhkk
’

umovwr8 macro pmem,preg, padder

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

IFIDN <padder>, <nod>
dispent = 0

ELSE

IFIDN <padder>,<d8>
dispent = 1

ELSE

IFIDN <padder>,<dlé6>
dispcent = 2

ELSE

IFIDN <padder>,<d32>
dispcent = 4

ELSE

IFIDN <padder>,<sib>
dispcent = 1

ELSE

IFIDN <padder>,<sibd8>
dispcnt = 2

ELSE

IFIDN <padder>,<sibd32>
dispcent = 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>
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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 - dispcnt - 3
iopcode = istart + iprefix + 1

org iopcode ;:1locate for overlay opcode

db 10H ; iumove opcode

org inext ;igo back to next

endm
;**************************************************************
.k
;* UMOV WRITE BYTE (8 BIT) TO MEMORY FROM REGISTER, 32-BIT CS
.k
:.**************************************************************
umovwr8p macro pmem,preg,padder

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

IFIDN <padder>, <nod>
dispent = 0

ELSE

IFIDN <padder>,<d8>
dispcent = 1

ELSE

IFIDN <padder>,<dl6>
dispent = 2

ELSE

IFIDN <padder>,<d32>
dispent = 4

ELSE

IFIDN <padder>,<sib>
dispent = 1

ELSE

IFIDN <padder>,<sibd8>
dispcent = 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
;istart 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 ; iumove opcode
org inext ; igo back to next
endm
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APPENDIX C

SMM 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

;GDT LIMIT

EXTRN

_SEG_SYS_GDT_LIMIT:ABS

_SEG_SYS_GDT_PADDR:ABS

;GDT PHYSICAL ADDRESS

EXTRN

;IDT LIMIT

EXTRN

_SEG_SYS_IDT LIMIT:ABS

_SEG_SYS_IDT_ PADDR:ABS

; IDT PHYSICAL ADDRESS

EXTRN

_SEG_FLATDATA_BEGIN:PWORD

;for flatdata selector

skkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkdkhd MACROS dhkhkhkhkhkdkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhkhhhkhkdhkkhdhdhkhidd
i

ckkkkdkkkkkkkkhhhkk kKKK k kK dhkhkhkhkkkkkkkkkhh kA Ak hrhhkkkkkhkkkk
; MAIN PROGRAM

use32 rw ‘DATA’ ; should be located at 60000h

j¥***** gmi save state data

smidata segment
org Oh
sscr0 dd ?
sseflg dd ?
sseip dd ?
ssedi dd ?
ssesi dd ?
ssebp dd ?
ssesp dd ?
ssebx dd ?
ssedx dd ?
ssecx dd ?
sseax dd ?
ssdr6 dd ?
ssdr7 dd ?
sstr dw ?
ssduml dw ?
ssldt dw ?
ssdum2 dw ?
ssgs dw ?
ssdum3 dw ?
ssfs dw ?
ssdumd dw ?
ssds dw ?
ssdum5 dw ?
ssss dw ?
ssdum6 dw ?
sscs dw ?
ssdum7 dw ?
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Listing 1

Protected Mode Entry While In SMM (continued)

sses
ssdum8

sstssa
sstssb
sstssl

ssidta
ssidtb
ssidtl

ssgdta
ssgdtb
ssgdtl

ssldta
ssldtb
ssldtl

ssgsa
ssgsb
ssgsl

ssfsa
ssfsb
ssfsl

ssdsa
ssdsb
ssdsl

ssssa
ssssb
ssssl

sscsa
sscsb
sscsl

ssesa
ssesb
ssesl

ssptu
ssr22
ssr26
ssr27
ssr28
ssr29
ssr210
ssrdl
ssrd2
ssr43

stdata

dw
dw

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

dd
dd
dd

?
?
?
?
?

org 100h

dd
dd
dd
dd
dd
dd
dd
dd
dd
dd

)

RS ISRV R VN R V]

org 200h
label byte

org 1FFFh
lastone db
smidata ends

? ;end of 8k data segment
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Listing 1

Protected Mode Entry While In SMM (continued)

;******* Stack Segment * %k Kk Kk kk Kk

stack segment para STACK use32 rw ’'STACK’ ;locate at 62000h
stkbot db O0fffh dup (?)

stktop db 2

stack ends
jr¥***xxx*x pProtected Mode code *******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
mnov eax, 05AS5ASASAH
; umov es: [ebx], eax ;example write to upper memory
db 026h, 0Fh, 11h, 03h
;clear text screen to prove in Protected Mode
mov  ebx,0B8000h ;screen address for cga style screen
mov ecx,2048 ;jguess at number bytes
mov ax,0700h+’ ;iguess at char value

clrtop:

; umov es: [ebx],ax
db 066h,026h, 0Fh, 11h, 03h
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 Jedk de ke ok ke k ok okok ok k ok

startup segment usel6 er ’‘CODE’

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

;******* Cs BASED VARS J d g oKk 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

aa _ _SEG_SYS_IDT_PADDR
null_p label pword

dw Oh

dad Oh

;******* ROM CODE START *******

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)
;***xx*% DROTECT MODE ENTRY ****%*

cli

lidte «c¢s:null_p ;shutdown if error

lgdte «c¢s:gdt_p ;load gdt pointer

™oV eax, crl ;set protect bit

or eax, 0lh

nov cr0, eax

jmp 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

nov gs, bx

lidte «c¢s:idt_p ;setup real idt

jmp far ptr pstart ;far intersegment jump

;****x%*% END PROTECT MODE ENTRY ****x*
; 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

org FFFF0 ;reset location 0ffffOh remapped to (ROM size-10h)
reset:
; jmp far ptr start

DB 0EAh ;FAR JUMP OPCODE

DW offset start

DW SEG_STARTUP_REALSEG

org FFFFO + 000Fh
lastfill db OAAh

startup ends ;end of startup code

ard atavt coarmd ~F ~~da atart Aoctie t1a
eng scarc ;ena or CcoGe, sctarc Gesig 1is
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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 rw
-locate seg FLATDATA 00000000h
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AmS53C94LV

Low-Voltage, High-Performance SCSI Controller

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B Functionally compatible with NCR 53C94

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

AMD patented GLITCH EATER™ circuitry
5 MB per second SCSI transfer rate

20 MB per second DMA transfer rate
16-bit DMA Interface plus 2 bits of parity

Flexible bus architecture, supports a three bus
architecture

Supports single ended SCSI bus

Selection of multiplexed or non-multiplexed
address and data bus

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

B Supports Disconnect and Reselect commands
B Supports burst mode DMA operation with a
threshold of 8

H Supports 3 byte tagged queuing as per the
SCSI-2 specification

B Supports group 2 and 5 command recognition
as per the SCSI-2 specification

B Advanced CMOS process for low power
consumption

B AmS53C94LV 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 SCSI 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.

SYSTEM BLOCK DIAGRAM

9
(@—p,—s SCS| Data

Am53C94LV
9
je—~—= SCSI Control

P 4 ADDR
CPU 16 8
») s
Data
16
,l
16 DMA
DMA +#
16
Memory -

17058A-001A

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
product without notice.

work on this p

Publication #:17056  Rev. A Amendment /0
Issue Date: 1992
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ADVANCE

INFORMATION

SYSTEM BUS MODE DIAGRAMS

BUSMD 1

DMAWR
BUSMD 0 WEl I
RD
= Am53C94LV ¢ Address Bus
- A3-0
8 — Bit Data Bus Pr?cc’esstsor Bus
DMA 7-0 Controller
DACK DREQ
DMA
Controller
Bus Mode 0 17058A-002A
Vbp
BUSMD 1 DVIAWR
BUSMD 0 WR I
RD
= Am53C94LV A3 Address Bus
Host B
Data Bus Processor :: A ¢ tus"
DMA 15-0 ontroller
DACK DREQ 16 8
DMA
Controller
17058A-003A
Bus Mode 1
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INFORMATION

AMD n

SYSTEM BUS MODE DIAGRAMS

r
L

BUSMD 1 WR
BUSMD 0 RD
Host
ALE Processor
8-Bit Data Bus
AD 7-0 |< >
Am53C94LV
16-Bit Data Bus
DMA 15-0
ASO
BHE
DMA
DMARD Controller
MAW|
DREQ
DACK
17058A-004A
Bus Mode 2
Voo
p
BUSMD 1 WR
BUSMD 0 RD
Address Bus Host
A 3-0 < J> Processor
8-Bit Data Bus
AD 7-0 < >
Am53C94LV
16-Bit Data Bus
DMA 15-0
DMA
DMAWR Controller
DREQ
DACK
17058A-005A
Bus Mode 3
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BLOCK DIAGRAM
18 16 x 9 FIFO ‘8, 2
— ) 4 g
DMA 150 ——— (including parity) 9 scsiBus Inputs
Data 7 Data + Parity
DMAP {0 =i Transceivers 9 SCSIBusOubut
4 Parity Logic puts
DMA Control 4—+-. 8 Data + Parity
AD7-0 «——] Bus
Interface
6 Unit
Host Control <#——y—
MUX Register Main
C§ —» Bank Sequencer
BUSMD 1-0 ————# ._/2_ SCSI Control
SCSlI Inputs
™1 Control
CLK ———— 7 SCsl Control
8 Outputs
RESET —np A scs! ||
Sequencer
17058A-006A
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CONNECTION DIAGRAM

Am53C94LV (Top View)
PQFP

Ss
SSs

o -
[= =]
= =
w 0
2 22
o o
[ ]

EEBEHssBEes ool bl sl

cs
ASO [A0)
BHE [A1]
DMARD [A2)
ALE [A3]
CLK

VoD

Voo Am53C94LV
NC 100-Pin PQFP
ADO

AD1
AD2

ADS

AD7
DREQ

17058A-007A
RELATED AMD PRODUCTS

Part Number Description

Am53C80A 4 MBytes/sec Asynchronous CMOS SCSI Controller

Am33C93A 5 MBytes/sec Async/Synchronous CMOS SCSI Controller

Am85C80 Combination SCSI Controller (Am53C80A) and ESCC (Am85C30)

Am85C30 Enhanced Serial Communications Controller (ESCC)

Am53C94 High-Performance CMOS SCSI Controller (Single-Ended)

Am53C96 High-Performance CMOS SCSI Controller (Single-Ended and Differential)

Am53CF94 CMOS Fast SCSI-2 Chip (Single-Ended)

Am53CF96 CMOS Fast SCSI-2 Controller (Single-Ended and Differential)
Am53CF94LV Low Voltage Fast SCSI-2 Controller
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LOGIC SYMBOL

DMA 150 —
DMAP 1-0 g}
ALE [A3] ———»
DMARD [A2] ———»f
BHE [A1]] ———»
ASO [A0] ———»
DREQ «—
DACK —=1  Am53C94LV

AD 7-0 @¢—»
DMAWR
[ALeJE—

WR —

[ J——

INT —|
BUSMD 1-0 ———p
CLK —
RESET ————

T

>
Q
O

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:

AMS53CO4LY K c
T—- ALTERNATE PACKAGING OPTION
/W = Trimmed And Formed in a Tray (PQJ100)

OPTIONAL PROCESSING
Blank = Standard Processing

TEMPERATURE RANGE
C = Commercial

PACKAGE TYPE
K = Plastic Quad Flat Pack (PQR100)

SPEED OPTION
Not Applicable

DEVICE NUMBER/DESCRIPTION

AmS3C94LV
Low-Voltage, High-Performance
SCSI Controller

Valid Combinations Valid Combinations
Valid Combinations list configurations planned to
AMS53C94LV KC, KC/W be supported in volume for this device. Consulit

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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INFORMATION

PIN DESCRIPTION
Host Interface Signals

DMA 15-0

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

The configuration of this bus depends on the Bus Mode
1-0 (BUSMD 1-0) 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 A0 inputs
the data can be transferred on either the upper or lower
half of the DMA 15-0 bus.

