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APPENDIX E
SYSTEM DESIGN NOTES

SMM Environment Initialization

When the Intel486 processors are operating in Real
Mode, the physical address at which instructions
and data are fetched is determined by the segment
register and an offset (i.e., CS and IP for instruc-
tions). When a new value is loaded into a segment

register, the new value is shifted to the left by four .

bits and stored in a segment base register that cor-
responds to that particular segment (CSBASE,
DSBASE, ESBASE, etc.). It is the value stored in the
segment base register that is actually used to gener-
ate a physical address. For example, the linear
address to be used for fetching instructions is deter-
mined by adding the value contained in the CS
segment base register with the value in the IP regis-
ter.

When the processor is in Protected Mode, the seg-
ment registers are used as selectors to a descriptor
table. Each descriptor in a descriptor table contains
information about the segment in use, including the
segments BASE address (i.e., CSBASE), the limit (or
size of the segment), as well as protection level,
privileges, operand sizes, and the segment type. In
Protected Mode, the linear address is determined by
adding the base portion of the descriptor to the ap-
propriate offset.

When in System Management Mode, the processor
operates in a pseudo-Real Mode, with address cal-
culation performed in the Real Mode manner. How-
ever, the processor adds the value in the segment
base register with the value in the EIP register, rath-
er than the IP register, so there are no limits as to
the segment size. The physical address of an in-
struction is obtained by adding the value in CSBASE
to the value in EIP.
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When entering SMM, it may be necessary to initial-
ize the segment registers to point to SMRAM (see
section 8.4.2, “Processor Environment,” for their
value on SMM entry). If SMBASE has not been relo-
cated, then the necessary segment registers can be
initialized to point to SMRAM by using the value in
the CS register, 3000H, which points to the SMRAM
address space.

When an SMI# occurs after SMBASE has been
modified, CSBASE is loaded with the new value of
SMBASE. However, the CS selector register still
contains the value 3000H, not the value corre-
sponding to the new SMBASE.

To initialize segment registers to point to the new
SMRAM area, read the SMBASE value from the
SMM state that was saved in memory. Because the
data segment registers are initialized to 0, do not
use them to access the SMM state save area. In-
stead, perform a read relative to the CS register by
using a CS override prefix to a normal memory read.
Although CS still contains 3000H, CSBASE contains
the value of SMBASE, and CSBASE is used for the
address generation.

Once the value of SMBASE is obtained, it must be
shifted to the right by four bits to get the appropriate
value to be placed in the segment registers. The CS
register itself can be initialized by executing a far
jump instruction to an address within SMBASE,
which causes CS to be reloaded with a value corre-
sponding to SMBASE.

Example E-1 describes one method of initializing the
segment registers when SMBASE has been relocat-
ed. This method works if SMBASE is less than 1
Megabyte.
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;read the value of SMBASE from the state save area
mov si,FEF8H ; SMBASE slot in SMM state save area
mov eax,cs:[si] ;copy SMBASE from SMBASE:FEF8H to eax

;scale the SMBASE value to a 16-bit quantity
mov cl,4
ror eax,cl ;scaled value of SMBASE now in ax

;to load cs, execute a far jump to an address that has been stored
;at memory location PTR_ADDR

;store the SMBASE value and an offset to a memory location that can be used as
;an indirect jump address

mov di, PTR_ADDR ;PTR_ADDR is the location used to
. ;store the jump address
mov bx, OFFSET ;OFFSET is the address where

;execution continues after the
; far jump
mov cs:[di],bx ;store the offset for the far jump
inc di
inc di
mov cs:[di),ax ;store the segment address for the

;far jump, which is SMBASE
mov bx, PTR_ADDR ;bx now contains the address of the
;location holding the jump address

;initialize DS and ES with the correct address of SMBASE
mov ds, ax
mov es, ax

;execute a far jump instruction to load the CS register
jmp far [(bx] ;jump to address stored at memory
;location pointed to by bx

;CS now contains the correct value of SMBASE, and execution continues from the
;address SMBASE:OFFSET

242202-N2

Example E-1. Initialization of Segment Registers within SMM

P ' Because System Management Mode must be trans-
Accessing SMRAM parent to all operating systems, the initial SMM han-
dler must be loaded by the system BIOS. At some
LOADING SMRAM WITH AN INITIAL SMI time during the power on sequence, the system
HANDLER BIOS will need to move the SMM handler routine
from the BIOS ROM to the SMRAM. The system
designer must provide a hardware mechanism that
allows access to SMRAM while SMIACT # from the
processor is inactive. One method would be to pro-
vide an 1/0 port in the memory controller that forces
memory cycles at a given address to be relocated to
the SMRAM. Once the initial SMM handler has been
loaded to SMRAM, the I/0 port would be disabled to .
protect against accidental accesses to SMRAM.

Under normal conditions, the SMRAM address
space should only be accessible by the processor
while it is in SMM mode. However, some provision
must be made for providing the initial SMM interrupt
handler routine.
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The system BIOS must provide an SMM handler at
the address 38000H. If the system designer has
chosen to take advantage of the SMRAM relocation
feature of the processor, this handler must change
the SMBASE register in the SMM state save. Next,
the BIOS must move the full featured SMM handler
to the new address. An SMI# must be generated in
order to change the SMBASE register before the
BIOS passes control to the operating system.

SMRAM HIDDEN FROM DMA AND BUS
MASTERS

In a system that allows DMA or otherdevices to take
control of the system bus, care must be taken to
ensure that only the master processor can access
SMRAM. If an external bus master requests use of
the system bus (by asserting HOLD or BOFF#)
while the processor is executing an SMM handler
routine, the processor would respond by passing
control of the bus to the requesting device. The sys-
tem memory controller must redirect any memory
accesses that are not generated by the processor to
normal system memory as if SMIACT # was inactive.

L]
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DMA accesses to the SMRAM area must be redi-
rected to the correct address space when the initiali-

zation routine is loading SMRAM, as well as when
the processor is in SMM.

It is not recommended to block bus control requests
when in SMM, because the increased bus access
latency could cause compatibility issues with some
software or expansion hardware.

ACCESSING SYSTEM MEMORY FROM WITHIN
SMM

In order to enter a suspend state where power is
removed from some or all of system memory, it is
necessary for the processor to have access to the
entire system address space from within SMM. Ac-
cess to system memory from within SMM requires
that the memory controller decode both SMIACT #
and the processor address to determine accesses
to SMRAM. Only those memory addresses that are
defined as being SMRAM space would be directed
to SMRAM. If SMRAM is located at an address that
overlays normal system memory address space (see
section 8.6.2, “SMRAM Interface”), the processor
must have a method of accessing both SMRAM (for
code reads) and system memory simultaneously.

ek _/ V" /N

abs# N/ S\
SMIACTE \
A31.A2 e >
RDY# \_/
HoD ____/ \
HLDA /S \
BOFF# n___ [

SMRAMCS# \ /

SMRAMCS# Blocked by ~ \_
HLDA or BOFF# .

242202-N3

Figure E-1. Blocking Other Bus Masters from Accessing SMRAM
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Ideally, a method of accessing system memory that
is mapped underneath SMRAM would be provided
by the system memory controller. The memory con-
troller would provide a register that allows system
memory at a given address to be remapped to a
different address, which is not overlaid by SMRAM.
When the SMM handler implements a suspend, it
would first move all of system memory that is not
underneath SMRAM to a non-volatile medium (such
as a hard disk drive). Next, the SMRAM image would
be transferred to the non-volatile medium. Finally,
the memory underneath SMRAM would be ac-
cessed and copied to the non-volatile medium with a
processor read to the remap address space, which
is redirected to the overlaid system memory (see
Figure E-2).

If the memory controller does not provide a method
of accessing overlaid system memory, it is possible
to implement a software procedure to accomplish
.the same goal. However, the software method is
quite complex, and a hardware method is preferred.
A description of the software method follows.

The ability to access the system memory that is lo-
cated in the address space under SMRAM requires
a method of resuming from SMM to a predetermined
address space. This can be accomplished with the
following procedure.

Intel486T™M PROCESSOR FAMILY

When resuming from SMM, the processor continues
execution at the address contained in the CS and
EIP slots within the SMM state save. However, the
resume address cannot be changed by simply modi-
fying the CS and EIP slots, because the processor
will use the CS descriptor to determine the actual
resume address. The descriptor registers are stored
in reserved slots in the SMM state save, and they
cannot be directly modified.

By replacing the suspend state save with a prev-
iously obtained image of a state save that returns to
a known location, the SMM suspend handler can
force a return to a given address:

1. During initial system power up, execute an SM| #
from a predetermined address (the address im-
mediately preceding the address to which you lat-
er wish to resume). This can be accomplished by
generating an SMI# in response to an 1/0 in-
struction or executing a halt instruction and using
an SMI# to exit the halt state.

2. Save the state save from this SMM to a safe loca-
tion (SMRAM).

3. When the system needs to resume to a given ad-
dress from some other SMI#, the stored state
save can be substituted for the state save gener-
ated from that particular SMM.

Normal
Memory
Remap Feature Remap Address for
CPU Accesses Disabled -3t Qverlaid Region
to Remap \ N
Address Space Remap Feature N NN
Enabled
Overlaid Region
Normal
Memory
242202-N4
‘Figure E-2. Remapping Memory That Is Overlaid by SMRAM
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Now that SMM can be resumed at a predetermined
address, access the entire system memory space
from within SMM before executing a suspend:

1. During a suspend SMM, save all system memory
except that which is located underneath SMRAM
to a specified (and reserved) section of the hard
disk. The ability to access system memory re-
quires the memory controller to decode both
SMIACT # and the processor address, and direct
a limited section (maybe 64K or 128K) of the
processor address space to SMRAM. All other
processor memory accesses should go to normal
system memory.

2. Save the contents of the SMM state save to the
hard disk.

3. Modify the SMM state save so that the RSM in-
struction will return to a predefined address,
which is not in the application that was interrupt-
ed. The code at this address must contain the
remainder of the suspend SMM handler. The pre-
defined address can be anywhere in the proces-
sor address space, because the contents of sys-
tem memory have already been saved to disk.

4. Execute an RSM instruction, which exits SMM
and returns control to a predetermined address
(which must contain the rest of the SMM suspend
handler).

5. Save the rest of system memory (that which is
located underneath SMRAM) to the hard disk.
This address space can now be accessed with
normal move instructions, because we are no
longer in SMM.

6. Save a flag (in CMOS memory) indicating that the
next reset should cause a resume from suspend.

7. Powerdown the memory (and possibly the proc-
essor).

8. When power is restored, the processor is reset
and begins execution of the POST in BIOS. Early
in the POST, the system should check the status
of the suspend flag.

9. Load a preliminary SMM handler to location
38000H and generate an SMI#. The SMM han-
dler should read the SMBASE slot from the SMM
state save that was stored to hard disk. SMBASE
is then modified to point to the final SMRAM loca-
tion and the system resumes from SMM back to
the system BIOS.

10. Restore the contents of system memory located
underneath SMRAM from the hard disk.
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11. Generate a second SMI#, which executes an
SMM handler at the original value of SMBASE
(before the suspend SMM). The SMM handler
restores the contents of the rest of system mem-
ory from the hard disk, and then restores the
original SMM state save to the SMM state save

area in SMRAM, discarding the most recent
SMM state save.

12. Execute an RSM instruction, which re.arns exe-
cution to the application that was interrupted by
the suspend request.

Interrupts and Exceptions Durin'g SMM
Handler Routines

To ensure transparency to existing system software,
the SMM handler should not depend on interrupt or
exception handlers provided by the operating sys-
tem. However, in some cases it may be necessary to
service interrupts or exceptions while in System
Management Mode. In these cases, SMM compliant
interrupt and exception handlers, as well as an SMM
compliant interrupt vector table, should be provided.

SMM COMPLIANT VECTOR TABLES

An SMI# interrupt request can be generated while
code is running under any of the other three proces-
sor operating modes (Real, Virtual-86, or Protected).
When entering the SMM handler, the processor en-
ters a pseudo-real mode, and the beginning of the
interrupt vector table must be located at the address
00000000H. Before allowing any interrupts or ex-
ceptions to occur, the SMM handler routine must
provide a valid interrupt vector table. Any code that
is executed before setting up an SMM compliant in-
terrupt vector table must be written carefully to en-
sure that no exceptions are generated.

The system memory controller could relocate ac-
cesses to the SMM interrupt vector table to a loca-
tion within SMRAM. In this case, when SMIACT # is
active, all accesses to the lowest 1 Kbyte of the
processor address space would be redirected to
SMRAM, which would contain an SMM compliant
vector table that has already been initialized.

If the system memory controller does not redirect
interrupt vector table reads to an address within
SMRAM, there are three steps required to provide
an SMM compliant interrupt vector table:
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1. Save the contents of memory at address
00000000H to SMRAM.

2. Provide vectors for any possible interrupts or ex-
ceptions at the appropriate location in the vector
table.

3. Restore the original memory contents from
SMRAM before exiting the SMM handler routine.

INTERRUPTS AND SUBROUTINES WITH
SMRAM RELOCATION

There is an additional issue that must be considered
if interrupts or exceptions are to be executed within
SMM and SMRAM has been relocated. Interrupt or
subroutine calls from within SMM operate in a man-
ner similar to Real Mode. When a subroutine is
called or an interrupt is recognized, the 16-bit CS
and IP registers are pushed onto the stack to pro-
vide a return address.

When SMRAM is relocated to an address space
above 1M and an interrupt or subroutine call occurs,
only 16 bits of the EIP register are pushed onto the
stack. When returning from the subroutine or inter-
rupt, the processor will vector to a location where
the upper 16 bits of EIP are zero. This can be avoid-
ed for subroutines by using an address size override
before calling the subroutine. However, the issue re-
mains for interrupts.

Intel486™ DX, IntelIDX2T™, and
IntelDX4™ Processor Floating-Point
Operation and SMM

THE NEED TO SAVE THE FPU ENVIRONMENT

When the processor enters System Management
Mode, the context information for the interrupted ap-
plication is automatically saved to a specific state
save address. When the SMM handler returns con-
trol to the interrupted application by executing the
RSM instruction, the context information from the in-
terrupted application is restored to the processor by
reading from the state save location. This mecha-
nism allows the SMM handler routine to modify most
of the processor registers without the need to explic-
itly save them to memory. However, the registers in
the processor’s Floating-Point Unit (FPU) are not au-
tomatically saved when the processor enters SMM.
If the SMM handler needs to modify any of the regis-
ters in the FPU, or if the register data will be lost due
to entering a power down state, the SMM handler
must first explicitly save the FPU state as it existed
in the interrupted application.

Intel486™ PROCESSOR FAMILY

There are two instances in which an SMM handler

routine must be aware of the Floating-Point Unit

(FPU): .

1. When removing power from the processor / FPU
for the purpose of executing a suspend sequence.

2. When the SMM handler uses FPU instructions.

In both of these cases, the SMM handler must save
the state of the FPU as it was left by the interrupted
application.

The information stored by the FPU state save in-
structions (FSAVE, FNSAVE, FSTENV, and
FNSTENYV) is dependent on the operating mode of
the processor. The FPU state save instructions store
the FPU state information in one of four formats: 16-
bit Real Mode, 32-bit Real Mode, 16-bit Protected
Mode, or 32-bit Protected Mode, depending on the
processor operating mode. The content of the infor-
mation saved also varies slightly, depending on the
processor operating mode in which the save instruc-
tion was executed. For example, the 32-bit Protect-
ed Mode FNSAVE instruction saves the address of
the last executed FPU instruction and its operands
in the form of a segment selector and a 32-bit offset.
In contrast, the 16-bit Real Mode FNSAVE instruc-
tion saves the address information in the form of a
20-bit physical address. Because the format with
which the FPU state restore instructions (FRSTOR
and FLDENYV) recall the information is also depen-
dent on the operating mode of the processor, the
save and restore instructions must be executed from
the same processor operating mode.

SAVING THE STATE OF THE FLOATING-POINT
UNIT

When an SMM handler routine needs to save the
state of the Floating-Point Unit, it must save all FPU
state information necessary for the interrupted appli-
cation to continue processing. This state information
includes the contents of the Floating-Point Unit
stack, which requires use of the FNSAVE or FSAVE
instruction (FSTENV does not save the contents of
the FPU stack). If the last executed non-control
Floating-Point instruction caused an error (such as a
divide by 0), the saved information must also include
the address of the failing instruction and the ad-
dresses of any operands for that instruction. Without
these addresses, it would be impossible for the FPU
exception handler of the interrupted application to
correct the error and restart the instruction.
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The FNSAVE and FSAVE instructions differ in that
FNSAVE does not wait for the FPU to check for an
existing error condition before storing the FPU envi-
ronment information. If there is an unmasked FPU
exception condition pending, execution of the
FSAVE instruction will force the processor to wait
until the error condition is cleared by the software
exception handler. Because the processor is in Sys-
~ tem Management Mode, the appropriate exception
handler will not be available, and the FPU error
would not be corrected in the manner expected by
the interrupted application program. For this reason,
the FNSAVE instruction should be used when saving
the environment of the FPU within SMM.

Because the SMM handler does not know the proc-
essor mode in which the interrupted application was
executing (16- or 32-bit, Real or Protected), the
SMM handler must execute the FNSAVE instruction
in a mode in which all FPU state information is
stored. The 32-bit Protected Mode format of the
FNSAVE instruction is a super set of all other for-
mats of the FNSAVE instruction. Therefore, execut-
ing the 32-bit Protected Mode FNSAVE instruction
ensures that all FPU state information will be saved.

Executing the FNSAVE instruction in 32-bit Protect-
ed Mode requires that the processor be temporarily
placed in Protected Mode. Rather than perform all of
the setup details and overhead necessary to place
the processor into Protected Mode, including the ini-
tialization of all descriptors and descriptor tables, it
is possible to temporarily place the processor into
Protected Mode for the purpose of executing only a
few carefully written instructions. This can be ac-
complished by setting the PE bit in the CRO register,
and then executing a short jump to clear the instruc-
tion pipelines.

It is important to note that any instruction that modi-
fies a segment register will cause the processor to
attempt to load a new descriptor from the descriptor
table. (The occurrence of an interrupt or an excep-
tion would cause the processor to load a new de-
scriptor, so interrupts must be disabled during this
sequence.) Because neither the descriptors nor the
descriptor table have been initialized, this would
cause the system to crash. Therefore, all segment
registers that are to be used in the FPU state save
instructions must be initialized before entering Pro-
tected Mode.
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Example E-2 gives an example of the code that can

be used to place the processor in Protected Mode
and save the FPU state.

Note that the no wait form (FNSAVE) of the save
instruction must be used. In the event that the previ-
ous FPU instruction caused a Floating-Point error,
we do not want to wait for this error to be serviced
before executing the save instruction. Additionally, if
the FSAVE instruction were used, the operand size
override prefix would be incorrectly applied to the
implicit WAIT instruction which precedes FSAVE,
rather than to the save instruction itself.

Before exiting the SMM handler and returning to the
interrupted application, the register contents of the
Floating-Point Unit must be returned to their previ-
ous values. This can be accomplished by executing
the 32-bit Protected Mode format of the FRSTOR
instruction. Example E-3 gives an example code
segment that can be used to restore the FPU to the
state in which it was interrupted by the SMI request.

Note that the no wait form (FNRSTOR) of the re-
store instruction must be used. If the FRSTOR in-
struction were used, the operand size override prefix
would be incorrectly applied to the implicit WAIT in-
struction which precedes FRSTOR, rather than to
the save instruction itself.

Support for Power-Managed
Peripherals '

SHADOW REGISTERS '

Before power is removed from any device, the state
of that device must be saved in a protected memory
space so that the device can be reinitialized to its
previous state. If a peripheral contains a write only
register, the value in that register can be recovered
by providing shadow registers that are both readable
and writeable.

These shadow registers should be updated every
time the peripheral registers are written, but they
have no function other than tracking the data written
to a particular register.
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mov dx, SEGMENT

;set the PE bit in CRO
mov eax,cr0
or eax,00000001H
mov cr0, eax

jmp protect
protect:

db 6 6H

fnsave[si])

;required)

mnov eax,cr0
and eax, OFFFFFFFEH
mov cr0,eax

;first initialize the registers used to store the state save information
; SEGMENT is the segment to be used by
;the save instruction,

mov ds, dx ; normally it should point to SMRAM
mov si, OFFSET ;OFFSET is the offset used in the save
;instruction

;jread the old value of CRO
;set the PE bit

;enter protected mode by executing a short jump to clear the prefetch queue

;we can now save the state of the FPU in the protected mode format
;use an operand size override prefix
;to set 32-bit format

;FPU state saved to SEGMENT:OFFSET

;now return to real mode to continue with the SMM handler (no jump is

;jclear the PE bit in CRO

242202-N5

In addition to the write only registers in a system,
there are several other registers that must be shad-
owed. Any device that requires registers to be pro-
grammed in a particular sequence must also have its
registers shadowed. Examples in a typical personal
computer include the programmable interrupt con-
troller, the DMA controller, and the programmable
timer/counter.

