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Status Check

The host should request a status update from the re-
mote system prior to sending a reprogramming instruc-
tion. Depending on the response, the host may break
the link and reconnéct later, or it may send an erasure
or data-upload command. This type of handshaking is
necessary when system downtime for reprogramming
might not be acceptable. An example of this is an auto-
mated factory where robots handle caustic chemicals.

4.3 Data Accumulation Software
Techniques

Data can be accumulated in a remote environment with
flash memory and then uploaded to a host computer for
manipulation. You can adapt various standard data-
logging techniques for use with flash memory. With
any technique, you determine the next available memo-
ry location by reading for erased data (OFFH). This
address would only be located once on system boot-
strap and then recalled from RAM and incremented as
needed.

" Given a repeating data string of known length and
composition, program start and stop codes at either end
of the string. Do not pick 00H or OFFH data for these
codes because they are used during erasure. The start
and stop codes enable the CPU to differentiate between
available memory for logging and logged data equal to
00H or OFFH.

For non-regular data input, you can address this same
issue by programming the logged data followed by the
variable identifier. Again, do not pick 00H or OFFH
data for the variable identifiers.

With any technique, the host computer separates and
manipulates the data after the uploading operation.

4.4 Reprogramming Routines

Intel’s ETOX flash memories provide a cost-effective
updatable, non-volatile code storage medium. The reli-
ability and operation of the device is based on the use of
specified erasure and programming algorithms.

Intel offers reprogramming software drivers to make it
easy for you to design and implement flash memory
applications. The software is designed around the CPU-
family architectures and requires minimal modification
to define your system parameters. For example, you
supply the memory width (8-bit, 16-bit, or 32-bit), sys-
tem timing, and a subroutine for control of Vpp.

AP-316

NOTE:
Contact your nearest sales office for details.

If you prefer to implement the algorithms yourself, they
are outlined in the device data sheets. Command regis-
ter instructions required for the various operations are
included in the data sheet flow charts.

The following sections describe both single-device and
multiple-device parallel reprogramming implementa-
tions.

4.4.1 Quick-Erase Algorithm

Flash memories chip-erase all bits in the array in paral-
lel. The erase time depends on the Vpp voltage level
(11.4V-12.6V), temperature, and number of erase/
write cycles on the part. See the device data sheets for
specific parametric influences on reprogramming times.

Note that prior to erasing a flash memory device the
processor must program all locations to 00H. This equal-
izes the charge on all memory cells insuring uniform and
reliable erasure.

Algorithm Timing Delays

The Quick-Erase algorithm has three different time de-
lays:

1) The first is an assumed delay when Vpp first turns
on. The capacitors on the Vpp bus cause an RC
ramp. After switching on Vpp, the delay required is
proportional to the number of flash memory devices
times 0.1 wF/device. Vpp must reach its final value
100 ns before the CPU writes to the command regis-
ter. Systems that hardwire Vpp to the device can
eliminate this delay. '

2) The second delay is the “Time Out TEW” function,
where TEW is the erase timing width. The function
occurs after writing the erase command (the second
time) and before writing the erase-verify command.
The erase-verify command or the integrated stop
timer internally stops erasure.

TEW for ETOX II flash memories is a minimum of
10 ms. This delay can be either software or hard-
ware controlled. Either way, the minimum nature of
the timing specification allows for interrupt-driven
timeout routines. Should the interrupt latency be
longer than the minimum delay specification, the
stop timer halts erasure.

3

~

The third delay in the erase algorithm is a 6 ps time
out between writing the erase verify command and
reading for OFFH. During this delay, the internal
voltages of the memory array are changing from the
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erase levels to the verify levels. A read attempt prior
to waiting 6 us will give false data—it will appear
that the chip does not erase. Repeatedly trying to
erase verify the device without waiting 6 ps will
cause over-erasure. This delay is short enough that
it is best handled with software timing. Again, note
that the delay specification is a minimum.

High Performance Parallel Device Erasure

In applications containing more than one flash memo-
ry, you can erase each device serially or you can reduce
total erase time by implementing a parallel erase algo-
rithm.7 You save time by erasing all devices at the same
time. However, since flash memories may erase at dif-
ferent rates, you must verify each device separately.
This can be done in a word-wise fashion with the com-
mand register Reset command and a special masking
algorithm.

Take for example the case of two-device (parallel) era-
sure. The CPU first writes the data word erase com-
mand 2020h twice in succession. This starts erasure.
After 10 ms, the CPU writes the data word verify com-
mand AOAOh to stop erasure and setup erase verifica-

intal.

tion. If both bytes are erased at the given address, then
the CPU increments the address (by 2) and then writes
the verify command AOAOh again. If neither byte is
erased, then the CPU issues the erase sequence again
without incrementing the address.

Suppose at the given address only the low byte verifies
FFh data? Could the whole chip be erased? The answer
is yes. Rather than check the rest of the low byte ad-
dresses independently of the high byte, simply use the
reset command to mask the low byte from erasure and
erase verification on the next erase loop. In this exam-
ple the erase command would be 20FFh and the verify
command would be AOFFh. Once the high byte verifies
at that address, the CPU modifies the command’ back
to the default 2020h and AOAOh, increments the ad-
dress by 2, and writes the verify command to the next
address.

See Figure 8 for a conceptual view of the parallel erase
flow chart and Appendix D for the detailed version.
These flow charts are for 16-bit systems and can be
expanded for 32-bit designs.

RAISE Vpp
RESET ALL VARIABLES

TIME OUT
VERIFY COMMAND

Y
N_ | AST ADDRESS
|y
DONE

PROGRAM ALL DEVICES TO 00h

ISSUE ERASE COMMAND

BOTH DEVICES ERASED N, MASK®

* YOU MASK THE DEVICE BY SUBSTITUTING A RESET COMMAND
FOR THE ERASE & VERIFY COMMANDS. THAT WAY THE
ERASED BYTE IDLES THROUGH THE NEXT ERASE LOOP.

HI=OR LO=-BYTE
COMMANDS

LAST PULSE ]
v
ERROR

292046-28

Figure 8. High Performance Parallel Erasure (Conceptual Overview)

7. Parallel Erasure and Programming require app‘ropriate choice of Vpp supply to support the increased power consumption.
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4.4.2 Quick-Pulse Programming Algorithm

Flash memories program with a modified version of the
Quick-Pulse Programming algorithm used for U.V.
EPROMs. It is an optimized closed-loop flow consist-
ing of 10 us program pulses followed by byte verifica-
tion. Most bytes verify after the first pulse, although
some may require more passes through the pulse/verify
loop. As with U.V. EPROMs, this algorithm guaran-
tees a minimum of ten years data retention. See the
device data sheets for more details on the programming
algorithm.

Algorithm Timing Delays

The Quick-Pulse Programming algorithm has three dif-
ferent time delays:

® The first and third—Vpp set-up and verify set-up
delays—are the same as discussed in the erasure sec-
tion. In this case the third delay is for the transition
between writing the Program Verify command and
reading for valid data.