DMAP 1-0
Data/DMA Parity Bus (Input/Output, Active High,
Internal Pullup)

These lines are odd parity for the DMA 15-0 bus.
DMAP 1 is the parity for the upper half of the bus
(DMA 15-8) and DMAP 0 is the parity for the lower half
of the bus (DMA 7-0).

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 onthe AD 7-0 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.

DMAFIDJAZJ
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 DMA
15-0 bus. When the device is configured for dual bus
operation this 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 Af1, 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 — DMA 15-8, DMAP 1
1 0 Full Bus — DMA 15-0, DMAP 1-0
0 1 Reserved
0 0 Lower Bus — DMA 7-0, DMAP 0
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
ASO, 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, Tri-State)

This output signal to the DMA controller will be active
during DMA read and write cycles. During a DMA read
cycle it willbe 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.

AD 7-0
Host Address Data Bus (Input/Output, Active
High, Internal Pullup)

This bus is used only in the dual bus mode. Thisbus 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 DMA 15-0 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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RD

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 in the dual bus mode provided the CS signal is
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). Thisflag is not
cleared by a SCSI reset.

BUSMD 1-0
Bus Mode (Input, Active High)

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

BUSMD1| BUSMDO
1 1

Bus Configuration

Two buses: 8-bit Host Bus &
16-bit DMA Bus
Register Address on A 3-0 &
Data on AD Bus

Two buses: Multiplexed &
byte control

Register Address on AD 3-0
& Data on AD Bus

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

Register Address on A 3-0 &
Data on DMA Bus

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

Register Address on A 3-0 &
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 10MHz is required to maintain the SCSi bus

timinas
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

SD 7-
SCSI Data (Input, Active Low, Schmitt Trigger)
These are SCSI data input pins.

SDP

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

This is the SCSI data parity input pin.

SDC 7-0
SCSI Data Control (Output, Active Low,
Open Drain)

These are SCSI data output pins.

SDCP
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 a 48 mA output driver.

Itis an output in the target mode and a Schmitt trigger
input in the initiator mode.

c/D
Command/Data (Input/Output, Schmitt Trigger)

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

/0
Input/Output (Input/Output, Schmitt Trigger)

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

SCSI Products 2-11
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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 device detects a parity error or it
can be asserted via certain commands. In the target
mode this pin is an input.

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)
Thisis a SCSI output with 48 mA drive. The Reset SCSI
command will cause the device to drive RSTCactive 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 SCSI output with 48 mA drive. This signal is
asserted 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
asserted only in the initiator mode.
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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 ID
Register

05 Read Interrupt Status Register

05 Write SCSI Timeout Register

06 Read Intemal State Register

06 Wirite 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 Rev. ID
Register

OoF Write Data Alignment Register

Not all registers in this device are both readable and
writable. Some read only registers share the same ad-
dress with write only registers. The registers can be ac-
cessed by asserting the CS signal and then asserting
either RD or WRsignal depending on the operation to be
performed. Only the FIFO Register can be accessed by
asserting either CS or DACK in conjunction with RD and
WRsignals or DMARD and DMAWR signals. The regis-
ter address inputs are ignored when DACK is used but
must be valid when CS is used.

SCSI Products
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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 movement
between the device FIFO and the SCSI bus. The MSB
of the command byte differentiates DMA commands

from non-DMA commands.

Summary of Commands

Command Command
Code (Hex.) Code (Hex.)
Command g:n'x DMA Command g&'x DMA
Mode | Mode Mode | Mode
Initiator Commands Idle State Commands
Information Transfer 10 90 Reselect Steps 40 Co
Initiator Command Complete Steps 1 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 C3
Set ATN 1A - Enable Selection/Reselection 44 C4
Reset ATN 1B - Disable Selection/Reselection 45
Target Commands Select with ATNS 46 | C6
Send Message 20 AO General Commands
Send Status 21 A1l 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
2-14 AmS53C94LV Data Sheet
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature ............. -55 to +125°C Commercial (C) Devices
Ambient Operating Temperature . . . . . ... 0to +70°C Ambient Temperature (Ta) ......... 0to +70°C
MaximumVce ................... -05t0+7.0V Supply Voltage (Voo) . ............... 33V10%
DC Voltage A.p plied to Any P".] - 0510 (Voo + 03) V Operating ranges define those limits between which the func-
Input Static Discharge Protection .. 3000 V pin to pin tionality of the device is guarantesd.

(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.

DC OPERATING CHARACTERISTICS Vpp=2.9 Vt0 3.7 V; Tcase = 0° to + 100°

Parameter
Symbol Parameter Description Pin Names Test Condition Min. Max. Unit
lccs Static Supply Current 4.0 mA
lcco Dynamic Supply Current 50 mA
0] Latch Up Current -100 +100 mA
SCSI Pins
ViH Input High Voltage All SCSI Inputs 20 | Voo+03| V
Vi Input Low Voltage All SCSI Inputs -0.3 0.8 \')
ViHsT Input Hysterisis All SCSI Inputs 29V<Vpp<37V 200 mV
Vo Output High Voltage SD 7-0, SDP
Vsou1 SCSI Output Low Voltage | SD 7-0, SDP lo.=4 mA Vss 0.4 Vv
VsoL2 SCSI Output Low Voltage | SDC 7-0, SDCP, | lo.=48 mA Vss 05 \Y
MSG, C/D, I/O,
ATN, RSTC, SELC,
BSYC, ACKC
and REQC
W] Input Leakage 0.0V <ViN<Vop -10 +10 A
lo Output Leakage 0.1V < Vour < Voo -10 +10 HA
Bidirectional Pins
ViH Input High Voltage 20 |Vop+03| V
Vi Input Low Voltage -0.3 0.8 \"
Vou Output High Voltage DMA 15-0,
DMAP 1-0 and
AD 7-0
Voo Output Low Voltage DMA 15-0, lo.=0.5 mA Vss 0.2 \
DMAP 1-0 and
AD 7-0 lo.=2 mA 0.45 Vv
lu Input Leakage DMA 15-0, 0.0V <ViIN< VDD +15 HA
DMAP 1-0 and
AD 7-0
ho Output Leakage DMA 15-0, 0.1V <Vour < Vbp 15 pA
DMAP 1-0 and
AD 7-0
Output Pins
VoH Output High Voltage DRQ and INT
VoL Output Low Voltage DRQ and INT lo.= 0.5 mA 0.2 \"
lo.=2.5mA 0.45 v
SCSI Products 2-15
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Am53CF94LV

Low-Voltage Fast SCSI-2 Controller

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Functionally compatible with Emulex FAS216
and NCR 53CF94

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

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

B Supports Disconnect and Reselect commands
B Supports burst mode DMA operation with a

B AMD patented GLITCH EATER™ circuitry threshold of 8

B 10 MB per second SCSI transfer rate B Supports 3 byte tagged queuing as per the

W 20 MB per second DMA transfer rate SCSI-2 specification

B 16-bit DMA Interface plus 2 bits of parity B Supports group 2 and 5 command recognition

B Floxible bus architecture, supports a three bus as per the SCSI-2 specification
architecture B Advanced CMOS process for low power

B Supports single ended SCSI bus consumption .

W Selection of multiplexed or non-multiplexed u :a";skig:MLv available in 100-pin PQFP
address and data bus

GENERAL DESCRIPTION

The Low Voltage Fast SCSI-2 Controller (LVFSC) has a
flexible three bus architecture. The LVFSC has a 16 bit
DMA interface, an 8 bit host data interface and an 8 bit
SCSI data interface. The LVFSC is designed to mini-
mize host intervention by implementing common SCSI
sequences in hardware. An on-chip state machine re-
duces protocol overheads by performing the required
sequences in response to a single command from the
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.

SYSTEM BLOCK DIAGRAM

4  ADDR
7 9
CPU 16 8 fe—yp,_—> SCS| Data
ya v
” Data |AmS3CF94LV
9
" [«—4— SCS| Control
’l
16 DMA
DMA A
16
Memory v aa

17059A:001A

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

work on this

product without notice.

Publication #: 17059
Issue Date: _Ji

Rev. A Amendment /0
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SYSTEM BUS MODE DIAGRAMS

BUSMD 1 DMAWR
BUSMD 0 I

WR|
RD
e Am53CF94LV Address Bus
- A3-0 <
Host
8 — Bit Data Bus Bus
DMA 7-0 Processor $ Controller
DACK DREQ
DMA
Controller
Bus Mode 0 17059A-002A
Vbp
BUSMD 1 DVAWR
BUSMD 0 WR I
RD|
—— AmS3CF94LV Address Bus
- A3-0 <
Host B
Data Bus Processor :D Contl:'tsaller
DMA 15-0
DACK DREQ 16 8
DMA
Controller
17059A-003A
Bus Mode 1
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SYSTEM BUS MODE DIAGRAMS

Vop

L
L

DMA 15-0

WR

RD

Host

ALE

Processor

8-Bit Data Bus
AD 7-0 <

AmS53CFo4LV

ASO |=

16-Bit Data Bus

D

BHE

DMA

DMARD |+

Controller

DMAWR [=

Bus Mode 2

17059A-004A

Vop

Am53CFo4LV

16-Bit Data Bus
DMA 15-0

WR
RD

Address Bus

Host

Processor

8-Bit Data Bus

l\
vV
N

AD 7-0

o K
¢

DMAWR

V]

DMA

Controller

DREQ
DACK

Bus Mode 3

17059A-005A
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BLOCK DIAGRAM
18 16 x 9 FIFO 18,
7 i i ; 7
DMA 15-0 @——=> (including parity) 9 scsiBus inputs
Data 7 Data + Parity
DMAP 1~0 =} Transceivers 9 508! Bus Oupub
4 Parity Logic us Outputs
DMA Control «g——yl—e v Leg Data + Parity
8
//
AD7-0 «——uf Bus
Interface
6 Unit
Host Control ‘——/—-
MUX Register Main
C§ —# 8, Bank Sequencer
BUSMD 1-0 ————— 7 -..74.—9 SCS| Control
SCsI Inputs
CLK ] Control /.4 SCSI Control
RESET ——— - /8 Outputs
7 scsi ||
Sequencer