Example E-2. Saving the FPU State in 32-Bit Protected Mode

It is also possible to perform shadowing of some
write only registers using SMM. Any time a write cy-
cle is generated to a write only register, the system

‘can generate an SMI#. The SMM handler can use

the processor state information saved in the SMM
state save to save the data from the interrupted I/0
cycle to a predetermined location in the SMRAM
space.
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mov dx, SEGMENT

mov ds, dx
mov si, OFFSET

;set the PE bit in CRO

mov eax,cr0
or eax,00000001H
mov cr0, eax

jmp protect
protect:
;(in the protected mode format)
db 66H

fnrstor [si)

;required)
mov eax,cr0
and eax, FFFFFFFEH
mov cr0,eax

;first initialize the registers used to recall the state save information

; SEGMENT is the segment to be used by
;the restore instruction,

;normally it should point to SMRAM
;OFFSET is the offset used in the
;restore instruction

;read the old value of CRO
;set the PE bit

;enter protected mode by executing a short jump to clear the prefetch queue

;we can now recall the state of the FPU from the previous FNSAVE instruction

;use an operand size override prefix
;to set 32-bit format

;FPU state restored from

; SEGMENT: OFFSET

;now return to real mode to continue with the SMM handler (no jump is

;clear the PE bit in CRO

242202-N6

' Example E-3. Restoring the FPU State from a 32-Bit Protected Mode Save

The information contained in the SMM state save
can be used (with the knowledge that the SMI# was
in response to an /0O write instruction) to determine
both the address and the data of the interrupted
write instruction. The SMM handler can examine the
OPCODEs of previous instructions by decrementing
the IP (or EIP) register. Once the correct OPCODE is
determined, it can be used with the values in the
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EAX and DX slots of the SMM state save to update
the information in the memory used to shadow the
1/0 register. 1/0 write instructions occur in one of
three forms: 1) a write to an address that is specified
in the OPCODE; 2) a write to an address contained
in the DX register; or 3) a string write to an address
contained in the DX register.
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The 1/0 write instructions have the following

OPCODEs:
Table E-1. 1/0 Write Instruction OPCODEs

Instruction | OPCODE Notes

OUT x,al E6x x is the address of the
1/0 port

OUT x,ax E7x x is the address of the
170 port

OUT x,eax E7x x is the address of the
170 port

OUT dx,al EE

OUT dx,ax EF

OUT dx,eax EF

ouTsB 6E

ouTsSW 6F

OuUTSD 6F

The SMM handler must know whether a particular
170 port is 16 or 32 bits in order to distinguish be-
tween 16- and 32-bit 170 write cycles.

The SMM handler can decrement the value of IP
contained in the state save, and then examine the
memory contents at that address. If the SMM han-
dler knows that the last instruction was an 1/0O write
instruction, and writes to 1/0 addresses 6EH, 6FH,
OEEH, and OEFH will not cause an SMI#, it can use
the SMM state save data for EAX and EDX to recon-
struct the last instruction.

HANDLING INTERRUPTED 1/0 WRITE
SEQUENCES

In a typical personal computer, there are several
hardware devices that require the control registers
for that device to be programmed in a particular or-
der. For example, the interrupt controller, the DMA
controller, the programmable timer/counter, the key-
board controller, and the real time clock all require a
series of accesses to properly initialize the registers
in that particular device. Some of these devices may
require successive accesses to registers located at
different addresses, while others may require sever-
al control registers to be programmed through write
cycles to the same address.

Intel486™ PROCESSOR FAMILY

If an SMI request interrupts an application that is in
the process of initializing the registers in one of
these devices, special care must be taken to ensure
that the peripheral is returned to its original state
when control is returned to the interrupted program.
For some SMM handler events, it may be necessary
to power down the device or change the state of a
register within the device. In these cases, the SMM
handler must return control to the interrupted appli-
cation in such a way that the application can contin-
ue with the correct sequential access in the inter-
rupted sequence.

To accomplish this, the SMM handler must restore
the original values of all registers in the device, and
restart the interrupted sequence so that the applica-
tion may continue where it left off. This requires sys-
tem hardware to shadow all registers that need to be
accessed in the sequence, keep an index indicating
which position in the sequence the register occu-
pies, and keep a pointer so that SMM software
knows to which register the last access was direct-
ed. This pointer would indicate the last register of
each sequence that was programmed in the particu-
lar peripheral.

For example, programming the master interrupt con-
troller requires a write to 1/0 port 20H (ICW1) fol-
lowed by four write cycles to 1/0 port 21H (ICW2,
ICW3, ICW4, and OCW1). If this sequence is inter-
rupted by an SMI request, and the resulting SMM
handler either modifies or powers down the interrupt
controller, the SMM handler must return control to
the interrupted application such that the following
access to the interrupt controller would access the
correct register in the sequence. System hardware
must save the contents of each of the registers, as
well as a pointer indicating which register was last
written.

Before returning control to the interrupted applica-
tion, the SMM handler must initialize ICW1-ICW4
and OCW1 to their previous values. It would then re-
write the appropriate registers so that the first ac-
cess by the application program would be to the lo-
cation in the sequence following the last location it
programmed before it was interrupted by the SMI
request.

A similar procedure must be followed for each of the

peripherals that require control registers to be initial-
ized in a particular order.
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28F016XS 16-MBIT (1 MBIT x 16, 2 MBIT x 8)
, SYNCHRONOUS FLASH MEMORY
m Effective Zero Wait-State Performance @ Backwards-Compatible with 28FO008SA
up to 33 MHz Command-Set
— Synchronous Pipelined Reads O 2 pA Typical Deep Power-Down

@ SmartVoltage Technology . . .
— User-Selectable 3.3V or 5V Vg 0 3 ma Typical Active lgc Current In

— User-Selectable 5V or 12V Vpp . 16 S telv-Erasable/Lockabl
® 0.33 MB/sec Write Transfer Rate o 1 za_ﬁpb;:z gz)ck:s ockable

® Configurable x8 or x16 Operation

W 56-Lead TSOP and SSOP Type |
Package

& 1 Million Erase Cycles per Block

O State-of-the-Art 0.6 um ETOX™™ |V
Flash Technology

Intel’'s 28F016XS 16-Mbit Flash memory is a revolutionary architecture which is the ideal choice for designing
truly revolutionary high-performance products. Combining very high read performance with the intrinsic non-
volatility of flash memory, the 28F016XS eliminates the traditional redundant memory paradigm of shadowing
code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, for improved
system performance. The innovative capabilities of the 28F016XS enable the design of direct-execute code
and mass storage data/file flash memory systems.

The 28F016XS is the highest performance high density nonvolatile read/write flash memory solution available
today. Its synchronous pipelined read interface, flexible Vg and Vpp voltages, extended cycling, fast write and
read performance, symmetrically blocked architecture, and selective block locking provide a highly flexible
memory component suitable for resident flash component arrays on the system board or SIMMs. The synchro-
nous pipelined interface and x8/x16 architecture of the 28F016XS allow easy interface with minimal glue logic
to a wide range of processors/buses, providing effective zero wait-state read performance up to 33 MHz. The
28F016XS’s dual read voltage allows the same component to operate at either 3.3V or 5.0V Vgg. Program-
ming voltage at 5V Vpp minimizes external circuitry in minimal-chip, space critical designs, while the 12V Vpp
option maximizes write/erase performance. Its high read performance combined with flexible block locking
enable both storage and execution of operating systems/application software and fast access to large data
tables. The 28F016XS is manufactured on Intel’'s 0.6 um ETOX |V process technology.

290573-1

The complete datasheet can be ordered by calling 1-800-648-4725. Refer to order number 290532.

November 1995
Order Number: 290573-001 5-1



28F016XS FLASH MEMORY

1.0 INTRODUCTION

The documentation of the Intel 28F016XS Flash
memory device includes this datasheet, a detailed
user’s manual, a number of application notes and
design tools, all of which are referenced at the end
of this datasheet.

The datasheet is intended to give an overview of the
chip feature-set and of the operating AC/DC specifi-
cations. The 16-Mbit Flash Product Family User's
Manual provides complete descriptions of the user
modes, system interface examples and detailed de-
scriptions of all principles of operation. It also con-
tains the full list of software algorithm flowcharts,
and a brief section on compatibility with the Intel
28F008SA.

Significant 28F016XS feature revisions occurred be-
tween datasheet revisions 290532-001 and 290532-
002. These revisions center around removal of the
following features:

¢ All page buffer. operations (read, write, program-
ming, Upload Device Information)

¢ Command queuing

e Software Sleep and Abort

¢ Erase all Unlocked Blocks and Two-Byte Write .
* RY/BY# Configuration options

In addition, a significant 28F016XS change occurred
between datasheet revisions 290532-002 and
290532-003. This change centers around the addi-
tion of a 3/5# in to the device’s pinout configura-
tion.

Intel recommends that all customers obtain the lat-
est ‘revisions of 28F016XS documentation.

1.1 Product Overview

The 28F016XS is a high-performance, 16-Mbit
(16,777,216-bit) block erasable nonvolatile random
access memory organized as either 1 Mword x 16 or
2 Mbyte x 8, subdivided into even and odd banks.
Address Ay makes the bank selection. The
28F016XS includes sixteen 128-Kbyte (131,072
byte) blocks or sixteen 64-Kword (65,536 word)
blocks.

intgl.

The implementation of a new architecture, with
many enhanced features, will improve the device op-
erating characteristics and result in greater product
reliability and ease-of-use as compared to other
flash memories. Significant features of the
28F016XS as compared to previous asynchronous
flash memories include:

e Synchronous Pipelined Read Interface

e Significantly Improved Read and Write Perform-
ance

* SmartVoltage Technology
— Selectable 3.3V or 5.0 Voo
— Selectable 5.0V or 12.0 Vpp
® Block Write/Erase Protection

The 28F016XS’s synchronous pipelined interface
dramatically raises read performance far beyond
previously attainable levels. Addresses are synchro-
nously latched and data is read from a 28F016XS
bank every 30 ns (5V Vgg, SFI Configuration = 2).
This capability translates to 0-wait-state reads at
clock rates up to 33 MHz at 5V Vg, after an initial
address pipeline fill delay and assuming even and
odd banks within the flash memory are alternately
accessed. Data is latched and driven valid 20 ns
(tcHqy) after a rising CLK edge. The 28F016XS is
capable of operating up to 66 MHz (5V V¢g); its pro-
grammable SFI Configuration enables system de-
sign flexibility, optimizing the 28F016XS to a specific
system clock frequency.

The SFI Configuration optimizes the 28F016XS for a
wide range of system operating frequencies. The de-
fault SFI Configuration is 4, which allows system
boot from the 28F016XS at any frequency up to
66 MHz at 5V Vc. After initiating an access, data is
latched and begins driving on the data outputs after
a CLK count corresponding to the SFI Configuration
has elapsed. The 28F016XS will hold data valid until
CE# or OE# is deactivated or a CLK count corre-
sponding to the SFI Configuration for a subsequent
access has elapsed.

The CLK and ADV # inputs, new to the 28F016XS in
comparison to previous flash memories, control ad-
dress latching and device synchronization during
read operations. The CLK input controls the device
latencies, times out the SFI Configuration counter
and synchronizes data outputs. ADV # indicates the
presence of a valid address on the 28F016XS

ADVANCE INFORMATION I
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address inputs. During read operations, addresses
are latched and accesses are initiated on a rising
CLK edge in conjunction with ADV# low. Both CLK

and ADV# are ignored by the 28F016XS during
command/data write sequences.

The 28F016XS incorporates SmartVoltage technolo-
gy, providing Vg operation at both 3.3V and 5.0V
and program and erase capability at Vpp = 12.0V or
5.0V. Operating at Vo = 3.3V, the 28F016XS con-
sumes less than one half the power consumption at
5.0V Vg, while 5.0V Vg provides highest read per-
formance capability. Vpp operation at 5.0V elimi-
nates the need for a separate 12.0V converter, while
the Vpp = 12.0V option maximizes write/erase per-
formance. In addition to the flexible program and
erase voltages, the dedicated Vpp gives complete
code protection with Vpp < Vpp|k.

A 3/5# input pin configures the device’s internal cir-
cuitry for optimal 3.3V or 5.0V read/write operation.

A Command User Interface (CUI) serves as the sys-
tem interface between the microprocessor or micro-
controller and the internal memory operation.

Internal Algorithm Automation allows byte/word
writes and block erase operations to be executed
using a Two-Write command sequence to the CUl in
the same way as the 28F008SA 8-Mbit FlashFile™
memory.

Software locking of memory blocks is an added fea-
ture of the 28F016XS as compared to the
28F008SA. The 28F016XS provides selectable
block locking to protect code or data such as direct-
executable operating systems or application code.
Each block has an associated nonvolatile lock-bit
which determines the lock status of the block. In
addition, the 28F016XS has a master Write Protect
pin (WP#) which prevents any modifications to
memory blocks whose lock-bits are set.

Writing of memory data is performed in either byte or
word increments, typically within 6 us at 12.0V Vpp,
which is a 33% improvement over the 28F008SA. A
block erase operation erases one of the 16 blocks in
typically 1.2 sec, independent of the other blocks.

I ADVANCE INFORMATION
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Each block can be written and erased a minimum of
100,000 cycles. Systems can achieve one million
Block Erase Cycles by providing wear-leveling algo-
rithms and graceful block retirement. These tech-
niques have already been employed in many flash
file systems and hard disk drive designs.

All operations are started by a sequence of Write
commands to the device. Three Status Registers
(described in detail later in this datasheet) and a
RY/BY # output pin provide information on the prog-
ress of the requested operation.

The following Status Registers are used to provide
device and WSM operation information to the user:

e A Compatible Status Register (CSR) which is
100% compatible with the 28F008SA FlashFile
memory Status Register. The CSR, when used
alone, provides a straightforward upgrade capa-
bility to the 28F016XS from a 28F008SA-based
design.

o A Global Status Register (GSR) which also in-
forms the system of overall Write State Machine
(WSM) status.

° 16 Block Status Registers (BSRs) which provide
block-specific status information such as the
block lock-bit status.

The 28F016XS incorporates an open drain RY/BY #
output pin. This feature allows the user to OR-tie
many RY/BY # pins together in a multiple memory
configuration such as a Resident Flash Array.

The 28F016XS also incorporates a dual chip-enable
function with two input pins, CEg# and CEq#.
These pins have exactly the same functionality as
the regular chip-enable pin, CE #, on the 28F008SA.
For minimum chip designs, CEq# may be tied to
ground and system logic may use CEq# as the chip
enable input. The 28F016XS uses the logical combi-
nation of these two signals to enable or disable the
entire chip. Both CEg# and CEq# must be active
low to enable the device. If either one becomes in-
active, the chip will be disabled. This feature, along
with the open drain RY/BY # pin, allows the system
designer to reduce the number of control pins used
in a large array of 16-Mbit devices.
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The BYTE# pin allows either x8 or x16 read/writes
to the 28F016XS. BYTE # at logic low selects 8-bit
mode with address Ag selecting between low byte
and high byte. On the other hand, BYTE# at logic
high enables 16-bit operation with address A be-
coming the lowest order address and address Ag is
not used (don’t care). A device block diagram is
shown in Figure 1. :

The 28F016XS incorporates an Automatic Power
Saving (APS) feature, which substantially reduces
the active current when the device is in static mode
of operation (addresses not switching). In APS
mode, the typical Igc current is 1 mA at 5.0V (3 mA
at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD# on the 28F008SA) pin
transitions low. This mode brings the device power
consumption to less than 2.0 pA, typically, and
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provides additional write protection by acting as a
device reset pin during power transitions. A reset
time of 300 ns (5V Vgc) is required from RP#
switching high before latching an address into the
28F016XS. In the deep power-down state, the WSM

is reset (any current operation will abort) and the
CSR, GSR and BSR registers are cleared.

A CMOS standby mode of operation is enabled
when either CEq# or CEq# transitions high and
RP# stays high with all input control pins at CMOS
levels. In this mode, the device typically draws an
Icc standby current of 70 pA at 5V Vge.

The 28F016XS is available in 56-Lead, 1.2 mm thick,
14 mm x 20 mm TSOP and 1.8 mm thick, 16 mm x
23.7 mm SSOP Type | packages. The form factor
and pinout of these two packages allow for very high
board layout densities.

ADVANCE INFORMATION I
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ADDITIONAL INFORMATION

Order Number Document/Tool
297372 16-Mbit Flash Product Family User’s Manual
292126 AP-360, “28F008SA Software Drivers”
292147 AP-398, “Designing with the 28F016XS"
292146 AP-600, “Performance Benefits and Power/Energy Savings of 28F016XS-
Based System Designs”
292163 AP-610, “Flash Memory In-System Code and Data Update Techniques”
292165 AB-62, “Compiling Optimized Code for Flash Memories”
297500 “Interfacing the 28F016XS to the i960® Microprocessor Family”
297504 “Interfacing the 28F016XS to the Intel486™ Microprocessor Family”
294016 ER-33, “ETOX™ Flash Memory Technology—Insight to Intel’s Fourth
Generation Process Innovation”
297508 FLASHBuilder Utility
Contact Intel/Distribution | 28F016XS Benchmark Utility
Sales Office
Contact Intel/Distribution | Flash Cycling Utility
Sales Office
Contact Intel/Distribution | 28F016XS iBIS Model
Sales Office
Contact Intel/Distribution | 28F016XS VHDL Model
Sales Office
Contact Intel/Distribution | 28F016XS Timing Designer Library Files
Sales Office
Contact Intel/Distribution | 28F016XS Orcad/Viewlogic Schematic Symbols
Sales Office
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28F016XD
16-MBIT (1 MBIT x 16) |
DRAM-INTERFACE FLASH MEMORY

m 85 ns Access Time (tgac) m 56-Lead TSOP Type | Package
— Supports both Standard and Fast- m Backwards-Compatible with 28F008SA
Page-Mode Accesses Command Set )
m Multiplexed Address Bus ‘ m 2 pA Typical Deep Power-Down
— RAS# and CAS# Control Inputs Current
H No-Glue Interface to Many Memory ®m 1 mA Typical Icc Active Current in
Controllers Static Mode
m SmartVoltage Technology B 32 Separately-Erasable/Lockable
— User-Selectable 3.3V or 5V V¢ 64-Kbyte Blocks :

;;;s;;felec‘t;élte i_v or : 2VR:tPP m 1 Million Erase Cycles per Block
-0 .sec rite Transter Hate m State-of-the-Art 0.6 um ETOX™ |V
m x16 Architecture Flash Technology

Intel’s 28F016XD 16-Mbit Flash memory is a revolutionary architecture which is the ideal choice for designing
truly revolutionary high-performance products. Combining its DRAM-like read performance and interface with
the intrinsic nonvolatility of flash memory, the 28F016XD eliminates the traditional redundant memory para-
digm of shadowing code from a slow nonvolatile storage source to a faster execution memory, such as DRAM,
for improved system performance. The innovative capabilities of the 28F016XD enable the design of direct-
execute code and mass storage data/file flash memory systems.

The 28F016XD’s DRAM-like interface with a muitiplexed address bus, flexible Vog and Vpp voltages, power
saving features, extended cycling, fast write and read performance, symmetrically blocked architecture, and
selective block locking provide a highly flexible memory component suitable for resident flash component
arrays on the system board or SIMMs. The DRAM-like interface with RAS# and CAS# control inputs allows
for easy migration to flash memory in existing DRAM-based systems. The 28F016XD’s dual read voltage
allows the same component to operate at either 3.3V or 5.0V V. Programming voltage at 5V Vpp minimizes
external circuitry in minimal-chip, space critical designs, while the 12V Vpp option maximizes write/erase
performance. The x16 architecture allows optimization of the memory-to-processor interface. Its high read
performance combined with flexible block locking enable both storage and execution of operating systems/
application software and fast access to large data tables. The 28F016XD is manufactured on Intel’s 0.6 um
ETOXT™ |V process technology.

290574-1

The complete datasheet can be ordered by calling 1-800-548-4725. Refer to order number 290533.

November 1995
5-6 ) Order Number: 200574-001
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1.0 INTRODUCTION

The documentation of the Intel 28F016XD flash
memory device includes this datasheet, a detailed
user’s manual, and a number of application notes
and design tools, all of which are referenced at the
end of this datasheet.

The datasheet is intended to give an overview of the
chip feature-set and of the operating AC/DC specifi-
cations. The 16-Mbit Flash Product Family User’s
Manual provides complete descriptions of the user
modes, system interface examples and detailed de-
scriptions of all principles of operation. It also con-
tains the full list of software algorithm flowcharts,
and a brief section on compatibility with the Intel
28F008SA.

Significant 28F016XD feature revisions occurred be-
tween datasheet revisions 290533-001 and 290533-
002. These revisions center around removal of the
following features:

o All page buffer operations (read, write, program-
ming, Upload Device Information)

e Command queuing

o Software Sleep and Abort

o Erase all Unlocked Blocks

o Device Configuration command

In addition, a significant 28F016XD change occurred

between datasheet revisions 290532-002 and
290532-003. This change centers around the addi-

tion of a 3/5# pin to the device’s pinout configura-

tion.