AP-316

® The second delay is the “Time Out 10 ps” function,
which occurs after writing the data and before writ-
ing the program-verify command. This write com-
mand internally stops programming. The section en-
titled “Pulse Width Timing Techniques” gives 86-
family assembly code for generating a 10 us timer
routine.

High Performance Parallel Device Programming

Software for word- or double-word programming can
be written in two different manners. The first method
offers simplicity of design and minimizes software over-
head by using a byte programming routine on each de-
vice independently. Here you increment the address by
2 or 4 when addressing 1 of 2 or 4 devices, respectively.
The second method offers higher performance by pro-
gramming the word or double-word data in parallel.
This method manipulates the command register in-
structions for independent byte control. See Figure 9
for conceptual 2-device parallel programming flow
chart and Appendix E for the detailed version.

Raise Vpp
Get Address/Data Word
Reset Command and
Counter Variables

Program Data
Word

Time Out 10 us
Stop Programming with

Program Verify command

Y
— More Data?

N

Lower Vpp
Programming Complete

Data Word Programmed?—sIncrement Pulse Counter

Write Read command  Write Read command

Program Error

*You mask the device by substituting a Reset command for the Program and Verify commands. That way, the pro-
grammed bytes do not get further programmed on subsequent pulses. .

Mask Hi or Lo Byte

Last Pulse?
Y -

Lower Vpp
292046-11

Figure 9. Parallel Programming Flow Chart (Conceptual Overview)
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NOTE:
" Word or double-word programming assumes 2 or 4
8-bit flash memory devices.

Parallel Programming Algorithm Summary:

® Decreases programming time by programming 2
flash memories (16 bits) in parallel. The algorithm
can be expanded for 32-bit systems.

® Eliminates tracking of high/low byte addresses and
respective number of program pulses by directing
the CPU to write data-words (16-bit) to the com-
mand register.

® Maintains word write and word read operations.
Should a byte on one device program prior to a byte
on the other, the CPU continues to write word-com-
mands to both devices. However, it deselects the
verified byte with software commands. An alterna-
tive is to independently program high and low bytes
using hardware select capability.

4.4.3 Pulse Width Timing Techniques

Software or hardware methods can be used to generate
the timing required for erasure and programming. With

_either method you should use an in-circuit emulator
(ICE™) and an oscilloscope to verify proper timing.
Also remove the flash memory device from the system
during initial algorithm testing.

Software Methods and Examples

Software loops are easily constructed using a number of
techniques. Timing loops need to be done in assembly
language so that the number of clock cycles can be
obtained from the instructions.

In order to calculate a delay loop three things are need-
ed—

1) processor clock speed,
2) clock cycles per instruction, and
3) the duration of the delay loop.

As an example, the 80C186 divides the input clock by
2. With a 20 MHz input clock the processor’s internal
clock runs at 10 MHz. This translates to a 100 ns cycle

time. Delays can be made by loading the CX register’

with a count and using the LOOP instruction. The
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LOOP instruction takes 16 clock cycles to execute per

pass. It decrements the CX register on each pass and
jumps to the specified operand until CX equals zero.

When writing a delay loop consider all instructions be-
tween the start and end of the delay. If a macro is
written that delays 10 ps, add the clock cycles for all
instructions in the macro.

Here is an example of a 10 us delay and the calculation
of the constant required for a 10 MHz 80C186.

WAIT__10 ps:
push cx ;10 clock cycles
mov cx,DELAY ;4 clock cycles

loop $ ;see calculation
pop cx ;10 clock cycles
1. Start to End = 10 ps/cycle time
: = 10 us/100 ns
= 100 cycles
2. Loop Instruction= 100-24 cycles
= 76 cycles
3. Loop Cycles =176

= (15 x [DELAY —1] + 5)

4. Solving for DELAY = 6

Hardware Methods

Using an Internal Timer—

Many microcontrollers and some microprocessors have
on-chip timers. At higher input clock speeds these in-
ternal timers have a resolution of 1 us or better. The
timers are loaded with a count and then enabled. The
timer starts counting and when it reaches the terminal
count a bit is set. The CPU executes a polling algorithm
that checks the timer status. Alternatively, a timer-con-
trolled interrupt can be used. After the timer has been
set and the interrupt enabled, the CPU can be pro-

. grammed to wait in idle mode or it could continue exe-

cuting until the timed interrupt.
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One thing to take into account when using interrupts is
the time required for the CPU to recognize and inter-
rupt request (interrupt latency). This is important when
figuring the timer value, because the time seen by the
part will be the programmed delay plus the minmum
interrupt latency time.

The 80C186 has three 16-bit timers on-chip. Timer #2
can be a prescaler for the other two timers, which ex-
tends timers #0 and #1 range out to 2*32. By using
two timers, 10 us pulses and 10 ms pulses can be easily
achieved. ‘

Using an External Timer—

External timers can take many forms. One popular ex-
ample is the 82C54 (CHMOS Programmable Interval
Timer) which has three 16-bit timers on-chip. One tim-
er can be used as a prescaler for the others so that a
count of 2*32 can be achieved as with the 80C186 inter-
nal timers.

5.0 SYSTEM DESIGN EXAMPLE:
AN 80C186 DESIGN

A general purpose controller and/or data acquisition
system was built to demonstrate 86-based ISW. The
80C186 CPU drives the system, which contains
16 Kbytes of EPROM (two 27C64’s), 64 Kbytes of
flash memory (two 28F256A’s), 64 Kbytes of SRAM
(two 32K x 8’s) three 8-bit ports (82C55A), one serial
port (82510), and a 5V to 12.0V DC/DC converter.
Three 74HC573’s demultiplex the address/data bus
and latch the byte high enable line (BHE#) and the
status lines (if needed). Two data transceivers
(74HC245) simulate the worst case data path for a sys-
tem requiring added drive capability. If the transceivers
are not needed they can be replaced with wired headers.
See Appendix F for detailed schematics parts list, and
changes for the 28F512 or 28F010.

The 80C186 reset (output) drives the reset input on the
82510, 82C55A, and the OE# inputs on the address
latches and data transceivers. The reset line goes inac-
tive 5 clock cycles before the first code fetch. Also, the
CPU’s write signal is split into byte-write-high and
byte-write-low to allow for byte or word writes.

The 80C186 has on-chip memory and peripheral chip
selects. Two of the memory chip selects are dedicated.
One is the Upper Chip Select (UCS#, dedicated for the
boot area) and the second is the Lower Chip Select
(LCS#, for the interrupt vector table area). See the
memory map in Figure 10.
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Initialize H/W, Comm,
Boot flash memory algo's, etc.

ucs FCOOOH

Version update code,

Application Data Accumulation storage,
etc.
MCSO 40000H
RAM Vector table, Stack,
Buffers, etc.
LCS 0000

Figure 10. 80C186 Memory Map

The permanent code was placed in an EPROM in the
UCS memory segment; this code includes routines for
hardware initialization, communications, data upload-
ing and downloading, erasure and programming algo-
rithms, I/0 drivers, ASCII to binary conversion tables,
etc. This would be useful for systems reconfigured for
different communication protocols as the last step prior
to shipment.