17059A-006A
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CONNECTION DIAGRAM

Am53CF94LV (Top View)
PQFP
I A
[ ] mnEm mEEm [ ] n

ASO [A0)
BHE [A1]
DMARD (A2]
ALE [A3]
CLK

‘\//DD

oo Am53CFo4LV

Ne 100-Pin PQFP
ADO

AD1
AD2
AD3
Vss
Vss
AD4
ADS
AD6
AD7

DREQ

17059A-007A

RELATED AMD PRODUCTS

Part Number Description

Am53C80A 4 MBytes/sec Asynchronous CMOS SCSI Controller

Am33C93A 5 MBytes/sec Async/Synchronous CMOS SCSI Controller
Am85C80 Combination SCSI Controller (Am53C80A) and ESCC (Am85C30)
Am85C30 Enhanced Serial Communications Controller (ESCC)
Am53C94 High-Performance CMOS SCSI Controller (Single-Ended)
Am53C96 High-Performance CMOS SCSI Controller (Single-Ended and Differential)

Am53C94LV Low-Voltage High-Performance SCSI Controller

Am53CF94 CMOS Fast SCSI-2 Controller (Single-Ended)

Am53CF96 CMOS Fast SCSI-2 Controller (Single-Ended and Differential)
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LOGIC SYMBOL
jae——» SD7-0
DMA 150 t— je——» SDP
DMAP 1-0 g—p» ——— SDC7-0
ALE [A3] ——» —— SDCP
DMARD [A2] —»] l«——» MSG
BHE [A1]] ——») fe— CD
ASO [AO] - |0
DREQ <— e« » ATN
DACK ——=|  AmsacFoaLv [ il
AD7-0 a«—» f¢——  SEL
DMAWR — «—— RST
RD lje———— REQ
WR — le——— ACK
cs ____» BSYC
NT ——» SELC
BUSMD 1-0 — —— RSTC
CLK b REQC
RESET ———» | . ACKC
17059A-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:

AMS3CFo4LV K Cc
-I-— ALTERNATE PACKAGING OPTION
/W = Trimmed And Formed in a Tray (PQJ100)
OPTIONAL PROCESSING
Blank = Standard Processing
TEMPERATURE RANGE
C = Commercial
PACKAGE TYPE
K = Plastic Quad Flat Pack (PQR100)
SPEED OPTION
Not Applicable
DEVICE NUMBER/DESCRIPTION
Am53CF94LV
Low-Voltage, High-Performance
SCSI Controller
Valid Combinations Valid Combinations
Valid Combinations list configurations planned to
AM53CF94LV KC, KC'W 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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PIN DESCRIPTION
Host Interface Signals

DMA 15-0
Data/DMA Bus (Input/Output, Active High, Internal
Pullup)

The confnguration of this bus depends onthe Bus Mode
i-0 \Duowlu |-U) iﬁp‘um When thedeviceis wnllgun-;u
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 A0 inputs
the data can be transferred on either the upper or lower

half of the DMA 15-0 bus.

DMAP 1-0
Data/DMA Parity Bus (Input/Output, Active High,
Internal Pullup)

These lines are odd parity for the DMA 15-0 bus.
DMAP 1 is the parity for the upper half of the bus
(DMA 15-8) and DMAP 0 is the parity for the lower half
of the bus (DMA 7-0).

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 onthe AD 7-Obus 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.

DMARDJA?!]
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 DMA
15-0 bus. When the device is configured for dual bus
operation this 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 ASO0 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 A1, 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 — DMA 15-8, DMAP 1
1 0 Full Bus — DMA 15-0, DMAP 1-0
0 1 Reserved
0 0 Lower Bus — DMA 7-0, DMAP 0
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
ASO, 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 A0, this input is the zeroth bit of the address bus.

DREQ
DMA Request (Output, Active High, Three-State)

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.

AD 7-0
Host Address Data Bus (Input/Output, Active
High, Internal Pullup)

This bus is used only inthe 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)

.............. Anto Aantha MAMA 4E Nhiia intatha
I lIID blyl Idl Wlllﬂb ll 1€ daia o tn€ wivim 19-U DUS iNtd uie

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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RD

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.
CSand DACK should never be active simultaneously in
the single bus mode, they may however be active simul-
taneously in the dual bus mode provided the CSsignal is
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 1-0
Bus Mode (Input, Active High)

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

BUSMD1| BUSMDO
1 1

Bus Configuration

Two buses: 8-bit Host Bus &
16-bit DMA Bus
Register Address on A 3-0 &
Data on AD Bus

Two buses: Multiplexed &
byte control

Register Address on AD 3-0
& Data on AD Bus

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

Register Address on A 3-0 &
Data on DMA Bus

Singie bus: 8-bit Host Bus &
8-bit DMA Bus

Register Address on A 3-0 &
Data on DMA Bus

o
o

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 10MHz 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

SD 7-0
SCSI Data (Input, Active Low, Schmitt Trigger)

These are SCSI data input pins.

SDP

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

This is the SCSI data parity input pin.

SDC 7-0
SCSI Data Control (Output, Active Low,
Open Drain)

These are SCS| data output pins.

SDCP
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 a 48 mA output driver.
Itis an output in the target mode and a Schmitt trigger
input in the initiator mode.

c/D

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

It is an output in the target mode and a Schmitt trigger
input in the initiator mode.

o

Input/Output (Input/Output, Schmitt Trigger)

This is a bidirectionai signai with a 48 mA output driver.
It is an output in the target mode and a Schmitt trigger
input 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 device detects a parity error or it
can be asserted via certain commands. In the target
mode this pin is an input.

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)
Thisis a SCSi output with 48 mA drive. When the device
is configured in the Single-Ended SCSI Mode
(DFMODE inactive), this pin is the SEL output for the
SCSI bus.

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

Thisis a SCS| output with 48 mA drive. The Reset SCSI
command will cause the device to drive RSTCactive 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 SCSI output with 48 mA drive. This signal is
asserted 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
asserted only in the initiator mode.
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ADVANCE
FUNCTIONAL DESCRIPTION
Register Map
Address|
(Hex.) | Operation Register

00 Read Current Tra_‘.nsfe!' Count
Register LSB

00 Write Start Transfer Count
Register LSB

01 Read Current Transfer Count
Register MSB

o1 Write Start Transfer Count
Register MSB

02 Read/Write | FIFO Register

03 Read/Write | Command Register

04 Read Status Register

04 Write SCSI Destination ID
Register

05 Read Interrupt Status Register

05 Write SCSI Timeout Register

06 Read Intemal 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 Wirite Forced Test Mode Register

0B Read/Write | Control Register 2

oC Read/Write | Control Register 3 Rev. ID
Register

OF Write Data Alignment Register

Not all registers in this device are both readable and
writable. Some read only registers share the same ad-
dress with write only registers. The registers can be ac-
cessed by asserting the TS signal and then asserting
either RD or WRsignal depending on the operation to be
performed. Only the FiFO Register can be accessed by
asserting either CS or DACK in conjunction with RD and
WRsignals or DMARD and DMAWR ignals. The regis-
ter address inputs are ignored when DACK is used but
must be valid when CS is used.

SCSI Products

2-27



a AMD

ADVANCE

INFORMATION

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 movement
between the device FIFO and the SCSI bus. The MSB
of the command byte differentiates DMA commands

from non-DMA commands.

Summary of Commands

Command Command
Code (Hex.) Code (Hex.)
Command g&'x DMA Command g:ﬂ 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 ca
Reset ATN 1B - Disable Selection/Reselection 45
Target Commands Select with ATN3 46 cé
Send Message 20 AO General Commands
Send Status 21 A1l 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
2-28 Am53CF94LV Data Sheet
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature ............. 55 to +125°C Commercial (C) Devices
Ambient Operating Temperature . . .. . ... 0to +70°C Ambient Temperature (Ta) ......... 0to +70°C
MaximumVee ................... -05t0 +7.0V Supply Voltage (Vbp) ............ 33V+10%

DC Voltage Applied to Any Pin . —0.5 to (Vop + 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 define those limits between which the func-
tionality of the device is guaranteed.

DC OPERATING CHARACTERISTICS Voo=2.9 V10 3.7 V; Tcase = 0° to + 100°

Parameter
Symbol Parameter Description Pin Names Test Condition Min. Max. Unit
lccs Static Supply Current 4.0 mA
lcco Dynamic Supply Current 50 mA
I . Latch Up Current -100 +100 mA
SCSI Pins
Vi Input High Voltage All SCSI Inputs 20 | Vop+03| V
Vi Input Low Voltage All SCSI Inputs -0.3 0.8 v
ViHst Input Hysterisis All SCSI Inputs 29V<Vpp<37V 200 mV
Vou Output High Voltage SD 7-0, SDP
VsoL1 SCSI Output Low Voltage | SD 7-0, SDP lo.=4 mA Vss 0.4 \
VsoL2 SCSI Output Low Voltage | SDC 7-0, SDCP, | lo.=48 mA Vss 05 \"
MSG, C/D, I/O,
ATN, RSTC, SELC,
BSYC, ACKC
and REQC
Iu Input Leakage 0.0 V<ViNn< Vop -10 +10 pA
o Output Leakage 0.1V < Vour < Vop -10 +10 A
Bidirectional Pins
ViH Input High Voltage 20 |Vop+03| V
ViL Input Low Voltage -0.3 0.8 \"
Vou Output High Voltage DMA 15-0,
DMAP 1-0 and
AD 7-0
Vo Output Low Voltage DMA 15-0, lo.=0.5 mA Vss 0.2 \'
DMAP 1-0 and
AD 7-0 lo.=2mA 0.45 Vv
lu Input Leakage DMA 15-0, 0.0V <Vin<Vop +15 A
: DMAP 1-0 and
AD 7-0
lo Output Leakage DMA 15-0, 0.1V < Vour < Voo +15 1.
DMAP 1-0 and
AD 7-0
Output Pins
VoH Output High Voltage DRQ and INT
Voo Output Low Voltage DRQ and INT lo.=0.5 mA 0.2 v
lo.=2.5 mA 0.45 \
SCSI Products 2-29
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Am27LV512

65,536 x 8-Bit CMOS Low Voltage, One Time

Programmable Memory

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B 3.3V 10.3V Vccread operation

B High performance at 3.3V Vcc
- 200 ns maximum access time
B Low power consumption

— 90 pW maximum standby power
- 25 pA maximum standby current
- 54 mW maximum power at 5 MHz
— 15 mA maximum current at 5 MHz

®  Program voltage 12.75 + 0.25 V
B Latch-up protected to 100 mA
from-1VtoVcc+1V
B Flashrite™ programming
— 10 us typical byte-program
— Less than 1 second typical chip program
B Advanced CMOS memory technology
— Low cost single transistor memory cell

- No data retention power
B Industry standard packaging
- 32-pin PLCC
— 32-pin Plastic DIP
GENERAL DESCRIPTION

The Am27LV512 device is a low voltage, low power,
CMOS 64K x 8 One Time Programmable (OTP) non-
volatile memory.