Intel recommends that all customers obtain the lat-
est revisions of 28F016XD documentation.

1.1 Product Overview

The 28F016XD is a high-performance, 16-Mbit
(16,777,216-bit) block erasable, nonvolatile random
access memory, organized as 1 Mword x 16. The
28F016XD includes thirty-two 32-KW (32,768 word)
blocks.

The implementation of a new architecture, with
many enhanced features, will improve the device op-
erating characteristics and result in greater product
reliability and ease-of-use as compared to other

I ADVANGCE INFORMATION
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flash memories. features of the

28F016XD include:
e No-Glue Interface to Memory Controllers
o |mproved Word Write Performance
e SmartVoltage Technology
— Selectable 3.3V or 5.0V Vo
— Selectable 5.0V or 12.0V Vpp
e Block Write/Erase Protection

Significant

The 28F016XD’s multiplexed address bus with
RAS# and CAS# inputs allows for a “No Glue”
interface to many existing in-system memory con-
trollers. As such, 28F016XD-based SIMMs (72-pin
JEDEC Standard) offer attractive advantages over
their DRAM counterparts in many applications. For
more information on 28F016XD-based SIMM de-
signs, see the application note referenced at the end
of this datasheet.

The 28F016XD incorporates SmartVoltage technol-
ogy, providing Vg operation at both 3.3V and 5.0V
and program and erase capability at Vpp = 12.0V or
5.0V. Operating at Vgc = 3.3V, the 28F016XD con-
sumes less than 60% of the power consumption at
5.0V V¢c, while 5.0V Vg provides the highest read
performance capability. Vpp = 5.0V operation elimi-
nates the need for a separate 12.0V converter, while
Vpp = 12.0V maximizes write/erase performance.
In addition to the flexible program and erase volt-
ages, the dedicated Vpp gives complete code pro-
tection with Vpp < Vpp|k.

A 3/5# input pin configures the device’s internal cir-
cuitry for optimal 3.3V or 5.0V read/write operation.

A Command User Interface (CUI) serves as the sys-
tem interface between the microprocessor or micro-

“controller and the internal memory operation.

Internal Algorithm Automation allows word writes
and block erase operations to be executed using a
Two-Write command sequence to the CUIl in the
same way as the 28F008SA 8-Mbit FlashFile™
memory.

Software Locking of Memory Blocks is an added
feature of the 28F016XD as compared to the
28F008SA. The 28F016XD provides selectable
block locking to protect code or data such as direct-
executable operating systems or application code.
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Each block has an associated nonvolatile lock-bit
which determines the lock status of the block. In
addition, the 28F016XD has a master Write Protect
pin (WP#) which prevents any modifications to
memory blocks whose lock-bits are set.

Writing of memory data is performed in word incre-
ments typically within 6 ps (12.0V Vpp)—a 33% im-
provement over the 28F008SA. A block erase oper-
ation erases one of the 32 blocks in typically 0.6 sec
(12.0V Vpp), independent of the other blocks, which
is about a 65% improvement over the 28F008SA.

Each block can be written and erased a minimum of
100,000 cycles. Systems can achieve one million
Block Erase Cycles by providing wear-leveling algo-
rithms and graceful block retirement. These tech-
niques have already been employed in many flash
file systems and hard disk drive designs.

All operations are started by a sequence of Write
commands to the device. Three types of Status
Registers (described in detail later in this datasheet)
and a RY/BY# output pin provide information on
- the progress of the requested operation.

The following Status Registers are used to provide
device and WSM information to the user:

e A Compatible Status Register (CSR) which is
100% compatible with the 28F008SA FlashFile
memory Status Register. The CSR, when used
alone, provides a straightforward upgrade capa-
bility to the 28F016XD from a 28F008SA-based
design.

® A Global Status Register (GSR) which also in-
forms the system of overall Write State Machine
(WSM) status.

e 32 Block Status Registers (BSRs) which provide

- block-specific status information such as the
block lock-bit status.

]
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The 28F016XD incorporates an open drain RY/BY #
output pin. This feature allows the user to OR-tie

many RY/BY # pins together in a multiple memory
configuration such as a Resident Flash Array.

The 28F016XD is specified for a maximum fast page
mode cycle time of 65 ns (tpc R) at 5.0V operation
(4.75V to 5.25V) over the commercial temperature
range (0°C to +70°C). A corresponding maximum
fast page mode cycle time of 75 ns at 3.3V (3.0V to
3.6V and 0°C to +70°C) is achieved for reduced
power consumption applications.

The 28F016XD incorporates an Automatic Power
Saving (APS) feature, which substantially reduces
the active current when the device is in static mode
of operation (addresses not switching). In APS
mode, the typical Igc currentis 1 mA at 5.0V (3.0 mA
at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD# on the 28F008SA) pin
transitions low. This mode brings the device power
consumption to less than 2.0 pA, typically, and pro-
vides additional write protection by acting as a de-
vice reset pin during power transitions. A reset time
of 300 ns (5.0V Vg operation) is required from RP #
switching high until dropping RAS#. In the deep
power-down state, the WSM s reset (any current
operation will abort) and the CSR, GSR and BSR
registers are cleared.

A CMOS standby mode of operation is enabled
when RAS# and CAS# transition high and RP#
stays high with all input control pins at CMOS levels.
In this mode, the device typically draws an Igc
standby current of 70 uA at 5V V.

The 28F016XD is available in a 56-Lead, 1.2 mm
thick, 14 mm x 20 mm TSOP Type | package. This
form factor and pinout allow for very high board lay-
out densities.

ADVANCE INFORMATION I
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ADDITIONAL INFORMATION
Order Number Document/Tool
297372 16-Mbit Flash Product Family User’s Manual
292152 AB-58, “28F016XD-Based SIMM Designs”
292165 AB-62, “Compiled Code Optimizations for Flash Memories”
292092 AP-357, “Power Supply Solutions for Flash Memory™
292123 AP-374, “'Flash Memory Write Protection Techniques”
292126 AP-377, “*16-Mbit Flash Product Family Software Drivers,
28F016SA/SV/XD/XS"”
292131 AP-384, “‘Designing with the 28F016XD”
292163 AP-610, “Flash Memory In-System Code and Data Update Techniques”
292168 AP-614, “Adapting DRAM Based Designs for the 28F016XD"
294016 ER-33, “ETOX™ Flash Memory Technology—Insight to Intel’s Fourth
Generation Process Innovation”
297508 FLASHBuilder Utility
Contact Intel/Distribution | 28F016XD Benchmark Utility
Sales Office
Contact Intel/Distribution | Flash Cycling Utility
Sales Office
Contact Intel/Distribution | 28F016XD iBIS Models
Sales Office
Contact Intel/Distribution | 28F016XD VHDL Model
Sales Office
Contact Intel/Distribution | 28F016XD Timing Designer Library Files
Sales Office .
Contact Intel/Distribution | 28F016XD Orcad and ViewlLogic Schematic Symbols
Sales Office
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®

28F016SV
16-MBIT (1 MBIT x 16, 2 MBIT x 8)
'FlashFileT™ MEMORY

® SmartVoltage Technology m Backwards-Compatible with 28F016SA,
— User-Selectable 3.3V or 5V V¢ 28F008SA Command Set
— User-Selectable 5V or 12V Vpp m Revolutionary Architecture

B 65 ns Access Time — Multiple Command Execution

m 1 Million Erase Cycles per Block "‘g;::‘;n‘;‘r“';"g E'; arsget  the Intel

m 30.8 MB/sec Burst Write Transfer Rate 28F008SA up °

m 0.48 MB/sec Sustainable Write Transfer — Page Buffer Write
Rate

N 2 pA Typical Deep Power-Down
m 32 Independently Lockable Blocks

B State-of-the-Art 0.6 um ETOX™ |V
Flash Technology

Intel's 28F016SV 16-Mbit FlashFile™ memory is a revolutionary architecture which is the ideal choice for
designing embedded direct-execute code and mass storage data/file flash memory systems. With innovative
capabilities, low-power. operation, user-selectable Vpp voltage and high read/write performance, the
28F016SV enables the design of truly mobile, high-performance personal computing and communications
products.

The 28F016SV is the highest density, highest performance nonvolatile read/write solution for solid-state
storage applications. Its symmetrically blocked architecture (100% compatible with the 28F008SA 8-Mbit and
28F016SA 16-Mbit FlashFile memories), extended cycling, flexible Vgg and Vpp voltage (SmartVoltage tech-
nology), fast write and read performance and selective block locking provide a highly flexible memory compo-
nent suitable for Resident Flash Arrays, high-density memory cards and PCMCIA-ATA flash drives. The
28F016SV’s dual read voltage enables the design of memory cards which can interchangeably be read/writ-
ten in 3.3V and 5.0V systems. Its x8/x16 architecture allows optimization of the memory-to-processor inter-
face. The flexible block locking option enables bundling of executable application software in a Resident Flash
Array or memory card. The 28F016SV is manufactured on Intel’s 0.6 pm ETOX IV process technology.

Configurable x8 or x16 Operation

m 56-Lead TSOP and SSOP Type |
Packages

290575-1

The complete datasheet can be ordered by calling 1-800-548-4725. Refer to order number 290528.

November 1995
5-10 Order Number: 290575-001



intel.

1.0 INTRODUCTION

The documentation of the Intel 28F016SV memory
device includes this datasheet, a detailed user’s
manual, and a number of application notes and de-
sign tools, all of which are referenced at the end of
this datasheet.

The datasheet is intended to give an overview of the
chip feature-set and of the operating AC/DC specifi-
cations. The 16-Mbit Flash Product Family User’s
Manual provides complete descriptions of the user
modes, system interface examples and detailed de-
scriptions of all principles of operation. It also con-
tains the full list of software algorithm flowcharts,
and a brief section on compatibility with the Intel
28F008SA.

A significant 28F016SV change occurred between
datasheet revisions 290528-003 and 290528-004.
This change centers around the addition of a 3/5#
pin to the device’s pinout configuration. Intel recom-
mends that all customers obtain the latest revisions
of 28F016SV documentation.

1.1 Enhanced Features
The 28F016SV is backwards compatible with the
28F016SA and offers the following enhancements:
® SmartVoltage Technology

— Selectable 5.0V or 12.0V Vpp
® Vpp Level Bit in Block Status Register
e Additional RY/BY # Configuration

— Pulse-On-Write/Erase

e Additional Upload Device Information Command
Feedback
— Device Proliferation Code

— Device Configuration Code

1.2 Product Overview

The 28F016SV is a high-performance, 16-Mbit
(16,777,216-bit) block erasable, nonvolatile random
access memory, organized as either 1 Mword x 16
or 2 Mbyte x 8. The 28F016SV includes thirty-two
64-KB (65,536 byte) blocks or thirty-two 32-KW
(32,768 word) blocks.

I ADVANCE INFORMATION
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The implementation of a new architecture, with
many enhanced features, will improve the device op-
erating characteristics and result in greater product
reliability and ease-of-use.

The 28F016SV incorporates SmartVoltage technol-
ogy, providing Vg operation at both 3.3V and 5.0V
and program and erase capability at Vpp = 12.0V or
5.0V. Operating at Vgc = 3.3V, the 28F016SV con-
sumes approximately one half the power consump-
tion at 5.0V Vgg, while 5.0V Vgc provides the
highest read performance capability. Vpp = 5.0V
operation eliminates the need for a separate
12.0V converter, while Vpp = 12.0V maximizes
write/erase performance. In addition to the flexible
program and erase voltages, the dedicated Vpp
gives complete code protection with Vpp < Vpp k.

A 3/5# input pin configures the device’s internal
circuitry for optimal 3.3V or 5.0V read/write opera-
tion.

A Command User Interface (CUI) serves as the sys-
tem interface between the microprocessor or micro-
controller and the internal memory operation.

Internal Algorithm Automation allows byte/word
writes and block erase operations to be executed
using a Two-Write command sequence to the CUl in
the same way as the 28F008SA 8-Mbit FlashFile
memory.

A super-set of commands has been added to the
basic 28F008SA command-set to achieve higher
write performance and provide additional capabili-
ties. These new commands and features include:

® Page Buffer Writes to Flash

Command Queuing Capability

o Automatic Data Writes during Erase
Software Locking of Memory Blocks
Two-Byte Successive Writes in 8-bit Systems
Erase All Unlocked Blocks

Writing of memory data is performed in either byte or
word increments typically within 6 ps (12.0V Vpp)—a
33% improvement over the 28FO008SA. A block
erase operation erases one of the 32 blocks in typi-
cally 0.6 sec (12.0V Vpp), independent of the other
blocks, which is about a 65% improvement over the
28F008SA.
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Each block can be written and erased a minimum of
100,000 cycles. Systems can achieve one million
Block Erase Cycles by providing wear-leveling algo-
rithms and graceful block retirement. These tech-
niques have already been employed in many flash
file systems and hard disk drive designs.

The 28F016SV incorporates two Page Buffers of
256 bytes (128 words) each to allow page data
writes. This feature can improve a system write per-
formance by up to 4.8 times over previous flash
memory devices, which have no Page Buffers.

All operations are started by a sequence of Write
commands to the device. Three Status Registers
(described in detail later in this datasheet) and a
RY/BY # output pin provide information on the prog-
ress of the requested operation.

While the 28F008SA requires an operation to com-
plete before the next operation can be requested,
the 28F016SV allows queuing of the next operation
while the memory executes the current operation.
This eliminates system overhead when writing sev-
eral bytes in a row to the array or erasing several
blocks at the same time. The 28F016SV can also
perform write operations to one block of memory
while performing erase of another block.

The 28F016SV provides selectable block locking to
protect code or data such as Device Drivers,
PCMCIA card information, ROM-Executable O/S or
Application Code. Each block has an associated
nonvolatile lock-bit which determines the lock status
of the block. In addition, the 28F016SV has a master
Write Protect pin (WP #) which prevents any modifi-
cations to memory blocks whose lock-bits are set.

The 28F016SV contains three types of Status Regis-
ters to accomplish various functions:

e A Compatible Status Register (CSR) which is
100% compatible with the 28FO008SA FlashFile
memory Status Register. The CSR, when used
alone, provides a straightforward upgrade capa-
bility to the 28F016SV from a 28F008SA-based
design.

e A Global Status Register (GSR) which informs
the system of command Queue status, Page
Buffer status, and overall Write State Machine
(WSM) status. :

5-12
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e 32 Block Status Registers (BSRs) which provide
block-specific status information such as the
block lock-bit status.

The 28F016SV incorporates an open drain RY/BY #
output pin. This feature allows the user to OR-tie
many RY/BY # pins together in a multiple memory
configuration such as a Resident Flash Array.

Other configurations of the: RY/BY# pin are en-
abled via special CUl commands and are described
in detail in the 16-Mbit Flash Product Family User’s
Manual.

The 28F016SV’s enhanced Upload Device Informa-
tion command provides access to additional infor-
mation that the 28F016SA previously did not
offer. This command uploads the Device Revision
Number, Device Proliferation Code and Device
Configuration Code to the page buffer. The Device
Proliferation Code for the 28F016SV is 01H, and the
Device Configuration Code identifies the current
RY/BY # configuration. A subsequent Page Buffer
Swap and Page Buffer Read command sequence is
necessary to read the correct device information.

The 28F016SV also incorporates a dual chip-enable
function with two input pins, CEq# and CEq#.
These pins have exactly the same functionality as
the regular chip-enable pin, CE #, on the 28F008SA.
For minimum chip designs, CE{# may be tied to
ground and system logic may use CEg# as the chip
enable input. The 28F016SV uses the logical combi-
nation of these two signals to enable or disable the
entire chip. Both CEg# and CE4# must be active
low to enable the device. If either one becomes in-
active, the chip will be disabled. This feature, along
with the open drain RY/BY # pin, allows the system
designer to reduce the number of control pins used
in a large array of 16-Mbit devices.

The BYTE# pin allows either x8 or x16 read/writes
to the 28F016SV. BYTE# at logic low selects 8-bit
mode with address Ag selecting between the low
byte and high byte. On the other hand, BYTE# at
logic high enables 16-bit operation with address A4
becoming the lowest order address and address Ag
is not used (don’t care). '

ADVANGCE INFORMATION I
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The 28F016SV is specified for a maximum access
time of 65 ns (tacc) at 5.0V operation (4.75V to
5.25V) over the commercial temperature range (0°C
to +70°C). A corresponding maximum access time
of 75 ns at 3.3V (3.0V to 3.6V and 0°C to +70°C) is

achieved for reduced power consumption applica-
tions.

The 28F016SV incorporates an Automatic Power
Saving (APS) feature, which substantially reduces
the active current when the device is in static mode
of operation (addresses not switching). In APS
mode, the typical Igc current is 1 mA at 5.0V (3.0 mA
at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD# on the 28F008SA) pin
transitions low. This mode brings the device power
consumption to less than 2.0 uA, typically, and pro-
vides additional write protection by acting as a de-

I ADVANCE INFORMATION

28F016SV FlashFileT™ Memory

vice reset pin during power transitions. A reset time
of 400 ns (5.0V Vg operation) is required from RP #
switching high until outputs are again valid. In the
Deep Power-Down state, the WSM is reset (any cur-
rent operation will abort) and the CSR, GSR and
BSR registers are cleared.

A CMOS standby mode of operation is enabled
when either CEg# or CE1# transitions high and
RP# stays high with all input control pins at CMOS
levels. In this mode, the device typically draws an
Icc standby current of 70 pA at 5V Vge.

The 28F016SV will be available in 56-lead, 1.2 mm
thick, 14 mm x 20 mm TSOP and 56-lead, 1.8 mm
thick, 16 mm x 23.7 SSOP Type | packages. The
form factor and pinout of these two packages allow
for very high board layout densities.

5-13
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ADDITIONAL INFORMATION

Order Number ! . Document/Tool
297372 16-Mbit Flash Product Family User’s Manual
290435 28F008SA Datasheet
290490 DD28F032SA Datasheet
292092 AP-357 “Power Supply Solutions for Flash Memory”
292123 ‘ AP-374 “Flash Memory Write Protection Techniques”
292124 AP-375 “Upgrade Considerations from the 28F008SA to the 28F016SA”
292126 AP-377 *“16-Mbit Flash Product Family Software Drivers, 28F016SA/
28F016SV/28F016XS/28F016XD”
292127 AP-378 “System Optimization Using the Enhanced Features of the
28F016SA” )
292144 AP-393 “28F016SV Compatibility with 28F016SA”
292159 AP-607 “Multi-Site Layout Planning with Intel’s FlashFile Components,
including ROM Capability
292163 AP-610 “Flash Memory In-System Code and Data Update Techniques”
292165 AB-62 “Compiled Code Optimizations for Flash Memories™
294016 ER-33 “ETOX Flash Memory Technology—Insight to Intel’s Fourth
Generation Process Innovation”
297508 FLASHBuilder Utility
Contact Intel/Distribution | Flash Cycling Utility
Sales Office
Contact Intel/Distribution | 28F016SV iBIS Model
Sales Office
Contact Intel/Distribution | 28F016SV VHDL Model
Sales Office
Contact Intel/Distribution | 28F016SV Timing Designer Library Files
Sales Office
Contact Intel/Distribution | 28F016SV Orcad and ViewLogic Schematic Symbols
Sales Office
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1.0 INTRODUCTION

This document includes a feature overview, pinouts,
and memory maps for Intel’s SmartVoltage boot block
family, including 2/4/8-Mbit densities. These products
offer feature and function compatibility with the boot
block architecture, along with the SmartVoltage tech-
nology (SVT) outlined below. Follow the design steps
in Section 5.0 to upgrade 12V Vpp designs to SVT.

2.0 BOOT BLOCK ARCHITECTURE

Intel’s boot block architecture products offer the famil-

iar features that optimize it for updateable firmware

storage. These features include:

® Hardware-lockable boot block for secure kernel
code storage -

® Parameter blocks for parameter storage

® Main blocks for modular code updates, facilitating
updateable firmware

© x8 or x16 user-selectable 1/0 operation
o RP# for reset and write protection
e PSOP and TSOP packages

Intel has integrated its SmartVoltage technology into
the boot block family in order to increase the voltage
flexibility of these components.

. 3.0 PINOUT COMPATIBLE DENSITY
UPGRADES

In addition, Intel is providing density upgrades with
pinout compatibility for the 2-Mbit, 4-Mbit, and 8-Mbit
densities. The pinouts in Figures 2, 3, and 4 illustrate
these compatible upgrade paths.

intel.
4.0 NEW SmartVoitage

TECHNOLOGY FEATURES

SmartVoltage offers the following new features:
1. Voltage Flexibility

® Vce = 2.7-3.6V, 3.3V £0.3V or 5V +10% with
enhanced circuits to optimize low-voltage perform-
ance when low power consumption is critical.

® Program/erase operation with Vpp = 5V for conve-
nient in-system writes without a DC-DC converter
or Vpp = 12V when write/erase performance is a
concern, such as during production.

