Am386™SXLV

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

H Operating range 3.0 V to 5.5 V—ldeal for
notebook PC designs

—2X improvement in battery life over 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)

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

—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 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 facilitates elimination of
the cooling fan in desktop PCs

“Float” input to facilitate system debug and
test

Compatible with 386SX systems and software
Supports 387SX-compatible math

coprocessors
—System Management Interrupt (SMI) for power
management independent of processor operat- 100-pin PQFP package with optional protective
ing mode and operating system ring for better lead coplanarity
AMD® advanced 0.8 micron CMOS technology
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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 Vto 5.5 V, itis ideal
for both desktop and battery-powered notebook per-
sonal computers. For desktop PCs, this device offers
lower heat dissipation, allowing system designers to re-
move or reduce the size and cost of the cooling fan.

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 lcc than
the Intel i386SX. Lowering typical operating voltage
from 5.0 V to 3.3 V enables battery life to increase by a
factor of two. Standby Mode allows the Am386SXLV mi-
croprocessor to be clocked down to 0 MHz (DC) and
retain full register contents. In Standby Mode, typical
current draw is less than 0.01 mA, a greater than 1000X
reduction in power consumption versus the Intel
i386SX.

The Am386SXLV microprocessor is available ina 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.

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). SMI can be
coupled with the I/0 instruction break feature to imple-
ment transparent power managment of peripherals.
SMM can be used by system designers to implement
system and power management 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.
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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 voltage,
reduction of the supply voltage from 5.0 V to 3.3 V

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, 3.3V
designs facilitate a reduction in the form factor. For
desktop PCs, low power consumption means elimina-
tion of the cooling fan, thus reducing the size and noise
of the PC.

A lower operating voltage results in a reduction of I/O
voltage swings. This reduces noise generation provid-
ing a less hostile environment for board design. It also
reduces electromagnetic radiation noise making it eas-
ier to obtain FCC approval.

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 14O instruction break.

SMI—System Management Interrupt

SMI is implemented through the use of special bus
interface pins. This interrupt method can be used to
perform system management functions such as power
management independent of Processor Operating
Mode (Real, Protected, or Virtual 86 modes).

SMI can also be invoked in software. This allows sys-
tem software to communicate with SMI power manage-
ment code. In addition, an instruction called UMOV
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 system
memory. After the state is saved, the processor is
forced into Real Mode and begins execution at address
FFFFFOh inthe 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 a special opcode sequence which will reload the
saved processor state and continue execution in the
main system memory space. See Figure 1 for ageneral
flowchart of an SMM operation.

CPU Interface—Pin Functions

The CPU interface for SMM consists of three pins dedi-
catedto the SMifunction. 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 in-
terrupt code, and a processor state restore (to resume
normal 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

I

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

;

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

I

Restore saved state from
60000h with OF 07
opcode sequence

Normal code

execution
resumes

Figure 1. SMM Flow

Interrupt Initiation

A System Management Interrupt is initiated by the driv-
ing of an active Low pulse on the SMI pin of at least four
CLK2 periods. This pulse period will ensure recognition
of the interrupt. The CPU will drive the SMI pin active ai-
ter the completion of the current operation (active bus
cycle, instruction execution, or both). The active drive of
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the pin by the CPU will be released at the end of the in-
terrupt routine following the last register read of the
saved state.

While the CPU is in SMM, a bus hold request via the
HOLD pin will be granted. The HLDA pin will go active
after bus release and the SMIADS pin will float along
with the other pins that normally 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 SM will be 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—-600CAh and 60100h-
60126h. These are fixed address locations for each reg-
ister saved.

The value of NA will be ignored during the state save.
Only full 16-bit, non-pipelined cycles are generated for
the state save cycles. There are 114 datatransfer 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 will do is a FAR JUMP to the Real
Mode entry point for the SMI interrupt routine, which
is also in SMM memory space.

Any Real Mode interrupt routine code can be executed,
with the obvious exception of normal interrupt routines
(which are deferred). The SMM code can be located
anywhere within the 1-Mb Real Mode address space,
except for where the processor state is saved. I/O cy-
cles, as a result of the IN, OUT, INS, and QUTS instruc-
tions, will go to the normal address space, utilizing the
normal ADS and READY bus interface signals. This fa-
cilitates power management code manipulating system
hardware registers as needed through the standard I/O
subsystem; a separate I/0 space does not need to be
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 which reloads the CPU registers from the saved
data in the RAM controlled by SMIADS and SMIRDY.

The ES:EDI register pair must point to physical address
60000h. Then the special opcode sequence OFh 07h
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 it left off before
the SMi occurred. There are 114 data transfer cycles in
the restore operation.

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 viathe SMI pin, there is also a software induced
SMimechanism. Generating a soft SMl involves setting
acontrol bit in Debug Register 7 (DR7) and executing a
reserved opcode (OF1H).

The functional sequence of the software based SM! 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 0F10h, OF11h, 0F12h, and OF13h.

I/O Instruction Break

The Am386SXLV microprocessor has an /O instruction
break feature that allows the system logic to implement
I/0 trapping for peripheral devices. To enable the I/Q In-
struction break feature, IIBEN must first be asserted ac-
tive Low. On detecting an I/O instruction, the processor
will prevent the execution unit from executing further
instructions until READY is driven active Low by the
system. Once READY is driven active, the execution unit
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will either immediately respond to any active interrupt
request or continue executing instructions following the
170 instruction that caused the break.

The I/0 instruction break feature can be used to allow
system logicto implement /O trapping for peripheral de-
vices. On sensing an I/O instruction, the system can
drive the SMI pin active before driving READY active.
This ensures that the SMI service routine is executed
immediately following the /O instruction that caused the
break. (If the /O instruction break feature is not enabled
via lIBEN, 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 will normally return to the instruction fol-
lowing the I/O instruction that caused the break. By
modifying the saved state instruction pointer, the routine
can choose to return to the I/O instruction that caused
the break and re-execute that instruction. The default is
to return to the following instruction (except for REP I/O
string instruction). To re-execute the I/O instruction that
caused the break, the SMI service routine must copy
the I/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 /O trap with IIBEN active. Note that the
I/O instruction break feature is not enabled for memory

mapped /O devices or for coprocessor bus cycles even
if IBEN is active.

1/0 Instruction Break Timing

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

CLK2 edges before the CLK2 edge that ends the I/O cy-
cle with an active READY signal. This timing applies for
both pipelined and non-pipelined cycles. If this timing
constraint is not met, the next instruction may be exe-
cuted by the internal execution unit prior to entering SMI
Mode, but the SMI will be recognized eventually.

True Static Operation

The Am386SXLV microprocessor incorporates a true
static design. Unlike dynamic circuit design, the
AmM386SXLV device eliminates the minimum operating
frequency restriction. It may be clocked from its maxi-
mum speed of 25 MHz 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

Thistrue static design allows for a Standby Mode. Atany
operating speed (25 MHz to 0 MHz), 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 con-
sumption is proportional to clock frequency, operating
power consumption is reduced as the frequency is low-
ered. 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 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
what state the processor is in
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