Maximum power consumption in standby mode is
90uW. If the device is constantly accessed at 5 MHz,
then maximum power consumption increases to
54 mW. These power ratings are significantly lower than
typical EPROM devices. Since power consumption is
propottional to voltage squared, 3.3 V devices typically
consume at least 57% less power than 5.0 V devices.

The Am27LV512 typically draws 10 mA of current ena-
bling 200 ns read operations. Typical power consump-
tion under these conditions equals 33 mW. This “high
performance”, low voltage device is ideal for BIOS stor-
age in portable computing applications and control code
storage in portable digital cellular phone applications.

Low voltage CMOS designs require less operating
power and hence dramatically increases the usable op-
erating life of battery powered systems.

The Am27LV512 is packaged in standard 32-pin PLCC
and Plastic DIP packages. It is designed to be pro-
grammed in standard EPROM programmers.

The highest degree of latch-up protection is achieved
with AMD'’s proprietary non-epi process. Latch-up pro-
tection is provided for stresses up to 100 milliamps on
address and data pins from —1 Vto Vcc+1 V.

The Am27LV512 is byte programmable using 10 ps pro-
gramming pulses in accordance with AMD’s Flashrite
programming algorithm. The typical room temperature
programming time of the Am27LV512 is less than one
second.

BLOCK DIAGRAM

o—= Vce —A—
o it
Ot \/pp
S Output Enable
OE—* Cr?p Enable [
CE—" and | Output Buffers
pGM—1_Prog Logic
o Y > .
—o] Decoder |24 Y-Gating
— et
Ac-Ais >
Address e )
Inputs | —* X + | 524,288-Bit
—=a{ Decoder . Cell Matrix
— M
i} —
08140-001A
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 di: work on this
product without notice.
Publication #:16358  Rev. A Amendment 0 33

Issue Date: 1992



NAMD PRELIMINARY

PRODUCT SELECTOR GUIDE
Family Part No. Am27LV512
Ordering Part No:
+0.3 V Vcc Tolerance -200 -250 -300
Max Access Time (ns) 200 250 300
CE (E) Access (ns) 200 250 300
OE (G) Access (ns) 75 100 100
CONNECTION DIAGRAMS
DIP PLCC
——
ver ] 1© 32 veo
Nne [ 2 31 [] PGM(P)
Ais[]3 30 [] NC
Az [ 4 29 [] A1
A l]s 28 ] A3 A7
s [ 6 271 As As
as 7 26 [1 Ao As
A4
I K 251 A1y Ag
As[]o 24 ] GE(@) Ao
Ao 23 a0 A1
A 1 2[]cE® Ao
DQg
Ao [] 12 21 ] par 14 18 19 20
Do [} 13 20 []Das S
DQ1[14 19]DQs DDg)DDDD
pQ2 [ 15 18 [ DQs 16358A-0018B
vss [} 16 17 pas
11561-002B

Note: Pin 1 is marked for orientation.

LOGIC SYMBOL

16
¢> Ao-Ats

—®| CE(®

—»{E@

—p| FEM ()

8
DQo- DQ7 <¢>

11561-004A
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ORDERING INFORMATION
Standard Products

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

AM27LV512 -200

1
(2}

-l-—- OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

J = 32-Pin Rectangular Plastic Leaded
Chip Carrier (PL 032)
P = 32-Pin Plastic DIP (PD 032)

SPEED OPTION

See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION

Am27LV512
512K (64K x 8-Bit) CMOS OTP Memory

Valid Combinations Valid Combinations

Valid Combinations list configurations planned to

L AM27LV512:200 | be supported in volume for this device. Consult

Am27LV512-250 JC, PC the local AMD sales office to confirm availability of

Am27LV512-300 specific valid combinations and to check on newly
released combinations.

One Time Programmable EPROM Products 3-5
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PIN DESCRIPTION
Ao — Ass

Address Inputs for memory locations.

DQ.- DQ~

Data Inputs during memory program cycles. Internal
jatches hoid data during program cycies. Data Outputs
during memory read cycles.

CE (E)

The Chip Enable active low input activates the chip's
control logic and input buffers. Chip Enable high will

deselect the device and operates the chip in stand-by
mode.

OE (G)
The Output Enable active low input gates the outputs of

the device through the data buffers during memory read
cycles.

PGM (P)
The Program Enable active low input controls the pro-
gram function of the memory array.

Power supply for device operation.
(Read: Vcc=3.3V+0.3V, Program: Vcc=5.0V £ 10%)

Vss
Ground

NC

No Connect-corresponding pin is not connected inter-
nally to the die.

BASIC PRINCIPLES

The Am27LV512 supports programming operations us-
ing a fixed 12.75 + .25V power supply.

Read Only Memory

Without high Vep voltage, the Am27LV512 functions as
a read only memory and operates like a standard
EPROM. The control inputs still manage traditional
read, standby, output disable, and Auto select modes.

Programming

These devices are programmable on standard PROM
programmer equipment.

Please contact Advanced Micro Devices for PROM pro-
grammer information.

FUNCTIONAL DESCRIPTION
Description Of User Modes

Table 1. Am27LV512 User Bus Operations

Operation % %i 2% (NX:: 1) A | A | WO

Read Vi ViL X VepL Ao Ao Dour
Standby ViH X X VepL X X HIGH Z
Read-Only | Output Disable Vi Vin ViH VepL X X HIGH Z
Auto-select Manufacturer Vi Vi Vin VepL Vi Vio CODE

Code (Note 2)| (01H)

Auto-select Device Code ViL Vi ViH VepL ViH Vi CODE

(Note 2)| (26H)

Legend:

X =Don't care, where Don’t Care is either ViLor ViH levels, VppL = VPP < Ve + 2 V, See DC Characteristics for voltage levels of
VepH, 0V < An <Vce + 2V, (normal CMOS input levels, where n = 0 or 9).

Notes:

4 Voo mav be arainded o racic
i. VppL may be grounded 5

o el 2
nneciea wiln a resistol

r to ground, or < Vcc +2.0V. Vppii is the

PO, Y \ VALY L T TR I Y $ind
1 “

, €O
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written.

2. 115<Vib<13.0V,Vcc=5.0V +10%.
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READ ONLY MODE

Vec=33V103V

Read

The Am27LV512 functions as a read only memory. The

Am271 V512 has two control functions. Both must be
satisfied in order to output data. CE controls power to the
device. This pin should be used for specific device se-
lection. OE controls the device outputs and should be
used to gate data to the output pins if a device is se-
lected.

Address access time tacc is equal to the delay from sta-
ble addresses to valid output data. The chip enable ac-
cess time tce is the delay from stable addresses and
stable CE to valid data at the output pins. The output en-
able access time is the delay from the falling edge of OE
to valid data at the output pins (assuming the addresses
have been stable at least tacc — toe).

Standby Mode

The Am27LV512 has one standby mode. The CMOS
standby mode (CE input held at Vcc £ 0.5 V), con-
sumes less than 25 pA of current. When in the standby
mode the outputs are in a high impedance state, inde-
pendent of the OE input.

If the device is deselected during programming, or pro-
gram verification, the device will draw active current un-
til the operation is terminated.

Output Disable
Output from the device is disabled when OE is at a logic

high level. When disabled, output pins are in a high im-
pedance state.

Auto Select

The Am27LV512 can be programmed in a standard
PROM programmer.

The Auto select mode allows the reading out of a binary
code from the device that will identify its manufacturer
and type. This mode is intended for the purpose of auto-
matically matching the device to be programmed with its
corresponding programming algorithm.

Programming In A PROM Programmer

To activate this mode, the programming equipment
must force Vip (11.5 V to 13.0 V) on address As. Two
identifier bytes may then be sequenced from the device
outputs by toggling address Ao from Vi to V. All other
address lines must be held at Vi, and Vpp must be less
than or equal to Vcc + 2.0 V while using this Auto select
mode. Byte 0 (Ao = Vi) represents the manufacturer
code and byte 1 (Ao = ViH) the device identifier code. For
the Am27LV512 these two bytes are given in the table
below. All identifiers for manufacturer and device codes
will exhibit odd parity with the MSB (DQy) defined as the
parity bit.

Table 2. Am27LV512 Auto Select Code

Code
Type Ao | (HEX)| DQ7r | DQs | DQs | DQs | DQs | DQ2 | DQ1 | DQo
Manufacturer Code ViL 01 0 0 0 0 0 0 0 1
Device Code Vin 26 0 0 1 0 0 1 1 0

One Time Programmable EPROM Products 3-7
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature :

Plastic Packages ............ —65°C to +125°C
Ambient Temperature

with Power Applied . .......... —55°C to + 125°C
Voltage with Respect To Ground All pins

except Ag and Vep (Note 1) ... .. -20Vto7.0V
Vec(Note 1) ...........onnnt. -20Vto7.0V
As(NOE2) ..o, -20Vto14.0V
Vep(Note2) ................... -20Vto14.0V
Output Short Circuit Current (Note 3) ... ... 200 mA
Notes:

1. Minimum DC voltage on input or I/O pins is—0.5 V. During
voltage transitions, inputs may overshoot Vss to 2.0 V
for periods of up to 20 ns. Maximum DC voltage on output
and I/0 pins is Vcc + 0.5 V. During voltage transitions,
outputs may overshoot to Vcc + 2.0 V for periods up to
20ns.

2. Minimum DC input voltage on Ag and Vpp pins is —0.5V.
During voltage transitions, A9 and Vep may overshoot
Vss to —2.0 V for periods of up to 20 ns. Maximum DC in-

put voltage on Ag and Vpp is +13.5 V which may over-
shoot to 14.0 V for periods up to 20 ns.