2. Write Protection

WP # pin replaces a DU pin and is used in conjunc- -
tion with the Vpp and RP# pins, as detailed in the
table below, to control write protection of the boot
block. (WP# pin not available on 8-Mbit 44-lead
PSOP. In this package, treat as if the WP# pin is
internally tied low, effectively eliminating the last
row of the table below.)

Vpp RP# | WP# | Write Protection
ViL X X All Blocks Locked
> Vppk | ViL | X All Blocks Locked (Reset)

= VppLk | VHH | X All Blocks Unlocked

> Vppk | VIH | ViL Boot Block Locked

> Vppik | VIH | VIH All Blocks Unlocked

292154-1

Figure 1. The SmartVoltage Technology Boot
Block Line Features a Pinout-Compatible
Upgrade Path

5-16

5.0 UPGRADING FROM 12V TO SVT

If you have designs using 12V Vpp boot block products,
you must adhere to the following design steps to ensure
you can upgrade to SVT:

1. If using 5V program/erase, allow for connecting Vpp
to 5V and disconnecting Vpp from 12V.

2. If adding a switch on Vpp for write protection,
switch to GND instead of V.

3. Connect WP# (DU on existing products) to V¢,
GND, or a control signal. This pin should not be left
floating. The DU pin on BX/BL products can be
driven to a logic-level in order to provide upgrade
compatibility.
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6.0 PACKAGE PINOUTS

28F008B 28F004B 28F004B 28F008B
A || As | A= 1 O 0 A7z | Az || Az
As [ A1s | As— 2 - 39 = anD | GND | [ anD
3 A1y | Aa—] 3 38 =3 NC NC N
Az || A | Aac— 4 37 = nC NC @
A2 Az | A2 s 36 = Ao A 0
A1y A1 | A 6 35 §007 oQ; || pa;
Ag Ag Agr—) 7 28F002B 34 DQg DQg DQg
= s lct H=EAE I
4 4 4
ey || Aps | RPs=—] 10 14:'"';:::::2':1 3 F=vee | Voo || Voo
Vep || Vpp | Vpp——H 11 30 = vee | Vee || Vee
wp# | | wes | weaee—] 12 29 = NC NC NC
Asg Nc—] 13 TOP VIEW 28 = DQ; | DQg || DQg
A; 7 A, 14 27 /1 DQ, DQ, DQ,
Ag Ag | Ag— 15 26 == pa; | pay || paj
As As | As—] 16 25 ==10Q, | DQp || DQg
4 | A 17 24 = oce# | oE# || OE#
As Ag | Azg—] 18 23 g GND | GND || GND
A Ay | Ap—] 19 22 Ce# | CE# || cE#
Ay Ay | A 20 21 = A, Ao Ao

292154-2

. NOTE:
The 28F008B pinout shown is for the 8-Mbit boot block, and not the 28BFO08SA FlashFile™ memory.

Figure 2. The 40-Lead TSOP Offers the Smallest Form Factor for Space-Constrained Applications

28F800 28F400 28F400 28F800
Vep Vep Vep 10 44 [ RP# RP# RP#
WP# WP 2 43 | WE# WE# WE#
.y = I 427, Ag Ag
Ay A7 Ar 4 411A, Ag Ag
:s :5 :sl: 5 gg :I:w 210 210
5 5 s 6 A " 1
A, A, Asrd 7 BP:;S;IZ:COR 38 A2 Ay A
As As As] 8 44-Lead PSOP 37 DA A At
A, A Az 9 0.525" x 1.110" 36 A Ay Ate
Ay Ay Ai 10 35 MA Ay A
Ao Ao Ao 11 TOP VIEW 34[A Ass A
CE# CE# CE# ] 12 33 BYTE# BYTE# BYTE#
GND GND GND —} 13 32 GND GND GND
OE# OE# OE# 14 31 [1DQ /A, DQ /A, DQ /A,
DQ, DQ, DQ, ] 15 30 oQ, DQ, DQ,
DQg DQg DQg ] 16 29 DQ 4y DQ 14 DQ 4
DQ, DQ, pQ, 17 28 DQs DQg DQg
DQ, DQ, DQ, ] 18 27 |3 DQ 45 DQ 45 DQy,
pQ, pQ, pa, ] 19 26 1 pQas DQs DQ;
DQ o DQ DQ 1o 20 25MpQ;,, DQ 1 DQ;,
,DQ, DQ, DQ, ] 21 24 pa, DQ, DQ,
DQ 4 DQ 4 DQ ] 22 23 MVee Vee Vee

292154-3

NOTE:

For the 8-Mbit device, pin 2 has been changed to A1g (WP# on 2/4-Mbit). Designers planning to upgrade to the 8-Mbit
density from the 2/4-Mbit density in this package should design pin 2 to control WP # functionality at the 2/4-Mbit level
and allow for pin 2 to control Aqg after upgrading to the 8-Mbit density.

Figure 3. The 44-Lead PSOP Offers a Convenient Upgrade from JEDEC ROM Standards




®
© 28FB00 28F400 28F400  2BF800
As | As | As = 1 48 F—1Ag Asg Ate
A (]| Ata Ay — 2 47 E—oBYTE# |BYTE# BYTE#
Az Atz Az — 3 46 I GND GND GND
Az || Az | Az c 4 45 F=—1DQy5/A.¢| DQyg/A.¢ | | DQys/A 4|
Ay |l A | A 5 44 F—pq, |DQ; DQ;
Ao || Ao | Ao — & 43 F—pQ;, | DQy4 DQyy
Ag Ag A T 7 42 F=1pQg DQg 5
Ag Ag Ag ] 8 41 E——1DQy; | DQq3 DQqy
NC NC NC C—% 9 40 :I[)Q5 D()5 D()5
NC NC NC —] 10 28F200 39 F—pQ;, |DQye DQyp
WE# WE# WE# — 11 Boot Block 38 :DCM DQy DQy
il | A = b Lo TsOP B s ||k
wen |[wee | wee = 1 T2mm x 20mm £ 0o [sal' ||Ba
N 1
=t e =83
A D Do D
Pl b gl B =— 4 siE—=pa’ [oa! ||oa’
As As As = 19 30 F—DQg DQg DQg
As As As T 20 29 —IpQ, DQg DQ,
Ay Ay A, T 2 28 OE# OE# OE#
Ay Az Ay = 22 27 %GND GND GND
Ay Ay A, T 23 26 CE# CE# CE#
Ay A —f 24 25 Ag Ay Ag
292154-4
Figure 4. The 48-Lead TSOP Offers the Smallest Form Factor for x16 Operation
28F400 28F400
NC Nee— 1 56 F—— NC NC
NC NCC—] 2 55— As Ate
As Ais— 3 54— BYTE# BYTE#
Aqg 1a—y 4 53— GND GND
K] Az 5 52 —— DQqg/A.; | DQqs/A.q
Az A2 6 51 F— bpQy . DQy
A1y A1y 7 50 E——3 DQq,4 DQqq
A | Ajp—] 8 49— DQg DQg
Ag Ag— 9 48— DQq3 DQy3
Ag Ag—] 10 47— pQjy DQg
NC NCC— 11 28F200 46 /3 DQ;, DQqp
NC NCC—] 12 Boot Block 45— pQ, DQ,
WE# | WE#r— 13 - 56-Lead TSOP 44— Ve Voo
RP# RP#C—| 14 14 mm x 20 mm 43— Vee Veo
NC NCC— 15 42— DQy4 DQy;
NC NC— 16 TOP VIEW 41— DQg DQg
VPP VPP: 17 40 — DQ10 DQ1°
wpP# | wp#C— 18 39—/ DQ, DQ,
N NC— 19 38— DQg DQg
o, NC— 20 37— bq, DQ;
7 N — 21 36— DQg DQg
AS Ae: 22 35— DQ, DQq
A5 sC— 23 34— OE# OE#
A4 AM: 24 33— GND GND
AS ar— 25 32— CE# CE#
2 2—— 26 <1} m— Y Ap
Ay Ay— 27 30— NC NC
NC NC—— 28 29— NC NC
) 292154-5
Figure 5. The 56-Lead TSOP Offers Compatibility between 2 and 4 Mbits
5-18
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7.0 MEMORY MAPS
28F002-T 28F004-T 28F800-T
3FFFFH TFFFFH FFFFFH
16-Kbyte BOOT BLOCK ~oo00n 16-Kbyte BOOT BLOCK . 16-Kbyte BOOT BLOCK
3C000H
SooaH
SGBFFF“ 8-Kbyte PARAMETER BLOCK 77“',;';’;: 8-Kbyte PARAMETER BLOCK ';if,o';: 8-Kbyte PARAMETER BLOCK
SOFFFH | g-Kbyte PARAMETERBLOCK | "Fh | 8-Kbyte PARAMETER BLOCK vl | 8-Kbyte PARAMETER BLOCK
37FFFH TIFFFH F7FFFH
96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK
0000H 60000H E0000H
e SFFFFH DFFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
CO000H
00000H ety BFFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
20000H AOOCOH
1FFFFH OFFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
80000H
00000H TFFFFH
128-Kbyte MAIN BLOCK
60000H
SFFFFH
128-Kbyte MAIN BLOCK
40000H
3FFFFH
128-Kbyte MAIN BLOCK
20000H
1FFFFH
128-Kbyte MAIN BLOCK
00000H
292154-6
NOTE:

(x8) mode.

These memory maps apply to the 28F002/004/008-T components, or the 28F200/400/800-T components in byte-wide

Figure 6. Byte-Wide x8-Mode Memory Maps (Top Boot)

5-19
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FFFFFH
128-Kbyte MAIN BLOCK
E0000H
DFFFFH
128-Kbyte MAIN BLOCK
CO000H
BFFFFH
128-Kbyte MAIN BLOCK
AOOOOH
9FFFFH .
128-Kbyte MAIN BLOCK
80000H
TFFFFH TFFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
60000H 60000H
SFFFFH SFFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
40000H 40000H
3FFFFH IFFFFH 3FFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
20000H 20000H 20000H
1FFFFH 1FFFFH 1FFFFH
96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK
07 X n |
" | _8-Kbyte PARAMETER BLOCK "] 8-Kbyte PARAMETER BLOCK p 8-Kbyte PARAMETER BLOCK
OSFFFH | g Kbyte PARAMETER BLOCK OSFFFH | g kbyte PARAMETER BLOCK OSFFFH | g Kbyte PARAMETER BLOCK
Sao00H ot aret
03 16-Kbyte BOOT BLOCK 16-Kbyte BOOT BLOCK 16-Kbyte BOOT BLOCK
00000H 00000H 00000H
28F002-B 28F004-B 28F800-B
292154-7
NOTE:
These memory maps apply to the 28F002/004/008-B components, or the 28F200/400/800-B components in byte-wide
(x8) mode. .
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Figure 7. Byte-Wide x8-Mode Memory Maps (Bottom Boot)
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28F200-T 28F400-T 28F800-T
1FFFFH 3FFFFH TFFFFH
e 16-Kbyte BOOT BLOCK 16-Kbyte BOOT BLOCK E000H 16-Kbyte BOOT BLOCK
1E00OH 3EQ00H
IDFFFH | 8-Kbyte PARAMETER BLOCK SDrr i |_8-Koyte PARANETER BLOCK T |__8-Kbyte PARAMETER BLOCK
1CFFFH [~ g ki 1o PARAMETER BLOCK 3CFFFH [T g kpyte PARAMETER BLOCK TCFFFH | 8.Kbyte PARAMETER BLOCK
1C000H 3CO00H 7Bcgg2:
1BFFFH 3BFFFH 7
96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK
70000H
orFreH e 6FFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
60000H
00000 oy SFFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
10000H 50000H
OFFFFH 4FFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
00000H 40000H

3FFFFH
128-Kbyte MAIN BLOCK

30000H
2FFFFH
128-Kbyte MAIN BLOCK
20000H
1FFFFH
128-Kbyte MAIN BLOCK
10000H
OFFFFH
128-Kbyte MAIN BLOCK
00000H

292154-8
(Word addresses shown)

NOTE:
These memory maps apply to the denoted 28F200/400/800-T components in word-wide (x16) mode.

Figure 8. Word-Wide x16-Mode Memory Maps (Top Boot)

I 5-21
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7FFFFH
128-Kbyte MAIN BLOCK
70000H
6FFFFH
128-Kbyte MAIN BLOCK
60000H
SFFFFH -
128-Kbyte MAIN BLOCK
50000H
4FFFFH :
128-Kbyte MAIN BLOCK
40000H
IFFFFH 3FFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
30000H 30000H
2FFFFH 2FFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
20000H 20000H
1FFFFH 1FFFFH 1FFFFH
128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK 128-Kbyte MAIN BLOCK
10000H 10000H 10000H
OFFFFH OFFFFH OFFFFH
96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK 96-Kbyte MAIN BLOCK
04302: 04000H 04000H
O3FF| x 03FFFH 03FFFH
piii 8-Kbyte PARAMETER BLOCK pui 8-Kbyte PARAMETER BLOCK p 8-Kbyte PARAMETER BLOCK
02FFFH 8-Kbyte PARAMETER BLOCK 02FFFH 8-Kbyte PARAMETER BLOCK O02FFFH 8-Kbyte PARAMETER BLOCK
0 16-Kbyte BOOT BLOCK 16-Kbyte BOOT BLOCK 16-Kbyte BOOT BLOCK
00000H 00000H 00000H
28F200-B 28F400-B 28F800-B
292154-9
(Word addresses shown) ,
NOTE: ‘ ‘
These memory maps apply to the denoted 28F200/400/800-B components in word-wide (x16) mode.

5-22

Figure 9. Word-Wide x16-Mode Memory Maps (Bottom Boot)
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8.0 PRODUCT OFFERINGS
12V Program/Erase Boot Block Products
Product Density x Org. Pkg. g,’:;ei(g\s,)) (\?g:‘:’ :(;n:\)/) T:n::ae;:‘te:re
28F001BX 1 Mb, 128Kx8 P,N,E | 70,90, 120, 150 v
28F200BX | 2 Mb, 256Kx8/128Kx16 PAE 60, 80, 120 v
28F002BX 2 Mb, 256Kx8 E 60, 80, 120 v
28F200BL | 2 Mb, 256Kx8/128Kx16 PAE (1) 150 »(2)
28F002BL 2 Mb, 256Kx8 E (1 150 v(2)
28F400BX | 4 Mb, 512Kx8/256Kx16 PAE 60, 80, 120 Id
28F004BX 4 Mb, 512Kx8 E 60, 80, 120 v
28F400BL | 4 Mb, 512Kx8/256Kx16 PAE (1) 150 »(2)
28F004BL | 4 Mb, 512Kx8 E (1 150 »(2)
NOTES:
1. The BL products also operate at 5V Vg for programmer compatibility.
2. —20°C to +70°C operating range for Read; —0°C to +70°C for program and erase.
SmartVoltage Boot Block Products
Product Density x Org. Pkg. (?Ip;ei(gz)) ;g:f :(sn:\)l) (\i’::e: g':\),) E’.?:;‘;?d
28F200BV | 2 Mb, 256Kx8/128Kx16 | 44,56 | 60, 80,120 | 110, 150, 180 v
28F200CV | 2 Mb, 256Kx8/128Kx16 48 60, 80,120 | 110, 150, 180 v
28F002BV 2 Mb, 256Kx8 40 60, 80, 120 | 110, 150, 180 v
28F400BV | 4 Mb, 512Kx8/256Kx16 | 44,56 | 60,80, 120 | 110, 150, 180 v
28F400CV | 4 Mb, 512Kx8/256Kx16 48 60, 80,120 | 110, 150, 180 4
28F004BV 4 Mb, 512Kx8 40 60, 80,120 | 110, 150, 180 I
28F800BV | 8 Mb, 1024Kx8/512Kx16 44 70,120 120,150 v
28F800CV | 8 Mb, 1024Kx8/512Kx16 48 70,120 120,150 v
28F008BV 8 Mb, 1024Kx8 40 70,120 120,150 v
28FB00CE | 8 Mb, 1024Kx8/512Kx16 | 48 90 120 I
28F008BE | 8 Mb, 1024Kx8/512Kx16 40 90 120 v
NOTES:

1. BV products also operate at Vcc = 5V for high-performance.
2. BE/CE products operate over the Vgc ranges 2.7-3.6V and 5V £10%.
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9.0 ORDERING INFORMATION

Operating Temperature
T = Extended Temp
Blank = Commercial Temp

Package

E =TSOP

PA = 44-Lead PSOP

TB = Ext. Temp 44-Lead PSOP

]

Product line designator
for all Intel Flash products

Density / Organization

00X = x8-only (X=1, 2, 4, 8) ]———‘
X00 = x8/x16 Selectable (X = 2, 4, 8)

[E|2|8|F|s[oloiciv]-[T]7]0

Access Speed

ns, BE: Vec=2.7V
BV: Ve =5V

T=Top Boot

B = Bottom Boot

Voltage Options (Vep/ Vec )
V=(50r12/3.3 or5)
E=(50r12/2.7 or 5)
X=(12/5)

L=(12/3.3 0or5)

[~ Architecture

B = Boot Block
C = Compact 48-Lead TSOP
Boot Block

292154-10

Figure 10. Decoding the Product Names

10.0 ADDITIONAL INFORMATION

10.1 Revision History

Number Description
-001 Original Version
-002 Text updated.

DU and WP # pin usage clarified.
Note and “B” suffixes added to Figure 2.

SmartVoltage Boot Block Products table: Speeds added to 28F800 and 28F008, 2.7V products

added.
Figure 10 updated.
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1.0 INTRODUCTION

This technical paper describes designs interfacing the
high performance 28F016XS flash memory to the
Intel486T™ microprocessor. These designs are based on
preliminary 28F016XS specifications. Please contact
your Intel or distribution sales office for up-to-date in-
formation.

The 28F016XS is a 16-Mbit flash memory with a syn-
chronous pipelined read interface. This optimized flash
memory interface delivers equivalent or better read per-
formance compared to DRAM. The 28F016XS com-
bines ROM-like nonvolatility, DRAM:-like read per-
formance and in-system updateability into one memory
technology. These inherent capabilities will improve
performance and lower the over-all system cost.

The 28F016XS delivers optimal performance when in-
terfacing to a burst processor, such as the Intel486 mi-
croprocessor. The Intel486 microprocessor sees wide-
spread use in a variety of applications ranging from the
PC to numerous embedded products, while providing
code compatibility with thousands of commercially
available software packages and the performance neces-
sary for today’s leading-edge systems. The Intel486 mi-
croprocessor’s bus interface provides a burst transfer
mechanism whereby four consecutive data items are
fetched in one access sequence. The 28F016XS’s syn-
chronous pipelined read interface makes special use of
the burst transfer mechanism to achieve extremely high
read performance. .

When interfacing the 28F016XS to a processor that ex-
ecutes an Intel or linear burst cycle, up to three simul-
taneous read accesses can be pipelined into the
28F016XS, sustaining a high read transfer rate. At
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33 MHz, the 28F016XS-15 delivers zero wait-state per-
formance after the initial pipeline fill. This enhanced
read performance eliminates the costly expense of shad-
owing code from slow nonvolatile memory (ROM, hard
disk drive, etc.) to fast DRAM for increased system
performance. The 28F016XS enables direct code execu-
tion out of the flash memory array, eliminating unnec-
essary software and hardware overhead involved in
shadowing code.

In an Intel486 microprocessor-based environment,
BAPCo benchmarking analysis revealed a 13% system
performance improvement using the 28F016XS-15 over
70 ns DRAM.

In addition to the increased read performance, the
28F016XS offers an Intel486 microprocessor-based sys-
tem a low power, nonvolatile memory that is electrical-
ly updateable via local processor control. The
28F016XS’s low power consumption reduces system
power dissipation and heat emission, and its updateabil-
ity increases code flexibility and system reliability.
Combined, the 28F016XS and the Intel486 microproc-
essor deliver a high performance, low power and cost-
effective system solution.

The Intel486 microprocessor interface to the 28F016XS
requires minimal logic while offering significant system
enhancements. One programmable logic device (PLD),
a 22V10-15, generates and monitors all 28F016XS and
Intel486 microprocessor control signals. This technical
paper explores the interface between the 28F016XS-15
and the Intel486 SX-33 microprocessor, describing the

- interface circuitry, explaining the read and write cycles

and providing the interfacing PLD equations. It also
provides detailed design suggestions for interfacing the
28F016XS to other Intel486 microprocessors.
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2.0 OPTIMIZED 28F016XS/INTEL486™ SX MICROPROCESSOR INTERFACE
A %
\ Datp Dys.0 %
A214 Azo-3 %
1486™ SX-33 o ' %
Microprocessor I?ozfcloc' _I CE# 28F016XS é
.
Az l : %
/
|
! |
<:s»A oy el %
LYY MUX é Switched
S: 7 I or 12V
0=+ I *OE# / .
BLAST# WE# —”WE# g 1+—sv
KEN# g—— 41— ov
BRDY# Interface 4— GPIO
RESET §4—— RESET ——)| Logic INT
- BOFF# M——— BOFF# ——3J (22V10-15) RESET#
CLK 1 CFG
aglgwcr':z Buffer —&
Input
297504-1

Figure 1. Optimized 28F016XS Interface to the Intel486 Microprocessor

with Wait-State Profile of 2-0-0-0 up to 33 MHz

The 28F016XS-15 interface to the Intel486 SX-33 mi-
croprocessor, illustrated in Figure 1, delivers 2-0-0-0
wait-state read performance. Consult your Intel or dis-
tribution sales office for schematic and PLD files for
this design.