- Code and constants that might change are placed in the

64 Kbytes of flash memory. Application examples in-
clude operating systems, code for rapidly advancing
biomedical technologies such as blood test software, en-
gine-control code and parameters, character fonts for
printers, postage rates, etc. The RAM is used for the
interrupt table, stack, variable data storage, and buff-
ers. .

The three 8-bit ports on the 82C55A peripheral con-
troller can be used for control and/or data acquisition.
It powers-up with all port pins high. Similarly, all port
pins go high after warm resets as well. Because the pins
are high after a power-up/reset, an open collector in-
vertor was used to control the MOSPOWER switch
which in turn controls Vpp. You must drive the FET
switch to one rail or the other to guarantee its low on-
resistance. Vpp is turned off during power-up or reset
as a hardware write protection solution. The DC/DC
converter supplies Vpp.

The 82510 is a flexible single channel CHMOS UART
offering high integration. The device off-loads the sys-
tem and CPU of many tasks associated with asynchro-
nous serial communications.
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The part can be used as a basic serial port for the host
serial link, or can be configured to support high speed
modem applications. For more information on the
82510 see the 82510 data sheet and AP-401 “Designing
with the 82510 Asynchronous Serial Controller”.

Software was written to download code and data pa-

rameters (code updates) from a PC to the demo board
through the PC’s COM1 port (serial port). The system
also can upload data (remote data acquisition) to the
PC via the same link.

Once the download code and data has been pro-
grammed it can not be lost, even if power should fail.
This is because Intel’s ETOX II flash memory technol-
ogy is based on EPROM technology and does not need
power to retain data. ‘

The end result: rugged, solid state, low power nonvola-
tile storage.
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6.0 SUMMARY

Intel’s flash memories offer designers cost-effective al-
ternatives for remote version updates or for reliable
data accumulation in the field or factory. Designers will
also benefit from time savings in any kind of code de-
velopment—no 15 minute waits for U.V. EPROM era-
sure. -

This application note covers the basics of in-system
writing to flash memories and can be used as a check
list for systems other than the 80C186 design shown.
The basic concepts remain the same: a CPU controls
the reprogramming operations; a 12V supply must be
applied to the flash memory for erasure and program-
ming; and a communications link connects the host to
the remote system and supplies the code to be pro-
grammed.
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APPENDIX A
ON-BOARD PROGRAMMING DESIGN
CONSIDERATIONS
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® outlines the design considerations associated with
on-board programming, and the improvements af-
forded by Intel’s flash memory;

INTRODUCTION This appendix:
On-board programming! (OBP) with Intel’s flash
memory provides designers with cost reduction capabil-
ities for alterable code storage designs. When used in
conjunction with on-board programming, flash memo-
ry presents opportunities for savings in two areas:

e offers guidelines for converting current 64K
EPROM OBP designs;

greater testability in the factory, which translates to ® designs an 8-bit system for on-board programming;
improved outgoing quality and reduced return rate; and e suggests some 16-bit flash design considerations;
quicker, more reliable field updates, which translates to and offers information on OBP equipment and ven-

decreased product support cost. dors.

1. With on-board programming, non-volatile memory is programmed while socketed or soldered on the application board,
rather than before hand as a discrete component. This programming method is also called in-module or in-circuit program-
ming, and has been practiced by some major corporations since 1981. See sidebar on following pages for more information

on U.V. EPROM OBP usage.

HOST APPLICATION
(Printer Shown Here)

pM———a—/
A,

printer ships to customer.

On-Board Programming Manufacturing Example—A printer is customized via OBP for international markets:
1. printer assembly completed, diagnostics code programmed and tested, and unit stored in inventory; 2. order
arrives for printer with foreign language font; 3. diagnostics code flash-erased, and desired font programmed; 4.

BOARD-PROGRAMMER

292046-29

INTEL’S FLASH MEMORY—DESIGNED
TO MEET YOUR OBP NEEDS

Intel’s flash memory simplifies OBP code updates by
offering designers the command register architecture.
As described in section 2.2, this architecture offers the
full reliability of EPROM off-board programming
without the hassles of elevating Vcc.

5 Volt Vcc Erasure and Programming
Verification

Unlike EPROM OBP, flash memory enables Vcc to
remain at 5.0V throughout all operations. Internal cir-
cuitry derives the erasure and programming verification
levels from the voltage on Vpp rather than from Vce.
These verify modes enable use of a single Vcc bus for
the entire board, as opposed to the two buses needed for
U.V. EPROM OBP. (See sidebar entitled EPROM
OBP).

L yee
ers easﬁy accommodate tlns requ;rement and 1t 1is generally mvxslble to the end-u
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REPLACING CURRENT EPROM OBP
DESIGNS WITH FLASH MEMORY

Hardware Considerations

A slight hardware modification is required to adapt
most of the current EPROM OBP designs for use with
Intel’s flash memory. Simply convert the EPROM
memory sites from 28 to 32 pins. All other board-de-
sign cirteria used for EPROM OBP apply to flash
memory as well. (For discussions of these criteria see
section entitled New OBP Designs).

Standard EPROM OBP requires the board designer to
bus PGM # to the edge connector. With flash memo-
ries’ command register architecture, this same trace en-
ables electrical erasure and programming, only now the
line is called Write Enable (WE#). The timing for
WE# is similar to that of read accesses, although that
is handled via software changes.

Another potential hardware change is on the board
programmer side of the design—the Vpp supply. Many
'EPROMs program with 12.5-13.0V Vpp supplies. In-
tel’s ETOX II flash memory requires 11.4-12.6V Vpp.
This change should not be an issue since the Vpp sup-
ply on many board programmers is programmable.

Mixed memory systems containing both conventional
U.V. EPROM and flash memories require special con-
sideration. This type of memory design requires separa-
tion of the Chip Enable (CE#) control lines between
the EPROM and flash devices to allow for independent
reprogramming control and access. The PGM# and

AP-316

WE# lines can be common if the board programmer
can give the appropriate timings to either type of de-
vice.

Software Considerations

Manufacturers who program EPROM:s on-board today
will need new board-programmer software to take ad-
vantage of flash memory’s feature set, specifically soft-
ware for the Quick-Erase and Quick-Pulse Program-
ming algorithms.

Benefits of Converting Your EPROM OBP
Design to Flash

The most pressing reason to convert from a standard
EPROM to flash memory is the total cost savings. To
appreciate this, you must consider your way of doing
business at the board and system levels—from the fac-
tory to installation and repair in the field. In the facto-
ry, boards can be tested with a diagnostics program in
the flash memory and then erased and reconfigured for
shipment in the same step. Improved testing will de-
crease the probability of field failures and costly cus-
tomer returns. Simplified test and rework methods will
decrease your inventory holding costs. Also, if in the
process of converting to flash memory you include the
ability to OBP via a cable-connector, service calls for
code updates will be quicker, more reliable, and cost
less money. Your serviceman would simply connect the
programming equipment to the system without disman-
tling it to remove the EPROMs. (See section entitled
The System/Board-Programmer H/W Connection for
details.)