3. No more than one output shorted at a time. Duration of
the short circuit should not be greater than one second.

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only; functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure of
the device to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Case Temperature (Tc) .......... 0°C to +70°C
Vcc Supply Voltage

Vccfor Am27LV512 .......... +30Vto+3.6V
Ver Supply Voltage

Program and Verify .......... +125Vto +13V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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MAXIMUM OVERSHOOT
Maximum Negative Input Overshoot

20 nS 20 nS
-5V

20V

20 nS

Maximum Negative Overshoot Waveform

11561-009B

Maximum Positive Input Overshoot

20 nS

Vcc+20V
" row XXXXXX XXX
2.0V

20 nS 20 nS

Maximum Positive Overshoot Waveform

11561-010A

Maximum Ve Overshoot

20 nS

140V

Vcc+0.5V

20 nS 20 nS

Maximum Vepr Overshoot Waveform

11561-011A

One Time Programmable EPROM Products
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DC CHARACTERISTICS-CMOS COMPATIBLE

Parameter
Symbol Parameter Description Test Conditions Min. Max. | Unit
Iui Input Leakage Current Vce = Vee Max., +1.0 | pA
Vin = Vecor Vss
o Output Leakage Current Vee = Vee Max., +1.0 | pA
Vout = Vccor Vss
Iccs Vcc Standby Current Vee = Vee Max. 25 RA
CE=Vcc £03V
lcct Vce Active Read Current Vee = Vec Max.,CE = Vi, OE = Vi 15 mA
lout =0 mA, at 5 MHz
lcc2 Vcc Programming Current CE=VuiL 30 mA
Programming in Progress
Ipps Vep Standby Current Vep = VepL +1.0 | pA
ViL Input Low Voltage -0.5 0.6 \
ViH Input High Voltage 2.0 Vce \Y
+0.5
Voo Output Low Voltage loo=1mA 0.3 Vv
, Vce = Vee Min.
Von Output High Voltage lon=-100 pA, Vcc = Vec Min. Vce \
-0.3
Vip Asg Auto Select Voltage Ag= VD 115 13.0 \
I Ag Auto Select Current Ag = Vip Max. 35 MA
Vee = Vee Max.
VeeL Vep during Read-Only 0.0 Vce v
Operations +2.0
VeprH Vep during Read/Write 125 13.0 v
Operations
Notes:

1. Caution: the Am27LV512 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied.

2. lcci is tested with OE = ViH to simulate open outputs.

3. Maximum active power usage is the sum of Icc and Ipp.

3-10
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PRELIMINARY AMD:‘
PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Conditions Typ. | Max. | Unit
CiN Input Capacitance ViN=0 8 10 pF
Court Output Capacitance Vour =0 8 12 pF
Cin2 Vep Input Capacitance Vep =0 8 12 pF
Notes:
1. Sampled, not 100% tested.
2. Test conditions Ta = 25°C, f = 1.0 MHz.
SWITCHING CHARACTERISTICS over operating range unless otherwise specified
AC CHARACTERISTICS-Read Only Operation (Notes 1- 2)
Parameter
Symbols Am27LV512
JEDEC| Standard | Parameter Description -200 -250 -300 Unit
tavav trc Read Cycle Time Min. 200 250 300 ns
Max.
teLav tce Chip Enable Min.
Access Time Max. 200 250 300 ns
tavav tacc Address Min.
Access Time Max. 200 250 300 ns
taLav toe Output Enable Min.
Access Time Max. 75 100 100 ns
teLax tz Chip Enable to Min. 0 0 0 ns
Output in Low Z Max.
tenaz toF Chip Disable to Min.
Output in High Z Max. 35 35 35 ns
taLax toz Output Enable to Min. 0 0 0 ns
Output in Low Z Max.
taHaz tor Output Disable to Min.
Output in High Z Max. 35 35 35 ns
taxax toH Output Hold from first of Min. 0 0 0 ns
Address, CE, or OE Change | Max.
tves Vcc Set-up Time to Min. 50 50 50 us
Valid Read Max.
Notes:
1. Output Load: 1 TTL gate and CL = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels:
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.6 Vand2 V
Outputs: 1.5V
2. tvcs is guaranteed by design not tested.
One Time Programmable EPROM Products 3-11
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Addresses

Data (DQ)

33V
Vcc
oV

Power-up, Standby Address Selection

XXXXK)

PRELIMINARY
Device and Outputs  Data
Enabled Valid Standby,
( Addresses Stable

—

—\

tavav (trc)
tavav (tRC)

tEHQZ
(toF)

tWHGL

taHQz
(toF)

Power-down

RRRXXXX
J \

[)

T\

'

High Z

-

taLav (toLz)

je- tvcs

le— teLqv (tce) —

teLax (tLz) *

taLav (toe) e

e

taxax (toH) —

je—— tavav (tacc) —

({(

Output Valid

)))

\
| High Z

AC Waveforms for Read Operations

-\

11561-013C
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SWITCHING TEST CIRCUIT

2.7kQ

Device 5V
Under T * *
Test

Diodes = IN3064
or Equivalent

= = = 11561-012A

CL = 100 pF including jig capacitance

SWITCHING TEST WAVEFORMS

24V
20V
> TEST POINTS 1.5V
0.6V
045V
INPUT OUTPUT
All Devices

AC Testing: Inputs are driven at 2.4 V for a
logic “1” and 0.45 Vfor alogic “0”. Input pulse
rise and fall times are < 10 ns.

16357A-002B

One Time Programmable EPROM Products
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ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Min. | Typ. | Max. | Unit Comments

Chip Programming Time 1 12 S Excludes system-level overhead
(Note 1)

Note:
1. 25°C, 12.75V Vep

LATCHUP CHARACTERISTICS

Min. Max.
Input Voltage with respect to Vss on all pins except I/O pins
(Including Ao and Vep) -1.0V 135V
Input Voltage with respect to Vss on all pins I/O pins -1.0V Vec+1.0V
Current -100 mA +100 mA

Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time.

3-14 Am27LV512 Data Sheet




PRELIMINARY AMDI‘y‘

PHYSICAL DIMENSIONS*
PD 032

1.640
1.680

' &
|
r

530
.580

[

090 r—
5 110 5
065 .00
MIN
< 800
015 '
060
140
225 f 008

11
- | w

. 700 ™
9
014 7
125 22
160 022
124168
PL 032
-042
048 .050
—_— | -— REF
' y 042
aooarnr 056
)4 [¢] A
1
.585 _L
222 .026
595 055
547 T
553
-009
447 .015
® e | .
~——————— 753 i 095
485 > 140
.495 ' )

06971C

*For reference only. All dimensions are measured in inches, unless otherwise noted. BSC is an ANSI standard for Basic Space Centering.
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Am27LV010

131,072 x 8-Bit CMOS Low Voltage, One Time

Programmable Memory

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B 3.3V 0.3V Vcc read operation

B High performance at 3.3 Vcc
- 200 ns maximum access time

Low power consumption

- 90 uW maximum standby power
— 25 nA maximum standby current
- 54 mW maximum power at 5 MHz
- 15 mA maximum current at 5 MHz
— No data retention power

Industry standard packaging

- 32-pin PLCC

— 32-pin Thin Small Outline Package
— 32-pin Plastic DIP

Program voltage 12.75+ 0.25 V

Latch-up protected to 100 mA
from-1VtoVec+1 V

Flashrite™ programming

- 10 ps typical byte-program

- Less than 3 seconds typical chip program
Advanced CMOS memory technology

— Low cost single transistor memory cell

GENERAL DESCRIPTION

The Am27LV010 device is a low voltage, low power,
CMOS 128K x 8 One Time Programmable (OTP) non-
volatile memory.

Maximum power consumption in standby mode is
90 uW. If the device is constantly accessed at 5 MHz,
then maximum power consumption increases to
54 mW. These power ratings are significantly lower than
typical EPROM devices. Since power consumption is
proportional to voltage squared, 3.3 V devices typically
consume at least 57% less power than 5.0 V devices.
The Am27LV010 typically draws 10 mA of current ena-
bling 200 ns read operations. Typical power consump-
tion under these conditions equals 33 mW. This “high

performance”, low voltage device is ideal for BIOS stor-
age in portable computing applications and control code
storage in portable digital cellular phone applications.
Low voltage CMOS designs require less operating
power and hence dramatically increases the usable op-
erating life of battery powered systems.

The Am27LV010 is packaged in a 32-pin PLCC, Plastic
DIP and Thin Small Outline Package (TSOP) versions.
It is designed to be programmed in standard EPROM
programmers.

The highest degree of latch-up protection is achieved
with AMD’s proprietary non-epi process. Latch-up pro-
tection is provided for stresses up to 100 milliamps on
address and data pins from -1 Vto Vcc +1 V.

BLOCK DIAGRAM
Data Outputs
O——et> Vo DQ—DQr
O—8 GND / \
— Hitt
oF Output Enable |—u
OE Chip Enable Output
CE and —» B::fers
PGM Prog Logic
e Y [ Y
2] oecoder | 2,1 aaling
—— S—
Ar-A
;A<?<1res‘sl — X ™
nputs | ——> 1,048,576-Bit
—o|  Decoder . Cell Matrix
# :
— -

16885A-001A

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

is intended to help you evaluate this product. AMD reserves the right to change or
product without notice.

work on this prop

Publication #:16885  Rev. A Amendment 0

Issue Date: 1992
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PRELIMINARY

PRODUCT SELECTOR GUIDE

Family Part No. Am27LV010
Ordering Part No:
+0.3 V Vcc Tolerance -200 -250 -300
Max Access Time (ns) 200 250 300
CE (E) Access (ns) 200 250 300
O (G) Access (ns) 75 100 100
CONNECTION DIAGRAMS
DIP PLCC
ver [} 1® 32 ] vee e
A6 ] 2 31 [] FGM(P) =
awo Q2
a5 [] 3 sofInc zfs%é)‘&’%
Az ] 4 20 [] A1 23 2 1323130
A7ES 28 [] Ats A7 5 i 20 [A1g
rs [} 6 27 gAa Asl] 6 28 [la1s
as [ 7 26 [] Ao Asl] 7 27 Ag
I E 25 [] At Asl] 8 26 [1Ag
al]o 2#[loE@) Al o 25 [ A1y
A2 [] 10 23 A1 Az [] 10 24 [15E (g
A1 [] 11 2[0cE® A O 1 23 1At
rlz  21foo Aol 12 22 llce )
pao[f13 20 pas D[} 12 21 flooy
14 15 16 17 18 19 20
par[J14 101 0as === = g
Da2 [} 15 13%004 gg2929¢9g
vss [ 16 17 H DQs3
16885A-003A
16885A-002A
Note: Pin 1 is marked for orientation.
3-18 Am27LV010 Data Sheet



PRELIMINARY AMDu

TSOP PACKAGES
A1 1 32 GE
Ag 2 © 31 At
As 3 309 CE
A3 4 29 D7
A4 5 28 De
NC 6 27 Ds
= I 27LV010 26 B
Vep 9 Standard Pinout 24 Vss
A1g 10 23 D2
Ats 11 22 D1
A2 12 21 Do
A7 13 20 Ao
As 14 Y =
As 15 18 A2
A4 16 17 A3
16885A-004A
OE 1V a2 At
Ao 2 31 A9
CE 3 30 As
D7 4 : 29 A13
Ds 5 28 A4
Ds 6 27 NC
D4 7 27LV010 26 PGM
D3 8 Reverse Pinout 25 Vec
Vss 9 24 Vep
D2 10 23 Ate
D1 1 22 Ats
Do 12 21 A12
Ao 13 20 A7
A 14 19 As
A2 15 18 As
A3 16 17 A
16885A-005A
27LV020 256K x 8 OTP in 32 Lead TSOP
LOGIC SYMBOL

Ao— Ate

@:

8
DQo-DQ7 <¢>

CE(E)
CE(Q)
FGM (P)

2%

16885A-006A
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination)

is formed by a combination of these elements:

AM27LV010 -200 .