See Section 3.0 for an alternative design.

2.1 Circuitry Description

This section will describe the circuitry involved in this
design.

Memory Configuration

This design uses two 28F016XS-15s, each configured in
x16 mode and arranged in parallel to match the

5-28

Intel486 SX microprocessor’s 32-bit data bus. This
memory configuration provides 4 Mbytes of flash mem-
ory for system usage. Signals Aj;_4 from the Intel486
SX microprocessor and CTR_q from the PLD select
locations within the 28F016XS memory space. The
two-bit counter implemented in the PLD supplies burst
addresses to the 28F016XSs.

Reset

The Intel486 SX microprocessor requires an active high
reset signal, while the 28F016XSs use an active low
RESET #. Figure 2 illustrates a suggested logic config-
uration for generating both an active high and low reset
signal. The active high RESET controls the Intel486
SX microprocessor and PLD reset inputs, while the ac-
tive low RESET# drives the 28F016XS RP# input.

PRODUCT PREVIEW I
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Vee

28F106XS

RP#

SYSTEM RESET —— MR#

MAX707

Voltage Monitor
RESET#

RESET

i RESET#

RESET

297504-2

Figure 2. RESET Generation Method

Chip Select Logic

Chip select decode logic may use A3j_)7 to generate
active low chip select signals, CEx #, for the 28F016XS
memory space and other system peripherals. The chip
select addressing the 28F016XS memory space drives
CEy# on each 28F016XS-15 and a control input to the
PLD. The 28F016XS-15s> CE| # inputs are grounded.
For many systems, using the upper address bits in a
linear selection scheme may provide a sufficient num-
ber of chip select signals, thus eliminating chip select
decode logic. (See Figure 3 for an example of using
linear selection for chip selects.) When using a linear
chip select scheme however, software must avoid using
addresses that may select more than one device, which
could result in bus contention. For example, addresses
01000000H through 010FFFFFH drive both Aj; and
Ajj3 to a logic “0,” which inadvertently selects two pe-
ripheral devices.

CLK Option

A 33 MHz CLK drives the Intel486 SX microproces-
sor. The buffer in Figure 1 delays this processor CLK
input and drives the PLD and 28F016XS-15s. The buff-
er introduces an intentional system clock skew. This
skew provides additional time for the processor to meet
the 28F016XSs’ address setup time.

I PRODUCT PREVIEW

Inteld86™ 222 | Chip Select 1
SX CPU

Aza | Chip Select2

A4 | chip Select 3

Chip Select

1 01800000 - 01BFFFFF H

2 01400000 - 017FFFFF H

3 00C00000 - O0OFFFFFF H
297504-3

Address Space

Figure 3. Example of Using Linear Chip Selection
with Active Low Chip Select Signals
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Multiplexer (MUX)

To achieve this type of wait-state profile, the Intel486
SX microprocessor directly loads the 28F016XSs with
the initial address. The interface logic enables the MUX
to permit the processor’s lower address lines A3_; ac-
cess to the lower flash memory address lines. Next, the
interface logic switches the data flow path through the
MUX in anticipation of a burst transaction. The two-
bit counter integrated into the control logic takes over
driving the 28F016XSs’ Aj_;. The counter supplies the
flash memory with consecutive burst addresses for the
remaining duration of the transaction.

Interface Control Signals

The interfacing state machine monitors the Intel486 SX
microprocessor’s external bus signals to identify the
type, start and end of a bus cycle. At the beginning of a
burst cycle, the interface logic loads a two-bit counter
generates the flash memory control signals. The state
machine also generates KEN# and BRDY # signals,
informing the Intel486 SX microprocessor of the nature
of the bus cycle.

Configuration Signal

A general purpose input/output (GPIO) generates the
configuration signal input (CFG) to the state machine.
CFG must reset to logic “0” on power-up and system
reset to ensure coherency between the state machine
and 28F016XS-15s. After optimizing the 28F016XSs’
SFI Configuration, CFG must switch to logic “1” in
order to take advantage of the optimized flash memory
state. See Section 2.3 for more information regarding
the configuration signal.

Additional 28F016XS Control Signals

The BYTE# input to the 28F016XS-15s is tied to 5.0V
to configure the 28F016XS-15s for x16 mode, and
3/5# and Ag are tied to GND (A is only used for byte
addressing). A GPIO controls the write protect input,
WP #, to the 28F016XS-15s. The 28F016XS is compat-
ible with either a 5.0V or a 12.0V Vpp voltage and is
completely protected from data alteration when Vpp is
switched to GND. With Vpp < Vppy i, the 28F016XS
will not successfully complete data write and erase op-
erations, resulting in absolute flash memory data pro-
tection. Figure 1 also illustrates the 28F016XS-15’s
RY/BY # output connecting directly to a system inter-
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rupt, which enables background write/erase operations.
RY/BY #, WP#, and Vpp implementations are appli-
cation dependent. Consult the Additional Information

section of this technical paper for documentation cover-
ing these topics in more detail.

2.2 Interfacing Signal Definitions

The interface logic that controls the 28F016XS-15 in-
terface to the Intel486 SX-33 microprocessor monitors
and regulates specific system signals. The next two sec-
tions describe these signals in detail.

2.2.1 28F016XS Signal Descriptions

This section describes the 28F016XS signals that are
pertinent to this design.

ADV #—Address Valid (Input)

This active low signal informs the 28F016XS that a
valid address is present on its address pins. ADV #, in
conjunction with a rising CLK edge, initiates a read
access to the 28F016XS. This signal is ignored during
write operations.

CLK—Clock (Input) -

CLK provides the fundamental timing and internal op-
erating read frequency for the 28F016XS. CLK initi-
ates read accesses (in conjunction with ADV #), times
out the SFI Configuration, and synchronizes device
outputs. CLK can be slowed or stopped with no loss of
data synchronization. This signal, like ADV#, is ig-
nored during write operations.

OE #—Output Enable (Input)

This active low signal activates the 28F016XS’s output
buffers' when OE# equals “0.” The outputs tri-state
when OE# is driven to “1.”

WE #—Write Enable (Input)
This active low signal controls access to the Control
User Interface (CUI). Addresses (command or array)

and data are latched on the rising edge of WE# during
write cycles.
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2.2.2 INTEL486 SX Microprocessor Signal
Descriptions

This section describes the Intel486 SX microprocessor
signals that are relevant to this interface. This interface
assumes processor inputs are driven by only one con-
trolling device (the PLD). If more than one device
drives a processor input, the PLD output should be
configured as an open drain to avoid signal contention.
Many PLDs, FPGAs and ASICs provide output con-
figuration capability.

ADS #—Address Status (Output)

This active low output signal from the Intel486 SX mi-
croprocessor indicates the presence of valid bus cycle
and address signals on the bus. ADS# is driven in the
same clock as the address signals. Typically, external
circuitry uses ADS# to indicate the beginning of a bus
cycle.

KEN #—Cache Enable (Input)

This active low input to the Intel486 SX microproces-
sor determines whether data being returned in the cur-
rent bus cycle will be cached. In order for the current
~data to be cached, KEN# must be returned active in
the clock prior to the first RDY# or BRDY # of the
cycle and must also be returned active in the last clock
of the data transfer.

BRDY#—Bﬁrs_t Ready (Input)

This active low input to the microprocessor performs
the same function during a burst cycle as RDY # per-
forms during a non-burst cycle. During a burst cycle,
BRDY # is sampled on the rising edge of every clock.
Upon sampling BRDY # active, the data on the data
bus will be latched into the microprocessor (for burst
reads). ADS# will be negated during the second trans-
fer of the burst cycle; however, the lower address lines
and byte enables may change to indicate the next data
item requested by the processor.

BLAST #—Burst Last (Output)

This active low output from the microprocessor signals
the final transfer in a burst cycle. The next time
BRDY# is returned, it will be treated the same as
RDY# and thus terminate any multiple cycle
transfers.

I PRODUCT PREVIEW
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2.3 System Interface Requirement

The system logic controlling the 28F016XS-15 interface
to the Intel486 SX microprocessor incorporates an ini-
tial and an optimized read configuration, which corre-
lates to specific SFI Configuration values. The interface
read configuration is dependent upon the value of CFG
(PLD input). CFG informs the interface of the SFI
Configuration status. Note, the SFI Configuration
status does not affect write operations.

Initial Read Configuration

Upon power-up/reset, the 28F016XS-15 defaults to a
SFI Configuration value of 4, and the interface logic
supports burst read accesses to the flash memory space.
The interface returns BRDY # to inform the processor
that the interface supports burst read transaction. A
general purpose input/output (GPIO) informs the sys-
tem interface of the status of the SFI Configuration.

The GPIO entitled CFG is set to logic “0” on power-
up/reset. With CFG driven low, the state machine cor-
rectly matches the 28F016XS-15s default configura-
tion.

Optimized Read Configuration

At 33 MHz, the 28F016XS-15 operates at highest per-
formance with a SFI Configuration value set to 2. To
reconfigure the 28F016X8S-15, program control should
jump to an area of RAM to execute the configuration
sequence. After reconfiguring the 28F016XS-15, the
GPIO value must change to logic “1,” in order to take
advantage of the 28F016XS-15’s optimized configura-
tion. A pseudocode flow for thls configuration sequence
is shown below.

Execute Device Configuration command sequence
Activate CFG signal
End

In the optimized read configuration, the system logic
supports burst cycles by generating BRDY #, which
informs the microprocessor that the memory subsystem
is capable of handling a burst transfer. The 28F016XS-
15 memory array, after the initial pipeline fill delay
from the first access, transfers data to the processor at a
rate of 133 Mbytes/sec.
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2.4 Read Control for Burst
Transactions

The interface logic controlling the handshaking be-
tween the 28F016XS and processor performs one of
two different read cycles, depending upon the value of
CFG. ‘

Read Abort Condition

A read cycle will abort only when an external system
bus master asserts BOFF #, which forces the processor
to give immediate bus control to the requester. When
this situation occurs, the Intel486 SX microprocessor
floats the address bus, which will cause the address de-
code logic to de-select the 28F016XS memory space.
Detecting BOFF# active, the interfacing logic will
transition to an idle state and wait for the processor to
re-initiate the interrupted bus cycle after the bus master
has relinquished the bus to the processor. OE# is im-
mediately driven high, deactivating the 28F016XS-15’s
output buffers, upon detecting BOFF# driven ‘active.
This BOFF# condition can occur in both the initial
and optimized configurations described in the para-
graphs that follow.

Initial Configuration

Refer to Figures 4 and 5 for the following read cycle
discussion. :

With CFG set to logic “0,” the interfacing read state
machine executes cacheable burst read cycles. This con-
figuration occurs upon power-up and reset.

Initially, the interface logic drives ADV# and MUX
active while waiting for the Intel486 SX processor to
initiate a bus cycle targeting the 28F016XS. With the
MUX active, the processor’s A3_ drive the lower flash
memory address lines in anticipation of a flash memory
access. During this anticipation state, CE# is active to
prevent a tgy cy violation on the first access initiated
by the processor. The delayed CLK prevents a possible
timing violation. It provides the processor with suffi-
cient time to meet the 28F016XSs’ tpoycy specification
when initiating the first access.

When the microprocessor initiates a read access to the
28F016XS memory space, it provides an address and
drives W/R# and ADS# low. Monitoring these sig-
nals, the state machine transitions into read control.

If ADS# = 0 and W/R# = 0 then READ CONTROL
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At this point, CFG and CS# are examined to deter-
mine the configuration status of the 28F016XS-15s, and
whether or not the current address targets the
28F016XS memory space. If CS# = “1,” the state
machine returns to an idle state waiting for a new ac-
cess. Otherwise, the state machine will continue the
read access, regulating ADV #, BRDY # and OE#.

At N = 1 (Figure 5), the interfacing read state ma-
chine loads and increments the two-bit counter. The
counter is incremented because the processor supplies
the flash memory with the initial address. The counter
then provides the flash memory with the subsequent
burst addresses throughout the remaining duration of
the bus transaction.

With ADV# at logic “0,” the interface initiates a read
access to the 28F016XS-15s at N = 1. Next, ADV #
immediately switches to a logic “1” at N = 1 and then
toggles active on every other clock edge until N = 8.
After this time, ADV # will remain inactive.

In the default SFI Configuration (SFI Configuration =
4), the first data will be accessible to the processor at
N = 6. The remaining data will be available for the
processor- to retrieve at N = 8, 10 and 12. The
28F016XS-15’s output buffers are enabled at N = 3
and BRDY # is driven low at N = 5. The processor
will sample BRDY # active and latch the information
residing on the data bus at N = 6. If the processor
drives BLAST # inactive, indicating a burst transaction
is in process, the interface logic will drive BRDY # ac-

‘tive on every other clock edge until BLAST# is sam-

pled active by the interface logic. The state machine
will transition to an idle state where it deactivates OE #
and waits for the processor to initiate a new bus cycle.

Initial Configuration Timing Consideration

In this initial read configuration, there are important
timing considerations that need examination.

First, the buffer delay can cause possible timing viola-
tions if not chosen correctly. The purpose of the buffer
is to provide time for the processor to load the
28F016XSs with the initial address during read transac-
tions. Therefore, the buffer must have a minimum delay
which satisfies the flash memory’s tovcy-

tavcH + tg — 1/33 MHz = 1 ns
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The buffer can also affect the processor’s data setup the processor’s hold time is satisfied. CE# hold delay
time. Hence, the buffer must have a maximum delay of will not be concern because CE# is held active during
no greater than: the state machine’s idle state. OE# has only 0.5 ns of

margin to the processor’s specification for the buffer

1/33 MHz — tcHgy — to2 = 5ns used in this design. OE# hold time equals:
Another important timing parameter is the Intel486 SX tpzx(min) T tPHL(min) = 3.5 ns
microprocessor’s data hold time. Since the 28F016XS
specifies a O ns guaranteed data hold time from CE# or Consult the appropriate datasheets for full timing infor-
OE# high, these two signals must be driven active until mation.
RESET=0 ADSH#=0

OEi#=1
WE#=1
KEN#=1
ADV#=0

BRDY#=1

QE#=1
WE#=1

RDSk=0 KEN#=1
ADV#=1
* WR#=0

BRDY#=1

BOFF#=1

OE#=1 OE#=1

WE#=1 WE#=1
KEN#=0 KEN#=0
ADV#=0 ADVi#=1

CFG=0

BRDY#=1 « BOFFite1

BRDY#=1

BLAST#=0 BLASTH=0
+ BOFF#=0 CFG=1 BorFieo
« BORFHLt BOFF#=1 +BOFF#=0
OE#=0 N
WE#=1 WE#=1
o o
CFG=0 ADV#=1
BRDY#=1 * BOFF#=1 BRDY#=0
CFG=1
BLAST#=1 * BOFF#=1 BOFF#=1
* CFG=1
OE#=0 OEW=0
OE#=0 WE#=1 WE#=1
WE#=1 BLAST#=1 KEN#=0 KEN#=0
o s s
BRDY#=0 BROY#=0 srove=1
BLAST#=1 _
LASTH= BOFF#=1
OE#=0
WE#=1
KEN#=0
ADVi#=1
BRDY#=1
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Figure 4. Optimized Read State Diagram for Burst Read Control (Interface Shown in Figure 1)
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Figure 5. Example Initial Burst Read Cycle Showing Key Timing Specificatidns Requiring Consideration

Table 1. Example Optimized Read Cycle Specifications at 5V Vg¢

Symbol Description Min Max Unit
tPHL,PLH Buffer Delay o 15 - 5 ns
t ADS # Delay (Intel486 SX-33 Microprocessor) 3 16 ns
tga BLAST # Delay (Intel486 SX-33 Microprocessor) 3 20 ns
too D31-0 Setup Time (Intel486 SX-33 Microprocessor) 5 ns
tELCH CEx# Setup Time to CLK (28F016XS-15) 25 | ns
tyLcH ADV # Setup Time to CLK (28F016XS-15) 15 ns
tGLCH OE# Setup Time to CLK (28F016XS-15) 15 ns
tcHQv CLK to Data Delay (28F016XS-15) 20 " ns
tpzx CLK Output Delay (22V10-15) 2 8 ns
NOTE:

Consult appropriate datasheets for up-to-date specifications.
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Optimized Configuration

Refer to Figures 4 and 6 for the following discussion.

With the 28F016XS-15s in the optimized configuration
(SFI Configuration = 2 at 33 MHz), and CFG set to a
logic “1” value, the system interface executes cacheable
burst cycles. ‘

Like the initial configuration, the connecting logic ini-
tially drives ADV # and MUX active while waiting for
the Intel486 SX processor to initiate a bus cycle target-
ing the 28F016XS. With the MUX active, the proces-
sor’s A3_j drive the lower flash memory address lines
in anticipation of a flash memory access. During this
anticipation state, CE# is active to prevent a tGLCH
violation on the first access initiated by the processor.
The delayed CLK also inhibits also possible timing vio-
lations from occurring. It provides the processor with
sufficient time to meet the 28F016XSs’ tavcy specifi-
cation when initiating the first access.

When the processor drives ADS# low, it notifies the
interface logic that a valid address is on the address
bus. Monitoring the external bus of the Intel486 SX
microprocessor, the state machine then transitions into
read control.

IfADS# = 0 and W/R# = 0 then READ CONTROL

In optimized read control, the state machine controls
OE#, KEN# and BRDY #. If CS# = “0,” the state
machine at N = 1 loads and increments the two-bit
counter, switches the data flow path through the MUX
and holds ADV # active for the next three consecutive
clock periods. While ADV # is driven low, the counter
increments through the Intel burst order (Table 2), sup-
plying the 28F016XS-15s with a new address at N = 2,
3 and 4. If CS# = “1,” the state machine returns to an
idle state waiting for a new memory access.

l PRODUCT PREVIEW
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Table 2. Intel Burst Order (A3_3)

First Second Third Fourth
Address | Address | Address | Address
0 4 8 C
4 0 o] 8
8 ] 0 4
C 8 4 0

At N = 2, the state machine drives KEN # active and
holds it active until the end of the burst cycle, thereby
executing a cache line fill.

The state machine activates the 28F016XS-15 output
buffers (OE# driven to a logic “0” value) at N = 2
and holds them active throughout the burst read cycle.

With the SFI Configuration value set to 2, data will be
available at N = 4, 5, 6 and 7. Driving BRDY # low at
N = 3, the Intel486 SX microprocessor will sample
BRDY # active at N = 4, which informs the processor
of valid information on data pins D3;_¢ and that the
28F016XS memory space supports a burst read trans-
fer. BRDY # is held low until the end of the burst cycle
while the processor retrieves data on every rising clock
edge. BRDY # is driven high upon sampling BLAST #
low, marking the end of the burst cycle. Then the state
machine will transition to and idle state where it deacti-
vates OE # and waits for the processor to initiate a new
bus cycle.

Optimized Configuration Timing Considerations

In the optimized configuration, the same timing consid-
eration regarding the buffer propagation delay and
OE# hold time require attention. For information re-
garding these concerns, see Section 2.4 Initial Configu-
ration Timing Considerations.
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Figure 6. Example Burst Read Timing Waveform lllustrating
Key Timing Specifications Requiring Consideration
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Table 3. Example Optimized Read Cycle Specifications at 5V Vg¢

Symbol Description Min Max Unit
tPHL,PLH . Buffer Delay 15 5 ns
ts ADS # Delay (Intel486 SX-33 Microprocessor) 3 16 ns
tsa BLAST # Delay (Intel486 SX-33 Microprocessor) 3 20 ns
too D31-0 Setup Time (Intel486 SX-33 Microprocessor) 5 ns
tELCH CEx # Setup Time to CLK (28F016XS-15) 25 ns
tvLcH ADV # Setup Time to CLK (28F016XS-15) 15 ns
tGLCH OE# Setup Time to CLK (28F016XS-15) 15 ns
tcHav CLK to Data Delay (28F016XS-15) 20 ns
tpzx CLK Output Delay (22V10-15) 2 8 ns
NOTE:

Consult appropriate datasheets for up-to-date specifications.

2.5 Write Cycle Control

Refer to Figures 7 and 8 for the following write cycle
discussion.

Write Abort Condition

A write cycle will abort only when an external system
bus master asserts BOFF #, which forces the processor
to give immediate bus control to the requester. When
this situation occurs, the Intel486 SX microprocessor
will float the address bus, causing the address decode
logic to de-select the 28F016XS memory space. The
interfacing logic, monitoring BOFF #, will transition to
an idle state where it will wait for the processor to re-
initiate the interrupted bus cycle after the bus master
has relinquished the bus to the processor. WE# is im-
mediately deactivated upon sensing BOFF# low.