‘opera predictably.

‘ mcreased costs of buﬁ'ers and extra board: space.

EPROM OBP (cont’d)

:W1th OBP, jthe EPROM b«aard-programmer handles the clevatcd—Vcc reqmrement easﬂy as well. However,’
~when VCC is greater. than .)V loglc devices populatmg the same board may draw - excessive current and not;

One solution to this issue mvolves Tunning separate Vcc traces to the board’s edge connector~one for EPROM':
programmm and one fm‘ powermg up the rest of the board :
mderation when d&ngmng for EPROM OBP has been accessmg manufacturer and devme codes

er mode requlres fcrcmg A9 to 12V This transiates to addmg extra 1solat1cm, whlch 1mp11ts thef
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NEW OBP DESIGNS

Design Considerations

As with EPROM in-circuit programming, flash memo-
ry board programming requires the use of a board-pro-
grammer. Unlike U.V. erasure for standard EPROM
OBP, electrical erasure enables flash memory OBP
without removing the board from the system.

We will look at designing a board that is to remain pow-
ered-up in the system during erasure and reprogram-
ming. The key concept is to design the board in such a
way that the programmer can take control of the system
during code updates. The implementation of such a de-
sign is straightforward, easy, and suited to automated
production assembly.

Taking Control

The board-programmer needs to take control of the
.system’s address bus, data bus, control lines, etc. to
update the code without damaging the system. (See
Figure 2. System to Board-Programmer Interface.)
Taking control simply means isolating the rest of the
system from these lines.

Various methods of isolating the memory from the sys-
tem include using tristate buffers, latches, or even the
capabilities designed into microprocessors (uP) and mi-
crocontrollers (uC). For example, Intel’s 86-based uP
family has HLD/HLDA signals that were set-up for
multiprocessor system designs where bus control is a
major concern. The HLD signal, when acknowledged,
tristates the address, data, and control lines. Although
not designed for multiprocessor environments, Intel’s
MCS®-51 and MCS-96 microcontroller families have
Reset capabilities to help simplify this same task.

]

Intel o
One issue to be aware of when using a CPU’s reset
control function is that it may switch from the reset to
active condition at a non-standard logic level. This only
presents a problem if the address/data buffer takes

longer to activate than the CPU, and the CPU attempts
to fetch code from a memory device isolated from it.

One approach to insure successful programming take-
over (i.e. without bus contention) is to have the board-
programmer’s lines in a high impedance state during
connection to the system. Once connection to the sys-
tem has been secured, the serviceman could hit a button
on the board-programmer to start the system takeover
procedure. Then when total control has been estab-
lished, the programmer would commence with erasure
and reprogramming.

Aside from the flash device’s isolation from the system,
various CPU control lines (MEMRD#, WE#,
PSEN #, etc.) may need isolation as well. If active dur-
ing Reset, these lines may put the CPU into an unspeci-
fied state. When designing a board for OBP, check the
uC/uP data sheets carefully for any special reset con-
ditions.

Printed Circuit Board Guidelines for
Vce and Vpp

Programming conventional EPROM and flash memo-
ries takes 30 mA of current on Ve and Vpp, due to
the nature of hot-electron injection. Most of the charge
transfers to the memory cell’s floating gate in a short
current spike during the first pulse. You should design
both the Voc and Vpp traces with A.C. current spikes
in mind. Wherever possible, limit the inductance by
widening the two traces. Bypass capacitors (0.1 uF)
should be placed as close as possible to the memory
device’s Ve and GND pins, as well as the devices Vpp
and GND pins. The capacitor on Vcc decreases the
power supply droop. The capacitor on Vpp supplies
added charge, and filters and protects the memory from
high frequency over-voltage spikes2.

2. For a complete discussion of electrical noise, grounds, power supply distribution and decoupling see Ap-74—High Speed
Memory System Design Using the 2147H, and AP-125—Designing Microcontroller Systems for Electrically Noisy Environ-

ments.

A better soluuon than 1gnonng the ldentxﬁer is
algonthm enly
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SYSTEM CARD BOARD-PROGRAMMER
‘s | — | =— A [ljgh fo;d:‘r Address
A A N ine for Memory
14 14 Select
Ars Az
Az A2
Address Bus for ] o
Chip Enables < Device Address
and Flash Memory [ o 4 Lines
Address Inputs
o o
o o
. AO AO J
r D7 D7 N
o o
Data Bus for { > Data Lines
Input/Output
o o
- DO [)0 v"
RESET | PS
Sys. Interface MEMWR PSs
Control Lines | MEMEN# CE# - Decoder Enable Line
MEMRD# OE# - Read Control Line
WE# WE# - Erase/Program Lines
Vpp Vpp — Programming Power
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The System/Board-Programmer Hardware
Connection

In most U.V. EPROM OBP applications, designers use
the board’s edge-connector as the programmer inter-
face. This approach is the lowest cost solution for stan-
dard EPROM technology because U.V. erasable devic-
es require system disassembly for erasure anyway. With
flash memory, you can eliminate the system disman-
tling and capitalize on the erase feature by adding a
cable connector to the board for reprogramming pur-
poses. The connector should extend from the board
through the system’s chassis, and should be easy to
reach by a serviceman.

Various types of cables exist on the market that could
be used to connect programming equipment to the sys-
tem. The key design consideration when choosing the
type of cable is elimination of all transient noise that
would interfere with the programming or erasure pro-
cess.

Three types of noise interference and methods to dimin-
ish the noise are as follows:

1. line to line cross-talk (due to board-programmer’s
drivers that drive sharp step functions on adjacent
address lines); solved with either ribbon cables, hav-
ing alternate lines grounded, or with braided twisted-
pairs that have a ground line for each active signal;

2. programmer line-driver-to-board impedance mis-
matches leading to transmission line effects of signal
reflection, and interference; solved by limiting cable
length, decreasing programmer switching speed (or
allowing longer settling time between address
switches) or by using matched line drivers on the
programmer and high impedance buffers on the
board end, or by using series termination resistors on
the driving end of the cable (i.e.—board-programmer
end, with the exception of the bi-directional data bus
which needs series resistors at both ends);

3. 1f pick-up in electrically noisy environments; use ei-
ther shielded cable such as coax, ribbon cable with
solid copper ground plane, or a new type that has
recently become available called Flex cable.

Braided twisted-pair cables when kept under three feet
in length generally reduce cross-talk to acceptable lev-
els. This type of cable offers the most cost-effective so-
lution which works well in most applications. Depend-
ing on the environment, the programmer and your de-
sign, you may need a combination of solutions, such as
braided twisted-pairs with series termination.

intal.

At first all of these alternatives may seem expensive or
superfluous, but keep in mind that the cost of a single
cable and programmer gets amortized over the total
number of systems programmed.

AN 8-BIT BUS DESIGN EXAMPLE

An example of an in-circuit reprogrammable controller
board is an 80C31, two 28F256A’s and some glue
chips. (See Figure 3. for a system block diagram. See
Appendix A. for a detailed system schematic.)3 The
important issues for erasure and reprogramming are as
follows:

1. the board-programmer must have uncontested access
and control of the flash memory array; and

2. the microcontroller must be reset (un-active) during
the erasure and programming cycles.