-I——— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

J = 32-Pin Rectangular Plastic Leaded
Chip Carrier (PL 032)

E = 32-Pin Thin Small Outline Package “Standard”
(TS 032)

F = 32-Pin Thin Small Outline Package “Reverse”
(TS 032)

P = 32-Pin Plastic DIP (PD 032)

Am27LV010

DEVICE NUMBER/DESCRIPTION

SPEED OPTION

See Product Selector Guide and
Valid Combinations

1 Megabit (128K x 8-Bit) CMOS OTP Memory

Valid Combinations

Am27LV010-200

Am27LV010-250 | JC, EC, FC, PC
Am27LV010-300

Valid Combinations

Valid Combinations list 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.
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PIN DESCRIPTION

Vee

Power supply for programming.

Vee

Power supply for device operation. (Read: Vcc =3.3V
+0.3V, Program: Vcc =5.0 V£ 10%.)

Vss

Ground

NC

No Connect-corresponding pin is not connected inter-
nally to the die.

Ao— Ass
Address Inputs for memory locations.
DQo— DQy

Data Inputs during memory program cycles. Intemal
latches hold data during program cycles. Data Outputs
during memory read cycles.

CE (E)

The Chip Enable active low input activates the chip’s
control logic and input buffers. Chip Enable high will
deselect the device and operates the chip in stand-by
mode.

OE (G)

The Output Enable active low input gates the outputs of
the device through the data buffers during memory read
cycles.

PGM (P)
The Program Enable active low input controls the pro-
gram function of the memory array.

BASIC PRINCIPLES

The Am27LV010 supports programming operations us-
ing a fixed 12.75 + 0.25 V power supply.

Read Only Memory

Without high Vep voltage, the Am27LV010 functions as
a read only memory and operates like a standard
EPROM. The control inputs still manage traditional
read, standby, output disable, and Auto select modes.

Programming

These devices are programmable on standard PROM
programmer equipment.

Please contact Advanced Micro Devices for PROM pro-
grammer information.

FUNCTIONAL DESCRIPTION
Description Of User Modes

Table 1. Am27LV010 User Bus Operations

Operation E—E -O_? SR Vee
P ® (G) | PGM |(Note 1)| Ao Ao Vo

Read ViL Vi X VepL Ao Ao Dout
Standby ViH X X VepL X X HIGH Z
Output Disable Vi ViH ViH VepL X X HIGH Z
Read-Only | Auto-select Manufacturer ViL Vi Viu VepL Vi Vio CODE

Code (Note 2)| (01H)
Auto-select Device Code ViL Vi ViH VerL Vin Vio CODE

(Note 2)| (A8)

Legend:

X = Don't care, where Don't Care is either ViL or ViH levels, VPpPL = VPP < Vcc + 2V, See DC Characteristics for voltage
levels of VppH, OV < An <Vcc + 2V, (normal CMOS input levels, where n = 0 or 9).

Notes:

1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VppH is the programming voltage specified
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written.

2. 11.5<Vib<13.0V,Vcc=5.0V+10%

One Time Programmable EPROM Products 3-21
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PRELIMINARY

READ ONLY MODE
Vec=33V+03V
Read

The Am27LV010 functions as a read only memory. The
Am27LV010 has two control functions. Both must be
satisfied in order to output data. CE controls power to the
device. This pin should be used for specific device se-
lection. OE controls the device outputs and should be
used to gate data to the output pins if a device is se-
lected.

Address access time tacc is equal to the delay from sta-
ble addresses to valid output data. The chip enable ac-
cess time tce is the delay from stable addresses and
stable CE to valid data at the output pins. The output en-
able access time is the delay from the falling edge of OE
to valid data at the output pins (assuming the addresses
have been stable at least tacc — toE).

Standby Mode
The Am27LV010 has one standby mode. The CMOS
standby mode (CEinputheldat Vcc £ 0.5V), consumes
less than 25 pA of current. When in the standby mode
the outputs are in a high impedance state, independent
of the OE input.

If the device is deselected during programming, or pro-
gram verification, the device will draw active current un-
til the operation is terminated.

Output Disable
Output from the device is disabled when OE is at a logic

high level. When disabled, output pins are in a high im-
pedance state.

Auto Select

The Am27LV010 can be programmed in a standard
PROM programmer.

The Auto select mode allows the reading out of a binary
code from the device that will identify its manufacturer
and type. This mode is intended for the purpose of auto-
matically matching the device to be programmed with its
corresponding programming algorithm.

Programming In A PROM Programmer

To activate this mode, the programming equipment
must force Vip (11.5V to 13.0V) on address As. Two
identifier bytes may then be sequenced from the device
outputs by toggling address Ao from Vi to Vin. All other
address lines must be held at Vi, and Vpp must be less
than or equal to Vcc + 2.0V while using this Auto select
mode. Byte 0 (Ao = Vi) represents the manufacturer
code and byte 1 (Ao = ViH) the device identifier code. For
the Am27LV010 these two bytes are given in the table
below. All identifiers for manufacturer and device codes
will exhibit odd parity with the MSB (DQy) defined as the
parity bit.

Table 2. Am27LV020 Auto Select Code

Code
Type Ao | (HEX)| DQ7 | DQs | DQs | DQs | DQs | DQ2 | DQ1 | DQo
Manufacturer Code Vi 01 0 0 0 0 0 0 0 1
Device Code ViH A8 1 0 1 0 1 0 0 0
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature

Plastic Packages ............. —65°C to +125°C
Ambient Temperature

with Power Applied . .......... -55°C to + 125°C
Voltage with Respect To Ground. All pins

except Asand Ver(Note 1) ..... -20Vto+7.0V
Vec(Note1) .................. -20Vto +7.0V
Ag(Note2)................... —2.0Vto+14.0V
Vee(Note2).................. —-2.0Vto+14.0V
Output Short Circuit Current (Note 3) ...... 200 mA

Notes:

1. Minimum DC voltage on input or I/O pins is—0.5 V. During
voltage transitions, inputs may overshoot Vss to -2.0 V
for periods of up to 20 ns. Maximum DC voltage on output
and I/O pins is Vcc + 0.5 V. During voltage transitions,
outputs may overshoot to Vcc + 2.0 V for periods up to
20ns.

2. During programming operations only. Minimum DC input
voltage on Ag and Vp pins is —0.5V. During voltage tran-
sitions, Ag and Vpp may overshoot Vss to —2.0 V for peri-
ods of up to 20 ns. Maximum DC input voltage on Ag and

Ve is +13.5 V which may overshoot to 14.0 V for periods
up to 20 ns.

3. No more than one output shorted at a time. Duration of
the short circuit should not be greater than one second,

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only; functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure of
the device to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

OPERATING RANGES

Commercial (C) Devices

Case Temperature (Tc) .. ........ 0°C to +70°C
Vcc Supply Voltages

Vccfor Am27LVO10 .......... +3.0Vto +36V
Vep Supply Voltages

Program and Verify .......... +125Vto +13V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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MAXIMUM OVERSHOOT
Maximum Negative Input Overshoot

20nS 20 nS
+.6V SAAAANAN V. VAVAVAVAVAVA
EAVAVAVAVAVA AAAAA
2.0V
20 nS
11561-009B
Maximum Positive Input Overshoot
20 nS
Vec+2.0V
2.0V
20 nS 20 nS
11561-010A
Maximum Ver Overshoot
20 nS
140V
Vcc+0.5V
20 nS 20 nS
11561-011A
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DC CHARACTERISTICS-CMOS COMPATIBLE

Parameter
Symbol Parameter Description Test Conditions Min. Max. | Unit
lu Input Leakage Current Vce = Vec Max., +1.0 | pA
Vin = Vccor Vss
o Output Leakage Current Vce = Vee Max., +10 | pA
Vout = Vccor Vss
lccs Vcc Standby Current Vee = Vec Max. 25 MA
CE=Vcc+0.3V
lcct Vcc Active Read Current Vcc = Vee Max.,CE = Vi, OE = ViH 15 mA
lour = 0 MA, at 5 MHz
lec2 Vcc Programming Current CE=Vw 30 mA
Programming in Progress
Ipps Vpp Standby Current Vep = VepL +1.0 | pA
Vi Input Low Voltage -0.5 0.6 Vv
Vi Input High Voltage 2.0 Vee Vv
+0.5
VoL Output Low Voltage lo.=1mA 0.3 \"
Vce = Vee Min.
Vo Output High Voltage lon=—-100 pA, Vcc = Vec Min. Vce \"
-0.3
Vio A9 Auto Select Voltage A9o=Vip 11.5 13.0 v
o Ao Auto Select Current As = Vip Max. 35 pA
Vee = Vec Max.
VepL Vpp during Read-Only 0.0 Vece Vv
Operations +2.0
VepH Vep during Read/Write 12.5 13.0 \"
Operations
Notes:
1. Caution: the Am27LV010 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied.
2. Icc1 is tested with OF = ViH to simulate open outputs.
3. Maximum active power usage is the sum of Icc and Ipp.
One Time Programmable EPROM Products 3-25
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PRELIMINARY
PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Conditions Typ. | Max. | Unit
Cin Input Capacitance Vin=0 8 10 pF
Cour Output Capacitance Vour =0 8 12 pF
Cinz Vep input Capacitance Vep =0 8 12 pF

Notes:

1. Sampled, not 100% tested.

2. Testconditions Ta=25°C, f = 1.0 MHz.

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
AC CHARACTERISTICS—Read Only Operation (Note 1)

Parameter
Symbols Am27LV010
JEDEC| Standard | Parameter Description -200 -250 -300 Unit
tavav trc Read Cycle Time Min. 200 250 300 ns
Max.
tetav tce Chip Enable Min.
Access Time Max. 200 250 300 ns
tavav tacc Address Min.
Access Time Max. 200 250 300 ns
taLav toe Output Enable Min.
Access Time Max. 75 100 100 ns
teLax tz Chip Enable to Min. 0 0 0 ns
Output in Low Z Max.
teHaz tor Chip Disable to Min.
Output in High Z Max. 35 35 35 ns
teLax torz Output Enable to Min. 0 0 0 ns
Output in Low Z Max.
teHaz tor Output Disable to Min.
Output in High Z Max. 35 35 35 ns
taxax toH Output Hold from first of Min. 0 0 0 ns
Address, CE, or OE Change | Max.
tves Vce Set-up Time to Min. 50 50 50 us
Valid Read Max.
Notes:

1. Output Load: 1 TTL gate and CL = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels:

0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.6 Vand 2 V
Outputs: 1.5V

2. tvcs is guaranteed by design not tested.
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Device and Outputs  Data
Power-up, Standby Address Selection  Enabled  Valid Standby, Power-down
Addresses M Addresses Stable T ,@XMXX
tavav (trc)
CE® _—\ ] \

\_ ——

g

1]
S

- tcLav(toe) e
le—— teLQu (tcE) —>

taLay (toLz) e taxax (toH) =1 e
_.I N teLax (tLz) ™ o
High Z je- tvcs y ] High Z
Data (DQ) g g S g { Output Valid })» —
L——— tavav (tacc) =

33V

Vce \-

ov

16885A-007A

AC Waveforms for Read Operations
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SWITCHING TEST CIRCUIT

27kQ

Device
Under *
Test

+5V

Diodes = IN3064
or Equivalent

11561-012A

CL = 100 pF including jig capacitance

SWITCHING TEST WAVEFORMS

24V
20V
> TEST POINTS 15V
0.6V
045V
INPUT OUTPUT
All Devices

AC Testing: Inputs are driven at 2.4 V for a
logic “1” and 0.45 Vfor alogic “0”. Input pulse
rise and fall times are < 10 ns.