Write Cycle Description

The 28F016XS-15 executes asynchronous write cycles
like traditional flash memory components such as the
28F016SA/SV. The SFI Configuration does not influ-
ence write operations; therefore, the interfacing state
machine does not examine CFG once detecting a write
cycle.

I PRODUCT PREVIEW

During the first clock period, the Intel486 SX micro-
processor drives ADS# low and W/R# high. The
state machine, upon detecting a write cycle, immediate-
ly switches the data flow path through the MUX. The
processor does not drive the flash memory’s lower ad-
dress lines during write cycles. The counter loads and
supplies the address to the 28F016XSs’ lower two ad-
dress lines, Aj_;. The state machine then transitions to
write control at N = 1. The counter only supplies the
28F016XS-15 with one address throughout the entire
write operation. A write transaction must compete fully
before issuing a second write operation.

If ADS# = 0and W/R# = 1 then WRITE CONTROL

In write control, the state machine performs WE#-
Controlled Command Write operations to the
28F016XS-15s. Data is written to the 28F016XS mem-
ory space via processor control. The interface only sup-
ports double word writes.

For the next two clock periods the state machine holds
WE# low to satisfy the 28F016XS-15s> WE# active
requirement. At N = 4, WE# transitions to a logic
“1,” which latches the address and data into the
28F016XS-15s.
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BOFF#=1

RESET=0
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Figure 7. Non-Burst Write State Diagram Controlling the Interface Shown in Figure 1

BRDY # is not returned to the processor at N = 4
because the Intel486 SX microprocessor will only hold
an address 3 ns after sampling BRDY # low. Instead,
the interface activates BRDY # after N = 4, causing
the processor to hold the address valid for an additional
clock cycle, which satisfies the 28F016XS-15’s address
hold specification (twyax)- The state machine then re-
turns to an inactive state at N = 5, waiting for a new
memory access.
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Write Timing Consideration

When performing a write operation, CS# is a critical
system timing parameter, which must satisfy the inter-
face logic’s required setup time. The 22V10-15 requires
a 9 ns setup time to CLK. Therefore, the system decode
logic must generate a valid CS# to the interface within:

2 X 1/33MHz — tg — tgy = 35 ns

Consult the appropriate datasheets for full timing infor-
mation. :
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Figure 8. Example Write Cycle Showing Key Timing Specifications Requiring Consideration

Table 4. Example Write Cycle Timing Specifications at 5V V¢

Symbol . Description Min Max Unit
ts ADS # Delay(Intel486 SX-33 Microprocessor) 3 16 ns
t10 Data Write Valid Delay (Intel486 SX-33 Microprocessor) 3 18 ns
t14 Data Write Float Délay (Intel486 SX-33 Microprocessor) 20 ns
" twLwH WE # Pulse Width (28F016XS-15) 50 ns
tDVWH Data Setup to WE # Going High (28F016XS-15) 50 ns
tpzx CLK Output Delay (22V10-15) 2 8 ns
NOTE:
Consult appropriate datasheets for up-to-date specifications.
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3.0 STANDARD 28F016XS/INTEL486 SX MICROPROCESSOR INTERFACE
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Figure 9. Minimal Glue Logic in Interfacing the 28F016XS-15 to the
Intel486 SX-33 Microprocessor with a Wait-State Profile of 3-0-0-0 Up to 33 MHz

. The 28F016XS-15 interface to the Intel486 SX-33 mi-
croprocessor illustrated in Figure 9 delivers 3-0-0-0
wait-state read performance. The design requires only
one 22V10 to handle all interfacing requirements. Con-
sult your Intel or distribution sales office for schematic
and PLD equations for the interface documented in this
section.

See Section 2.0 for an alternative design.

3.1

This interface is extremely similar to the optimized de-
sign described in Section 2. The circuitry elements in-
volved in the design are exactly the same except for the
elimination of the buffer and multiplexer. For specific
circuitry information about the individual aspects of
this design, refer to Section 2.

Interface Circuitry Description
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CLK Option
Unlike the optimized 28F016XS/Intel486 SX micro-

- processor interface, a buffer is not implemented in this

design. The processor’s 33 MHz CLK input drives both
the PLD and flash memory. To reduce system clock
skew, position the PLD and 28F016XSs within close
proximity to the microprocessor.

3.2 Read Control for Burst
Transactions

Similar to the optimized design described in Section 2,
the read state machine will perform one of two different
read cycles, depending upon the CFG input value. This
section will concentrate on the differences between the
two read configurations.
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Initial Configuration

Refer to Figures 10 and 11 for the following read cycle
discussion.

With CFG set to logic “0,” the interfacing read state
machine executes cacheable burst read cycles. This con-
figuration will occur upon power-up and reset.

The microprocessor initiates a read access to the
28F016XS memory space by providing an address,
driving W/R # low and activating ADS#. Monitoring
the external bus of the Intel486 SX microprocessor, the
state machine transitions into read control.

IfADS# = 0and W/R# = 0 then READ CONTROL

At this point, CFG and CE# are examined to deter-
mine the configuration status of the 28F016XS-15s, and
whether or not the current address targets the
28F016XS memory space. If CE# = “1,” the state
machine returns to an idle state waiting for a new ac-
cess. Otherwise, the state machine will continue read
access. In the initial configuration (CFG = “0), read
control will regulate ADV #, BRDY # and OE #.

At N = 1 (Figure 5), the counter loads address bits
Aj3_ and transitions ADV# low. With ADV # at logic
“0,” the interface initiates a read access to the
28F016XS-15s at N = 2. After initiating the read ac-
cess, ADV# immediately switches to a logic “1”” at N
= 2 and then toggles active on every other clock edge
until N = 8. After which, ADV # will remain inactive.

I PRODUCT PREVIEW
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In the default SFI Configuration (SFI Configuration =
4), the first data will be accessible to the processor at
N = 7. The rest of the data will be available for the
processor to retrieve at N = 9, 11 and 13. The
28F016XS-15’s output buffers are enabled at N = 4
and BRDY # is driven low at N = 6. The processor
will sample BRDY # active and latch the information
residing on the data bus at N = 7. If the processor
drives BLAST # inactive indicating a burst transaction
is in process, the interface logic will drive BRDY # ac-
tive on every other clock edge until BLAST # is sam-
pled active by the interface logic.

The Intel486 SX microprocessor requires a 3 ns hold
time after sampling BRDY # active, therefore, the state
machine will hold OE# active for 15 ns after the proc-
essor reads the last double-word. Then, the state ma-
chine will transition to an idle state where it deactivates
OE# and waits for the Intel486 SX microprocessor to
initiate a new bus cycle targeting the 28F016XS memo-

ry space.

Initial Configuration Timing Consideration

In the initial read configuration, CE# setup is a key
system timing parameter.

To satisfy the 28F016XS-15 setup requirement, CE#
must be valid 25 ns prior to the first rising CLK edge
with ADV# = “0.” Therefore, the maximum time al-
lotted for the address decoding logic to generate CE#
equals: )

2 X 1/33MHz — tg — tgcH = 19 ns

Consult the appropriate datasheets for full timing infor-
mation.
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Figure 10. State Diagram of Single and Burst Read Control (Interface Shown in Figure 9)
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Figure 11. Example Initial Burst Read Cycle Showing
Key Timing Specifications Requiring Consideration
Table 5. Example Initial Read Cycle Timing Specifications at 5V V¢c¢
Symbol Description Min Max Unit
ts ADS# Delay (Intel486 SX-33 microprocessor) 3 16 ns
te RDY # Setup Time (Intel486 SX-33 microprocessor) 5 ns
too D31-0 Setup Time (Intel486 SX-33 microprocessor) 5 ns
teLCH CEx# Setup Time to CLK (28F016XS-15) 25 ns
tvLCH ADV # Setup Time to CLK (28F016XS-15) 15 ns
tGLCH OE # Setup Time to CLK (28F016XS-15) 15 ns
tcHQv CLK to Data Delay (28F016XS-15) 20 ns
tpzx CLK Output Delay (22V10-15) 2 8 ns

NOTE:
Consult appropriate datasheets for up-to-date specifications.
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Optimized Configuration

Refer to Figures 10 and 12 for the following discussion.

With the 28F016XS-15s in the optimized configuration
(SFI Configuration = 2 at 33 MHz), and CFG set to a
logic “1” value, the system interface executes cacheable
burst cycles.

The Intel486 SX processor drives ADS# low, notifying
the interface logic that a valid address is on the address
bus. Monitoring the external bus of the Intel486 SX
microprocessor, the state machine then transitions into
read control.

If ADS# = 0 and W/R# = 0 then READ CONTROL

In optimized read control, the state machine controls
OE#, KEN# and BRDY #. If CE# = “0,” the state
machine at N = 1 loads the two-bit counter (A3_3)
and activates ADV # (ADV# = “0”) for the next four
consecutive clock periods (N = 1 through 5). While
ADV# is driven low, the counter increments through
the Intel burst order (Table 2), supplying the
28F016XS-15s with a new address at N = 2, 3, 4 and
5. If CE# = “l1,” the state machine returns to an idle
state waiting for a new memory access.
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With the SFI Configuration value set to 2, new data
will be available at N = 5, 6, 7 and 8. Driving BRDY #
low at N = 4, the Intel486 SX microprocessor will
sample BRDY # active at N = 5, which informs the
processor of valid information on data pins D3;_g and
that the 28F016XS memory space supports a burst read
transfer. BRDY # is held low until the end of the burst
cycle while the processor retrieves data on every rising
clock edge. BRDY # is driven high upon sampling
BLAST# low, marking the end of the burst cycle.

The Intel486 SX microprocessor requires a 3 ns hold
time after sampling the last BRDY # active in a burst
cycle. Therefore, the state machine will hold OE# ac-
tive for 15 ns after the microprocessor samples the last
double-word. At N = 9, the state machine transitions
to an idle state, where it deactivates OE# and waits for
the Intel486 SX microprocessor to initiate a new bus
cycle targeting the 28F016XS memory space.

Optimized Configuration Timing Considerations

In the optimized configuration, CE# setup time is
again a key system timing parameter. For information
regarding the CE# setup time requirement, see the Ini-
tial Configuration Timing Considerations Timing sec-
tion.
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Table 6. Example Optimized Read Cycle Specifications at 5V V¢¢

Figure 12. Example Burst Read Cycle Showing Key Timing Specifications Requiring Consideration

Symbol . Description Min Max Unit
ts ADS # Delay (Intel486 SX-33 Microprocessor) 16 ns
tga BLAST # Delay (Intel486 SX-33 Microprocessor) 20 . ns
too D31-g Setup Time (Intel486 SX-33 Microprocessor) ns
teLCH CEx# Setup Time to CLK (28F016XS-15) 25 ns
tvLcH ADV # Setup Time to CLK (28F016XS-15) 15 ns
tGLCH OE# Setup Time to CLK (28F016XS-15) 15 ns
tcHav CLK to Data Delay (28F016XS-15) 20 ns
tpzx CLK Output Delay (22V10-15) 2 8 ns
NOTE:
Consult appropriate datasheets for up-to-date specifications.
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3.3 Write Cycle Control

The write interface in for this design functionally be-
haves like the optimized design’s write interface. The
only difference between the two designs is the absence
of the MUX in the standard interface. Therefore, the
interface logic for this design does not have to concern
itself with changing the data flow through the MUX.
Instead, the interface simply loads and holds the ad-
dress for the duration of the write operation.

For further detailed information about this cycle and
write timing waveform, refer to Section 2.5.

4.0 INTERFACING TO OTHER
INTEL486 MICROPROCESSORS

The Intel486 microprocessor family provides designers
a large and diverse selection of CPUs, which offers de-
signers different performance points to meet different
market segment needs. Throughout the product family,
the external bus architecture has remained consistent,
which makes the 28F016XS interface to the entire
Intel486 microprocessor family similar, if not identical,
to the Intel486 SX microprocessor interface described
in Sections 2 and 3. The 28F016XS-15 interface to the
Intel486 SX-33 microprocessor works equally well for
the following microprocessors at 5.0V Vcc.

® Intel486 SX-20, -25 processors

® Intel486 SX2-50 processor

® Intel486 DX-25, -33 processors

® Intel486 DX2-40, -50, -66 processors

® IntelDX4TM-75, -100 processors (I/O buffers con-
figured for 5.0V, Vces = 5.0V)

The 28F016XS-15 interface to the Intel486 SX-33 mi-
croprocessor also works well for the following Intel486
microprocessors at 3.3V Vcc. The 3.3V Ve design
utilizes a 22V10-15 low voltage PLD to control the in-
terface between the 28F016XS-15 (operating at 3.3V
Vce) and the processor.

® Intel486 SX-20, -25 processors

® Intel486 DX-25 processor

® Intel486 DX2-40, -50 processors

¢ IntelDX4-75 processors (I/0 buffers configured for
3.3V, Vs = 3.3V)
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When the external bus frequency falls outside the
16.7 MHz through 33 MHz frequency range at 5.0V
Vce (12.5 MHz through 25 MHz at 3.3V V), the
optimized SFI Configuration value for the 28F016XS-

15 differs in respect to the Intel486 SX-33 microproces-
sor design documented earlier. The state machine,

. therefore, requires slight modifications to accommodate

the different SFI Configuration. Note, the initial read
configuration and write control state machine remains’
consistent throughout all designs because they are not
affected by the optimized SFI Configuration.

Intel486 SX-16 Microprocessor Interface at
5.0V V¢

The 28F016XS-15’s optimized SFI Configuration at
16 MHz equals 1. Therefore, 28F016XS-15 will begin

-driving data one CLK period after initiating the first

read access. The optimized state machine must drive
BRDY # and OE# active upon initiating the first ac-
cess to the 28F016XS-15. BRDY # and OE# remain
low throughout the burst cycle. The optimized and
standard 28F016XS-15 interface to the Intel486 SX-16

- microprocessor at this specific frequency deliver 1-0-0-0

and 2-0-0-0 wait-state read performance respectively.

Intel486 DX-50 Microprocessor Interface at
5V Vce

Operating at 50 MHz, the 28F016XS-15’s optimized
SFI Configuration equals 3. The interface loads the
two-bit counter and drives ADV# active at the first

- rising CLK edge after the processor initiates the read

access. The optimized read state machine increments
the two-bit counter and drives ADV # low every other
CLK, thereby adhering to the Alternating-A; and
Same-A | access rules (see Additional Information). The
optimized and standard 28F016XS-15 interface to the
Intel486 DX-50 microprocessor at this given frequency
deliver 4-1-1-1 and 5-1-1-1 wait-state read performance
respectively. .
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Intel486 DX-33 and IntelDX4-100
Microprocessor Interface at 3.3V Vcc

Operating at 33 MHz with 3.3V Vc, the 28F016XS-
15’s optimized SFI Configuration equals 3. The inter-
face loads the two-bit counter and drives ADV # active
at the first rising CLK edge after the processor initiates
the read access. The optimized read state machine in-
crements the two-bit counter and drives ADV # low for
two CLK periods and then strobes ADV # high for one
CLK period. ADV # is again driven low for two CLK
periods finishing the burst cycle. Refer to the Alternat-
ing-A; and Same-A| access rules (see Additional Infor-
mation) for further information on consecutive access-
es. The optimized and standard 28F016XS-15 interface
to the Intel486 microprocessor at this frequency deliver
3-0-1-0 and 4-0-1-0 wait-state read performance respec-
tively.

ADDITIONAL INFORMATION

28F016XS / Intel486™ CPU INTERFACE

5.0 CONCLUSION

This technical paper has described the interface be-
tween the 28F016XS 16-Mbit flash memory component
and the Intel486 microprocessor. This simple design
has been implemented with a minimal number of com-
ponents and achieves exceptional read performance.
The 28F016XS provides the microprocessor with the
nonvolatility and updateability of flash memory and the
performance of DRAM. For further information about
28F016XS-15, consult reference documentation for a
more comprehensive understanding of device capabili-
ties and design techniques. Please contact your local
Intel or distribution sales office for more information
on Intel’s flash memory products.

Order Number Document/Tools
290532 28F016XS 16-Mbit (1 Mbit x 16, 2 Mbit x 8) Synchronous Flash Memory
Datasheet
297500 “Interfacing the 28F016XS to the i960® Microprocessor Family” (Technical
Paper)
292147 AP-398, “Designing with the 28F016XS"
292146 AP-600, “Performance Benefits and Power/Energy Savings of 28F016XS-
Based System Designs”
292163 AP-610, “‘Flash Memory In-System Code and Data Update Techniques”
292165 AB-62, “Compiled Code Optimizations for Flash Memories”
297372 16-Mbit Flash Product Family User’'s Manual
297508 FLASHBuilder Utility
Contact Intel/Distribution | 28F016XS Benchmark Utility
Sales Office
Contact Intel/Distribution | 28F016XS iBIS Model
Sales Office
Contact Intel/Distribution | 28F016XS VHDL Model
Sales Office
Contact Intel/Distribution | 28F016XS Timing Designer Library Files
Sales Office
Contact Intel/Distribution | 28F016XS Orcad and ViewLogic Schematic Symbols
Sales Office
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REVISION HISTORY
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Number Description

001 Original Version

002 Incorporated initial read burst configuration, replacing the single read cycle. Added optimized
design, improving system read performance

003 Added 3/5# pin reference to text and block diagrams (Figures 1 and 9)
Revised state diagram numbering (Figures 4 and 7)
General cosmetic changes.
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APPENDIX A
PLD FILE FOR THE 28F016XS INTEL486™
MICROPROCESSOR INTERFACE

PLD file for the optimized interface described in Section 2.

TITLE Optimized 28F016XS / 486 Interface
PATTERN PDS

REVISION 1

AUTHOR Example

COMPANY NAME Intel

DATE 2/6/95

CHIP OPTIMIZED_28F016XS_486_INTERFACE 85C22V10

; input pins

PIN 1 CLK ; clk frequency 33mhz

PIN ADS . address strobe from 486

PIN WR ; multiplexed read/write strobe

PIN BLAST ; BLAST from the 486

PIN CE ; CE from the address decoding logic
PIN CFG ; informs interface to changes to the SFI Configuration
PIN A2 . lower address lines from the 486 used
PIN A3 . in loading the counter

PIN RESET . system reset

PIN 25 GLOBAL

; output pins ,

PIN ADV ; address valid input

PIN /KEN , cache control

PIN /0OE ; output enable input

PIN /WE ; write enable input

PIN /BRDY . initiating a burst cycle, 486 input
PIN SWITCH ; control MUX switching

PIN Qo0 , state variable

PIN CTRO ; lower bit of the 2bit counter

PIN CTRI1 . higher bit of the 2bit counter
STRING LD '(/ADSY ; load

STRING INC'(/ADV)"  .;increment

STATE MOORE_MACHINE
DEFAULT_BRANCH S0

. state assignments

SO =/ADV * /BRDY * /OE * /WE * /KEN * /SWITCH * /Q0
S1 =/ADV * /BRDY * /OE */WE * /KEN * SWITCH * /Q0
S2 =/ADV * /BRDY * OE */WE * KEN * SWITCH */Q0
S3 =/ADV * BRDY * OE * /WE * KEN * SWITCH * /Q0
S4 = ADV * BRDY * OE */WE * KEN * SWITCH * /Q0
SS = ADV * /BRDY * OE */WE * KEN * SWITCH */Q0

297504-16
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w
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Lo

ADV * /BRDY * /OE * /WE * /KEN * SWITCH * Q0
ADV * /BRDY * /OE */WE * KEN * SWITCH * Q0
= ADV * BRDY * OE */WE * KEN * SWITCH * QO

S9 =/ADV * /BRDY * OE */WE * KEN * SWITCH * Q0
S10= ADV * /BRDY * /OE * /WE * /KEN * SWITCH * /Q0
S11= ADV */BRDY * /OE * WE * /KEN * SWITCH */Q0
S12= ADV */BRDY */OE * WE * /KEN * SWITCH * QO
S13= ADV * BRDY * /OE * /WE * /KEN * SWITCH * /Q0

; state transitions

S0:= (/ADS * /WR * /CFG)
+ (/ADS */WR * CFG)

+ (/ADS * WR)

S1:= (/CFG * /CE * BOFF)
+ (CFG * /CE * BOFF)

+ CE */BOFF
S2:= /CFG * BOFF
+ CFG * BOFF

S3:= /BLAST + /BOFF
+ BLAST
S4 := /BLAST +/BOFF
+ (BLAST */CFG)
+ (BLAST * CFG)
S5:= BOFF
+ /BOFF
S6:= BOFF
+ [BOFF
S7:= BOFF
+ [BOFF
S8 := /BLAST +/BOFF
+ BLAST
S9:= BOFF
+ [/BOFF
S10:= /CE
+ CE +/BOFF
S1l:= BOFF
+ [/BOFF
S12:= BOFF
+ [BOFF
S13:=  VCC

EQUATIONS
. implement RESET

GLOBAL.RSTF =/RESET
. implement 2-bit burst counter

->S6 ;initial conﬁg READ cycle
->S1 ; optimized config READ cycle

->S10
+-> S0
-> 87
->S2
-> S0
-> S8
-> 83
+-> S0
-> S0
-> S84
-> S0
-> 85
-> S84
->S4
-> S0
-> S1
-> S0
-> 82
-> S0
-> S0
-> 89
->S4
-> S0
->S11 ; write cycle
-> S0 .
->S12 ; WE low for two clocks
-> S0
->S13
-> S0
->80 ;ready

CTR! := (LD * A3) + (/LD * INC * /CTR1 * S1)

+ (/LD * INC * CTR1 */S1) + (/LD * /INC * CTR1 */S1)
CTRO := (/WR *LD */A2) + (WR * LD * A2)

+ (/LD * INC * /CTRO) + (/LD * /INC * CTRO)

297504-17
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|n‘l'e| o 28F016XS / Intel486™ CPU INTERFACE

PLD file for the optimized interface described in Section 3.