SYSTEM DESIGN

Bus Control Circuitry

The 80C31 has an active-high reset pin, which tristates
the address and data bases. Route this line (RESET) to
the programming connector. Tie the OE# pins on' the
low-order address latch (74HCT573), and the PSEN#
buffer-enable (74HCT125)4 together, and route that
line MEMWRS to another pin on the programmer-in-
terface connector.

During normal system operations when the uC reads
program code from the 28F256 devices, the pull-down
on MEMWR keeps the address latches and PSEN#
buffer active. During flash memory OBP, the board-
programmer drives MEMWR active-high, which dis-
ables these outputs, and isolates the address bus and
PSEN# from the programming signals.

The board-programmer must independently control the
RESET and MEMWR traces because they disable at
different Vyp, values (2.5V for RESET vs 0.8V for
MEMWR). If controlled by the same 5V supply, on
power-up or after a reset condition the pC would try to
execute code while still isolated from its code source—
specifically before the address latches and PSEN#
buffer activate.

Address Decode Circuitry

This design shows two 28F256A flash memories. Sys-
tems with more than one memory device typically de-
code the CPU’s high-order address to select a particu-
lar device.

3. Note that the flow-through latch on the data bus is not needed with the 80C31, but is drawn as an example for CPU’s that

can not tristate their data bus.

4. The isolation buffer is required on PSEN# in this design because the 80C31 goes into unspecified states when the Reset
and PSEN+# lines are active simultaneously. To avoid any possible problems, buffer PSEN#
5. MEMWR = > bus isolation control of PSEN# and the data bus.
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This is accomplished as illustrated. When A15 is low,
the lower 32K bytes are selected. The output of the
inverter drives the other 28F256A’s chip enable. This
type of memory architecture promotes power savings
by disabling all memories but the one being addressed.

To accomplish this two-line memory control architec-
ture, route the inverter’s input A 15 to the 80C31 and to
the programmer interface connector.8 The board-pro-
grammer controls the inverter’s output enable with
MEMEN#.9 The MEMEN# line performs the func-
tion normally performed by CE# in component pro-
gramming. When driven to a logic “1” level
MEMEN# pulls the inverter’s output high. This dese-
lects all memory devices controlled by that I.C. During
normal read and standby operations, the pull-down on
MEMEN# keeps the decoder enabled.

Erasure and Programming Control Circuitry

In this design, Vpp and WE# are active only during
reprogramming. At other times, the two inputs would
be inactive. Simply tie the WE# line to V¢ through a
pull-up resistor. The pull-up limits the current to the
board programmer during reprogramming. (Recall that
WE# is active low.) Flash memories allow Vpp to be at
12V, V¢ or ground for read operations. This design
ties Vpp to V¢ through a diode and resistor to allow
for EPROM OBP compatibility. If this option is not
- required, simply tie Vpp to ground through a current-
limiting pull-down resistor.

Returning Control to the Host System

The board-programmer should return system-control
to the host processor in an organized manner. First it
should lower Vpp from 12V to 5V, or ground. Then the
board programmer should place its address and data

intal.

- buses into a high impedance state. Next PS2, which

controls MEMWR should be tristated thus disabling
the PSEN # /Address latch isolation. Finally the board-
programmer should switch PS1, which drives the RE-
SET line to reactivate the nC. This sequence guaran-
tees that the nC will begin operation at a known pro-
gram code location.

16-BIT BUS DESIGN
CONSIDERATIONS

An example of an On-Board programmable 16-bit sys-
tem board would be an 80C186 microprocessor, two
28F010 flash memories, RAM, and some glue chips.
The basic hardware design considerations would be the
same as those in the previously discussed 8-bit bus ex-

ample. )

There are a few issues with 16-bit designs that do not
arise in 8-bit designs. For the programmer to take con-
trol of the system, it must tristate and reset the uP as
well as tristate the bus buffers and latches. The HOLD
and RESET lines of Intel’s 86-based family of micro-
processors have been designed with bus isolation in
mind for use in multiprocessor systems.

The designer has two options for erasing and program-
ming the high and low bytes of the flash memory array
independently. )

1) The designer can route two WE# lines to the pro-
grammer connector—BYTE HIGH WE# and BYTE
LOW WE#.

2) The reprogramming software can follow the masking
procedure shown in section 4.4. This method allows a
common WE# line for the high and low bytes.

8. Note the lack of isolation buffers between the 80C31’s high order addresses (Port 2) and the board-programmer interface,
compared to the latch separating the low order addresses (Port 0) and the interface. In this design example, we make use of
the 80C31’s ability to tristate these ports, so no isolation is needed for any of the addresses. The latch on Port 0 is for the
time-multiplexed address/data architecture of this mlcrocontroller, and not specifically for isolation.

9. MEMEN = memory enable, active low.
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OBP EQUIPMENT AND VENDORS

If you are considering OBP for your next design, and
have not used on-board programming before, you will
need to choose a board-programmer vendor. Various
suppliers offer OBP systems; therefore, it is well worth
it to send out requests for programming support bids. If
your production volume justifies the purchase of more
than one board-programmer, you may want to negoti-
ate a non-recurring engineering charge for development
cost, followed by variable costs for additional units.

Most vendors offer a variety of basic systems, designed
to easily adapt to your needs. Systems can be purchased
that program either single boards serially, or a number
of boards in parallel. Light-weight OBP equipment de-
signed for field reprogramming can also be obtained
from some of the vendors.

Most companies will work directly with you at the be-
ginning of your design phase to ensure OBP compati-
bility. If your design is beyond the definition stage, the
programmer manufacturer will request a copy of your
schematics or -block diagrams under non-disclosure.

The vendor has an OBP design specialist that will .

check the design for OBP compatibility. Any potential
- problems will be located and corrected at this early
stage.

Every board’s architecture is different (i.e., based on
different central processing units (CPU), decoding
schemes, buffering methodologies, interface connectors,
and types and densities of memories). Vendors write
custom software modules for each application. Also,
the vendor or the board designer typically builds an
interface jig to connect the board’s edge connector to
the programmer. This choice is often left as a decision
for the designer.

5.144
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Partial List* of Compan‘ies Selling
Board-Programmers

Following are a few of the companies who offer on-
board programming solutions today:

Data 1/0 Corp.

Digelec

Elan Digital Systems

Oliver Advanced Engineering, Inc.
Stag Microsystems, Inc. .

*This list is intended for example only, and in no way
represents all companies that support on-board pro-
gramming. Intel Corporation assumes no responsibili-
ty for circuity other than circuitry embodied in an In-
tel product. No other circuit patent licenses are im-
plied.

SUMMARY
® On-board programming (OBP) has been around
since 1981. .

® Designing a board for OBP can be easily done by
working with a board-programmer vendor’s OBP-
design-specialist during the initial design phase.

® In-circuit alterable code storage can be easily imple-
mented by using flash memory and it’s features.