16357A-002B
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ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Min. | Typ. | Max. | Unit Comments

Chip Programming Time 4 48 S Excludes system-level overhead
(Note 1)

Note:

1. 25°C, 12.75 V Vpp.

LATCHUP CHARACTERISTICS

Min. Max.
Input Voltage with respect to Vss on all pins except /O pins
(Including Ag and Vep) -1.0V 135V
Input Voltage with respect to Vss on all pins VO pins -1.0V Vec+1.0V
Current -100 mA +100 mA
Includes all pins except Vce. Test conditions: Vcec = 5.0 V, one pin at a time.

One Time Programmable EPROM Products
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PHYSICAL DIMENSIONS*
PD 032
e 1.640
[ 1.680 >
[ -_5{20

; i
I

.045

8
1
t

"
ury
o

0% | MIN
015
.060
.140
225 | 008
A _r 015
f —olle— o
014 7
T 02
12416B
PL 032
042
048 050
— ] |-— REF
— o2 ]
L e o ¥ s § o § s | Ll 056
[e) )
! ]
588 1 }_ 026
595 i =
547 g T
l J
aar 015
[ ——— |
453
485
25 .

06971C

*For reference only. All dimensions are measured in inches, unless otherwise noted. BSC is an ANSI standard for Basic Space Centering.
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PHYSICAL DIMENSIONS*
TS 032
0.20 { ‘
0.30 T"‘—'D: o1 T
[Se= :mT 0.5
(o o ==
[ == ==
8';(5) j_l:,:,:'::’: —— 7.85
g f T} === 8.15
] ===
== b
(== ===
o =]
o == =]
=== Er—
[ o 1 y
| 18.25 > l
18.55
- 19.85
| 5015
1.27
MAX %
i ; 0.10
_r o —= 020
50
05
0.25 0.40
0.60 16262A

*For reference only. All dimensions are measured in inches, unless otherwise noted. BSC is an ANSI standard for Basic Space Centering.
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Am27LV020

262,144 x 8-Bit CMOS Low Voltage, One Time

Programmable Memory

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B 3.3V 0.3V Vccread operation

B High performance at 3.3 Vcc
— 200 ns maximum access time

B Low power consumption
- 90 uW maximum standby power
— 25 pA maximum standby current
— 54 mW maximum power at 5 MHz
— 15 mA maximum current at 5 MHz
- No data retention power

B Industry standard packaging
- 32-pin PLCC
— 32-pin Thin Small Outline Package
— 32-pin Plastic DIP

Program voltage 12.75 + .25 V

B Latch-up protected to 100 mA
from-1VtoVcc+1V

Flashrite™ programming

— 10 ps typical byte-program

— Less than 3 seconds typical chip program
B Advanced CMOS memory technology

— Low cost single transistor memory cell

GENERAL DESCRIPTION

The Am27LV020 device is a low voltage, low power,
CMOS 256K x 8 One Time Programmable (OTP) non-
volatile memory.

Maximum power consumption in standby mode is
90uW. If the device is constantly accessed at 5 MHz,
then maximum power consumption increases to
54 mW. These power ratings are significantly lower than
typical EPROM devices. Since power consumption is
proportional to voltage squared, 3.3 V devices typically
consume at least 57% less power than 5.0 V devices.

The Am27LV020 typically draws 10 mA of current ena-
bling 200 ns read operations. Typical power consump-
tion under these conditions equals 33 mW. This “high

performance”, low voltage device is ideal for BIOS stor-
age in portable computing applications and control code
storage in portable digital cellular phone applications.
Low voltage CMOS designs require less operating
power and hence dramatically increases the usabie op-
erating life of battery powered systems.

The Am27LV020 is packaged in a 32-pin PLCC, Plastic
DIP and Thin Small Outline Package (TSOP) versions.
It is designed to be programmed in standard EPROM
programmers.

The highest degree of latch-up protection is achieved
with AMD’s proprietary non-epi process. Latch-up pro-
tection is provided for stresses up to 100 milliamps on
address and data pins from -1 V to Vcc+1 V.

BLOCK DIAGRAM
Data Outputs
o— Vec DQe-DQy
O—# GND
—= ttt it
OF — Og?uié;:\:&ble S
— U e ut
ce—> and . [—* S
PGM —™]__Prog Logic
j—- Y " Y
— Decoder : Gating
— —
Ar-A
Addresg > X . >
Inputs | =i 2,097,152-Bit
——a|  Decoder . Cell Matrix
R :

11507-001B

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

work on this

product without notice.

Publication #: 163657  Rev. A Amendment /0

Issue Date: _ July 1992
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PRELIMINARY

PRODUCT SELECTOR GUIDE
Family Part No. Am27LV020
Ordering Part No:
+0.3 V Vce Tolerance -200 -250 -300
Max Access Time (ns) 200 250 300
CE (E) Access (ns) 200 250 300
OE (G) Access (ns) 75 100 100
CONNECTION DIAGRAMS
DIP PLCC
vep [J1© ] vee I
A6 ]2 31 [] FGM(P) “'."-’9&8@-’3
A [} 3 30 [] A1z I<<>>k <
Az [ 4 29 ] A4 4 3 2 1323130
ar [l s 28 [] A3 A7 s ° 29 [ A4
as [l 6 27 As asl] 6 28 [JAg3
As 7 26 [] Ao Asl] 7 27 Ag
als 2511 A1q A4l 8 26 [1Ag
Asl]o 24[loE@®) Asl] o 25 [1A1q
A [} 10 23] Ato Azl 10 24 loE @)
1"
A Q1 TE(E) A1E 23 ]A1o
N Aol 12 22 llce B
Daz pao[] 12 21 []pay
DQo 1 pas 141516 1718 1920 J
DQ1 ]DQS - N M T WO
DQ2 ]DQ4 88?88 88
Vss ] DQs
147270038
14727-002B
Note: Pin 1is marked for orientation.
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TSOP PACKAGES

A 10 32 OE
A9 2 31 A10
As 3 30 B CE
A3 4 29 D7

A 5 28 De

A7 6 27 Ds

veo o 5 271020 25 o

Vep 9 Standard Pinout 24 Vss

zzzzZ
minlnininin g inininininininininininininininl
81081810181 0}0(010 01001010l 13 a [N 18141 a1 4 n1la w1
SeTZo09

OE 1 32 A
A1o zv 31 Ag
CE 3 30 As
D7 4 29 A3
De 5 28 A4
Ds 6 27 A17
D« 7 27LV020 26 PGM
Ds O 8 Reverse Pinout 25 Vee
vss & 9 24 Vep
D2 & 10 23 Ate
D O 11 22 A1s
Do (5 12 21 A12
A 13 20 A7
ﬁ; E 14 19 255
15 18
A 16 17 A4

27LV020 256K x 8 OTP in 32 Lead TSOP

LOGIC SYMBOL

18
¢> Ao—- A17
8
DQo- Dy <i>

—»{cEE
—{CE@©)
—| eV (P)

11559-004B
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination)

is formed by a combination of these elements:

AM27LV020 200 c

-L— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

J = 32-Pin Rectangular Plastic Leaded
Chip Carrier (PL 032)

E = 32-Pin Thin Small Outline Package “Standard”

(TS 032)

F = 32-Pin Thin Small Outline Package “Reverse”

(TS 032)
P = 32-Pin Plastic DIP (PD 032)

Am27LV020

DEVICE NUMBER/DESCRIPTION

SPEED OPTION

See Product Selector Guide and
Valid Combinations

2 Megabit (256K x 8-Bit) CMOS OTP Memory

Valid Combinations
Am27LV020-200
Am27L.V020-250 JC, EC, FC, PC
Am27LV020-300

Valid Combinations

Valid Combinations list 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.
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PIN DESCRIPTION
Vep

Power supply for programming.
Vce

Power supply for device operation. (Read: Vcc=3.3V+
0.3V, Program: Vcc=5.0V + 10%)

Vss

Ground

NC

No Connect-corresponding pin is not connected inter-
nally to the die.

Ao — A7
Address Inputs for memory locations.

DQo.- DQy

Data Inputs during memory program cycles. Intemal
latches hold data during program cycles. Data Outputs
during memory read cycles.

CE (E)
The Chip Enable active low input activates the chip’s
control logic and input buffers. Chip Enable high will

deselect the device and operates the chip in stand-by
mode.

OE (G)
The Output Enable active low input gates the outputs of

the device through the data buffers during memory read
cycles.

PGM (P)

The Program Enable active low input controls the pro-
gram function of the memory array.

BASIC PRINCIPLES

The Am27L.V020 supports programming operations us-
ing a fixed 12.75 £ 0.25 V power supply.

Read Only Memory

Without high Vep voltage, the Am27LV020 functions as
a read only memory and operates like a standard
EPROM. The control inputs still manage traditional
read, standby, output disable, and Auto select modes.

Programming

These devices are programmable on standard PROM
programmer equipment.

Please contact Advanced Micro Devices for PROM pro-
grammer information.

FUNCTIONAL DESCRIPTION
Description Of User Modes

Table 1. Am27LV020 User Bus Operations

Operation % ?EE) xlv—f) (NX:: )] A | A | WO

Read ViL ViL X VepL Ao Ag Dout
Standby Vi X X VepL X X HIGH Z
Output Disable Vi ViH ViH VppL X X HIGH Z

Read-Only | Auto-select Manufacturer Vi Vi Vin VepL Vi Vip CODE
Code (Note 2)| (01H)

Auto-select Device Code Vi Vi ViH VepL Vi Vio CODE

(Note 2)] (2CH)

Legend:

X = Don't care, where Don't Care is either ViL or ViH levels, VppL = VPP < Vcc + 2V, See DC Characteristics for voltage
levels of VppH, OV < An <Vcc + 2V, (normal CMOS input levels, where n = 0 or 9).