. Title Standard 28F016XS / Intel486™ Interface
Pattern PDS
Revision 1
Author Example
Company Name Intel
Date 2/14/94

CHIP 28F016XS_486_Interface 85C22V10 ;85C22V10-15

, input pins

PIN 1 CLK , clk frequency 33mhz

PIN ADS ; address strobe from 486

PIN WR ; multiplexed read/write strobe

PIN BLAST ; BLAST from the 486

PIN CE ; CE from the address decoding logic
PIN CFG ; informs interface to changes to the SFI Configuration
PIN BOFF ; BOFF input to processor

PIN A2 . lower address lines from the 486 used
PIN A3 ; in loading the counter

PIN RESET . system reset

PIN 25 GLOBAL

;output pins

PIN /ADV . address valid input

PIN /KEN . cache control

PIN /OE . output enable input

PIN /WE ; write enable input

PIN /BRDY , initiating a burst cycle, 486 lnput
PIN Qo0 ; state variable

PIN Ql . state variable

PIN CONTO ; lower bit of the 2bit counter

PIN CONTI1 ; higher bit of the 2bit counter
STRING LD '(/ADS)' ; load

STRING INC'(/ADV)'

STATE MOORE_MACHINE
DEFAULT_BRANCH S0

; state assignments

SO =/ADV */KEN * /WE * /BRDY */Q0 * /Q1

S1 = ADV */KEN */WE * /BRDY */Q0 * /Q1
S2 = ADV * KEN */WE * /BRDY */Q0 * /Ql
S3 = ADV * KEN */WE */BRDY */Q0 * Q1
S4 = ADV * KEN */WE * BRDY */Q0 */QI
S5 =/ADV * KEN */WE * BRDY */Q0 */Ql

S6 =/ADV * /KEN * /WE * /BRDY */Q0 * QI
S7 =/ADV * KEN */WE * /BRDY */Q0 * /Ql
S8 =/ADV * KEN */WE */BRDY */Q0 * QI
S9 = ADV * KEN */WE * BRDY */Q0* Ql
S10=/ADV * KEN */WE */BRDY * Q0 * QI
S11=/ADV * /KEN * /WE */BRDY * Q0 */Ql
297504-18
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28F016XS / Intel486™ CPU INTERFACE

S12=/ADV * /KEN * WE */BRDY */Q0 * /Q1
S13=/ADV */KEN * WE */BRDY */Q0 * QI
S14=/ADV * /KEN */WE * BRDY * Q0 */Ql

, state transitions

SO := ADS */BOFF -> S0 ; start of an access
+/ADS * /WR * /BOFF -> Sl
+/ADS * WR */BOFF ->Sl11

S1 :=/CFG * /CE -> S6 ; not reconfigured
+ CFG * /CE -> 82 ; reconfig active low
+ CE -> S0
S2 :=/CFG * BOFF -> 87 ; if chip enable is de-asserted,
+ CFG * BOFF ->S3 ; quit the access and return
+ /BOFF -> S0
S3 :=/CFG * BOFF -> S8
+ CFG * BOFF -> 54
+ /BOFF -> S0 .
S4 :=/BLAST +/BOFF  ->S0 ; situations will only ocur during
+ BLAST >S5 . a BOFF.
S5 :=/BLAST +/BOFF  ->S0 ; continous cycling until BLAST is
+/CFG * BLAST ->S10 ; presented - end the burst cycle
-+ CFG * BLAST -> S5
S6 :=/BOFF -> S0
+ BOFF -> 82
S7 :=/BOFF -> S0
+ BOFF ->S3
S8 :=/BOFF +/BLAST >80
+ BOFF -> 89
S9 :=/BOFF -> S0
+ BOFF -> S5
S10 :=/BOFF -> S0
+ BOFF >S5
Si1:=/CE > S12 . situation will only occur during
+ CE +/BOFF -> S0 ; during a BOFF.
S12 :=/BOFF -> S0
+ BOFF ->S13
S13 :=/BOFF -> S0
+ BOFF >S4
St4:= VCC -> S0
EQUATIONS
; implement RESET

GLOBAL.RSTF =/RESET
; implement 2-bit burst counter

CTR1 := (LD * A3) + (/LD * INC * /CTR1 * S1)

+ (/LD * INC * CTR1 */S2) + (/LD * /INC * CTR1 * /S2)
CTRO := (/WR * LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTRO)

; output enable control, triggered on falling clock edge ‘

OE:=S2+S3+8S4+S5+S7+S8+89+S10

OE.CLKF =/CLK ‘

297504-19
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- ADVANGE INFORMATION
INal.

VALUE SERIES 100
FLASH MEMORY CARD
2-,4-,8-MEGABYTE
IMCO02FLSC, iMCOO04FLSC, iMCOO8FLSC

m Low-Cost Linear Flash Card m Automated Write and Erase Algorithms

m Single Supply: 5 Volt Operation — 28F008SA Command Set
m FAST Read Performance m State-of-the-Art 0.6 um ETOX™ [V

— 100 ns Maximum Access Time Flash Technology
= x16 Data Interface m 100,000 Erase Cycles per Block

m High-Performance Random Writes m 64-KWord Blocks
— 10 us Typical Word Write m PC Card Standard Type 1 Form Factor

m 50 pA Typical Deep Power-Down

Intel’s Value Series 100 card offers the lowest cost removable solid-state storage solution for code and data
storage, high-performance disk emulation, and applications in mobile PCs and dedicated embedded applica-
tions. Manufactured with Intel’s FlashFileT™ memory, this card takes advantage of a revolutionary architecture
that provides innovative capabilities, automated write/erase algorithms, reliable operation and very high read/
write performance.

The flash memory card provides the lowest cost, highest performance nonvolatile read/write solution for solid-
state storage applications. These applications are enhanced further with this product’s symmetrically-blocked
architecture, extended MTBF, and 5 Volt operation.

The flash memory card can be used as a simple x16 linear array of flash devices. The PC Card form factor
offers an industry-standard pinout, removable linear flash memory, and the ability to upgrade system memory
software without changing the board layout.

*Other brands and names are the property of their respective owners.

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.

November 1995
Order Number: 290546-001 ¢ 5-53



Intel ® ‘ ‘. '
SERIES 2+ FLASH MEMORY CARDS
4-, 8-, 20- AND 40-MEGABYTE

IMCOO4FLSP, iMCOO8FLSP, iMCO20FLSP, iMCO40FLSP

m Single Power Supply m Revolutionary Architecture
m Automatically Reconfigure for 3.3V and — Pipelined Command Execution
5V Systems — Write during Erase

150 ns Maxi A Ti ith 5V — Series 2 Command Super-Set
" POWZ: s:;;?;um coess Time wi m State-of-the-Art 0.6 um ETOX™ |V

Flash Technology
m 250 ns Maximum Access Time with 3.3V

Power Supply | 1 Million Erase Cycles per Block
m High-Performance Random Writes u LB’IP ttl,( 640 Independent Lockable

—0.85 MB/S Sustained Throughput ocks

— 1 KB Burst Write at 10 MB/S m PCMCIA 2.1/JEIDA 4.1-Compatible

m 12 pA Typical Deep Power-Down m PCMCIA Type 1 Form Factor
o m Series 2+ User's Manual

Intel’s Series 2+ Flash Memory Card sets the new record for high-performance disk emulation and eXecute-
In-Place (XIP) applications in mobile PCs and dedicated equipment. Manufactured with Intel’s 28F016SA 16-
Mbit (DD28F032SA 32-Mbit) FlashFile™ Memory, this card takes advantage of a revolutionary architecture
that provides mnovatlve capabllltles, low-power operation and very high read/write performance.

The Series 2+ Card provides today’s highest density, highest performance nonvolatile read/write solution for
solid-state storage applications. These applications are enhanced further with this product's symmetrically
blocked architecture, extended MTBF, low-power 3.3V operation, built-in Vpp generator, and multiple block-
locking methods. The Series 2+ Card’s dual read and write voltages allow interchange between 3.3V and
5.0V systems.

290491-8

ETOX and FlashFile™ are trademarks of Intel Corporation.

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725..

November 1994
5-54 Order Number: 290491-006



intel.

PRELIMINARY

SERIES 2 FLASH MEMORY CARDS
IMCOO2FLSA, iMCO04FLSA, iMCO10FLSA, iMC020FLSA

Extended Temperature Specifications Included

B 2, 4, 10 and 20 Megabyte Capacities

m PCMCIA 2.1/JEIDA 4.1 68-Pin Standard
— Hardwired Card Information
Structure
— Byte- or Word-Wide Selectable

B Component Management Registers for
Card Status/Control and Flexible
System Interface

®m Automatic Erase/Write
— Monitored with Ready/Busy Output

m Card Power-Down Modes
— Deep-Sleep for Low Power
Applications

@ Mechanical Write Protect Switch
M Solid-State Reliability
Intel FlashFile™ Architecture

High-Performance Read Access
— 150 ns Maximum '

High-Performance Random Writes
— 10 us Typical Word Write

Erase Suspend to Read Command
— Keeps Erase as Background Task

Nonvolatility (Zero Retention Power)
— No Batteries Required for Back-up

ETOX™ [II 0.8 Flash Memory

Technology

— 5V Read, 12V Erase/Write

— High-Volume Manufacturing
Experience

Extended Temperature Version
— —40°C to +85°C

Intel’s Series 2 Flash Memory Card facilitates high-performance disk emulation in mobile PCs and dedicated
equipment. Manufactured with Intel’s ETOX™ IIl 0.8u, FlashFile Memory devices, the Series 2 Card allows
code and data retention while erasing and/or writing other blocks. Additionally, the Series 2 Flash Memory
Card features low power modes, flexible system interfacing and a 150 ns read access time. When coupled with

Intel’s low-power microprocessors, these cards enable high-performance implementations of mobile comput-

ers and systems.

Series 2 Cards conform to the Personal Computer Memory Card International Association (PCMCIA 2.1)/Jap-

anese Electronics Industry Development Association (JEIDA 4.1) 68-pin standard, providing electrical and

physical compatibility.

Data file management software, Flash Translation Layer (FTL), provides data file storage and memory man-
agement, much like a disk operating system. Intel’'s Series 2 Flash Memory Cards, coupled with flash file
management software, effectively provide a removable, all-silicon mass storage solution with higher perform-
ance and reliability than disk-based memory architectures.

Designing with Intel's FlashFile Architecture enables OEM system manufacturers to design and manufacture a
new generation of mobile PCs and dedicated equipment where high performance, ruggedness, long battery
life and lighter weight are a requirement. For large user groups in workstation environments, the Series 2
Cards provide a means to securely store user data and backup system configuration/status information.

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.

November 1995
Order Number: 290434-005
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NORTH AMERICAN DISTRIBUTORS

1015 Henderson Road
Hunuvlllo 35805

FM (20;) 721 1581

Huntsville 35816

Tel: (800) 409-1483
Hamitton Hallmark
ggo University Square

Hunuvlllo 35816
el: (205) 837-8706
FAX (205) 830-2665

4950 g;ome Drive
Sulte 120

C]
Huntsville 35805

B&‘%SS‘ ) 805557

CALIFORNIA

Anthem Electronics
9131 Oakdale Avenue
Chatsworth 91311

Tel: (818) 775-1333
FAX: (818) 775-1302

hem Electronics
leld Drive
Irvine 92718-26809
Tel: (714) 768-4444
FAX: (714) 768-6456

5677
Tel (91 S) 624-9744
FAX: (916) 624-9750

Anlmm Electronics
369 Carroll Park Drive
San DI 92121

Fax ((6&) 546-7893

AMMmElocm ics
1160 Ridder Park Drive
San Jose 95131

Tel: (408) 453-1200
FAX: (408) 441-4504

Gm'ﬁnlvouny Sqmm

Td: (205) 837-9300
FAX: (205) 837-9358
Wyle Eloetmnla

7800 Governers Dr., W.
Tower Bulduw. 2nd
Floot

Tel (202;330-11 19
830-1520

ARIZONA 5

Alliance Electronics
7550 East Redfield Rd

Scottadale 85260
Tel: (602) 261-7988
hem Electronics

Ant
1555 West 10th Place
Sulte 101

Té 85281

Tel: , 602) 966-6600

FAX: (602) 966-4826

Electronics

2415 West Erie Drive

Tempe 85282

Tel: i602) 431-0030
FAX: (602) 431-9555

Avnet Computer

1626 Souih%dwards Dr

Te 85281

Tel: , 800) 426-7999

Hall-Mark Com|

4637 South 37 Iaoe

Phoenl

Tel: (800) 409-1483

Ploneer Standard

1438 West Broadway

Sutte B—t

T 85282

Tel: (602) 350-9335

Hamiiton Hallmark
4637 South 36th Place
Phoenix 85040

Tel: (602) 437-1200
FAX: ) 437-2348
Wyie Electronics
4141 Enﬂ H.lymond

Tel (602) 437-2088
{ (SOL) 437-2124

El
26707 West Agoura
Road

Calabasas 91302
Tel: (818) 880-8686
FAX: (818) 772-8930

Arrow/Schweber

Electronics
48834 Kato Road
Sulte 103

Fremont 94538
Tel: (510) 490-9477
FAX: (510) 490-1084

Suft

Irvine 92718

m ('m) 581-4622
AX: (714) 454-4206

ArmwlSehwobor

Electronics
9511 Hldgehaven Court
San DI 23

FAX (61%) 279-8062

Electronics

1180 Murphy Avenue

San Jose 95131

Tel (408 441-9700
AX: (408) 453-4810

Avnot Computer

1 Ma le

Irvine

Tel: (800) 426-7999

Avnet Computer
371 Van Ness Way

Torrance 90501

Tel: (800) 426-79939
Avnet Computer
15950 Bernardo Ctr Dr
Sulte 6

San D 2127

Tel: ( 426-7999

Avnet Computer
175501deatuDltve

Tor (KXS')".’fa%‘."y?ss

W
Tel: (800) 409-1483

Hall-Mark Computer
15950 Bernardo Ctr Dr
Sulte C

San Diego 92127
Tel: (800) 409-1483

Hall-Mark Com%uur
1175 Bordeaux Drive
Sunnxvale 94089
Tel: (800) 409-1483
Hall-Mark Computer
1 Mauch|

Ivine 92718
'ra|~ (800) 409-1483

I-Mark Computer
580 Menio Drive

o
Rocklin 95765
Tel: (800) 409-1483
Hamllton Hallmark
7 Pullman Street
ta Mesa 92626

For (714) 641-4100
FAX: (714) 6414122

Hinmlllpn Halimark

08) 435-3500
FAX (408) 435-3720
Hamiiton Halimark
4545 Vlewddge Avenue

Tel (61 %571-7540
FAX: (618) 277-6136

Hamllton Halimark

50 Califa Street
oodland Hills 91367
Tel: (818) 594-0404
FAX: (818) 594-8234
Hamilton Halimark

580 Menlo Drive
Suite 2

Rocklin 95762

Tel: (916) 624-9781

FAX: (916) 961-0922

Ploneer Standard

giﬁs Clareton Drive
ra Hills 91301

42."(313) 865-5800

Ploneer Standard
g‘z Technology Drive

Irvine 9271 8
Tel: (714) 753-5090

Pioneer Technologies

mrﬁo

134 Robles

San Jose 95134

Tel: (408) 954-9100
FAX: (408) 954-9113

Ploneer Standard
6?170 La Jolla Village

Ive
San Diego 92122
Tel: (619) 546-4906

Y%';OEBa nmPkwy
rranca
Irvine 92713

Tel: (714) 753-9953
FAX: (714) 753-9877

:l looEB!;cuonlu
manca Pkwy

Suite 200

Irvine 9271 3

Tel: (714) 753-9953
FAX: (714) 753-9877

Rancho Cordova 95742
Tel: (916) 638-5282
FAX: (916) 638-1491

!@35»'?‘&'33-’% or.
San 92123
Tel: (619) 665-9171

FAX: (610) 365-0512

Tol( 023727'2500
FAX (408) 727-5896

Electronics
1 872 Cowan Avenue
Irvine 92714
Tel: (714) 863-9953
FAX: (714) 263-0473

W&k Electronics
26010 ggreau Road

Ca
Tel ( % 9000
AX: (818) 880-5510

Electronics

6276 San Ignacio
Avenue

Sulte E

San Jose 95119

Tel: (428%629—4689
FAX: (408) 629-4792 .

Tel: (303) 790-4500
FAX: (303) 790-4532

Electronics

61 Inverness Dr East
Sutlte 105
Englewood 80112

Teg 799-0258
FAX:(a(gaOZ)!) 799-0730

Avnet Computer
960

nF 80111
Tel: (800) 426-7999
Hall-Mark Computer

9605 Maroon Circle

E"F 80111
Tel: (800) 409-1483

Hamilton Hallmark
12503 East Euclid Dr
sulle 20

Tet 990.1662
( sol;) 790-4991

H-mllton Hallmark
710 Wooten Road
Sute28 -

15
Tel: (719) 637-0055
FAX: (719) 637-0088

Pioneer Technologies
5600 Greenwood P!

Thomton 802
Tel: (303) 457-9953
AX: (303) 457-4831

CONNECTICUT
Anthem Electronics
61 Mattatuck Helghts
Waterburg 06705
Tel: (2%575-1575
FAX: (203) 696-3232

T

SLEx.
('5%'3 pree N
o @ )2ss-me

Sl Ater Comepte Ct
r e Ctr
5Dsanbm'y 06810
Tel: (800) 409-1483
Hamilton Hallmark
125 Commerce Court,
re 06410
Tel ( 271-2&44
FAX: (203) 272-1704
Pioneer Standard
2 Trap Falls Road
Shetton 06484
Tel: (203) 929-5600
FLORIDA

Anthem Electronics
5200 NW 3rd Avenue
Sulte 206

A. Lauderdale 33309
Tel: (305) 484-09%0

Anthem Electronics
598 S, Nonhhke Bivd.
Suite 102:

Tel: (813%%’7'?28900

FAX: (813) 7964

Electronics

400 Falrway Drive
Suite 102
Deetfield Beach 33441
Tel: (305) 429-8200
FAX: (305) 428-3991

Tel 813 673-1030
FAX: (813) 873-0077

Avnet Computer
541 S. Orlando Ave.
Sulte 203

Maitland 32751

Tel: (800) 426-7999

Hall-Mark I:omg‘mor

10491 72nd St. North

Largo 34647

Tel: (800) 409-1483

Hlll-lhrk Computs
3700 58th St. onh

Sun 206

&)
Clearwaler 34620
Tel: (800) 409-1483

Hamitton Hallmark
3350 N
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NORTH AMERICAN DISTRIBUTORS (Cont’d)

Hamiiton Hallmark
10491 72nd73l North

%« (a?gi‘s«-mo
'"""m%m.
%"‘( '
(«% 678-4414
Plonoor Technologles

g‘;‘mmhk' Bivd

Ana Momo Spgs 32701
Tel: (407) 834-9090
FAX: (407) 834-0865
Ploneer Technologles
674 &Mh Milkary Tral
Deerfield Bouchrxauz
Tol (30 428-8877
AX: (305) 481-2950
Wylo Electronics
SR
o
Suite 800
Tel: (813) 578-1618
FAX: (813) 579-1518
Zeus Arrow
Electronics

7 Slg‘no Drive
Bidg D., Sulte 3101
Lake Mary 32746

Suka
Tel: (40 333-3055
FAX: (407) 333-9681
GEORGIA
Anthem Electronics
2400 Pleasant Hill Rd
Suftes 9 & 10

luth 30136

Du
Tel: (404) 931-3900
FAX: (404) 931-3902

Arrow/Schweber

Electronics

4250 E Rivergreen Pkwy

Sulte E

Duluth 30136

Tel: (404) 497-1300

FAX: (404) 476-1493

Avnet Computer

3425 Corporate Way

Sulte G -

Duluth 30136

Tel: (800) 426-7999

Hlll-lhrk Computer
COfPOﬂIle Way

Sul(s

Tel‘ (800) 409-1483
Hlmllton Hallmark

Duluth 30136
Tel (404) 623 5475
AX: (404) 623-5490
Plonnr Technologies
2508 Ri Phwy
vergreen
Dulutl 3'8