® Time and money savings can be realized in a num-
ber of ways by taking advantage of flash memory
OBP:

<> Decreased board costs and improved reliability
from elimination of EPROM sockets;

<> Decreased manufacturing costs from elimination
of board eraser depreciation costs, recurring U.V.
light bulb and energy expenses;

<> Decreased inventory expense from simplified test
and rework methods (one-step diagnostics, era-
sure, and board configuration);

<> Decreased product costs based on decreased
board-handling loss;

<> Improved board diagnostics and testability leading
to higher quality and decreased customer returns;
and ‘

<> Quicker, more reliable field code updates.
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APPENDIX B
Vpp GENERATION CIRCUITS

Circuit # 1—Regulation from a higher voltage
Circuit #2—Regulation from a higher voltage
Circuit #3—Regulation from a higher voltage
Circuit #4—5V to 12V Boost

Circuit #5—5V to 12V Boost

Circuit #6—Monolithic DC/DC Convertor

For more detailed information on Vpp generation circuits, see AP-357 titled Power Supply Solutions for Flash
Memory (Order Number 292092).

Circuit #1

Down Conversion
(From 14.0V-26.0V to 12.00V)
Vin In Out Vout
Vee
LM2391CT o
R3
On/Otf Gnd Adj
Vpp T c2
Enable
£
G R2
= ! Vout = 1.20v (R1/R2 + 1) |
292046-12
COMPONENTS - COST*
LM2391CT $0.75
R1 = 20KQ, 1% 0.045
R2 = 180 KN, 1% 0.045
R3 = 10KQ 0.02
C1=0.1pF 0.02
C2 = 100 pF 0.15
$1.03
NOTES:
—The LM2391 offers an enable pin for added data protection.
—The drop out voltage is 0.6V.
—R83 is NOT required if Vpp enable is driven by a CMOS device.
*Cost approximations assume 10,000 piece quantity.
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Circuit #2

Down Conversion
(From 16.00V-26.00V to 12.00V)

'Vin o LM-317 © Vout
Out

Voltage Regulator
Adj

c1

{vout = 1.25v (R2/R1 + 1)} =
292046-13
COMPONENTS cosT*
LM-317 0.40
R1 =1240,1% 0.045
R2 = 10709, 1% 0.045
Ct =0.1pF 0.02
C2 = 100 pF 0.15
' ‘ , $0.66
NOTES: ‘
LM-317 requires a minimum Vin-Voyt = 3.0V
*Cost approximations assume 10,000 piece quantity.
Circuit #3
Down Conversion
(From 15.0V-40.0V to 12.00V)
Vi
n In LT1085 Vout
Out
. Voltage Regulator
Adj
c1
{Vout = 1.25v (R1/R2 + 1)} —T—:
: ’ 292046-14
COMPONENTS - 'COST*
LT-1085 2.50
R1 = 1240,1% 0.045
R2 = 10700, 1% 0.045
C1 =10 pF - 0.10
C2 = 10 pF 0.10
$2.79
NOTES:
LT-1085 requires a minimum ViN-VoyT = 1.5V
*Cost approximations assume 10,000 piece quantity.
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Circuit #4

Up Conversion
(From 5V to 12.0V)
Y
+
)7
I 150 uH
MUR120
ViN Vsw
o IN5919A-5.6V  Vpp
* O OUTPUT
LT1072 1pr] ] I+ 200 mA MAX
v T SR I 100 uF
PP
COMMAND FB g —_—
Ve oND | SrR2 T
S
g 270k ]
< R3 -
at S 1k
2N3904 jL
c2
1 uF
= 292046-33
COMPONENTS COST*
LT1072 1.82
R1 = 10.7k, 1% 0.045 Resistor
R2 = 1.24k 1% 0.045 VppOUT | R1 | R2 | 0 nce
R3 = 1k,5% 0.02 .
R4 = 120k, 5% 0.02 ‘ 12.0V | 10.7k | 1.24k 1%
R5 = 270k, 5% 0.02 °
Cl=1pF 0.10
C2=1pF 0.10
C3=10pF 0.15
L1 = 150 pH 1.00
Q1 = 2N3904 0.10
$3.42
NOTES:
Drive Vpp COMMAND low to turn on the circuit.
*Cost approximations assume 10,000 piece quantity.
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Circuit #5

Up Conversion Circuit
(From 5.0V to 12.0V)

1 : 11 Vpp Out
+5v V+
24| +5v

Valor v+
PM7006 V-

j—-o
1 a0 | v-i

292046-16
COMPONENTS cosT*
PM7006 $6.25
C1=01pF 0.05
Buz11A 259
‘ $8.89

NOTES:

1. The capacitor decreases output noise to 140 mV pk-pk.

2. We added the Buz11A Mospower nFET to enable/disable the converter. This control minimizes power consumphon
which under full load can reach 600 mA.

3. The voltage drop across the switch is 0.1V. Due to this drop the PM7006 will not maintain the Vpp spec with 10%
fluctuations in Vg supply.

*Cost approximations assume 10,000 piece quantity.
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APPENDIX C

LIST* OF DC-DC CONVERTER COMPANIES

AT&T MICROELECTRONICST
3000 Skyline Drive

Mesquite, TX 75149

Tel: (800) 526-7819

Fax: (214) 284-2317

BURR-BROWN CORP. T
P.O. Box 11400

Tucson, AZ 85734

Tel: (800) 548-6132

Fax: (602) 741-3895

LINEAR TECHNOLOGY CORP.A
1630 McCarthy Blvd.

Milpitas, CA 95035

Tel: (408) 432-1900

Fax: (408) 434-0507

MAXIM INTEGRATED PRODUCTSA
120 San Gabriel Drive

Sunnyvale, CA 94086

Tel: (408) 737-7600

Fax: (408) 737-7194

MOTOROLA INC.A
2100 E. Elliot Rd.
Tempe, AZ 85284
Tel: (800) 845-6686

NATIONAL SEMICONDUCTOR CORP.A
Mt. Prospect, IL 60056

Tel: (800) 628-7364

Fax: (800) 888-5113

SHINDENGEN AMERICA, INC.t
2649 Townsgate Rd., Suite 200
Westlake Village, CA 91361

Tel: (800) 634-3654

Fax: (805) 373-3710

SILICONIX INC.A
2201 Laurelwood Rd.
Santa Clara, CA 95056
Tel: (800) 554-5565
Fax: (408) 727-5414

TOKO AMERICA, INC.T
1250 Feehanville Drive
Mount Prospect, IL 60056
Tel: (708) 297-0070

Fax: (708) 699-7864

VALOR ELECTRONICST
6275 Nancy Ridge Dr.

San Diego, CA 92121

Tel: (619) 458-1471

i

*This list is intended for reference only, and in no way represents all companies that support power conversion
products. Since this industry develops many new solutions each year, Intel recommends that the designer contacts
the vendors for the latest products. Intel will continue to work with the industry to develop optimum solutions for
power conversion. Intel Corporation assumes no responsibilities for circuitry other than circuitry embodied in Intel

products. No other circuit patent licenses are implied.