Notes:

1. VepL may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VppH is the programming voltage specified
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written.

2. 115<ViD<13.0V,Vcc=5.0V+10%
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READ ONLY MODE
Vec=33V+03V
Read

The Am27LV020 functions as a read only memory. The
Am27LV020 has two control functions. Both must be
satisfied in order to output data. CE controls power to the
device. This pin should be used for specific device se-
lection. OE controls the device outputs and should be
used to gate data to the output pins if a device is se-
lected.

Address access time tacc is equal to the delay from sta-
ble addresses to valid output data. The chip enable ac-
cess time tce is the delay from stable addresses and
stable CEto valid data at the output pins. The output en-
able access time is the delay fromthe falling edge of OE
to valid data at the output pins (assuming the addresses
have been stable at least tacc — toE).

Standby Mode
The Am27LV020 has one standby mode. The CMOS
standby mode (CEinput heldat Vcc £ 0.5V), consumes
less than 25 pA of current. When in the standby mode
the outputs are in a high impedance state, independent
of the OE input.

If the device is deselected during programming, or pro-
gram verification, the device will draw active current un-
til the operation is terminated.

Output Disable

Output from the device is disabled when OE is at a logic
high level. When disabled, output pins are in a high im-
pedance state.

Auto Select

The Am27LV020 can be programmed in a standard
PROM programmer.

The Auto select mode allows the reading out of a binary
code from the device that will identify its manufacturer
and type. This mode is intended for the purpose of auto-
matically matching the device to be programmed with its
corresponding programming algorithm.

Programming In A PROM Programmer

To activate this mode, the programming equipment
must force Vip (11.5V to 13.0V) on address Ag. Two
identifier bytes may then be sequenced from the device
outputs by toggling address Ao from Vi to Vin. All other
address lines must be held at Vi, and Vpp must be less
than or equal to Vcc + 2.0V while using this Auto select
mode. Byte 0 (Ao = Vi) represents the manufacturer
code and byte 1 (Ao = ViH) the device identifier code. For
the Am27LV020 these two bytes are given in the table
below. All identifiers for manufacturer and device codes
will exhibit odd parity with the MSB (DQy7) defined as the
parity bit.

Table 2. Am27LV020 Auto Select Code

Code
Type Ao | (HEX)| DQ7 | DQes | DQs | DQs | DQs | DQ2 | DQ1 | DQo
Manufacturer Code Vi 01 0 0 0 0 0 0 0 1
Device Code Vin 2C 0 0 1 0 1 1 0 0
3-38 Am27LV020 Data Sheet



PRELIMINARY

AMD u

ABSOLUTE MAXIMUM RATINGS

Storage Temperature

Plastic Packages ............. —65°C to +125°C
Ambient Temperature

with Power Applied . . ......... -55°C to + 125°C
Voltage with Respect To Ground. All pins

except Ag and Vep (Note 1) ... .. -20Vto+7.0V
Vec(Note1) .................. -2.0Vto+7.0V
Ag(Note2) .................. -2.0Vto+14.0V
Vep(Note2) .................. -2.0Vto+14.0V
Output Short Circuit Current (Note 3) ...... 200 mA
Notes:

1. Minimum DC voltage on input or I/O pins is —0.5 V. During
voltage transitions, inputs may overshoot Vss to -2.0 V
for periods of up to 20 ns. Maximum DC voltage on output
and I/O pins is Vcc + 0.5 V. During voltage transitions,
outputs may overshoot to Vcc + 2.0 V for periods up to
20ns.

2. During programming operations only. Minimum DC input
voltage on Ag and Vipp pins is —0.5V. During voltage tran-
sitions, A9 and Vpp may overshoot Vss to -2.0 V for peri-
ods of up to 20 ns. Maximum DC input voltage on Ag and

VP is +13.5 V which may overshoot to 14.0 V for periods
up to 20 ns.

3. No more than one output shorted at a time. Duration of
the short circuit should not be greater than one second.

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only; functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure of
the device to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Case Temperature (Tc) .......... 0°C to +70°C
Vce Supply Voltages

Vecfor Am27LV020 . ....... .. +3.
Vep Supply Volitages
Programand Verify .......... +125Vto +13V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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MAXIMUM OVERSHOOT
Maximum Negative Input Overshoot

20nS

-5V

20 nS

2.0V
20 nS
11561-0098
Maximum Positive Input Overshoot
20 nS
Vec+2.0V
20V
20 nS 20 nS
11561-010A
Maximum Ve Overshoot
20 nS
140V
7 KUK XX
Vec+0.5V NVVVVVA
20 nS 20 nS
11561-011A
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DC CHARACTERISTICS-CMOS COMPATIBLE

Parameter
Symbol Parameter Description Test Conditions Min. Max. | Unit
[ Input Leakage Current Vce = Vec Max., +10 | pA
ViN = Vccoor Vss
ho Output Leakage Current Vee = Vee Max., +1.0 | pA
Vour = Vccor Vss
lccs Vec Standby Current Vee = Vee Max. 25 HA
CE=Vcct03V
lect Vcc Active Read Current Vce = Vec Max.,CE = Vi, OE = ViH 15 mA
lour = 0mA, at 5 MHz
lccz Vec Programming Current CE=Vu 3 | mA
Programming in Progress
Ipps Verp Standby Current Vep = VepL +1.0 | pA
Vi Input Low Voltage -0.5 0.6 \'
ViH Input High Voltage 2.0 Vee v
+0.5
Vo Output Low Voltage lo.=1mA 0.3 Vv
Vce = Vee Min.
Vou Output High Voltage lon=-100 pA, Vce = Vee Min. Vee v
-0.3
Vip Ag Auto Select Voltage Ag=Vip 115 13.0 \
lio Ag Auto Select Current Ag = Vip Max. 35 MA
Vcce = Vec Max.
VepL Vep during Read-Only 0.0 Vee Vv
Operations +2.0
VepH Vee during Read/Write 125 13.0 Vv
Operations
Notes:
1. Caution: the Am27LV020 must not be removed from (or inserted into) a socket when Vcc or Vep is applied.
2. lcc1 is tested with OF = VIH to simulate open outputs.
3. Maximum active power usage is the sum of Icc and Ipp.
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PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Conditions Typ. | Max. | Unit
Cn Input Capacitance Vin=0 8 10 pF
Cout Output Capacitance Vour =0 8 12 pF
Cin2 Vep Input Capacitance Vep =0 8 12 pF
Notes:

1. Sampled, not 100% tested.
2. Test conditions Ta = 25°C, f = 1.0 MHz.

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
AC CHARACTERISTICS—Read Only Operation (Note 1)

Parameter
Symbols Am27LV020
JEDEC| Standard | Parameter Description -200 -250 -300 Unit
tavav trc Read Cycle Time Min. 200 250 300 ns
Max.
teLav tce Chip Enable Min.
Access Time Max. 200 250 300 ns
tavav tacc Address Min.
Access Time Max. 200 250 300 ns
teLav toe Output Enable Min.
Access Time Max. 75 100 100 ns
teLax tz Chip Enable to Min. 0 0 0 ns
Output in Low Z Max.
teHaz tor Chip Disable to Min.
Output in High Z Max. 35 35 35 ns
taLax toz Output Enable to Min. 0 0 0 ns
Output in Low Z Max.
taHaz tor Output Disable to Min.
Output in High Z Max. 35 35 35 ns
taxax toH Output Hold from first of Min. 0 0 0 ns
Address, CE, or OE Change | Max.
tvcs Vce Set-up Time to Min. 50 50 50 us
Valid Read Max.
Notes:

1. Output Load: 1 TTL gate and CL = 100 pF, Input Rise and Fall Times: < 10 ns, Input Pulse levels:
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.6 Vand 2 V

2. tvcs is guaranteed by design not tested.

Outputs: 1.5V
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Device and Outputs  Data
Power-up, Standby Address Selection  Enabled Valid Standby, Power-down
Addresses M( Addresses Stable }@XXXXXXX
tavav (tRc)
= /T |\ [\
o EHOZ |

(tor)

OE®©) / \ / \

[~ tWHGL —*] T - tGHOZ [o

(tor)

WEW) - taLav (toe) fe \_

[*— teLav (tce) —>
taLav (toLz) ja- taxax (toH) -1 e
_-I teLax (tz) *
High Z e tvcs ) T High Z
Data (DQ) \((((< Output Valid >>)> }——
L'-— tavav (tacc) ——o

33V

Vce \

oV

AC Waveforms for Read Operations

11561-013C
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SWITCHING TEST CIRCUIT

2.7kQ

Device
Under
Test

+5V

o

Diodes = IN3064
or Equivalent

% .

—_

11561-012A

CL = 100 pF including jig capacitance

SWITCHING TEST WAVEFORMS

24V
20V
> TEST POINTS 15V
06V
0.45V
INPUT OUTPUT
All Devices

AC Testing: Inputs are driven at 2.4 V fora
logic “1” and 0.45 Vforalogic “0”. Input pulse
rise and fall times are < 10 ns.

16357A-002B
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ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Min. | Typ. | Max. | Unit Comments

Chip Programming Time 4 48 S Excludes system-level overhead
(Note 1)

Note:

1. 25°C,12.75 V Vpp.

LATCHUP CHARACTERISTICS

Min. Max.
Input Voltage with respect to Vss on all pins except I/O pins
(Including Ag and Vep) -1.0V 135V
Input Voltage with respect to Vss on all pins /O pins -1.0V Vec+1.0V
Current -100 mA +100 mA
Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time.

One Time Programmable EPROM Products
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PHYSICAL DIMENSIONS*
PD 032

< 1.640 -
[ 1.680 o

e T T T T T T N T __W_W_1

530
) .580

-—
045 110
o 110 .005
MIN
‘ .600
015 .625
.060
-140
225 i f 008
A 7 015
| 830
” . 700 >
I 2>
.014 7 !
125 vy
160 .022
124168
PL 032
042
.048 050
— | -— REF
— os2 |
T _Cociorhm 056
N
a | E
: .032
shy t
553
N I - .009
.015
-4—'4—41——> .095
.453
125
485 40
495 o )

06971C

*For reference only. All dimensions are measured in inches, unless otherwise noted. BSC is an ANSI standard for Basic Space Centering.
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PHYSICAL DIMENSIONS
TS 032
020 L
0.30 —f—ED:‘o 1 ===
e | ET .5
[ ===
= =
. TDI =SS 8.15
== ==
[ o s | Fr—
] ==
o ===
[ | —
I 18.25 . l
18.55
- 19.85
! 20.15

05
0.25

1.27 4
MAX i ﬂ % n
\ 0.10
- f %’ ’§ 0.20

0.60 162624
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