Tel: (404) 623-1003
FAX: (404) 623-0665

‘Wyte Electronics
6025 The Comers
Suite 111
Norcross

30092
Tel: (404) 441-9045
FAX: (404) 441-9086

HLINOIS

Anthem Electronics
1300 Remington Road
Sulte A

Schaul 60173
Tel: (708) 884-0200
FAX: (708) 885-0480

MARYLAND

Electronics
HRW e et S
8ca 7168A Columbla
Tel: (708) 250-0500 Q.gmlnm.
Avnet Computer
1124 Thomaale Ave Tel: (800) 239-6039
Bensenvitle 60106
Tel: (800) 426-7999 Electronics
9800J Patuxent Woods

1124 Thomdale Ave Drive
Bensenville 60106 % 21048 00
Tel: (800) 409-1483 T ooe 3691
Hamiiton Hallmark Avnet Co
Rl

jensen!
Tel: (800) 426-7999 Gatoway Drive
WT) Systams Sales Columbla 21045
1140 West Thomdale Tel: (800) 426-7999
fazcas N o
Tel: (708) 250-8222
FAX?UO%) 250-8275 ss'd;:"gYD""“
Pioneer Standard Columbia 21046
2171 Execulive Drive Tel: (800) 405-1483

e
o 60101 Hamilton Hallmark
Tel: (708) 495-9680 }gg’ooucdm
FAX: (708) 495-9831 i
Wyle Electronics Tel: (410) 988-9800
2055 Ay Tral FAX: (410) 381-2036
]
Addison 60101 mm
Tel: (800) 853-9953 Systems Division
7125 River Wood Drive

Electronics Columbia 21046

1140 W Thomdale Ave Tel: (301) 312-5800

ot (705) 2500500

FAX: (301) 312-5850

PG'wlomr Technologies

P 11

W
Electronics Tel: (301) 321-0660
7108 Lakeview FAX: (301) 670-6746
Parkway West Drive Wyle Elect
Indianapolls 46268 B01 Eemione Rosd
Tel: (317) 299-2071 Suite 120
FAX: (317) 2992379 Colmbia 21046
Avnet Computer Tel: (301) 490-2170
gS?‘ “{‘es% Carmel Drive FAX: (301) 490-2190
Canmel 46032 MASSACHUSETTS
Tel: (800) 426-7999 Anthem Electronics
Hall-Mark Computer 200 Research Drive
655 ‘West Carmel Drive Wllmig&on 0188

rmel 46032 Tel: ( 50%657-5170

Tel' (800) 409»1403 : (508) 657-
Hamilton b
655 West Carmel dee tectron|
Sulte 160 5 gsnon
Carmel 46032 Wil a%on 01887
Tel: (31 575-3500 Tel: (508) 658-0900

AX: 675-3535 FAX: (508) 694-1754
Plonm Standard Avnet Computer
g3s0 9350 Priority Wagow Dr 10 D M&r\;\&l Drive
Tel: (31 Tel (80‘) 426-7999

FAX: (31 573-0979
KANSAS

Electronics
t801 ler F«mﬂ9
Tel: (913) 541-9542
FAX: (913) 641-0328

Tol: (800) 409-14&
Hamiiton Hallmark
10809 Lakeview
Avenue

Lenexa 66215
Tel: (913) 888-4747
FAX: (913) 888-0523

Hall-Mark Computer
10 D Centennial Drive

P 01960
Tel: (800) 409-1483
Hamilton Hallmark

532-9802

Plonuf Standard
Hartwell Avenue
81 02173
Tel ( 861-9200
863-1547

Vl Eloetwnle-
Purk Drive

Bochra 01808
Tel: (617) 271-9953
FAX: (617) 275-3809

Electronics

25 Drive

wil on 01887
Tel: (508) 658-4776
FAX: (508) 694-2189
MICHIGAN

Electronics

44720 Helm ‘S;rool
Tel: (313) 462-2290
FAX: (313) 462-2686

Avnet Computer
41650 Garden Brk Rd
Sutte 120

Nowvi 48375

Tel: (800) 426-7999
Hall-Mark Computer
41650 Garden Brk Rd
Sullo 120

Novi

Tel: (800) 409 1483

Hamilton Hallmark

44191 Plymouth Oaks

Suite 1900 o

Tel: (313) 416-5806
FAX: (313) 416-5811

Hamilton Hdlmnvk

Novi 49418
Tel: (313) 347-4271
FAX: (313) 347-4021

Ploneer Stnndml
4505

G n.puuosw'
Tel: (616) 698-1800
FAX: (616) 698-1831

00 Prfnh\omh Oaks
Bivd.

Plymouth 4817

Tel: (313) 525-1300

FAX: (313) 427-3720

MINNESOTA -

Anthem Electronics

7646 Golden Triangle
Prairie 65344

Eden
Tol: (612) 944-5454
FAX: (612) 944-3045

Arrow/Schweber
Electronics
10100 \orzklng Drive

Pralrie 65344
-Tel: (612) 941-5280

FAX: (612) 942-7803

5343
Tel: (800) 426-7999

Hall-Mark Co

9800 Bren

Suite 410
Minnetonka 55343
Tel: (800) 409-1483

Hamilton Halimark
9401 James Ave South
Suite 140

Woﬂ 55431

1-2600
FAX: (612) 881-9461

Ploneer Standard
‘7)szs Golden Triangle

rive
Sulte G

Eden Prairie 55344
Tel: (6‘2 944-3355
FAX: (612) 944-3784

Wyle Electronics
1325 East 79th Street
Sutte 1

Tel: (612) 853-2280
FAX: (612) 853-2208
MISSOURI

Electronics
2380 Schuetz Road
Lonh 63141

Tel (314) 567-6888
FAX: (314) 667 1164
Avnet Com|
3783 Rider nln South
Earth City 63045
Tol‘ (800) 426-7999

3783 chmm

Earth
Tel: (800 409-1483

Earth Ol{ 63045
Tel: (314) 291-56350
FAX: (314) 201-0362

NEW HAMPSHIRE
Avnet Computer

2 Executive Park Drive
Bedf¢

Tel: (800) 426-7999
NEW JERSEY

26 Chapin Road, Unit K
Pine Brook 07058

Tel: (201) 227-7960
FAX: (201) 227-9246

Tel: '(1;00) 426-7999
Hall-Mark Computer

18 Keysione Avenue
Buill .

TOI'HZOO) 409-1483
Hall-Mark Computer
10 Lanidex Plaza West
P ny 07054 -
Tel: (800) 4094483
Hamiiton Hallmark

1 Ke one Avenue
Bul 36

’Zos ) 42403
Tel ) 424-0110
FAX (609) 751-2552
Hamiiton Halimark
P(: Lanidex Plaza West
Tel: 5-5300
FAX: (201) 515-1601
MT] Systems Sales
43 Route 46 East
Pinebrook 07058
Tel: (201) 882-8780
FAX: (201) 539-6430
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PioneerStandard

u-A Mudbon Road
Tol (201) 575-3510
FAX: (201)575-3454

Plonesr Standard
60 Crosaway Pk West
loodbury, Island

1797
Tel: (516) 921-8700
FAX: (516) 921-2143

Hall-Mark Computer
777 Dearbom Pk Lane
Suite L

Worthington 43085
Tel: (800) 409-1483

Hamiiton Hallmark
5821 Harper Road

N houne 48 48, Bld? Plo Standard
Mourtain Lakes 03046 £40 Fairpor Park Soton 44130
Tel: (201) 402-4970 Falrport 14450 Tel: (216) 498-1100
MEXICO Tal: (716) 381-7070 FAX: (216) 248-4803
NEW FAX: (716) 381-5055 Hamiiton Hallmark
Alliance Electronics, 777 Dearbomn Pk Lane
Inc. Electronics Sulte L
3411 Brm Mawr N.E. 100 Midiand Avenuo Worthington 43085
erque 87101 Port Chester 10573 Tel: (614) 888-3313
Tol 50& Tel: (914) 937-7400 FAX: (614) 888-0767
o comm " ORI OAmOL 25404 Comemance Pk
m)| or rce
7001 Aelde?n Road N CAR Road
iing 1, Suto 204 Anthem EX 44122
Alm%oo 4805 Greenwood Tel: (216) 464-6688
Tel: (800) 567000 Sulte 100 FAX: (216) 464-3564
NEW YORK Ploneer Standard
o You Teldglﬂ)m 3550 o e
jon
47 Mall Drive Electronics g (513) 236-9900
Commack 11 5240 Greensdairy it (513) 236-8133
Tel: (516) 864-6600 Road
FAX: (516) 493-2244 Raleigh 27604 Plonesr Standard
Tel: (819) 876-3132 o st 1212 Street
Electronics FAX: (619) 678-9517 Tel: (216) 587-3600
3375 Brighton Henrletta Avnet Computer FAX: (216) 663-1004
ne 4421 Stuart Andrew Wyte Ei
Rochaster 14623 Boulevard yie Electronics
Tel: (716) 427-0300 Sulte 600 o .
FAX: (716) 427-0735 S e 7000 Tel: (216) 248-9996
Arrow/Schweber
Electronics Hall-Mark Computer OKLAHOMA
Fauppacge 11788 Songp 0 Forest Ad
(]
Tel: '(Ei 6) 231-1000 Raleigh 27604 Electronice
FAX: (516) 231-1072 Tel: (880) 409-1483 éz}lmf—w 5tst Streat
Avnet Computer Hamiiton Hnllmark Tulsa 74
2 Penn Plaza 3510 Spring For Tel: (919) Sa2.7537
Sutetaes FAX: (918) 254-0917
w Y
Hamilton Halimark
Tel: (900) 426-7999 Tel'e‘goo) 409-1483 Hamilton Halimark |
Avnet Computer Hnmmon Halimark Suite 305
1057 E. Henrietta Road Greens Dalry Rd Tulsa
Rochester 14623 Ielg Tel: (918) 254-61 10
Tel: (800) 426-7999 Tel: (319) 76-0819 FAX: (918) 254-6207
Hall-Mark Computer Ploneer Technologies Ploneer Standard
2 Penn Plaza Group 9717 East 42nd Street
New York 10121 2200 Gateway Ctr. Bivd Suite 105
Tel: (800) 409-1483 Sute21s ‘{ulls?gzg}as 7840
Hall-Mark Computer Mortisville el: (918) 665
107} ""{ng% o Tel: (919) 460-1530 FAX: (918) 665-1891
Rochester GON
Tel: (800) 409-1483 oHio CORE
Hamitton Hallmark ArrowiSchweber Almac Arrow
§33 Mator va 6573 Cochran Road 9500 S.W. Nimbus Ave
upg- Suite E Suite E
Lol G1o) usaTare, Solon 44139 Beaverton 97008
AX: (516) 434-749 Tel: (216) 248-3990 Tel: (503) 629-8090
H.mllton Halimark FAX: (216) 248-1106 FAX: (503) 645-0611
1057 E Henrletta Road
Arrow/Schweber Anthem Electronics
REGioesis  geencs 230 ot ot Drve
v as! lon leaverton
FAX: (716) 475-9119 Village Drive Tel: (503) 643-1114
Hamilton Hallmark Centerville 45458 FAX: (503) 626-7928

3075 Veterans
Memorial

onkonkoma 11779
Tel: (516) 737-0600
FAX: (516) 737-0838
MTl Systems Sales
1 Penn Plaza

250 West 34“\ Slmet

New York 10

Tl| (212 643-!280
(21 ) 543 1288

68 Ccnponls Drive

Binghamton 13904
Tel: (607) 722-9300
FAX: (607) 722-9562

Tel: (513) 435-5563
FAX: (513) 435-2049

Avnet Computer
7764 Washington
Vlltage Drive

lon 45459
T : (800) 426-7999

Avnet Computer

2 Summit Park Drive
Sulte 520

I nce 44131

Tel: (800) 426-7999
Hali-Mark Computer
5821 r Road

Solon 44139
Tel: (800) 409-1483

Avnet Computer
9750 SW Nimbus Ave.
Beaverton 97005

Tel: (800) 426-7999

Hall-lhrk Computer
9750 Nlnbus Ave.
Beav 9700:

Tel: (800) 409-1483
Hamitton Hallmark
9750 SW Nimbus Ave.

00
Tel: (603) 526-6200
AX: (503) 641-5939

Ploneer g A Ci
8905 1235 North Loop West
Numbus Ave Sulte 525
Sutte 160 Houston 77008
?:'wzenon 97005 Tel: (800) 426-7999
Hall-Mark
FAX! 3%} 625 8900 U311 Tochnowsgy bivd
Wyle Electronics Austin 78727
6[40 Smauhlne Court Tel: (800) 409-1483
Bul
Sulte Hall-Mark Computer
Beaverton 97005 ‘%‘ Baltiine Road
S
) 646-5466 Tel: (800) 409-1483
PENNSYLVANIA Hall-Mark Coumptter
Anthem Electronics ' 1235 North Loop West
355 Business Cir Drive Houston 77008
Horsham 19044 Tel: (800) 409-1483
Tel: (215) 443-5150 Hamitton Halimark
FAX: (21 ) 675-9875 Hamitton 1
s, Ebeds
ﬂgo&( sgcoum Tel: (512) 256-8848
Mars 16045 FAX: (512) 258-3777
Tel: (800) 426-7999 Hamitton Halimark
11420 Paga Wil Road
Electronics
Mosaide Tol: (214) 553-4300
Eihe 2oy o Bl ety esaenos
Monroaeville 15146
Tel: (412) 856-9490 m‘m"of,:n;"'"‘
lonee Houston
Floneer Technologles Lok 713) o o100
259 Kappa Diive : (713) 953-8420
Pb Standard
Tot (A1) 785300
FAX: (412) 063-8255 Aiotin pa75e, 2ne
Tol: (612) 8354000

Ploneer Technologles
S0
500 Enterprise Road
Kelth Valley Bus.Ctr
Horsham 19044
Tel: (215) 674-4000
Wyle Electronics

ves Drive
Sulte 111
Mariton 08053-3185

Tel: (609) 985-7953
FAX: (609) 985-8757

TEXAS

Anthem Electronics
651 N. Plano Road
Sun 401

ichardson 75081
Tel (214) 238-7100
FAX: (214) 238-0237
Anthem Electronics
14050 Summit Drive
Suite 119

Tel: (512) 388-0049
FAX: (512) 388-0271

Arrow/Schweber

Electronics

Brake Cir lll, Bldg M1

11500 Metric Boulevard
ite 160

Austin 78758

Tel: (512) 835-4180

FAX: (512) 832-5921

Arrow/Schweber

Tol: (214) 380-6464
FAX: (214) 248-7208

FAX: (512) 835-9829
Ploneer Standard
13765 Beta Road
Dallas 75244

Tel: (214) 263-3168
FAX: (214) 490-6419

Ploneer Standard
10530 Roddey Road
Suite 1

Houslon 77099

Tel: (713) 495-4700
FAX: (713) 495-5642

Wyle Electronics
1810 Greenville Ave
Richardson

75081
Tel: (214) 235-9953
FAX: (214) 644-5064
Wyle Electronics
9208 Waterford Center
Bivd

Sulte 150

Austin 78750

Tel: (512) 345-8853
FAX: (512) 345-9330

Electron
201 Wirost
Suite 120
Houston 77099
Tel: (713) 879-9953
FAX: (713) 879-9953

3220 Commandel
Carroliton 75006
Tel: (214) 380-4330
FAX: (214) 447-2222
UTAH

Electronics
19416 Park Row
Sulte 190

Tel: (713) 647686
FAX: (713) 492-8722

Suit
Dallas 75244
Tel: (800) 426-799

El
1279 West 2200 South
Salt Laka Cly 84119
Tel: (801) 973-8555
FAX: (801) 973-8909

Electronics
1946 West Parkway
levmd

o (BOI) ) orh-eor.
FAX: (801) 972-0200
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Avnet Computer
1100 E2s1 6600 South

Tul (800) %&7

compu(or
1100 East 6600 South
Sdte 150

Lake C
Tol: (800) 409-1483

Hamiiton Halimark
1100 East 6600 South
Sult 120

Salt La 8412
Tek (am) 208

AX: (801) 263-0104
Wyh

Electronics
1325 West 2200 South
Suﬁ

Tol (301)17449
FAX: (801) 972-2524
WASHINGTON
Almac Arrow
Electronics

14360 S.E. Eastgate

ﬂ«l&mm ar007

Tel: (206) 643-9952
FAX: (206) 643-9709

Anthem Electronics
19017 120th Ave N.E.
Suite 102

Bothell

Tel (206) 4651700
(zos) 486-0571

A mputer

fe%0ySem Ave, NE

Redmond 98053

Tel: (800) 426-7999

Hamilton Hallmark
8630 154th Avenue
Redmond 88052
Tel: (206) 881-6697
FAX: (206) 867-0159

Pionesr Technologies
2800 156th Ave S.E.
Sulte 100
Bellevue 98007
Tel: (206) 644-7500
Vgl; Electronics
5 NE 90th St

Redmond 98052
Tel: (206) 881-1150

FAX: (206) 881-1567
WISCONSIN
Electronics
200 N. Patrick
Suite 100

l‘ookﬂe 53045

ol: (414) 792-0

FAX (414) 792-0156
Avnet Computer
2440 South 179th St
New Boerlin 63416

Tel: (800) 426-7999

Tel: (800) 409-1483
Hamiiton Halimark
2440 Souin 17¥in St

New B
Tel: (414) 797-7844
FAX: (414) 797-9259

Ploneer Standard
lsi(')‘ Bishops Way

£3005
Tol: (414) 780-9600
AX: (414) 7803613

Vl Electronics
150 North Patrick
Building 7, Suite 150
Brookfield 53045
Tel: (414) 879-0434
FAX: (414) 879-0474

ALASKA

Avnet Com)|

1400 W Bmpm‘%m
Sulte 400
Anchorage 89503 .
Tel: (eoog 426-7999

CANADA
ALBERTA

Avnet Computer
1144 29th Avenue NE
ol waTZE 7P
'(l?:ll:o(’l;ZO) 387-3406
560, 121.?2%1 As.\(a. NE
%:l'% 201-1988
FAX: (403) 295-8714
BRITISH COLUMBIA
Almac Arrow
Electronics
el
Tel: (604) 421-2333
FAX: (£04) 4215020
Hamilton Halimark
10 Commerce
Tel: (604) 420-4101
FAX: (604) 420-5376

4455 Noith 6 Road
6V IPG

Tel: (604) 273-657:

FAX: (604)273-2413

MANITOBA

PlonurIPlonur

0 Marjorie Street
wmmpeg A3H 0S9

ONTARIO
Arrow/Schweber

n TW5
To:(6132’229-8m
FAX: (613) 723-2018
Electronics
1093 Meyerside, Unit 2
Mississauga L5T 1
Tel: (416 70-2010

AX: 70-5863 '

Mississuaga L6T 2L1
Tel: (800) 387-3406

Ape

N K2E 705

SoF (800) 387-3406
Canada syntom
Group

sT2L1

Tol: (800) gaLsT 2L

: (800) 367-3400

S Supertor ot

Mississauga L5T 2L1

Tol( s%

AX: (416) 564-6033

Hlmllloanlmnk
calomdonoad

r.‘f”‘s

FAX: (61.25) 264

Pioneer/Ploneer
3415 American Drive
L4V 1T6 |

Mississa
Yol (416) Eo7-2600
FAX: (416) 507-2831

51 Superior Boulevard

num’lomor
55 Colonnade Rd., S.
Sulte 17

#..1220-8040

FAX (61
QUEBEC

Electronics

1100 Street

Dotval HIP

Tel: (514) 421 7411
FAX: (514) 421-7430
Electronics

iste Ave
5R9

Queboe
Tel: (418) 871-7500
FAX: (418) 871-6816

Avnet Computer

7675 Trans Canada
Sutte 601

St. Laurent HAT 1V6
Tel: (800) 265-1135
Hamilton Hallmark
7675 Transcanada Hwy
Sulte

Siisdt Lt :J.: 2ve

Tek:
FM(S(Si )4) 335—2481

Ploneer/Plonesr

Street La HAT 1N1
Tel: (514) 737-9700
FAX: (514) 737-5212



Embedded Microprocessors

“For over 10 years, the industry-accepted 186 family has continued to provide 16-bit.

high-performance solutions for embedded microprocessor designs.

Later, with the introduction of the Intel386™ embedded processor family, embedded
designers have a 32-bit performance solution. The Intel386 processors provide easy
upgradability for existing 16-bit designs while providing new, high-performance
features such as protected mode programming and DOS compatibility. With the
introduction of the Intel386 EX embedded processor, designers have a highly-inte-
grated solution for embedded systems.

In 1995, Intel introduced embedded designers to the popular Intel486™ processor
family used in desktop computers. Now, embedded designers have a 32-bit solution
that includes an internal cache and a RISC-technology core for added performance.
For added performance, the embedded InteIDX2™ processor’s internal-core clock
frequency is twice as fast as the external clock frequency. The highest-performing
member of the family, the InteIDX4™ processor, operates at three-times the external
clock frequency.

Recently, Intel introduced two Ultra-Low Power members of the Intel486 processor
family. Now, battery-operated. embedded designs can have the advantages of the

Intel architecture. @
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