‘TMonolithic Solutions
ADiscrete DC to DC Converter Solutions
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APPENDIX D
PARALLEL ERASE FLOW CHART

START ERASURE
APPLY Vpoy

PROGRAM ALL DEVICES

v

E_COM = 2020H
V_COM = AOAOH

l¢

-~

€

WRITE ADRS/E_COM

WRITE ADRS/E_COM
TIME OUT 10 mS

WRITE ADRS/V_COM

DEVICE VERIFY &
MASK ROUTINE

F_DATA = FFFFH FLAG=07?
?

Y
RESET E_COM, V_COM

~ INC ADRS,
LAST ADRS?_

WRITE READ_COM
APPLY Vpp,.
ERASURE COMPLETE

WRITE READ_COM

ERASURE ERROR

292046-34

COMMENTS

Wait for Vpp to stabilize.

Use Quick-Pulse Programming
algorithm.

Initialize Variables:

INITIALIZE: PLSCNT__HI = HI Byte Pulse
PLSCNT_HI =0 Counter :
PLSCNT-LO=0 PLSCNT_LO = Low Byte Pulse
FLAG=0
ADRS = 0 Counter

FLAG = Erasure Error Flag
ADRS = Address

E_COM = Erase Command
V__COM = Verify Command

Erase Set-up Command
Start Erasing

Duration of Erase Operation.

Erase Verify Command stops
erasure.

See next page for subroutine.

When both devices at ADRS are
erased, F_DATA=FFFFH.

If not equal, increment the pulse
counter and check for last pulse.

Reset commands to default
(E_COM=2020H,
V_COM=A0AOH)
before verifying next ADRS.

Reset devices for read operation.

Turn off Vpp.
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Device Erase Verify and Mask Subroutine

COMMENTS

START SUBROUTINE
TIME OUT 6 uS

This subroutine reads the data word
(F_DATA). It then masks the Hl or
LO Byte of the Erase and Verify
commands from executing during
the next operation.

READ ADRS/F_DATA
F_DATA =FFFFH If both HI and LO bytes verify, then
? return.
N
J LO_BYTE = (F_DATA AND 00FFH)| Mask* the HI Byte with OOH.
E_COM = (E_COM OR OOFFH) If the LO Byte verifies erasure, then
V_COM = (V_COM OR OOFFH) mask* the next erase and verify

commands with FFH (Reset).

If the LO Byte does not verify,
increment its pulse counter and
Y check for max count. FLAG = 1
denotes a LO Byte error.

PLSCNT_LO = 3000d FLAG = FLAG + 1
?

N Y

>
<

2

v
[iZBYTE = (F_DATA AND Froon) | Repeat sequence for the Hi Byte

HL_BYTE = FFOOH E_COM= gLCOM OR FFOOH%
?

V_COM = (V_COM OR FFOOH

FLAG = 2 denotes a HI Byte error.
FLAG = 3 denotes both Hl and LO
N Y _ Byte errors.

PIFLAG=FLAG + 2

.
»

7N
2

A 4

‘ SUBROUTINE END ’

292046-35
NOTE:
*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming flash
data (F_DATA), the erase commands and the verify commands. Then manipulate the HI or LO register contents.
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APPENDIX E
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PARALLEL PROGRAMMING FLOW CHART

( Start P:ogram )

Apply VppH J

[ Get ADRJS/P__DAT )
L 2

Initialize:
PLSCNT_HI =0
PLSCNT_LO =0
FLAG =0
V_DAT = P_DAT
P_COM = 4040H
V_COM = COCOH

[ write xx/P_COM |

{
|write ADRS/V__DAT]| 1

\

n .

I Time Out 10uS ] High/Low Byte
i) Compare & Mask

lWrite ADRSN_COM] Subroutine

¥
[ Time Out 6uS ]
]

| Read ADRS/F_DAT |

F_DAT = P_DAT

More Data
?

.‘ N
| Write READ_COM | | Write READ_COM |
¥
| AepyVeeL | | ApplyVer |
3 ]
( Program Error 3 (Program Complet@ \

292046-19

COMMENTS

Wait for Vpp ramp to VppH

ADRS = address to program
P_DAT = data word to program"

Initialize Data Word Variables:
PLSCNT__HI = Hl Byte Pulse
Counter
PLSCNT__LO = LO Byte Pulse
Counter
FLAG = Program Error Flag
V__DAT = valid data
P_COM = Program Command
V_COM = Verify Command

Program Set-up Command
xx = Address don’t care

Program

See next page for subroutine

Program Verify Command

F__DAT = flash memory data

Compare flash memory data
to valid data (word compare). If not
equal, check for program error
flag. If flag not set, compare High
and Low Byte in subroutine.

Check buffer or 1/0 port for
more data to program.

Reset device for read operation.

Turn off Vpp.
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Program Verify and Mask Subroutine

AP-316

NOTE:

START SUBROUTINE

J LO_BYTE = (F_DATA AND 00FFH)|

LO_BYTE=
(V_DATA AND 00FFH)
?

INCREMENT PLSCNT_LO §

PLSCNT_LO =257

COMMENTS

 P_COM = (P_.COM OR OOFFH)
V_DAT = (V_DAT OR OOFFH)
V_COM = (V_COM OR OOFFH)

-~

A\ 4
§ HI_BYTE = (F_DATA AND FFOOH) {

HI_BYTE=
(V_DATA AND FFOOH)
?

INCREMENT PLSCNT_HI

PLSCNT_HI = 252

&
<

P_COM = (P_COM OR FFOOH)
V_DAT = (V_DAT OR FFOOH)
V_COM = (V_COM OR FFOOH)

PIFLAG = FLAG + 2

-}
‘ SUBROUTINE END ’

292046-40

To look at the LO Byte, mask*
the HI Byte with 00.

If the LO Byte Verifies, mask
the LO Byte commands with
the reset command (FFH).

If the LO Byte does not verify,
then increment its pulse
counter and check for max
count. FLAG = 1 denotes a
LO byte error.

Repeat the sequence for the
HI Byte.

FLAG = 2 denotes a Hl Byte
error. FLAG = 3 denotes both
HI and LO Byte errors. FLAG
= 0 denotes no max count
errors; continue with algorithm.

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data
(F-DAT), the program commands and the verify commands. Then manipulate the Hi or LO register contents.
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APPENDIX F

DETAILED SYSTEM SCHEMATICS

R1

L

swi

80C186

U}

14

AD9
AD8|

ucs#|
LCS¥#|

8238888
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256K FLASH MEMORY DEMO PARTS LIST

Device Component Pins Description

[11 80C186 68 16-bit high integration CPU

[2,3,4] 74HC573 20 Latch

[5,6] 74HC245 20 Transceiver

[71 74HC32 14 OR gate

[8L,8H] 27C64 28 16 Kbyte EPROM

[9L,9H] 28F256A 32 64 Kbyte flash memory

[10L,10H] 32K x 8 SRAM 28 64 Kbyte SRAM

[11] 82510 28 Asynchronous Serial Controller

[12] 14C88 14 RS-232 Line Driver

[13,14] 14C89 14 RS-232 Line Receiver

[15] 82C55A 40 Programmable Peripheral Controller

[16] PM7006 24 DC/DC Convertor (5V-12.00V)

[17] 7406 14 Invertor—Open Collector (O.C.)

C1 20 pF 2 Capacitor for CPU reset

‘D1 1N914 2 Diode for CPU reset

F1 BUZ11A 3 MOSPOWER nFET

Ji DB-25 25 Connector (male)

0OSC-1 20 MHz 14 CPU Oscillator

0SC-2 18.432 MHz 14 Serial Controller Oscillator

R1 10 KQ 2 1aW, 10% Resistor for CPU reset

R2 1KQ 2 1/4W, 10% Resistor for O.C. pull-up

SWi1 3 Momentary Push Button for CPU reset
NOTES:

1. Place a 0.1 pF bypass capacitor at the Vg input of each IC.
2. Place a 0.1 pF bypass capacitor on the Vpp input of each 28F256 flash memory.

28F512 UPGRADE FOR THE 2. Change the MCS individual block-select size from »

64 Kbytes:
80C186/FLASH MEMORY DESIGN . . VALUE = $1FSHL
To upgrade the 80C186/Flash memory design to han- MPCS__VALUE = 0AOBS8H
dle 28F512’s, the range of the CE# signal has to be to 128 Kbytes:
increased. There are a number of ways to generate a MMCS__VALUE = 01FEH,
CE# signal that will span the 128 Kbyte address range MPCS_VALUE = 0COBEH
of two 28F512 devices. . Also, cut the CE# trace to the RAM sockets. Then
1. AND two of the current MCS lines together (defined wire MCSO# to the RAM CE#. This eliminates the
for 64 Kbytes each); or MCSO0# and LMCS# range overlap caused by in-

creasing the MCS range to 128 Kbytes. See 80C186
Data Sheet page 21 and 22 (Order # 270354).
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28F010 UPGRADE TO THE
80C186/FLASH MEMORY DESIGN

To upgrade the 80C186/flash memory design to handle
28F010’s, a CE# signal has to be generated. There are
a number of ways to generate a CE# signal that will
span the 256 Kbyte address range of two 28F010 devic-
es.

Kbytes each as noted in the 28F512 modifications):

Cut the LMCS trace to the RAM sockets. Connect
MCSO0# to CE# on the RAM sockets (U10L,UH).

Cut the MCS2 # trace to the flash memory. Add an
AND gate. Connect MCS2# (cut trace) and
MCS3# to the inputs of the AND gate. Then wire
the AND gate output to the CE# of the flash memo-
ries.

Also, change the onboard memory MCS register to:
MMCS_VALUE=01FEH, MPCS__
VALUE=0COBEH [128K blocks],

and delete:
LMCS__REG and LMCS__Value.

. Add a decoder;

Add a decoder (74HC138). Connect address lines
Al18 and A19 to the B and C inputs of the decoder.
Tie the A input of the decoder low, and enable all the
enables. By using outputs YO, Y2, Y4, and Y6, you
have four CE# lines decoding 256 Kbyte blocks
each.

Cut the MCS2# trace to the flash memories. Con-
nect the Y2 output from the decoder to the CE#
input of the flash memory.

1. AND two of the MCS lines together (defined for 128

-
intal.
3. Replace the address latch (U2) with a PLD that
latches and decodes.

Program a 5C032 as an integrated latch and decoder.
Replace the upper address latch [U2] with the Intel
5C032 EPLD. Cut the CE# trace to the flash mem-
ories. Connect the flash memories’ CE# to the
5C032 pin 12. This maps the address space 40000H
to 7FFFFH. See Figures 1 and 2 for a comparison of
the 74HC573 (U2) and programmed 5C032 pin outs.
Figure 3 is the source code for the EPLD.

Also, change the value of the MMCS and MPCS
registers to 64 Kbyte blocks so that the MCS0#
range does not overlap the LMCS range.
MMCS__VALUE=41F8H, MPCS__
VALUE=0A0BSH.

-/

RESET [} 1 20 3 Ve
Arg 42 19 LA g
A,03 18 LA,
AgC}4 17 LAg
PPN = ERR T = (W9

sie#s  74MS73 s Lehes
so 7 14 LS,

s, s 130Ls,

s, 9 12ALs,

GND [ 10 11 ALE
292046-36

Figure 1. Latch Pinout

RESET 1 ~ 20 Ve
ag O 2 19 LAg
A,03 18 LA
ag4 17 LA g
-y = K u2 16 LA g
BHE#[Cl6 EPLD 5C032 15[ LBHE#
s, 7 14 1 CE# (40000H-0BFFFFH)
s, s 13 CE# (80000H-0BFFFFH)
s, 9 121 CE# (40000H-7FFFFFH)
e 10 11 ALE ’
292046-37

Figure 2. Integrated Latch and Decoder
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Thom Bowns - PLFG Applications
Intel
January 13, 1989
EPLD HOTLINE: 1-800-323~EPLD
002
5C032
Custom Latched Decoder |
OPTIONS: TURBO=ON !
PART: 5C032
INPUTS: ALE@ll, RESET@l, Al9@5, Al8@4, Al7@3, Ale@2, nBHE@6
OUTPUTS: LA18@l7, LA17@1l8, LAl6@l9, LnBHE@l5, nCE3@l4, LAl9@l6,
nCE2@1l3, nCE1l@l2
NETWORK :
ALE = IN (ALE)
RESET = INP (RESET)
nRESET = NOT (RESET)
Al9 = INP (Al1l9)
Al8 = INP (Al8)
Al7 = INP (Al7)
Al6 = INP (Ale)
nBHE = INP (nBHE)
LAl19, LA19 = COIF (LA19d, nRESET)
LA18, LA18 = COIF (LAl18d, nRESET)
LAl17, LA17 = COIF (LAl17d, nRESET)
LA16, LAl16 = COIF (LAled, nRESET)
LnBHE, LnBHE = COIF (LnBHE, nRESET)
nCE3, nCE3 = COIF (nCE3, nRESET)
nCE2, nCE2 = COIF (nCE2, nRESET)
nCEl, nCEl = COIF (nCEl, nRESET)
EQUATIONS:
LA19d = Al19 * ALE + LAl19 * !ALE;
LA18d = Al18 * ALE + LA18 * !ALE;
LA17d = Al17 * ALE + LAl17 * !ALE;
LAl6d = Al6 * ALE + LAl6e * !ALE;
InBHEd = nBHE * ALE + LnBHE * !ALE;
nCE3d = nCE3EQN * ALE + nCE3 * !ALE;
nCE2d = nCE2EQN * ALE + nCE2 * !ALE;
nCEld = nCE1EQN * ALE + nCEl * !ALE;
nCE2EQN = !(Al19 * !Al18);
nCE1EQN = !(!A19 * Al8);
nCE3EQN = !(!A19 * Al18 + Al9 * !Al8);
END$

Figure 3. Source Code for the Integrated Latch and Decoder
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INTRODUCTION TO
REPROGRAMMING

You Are in Control

Rewriting any type of memory requires hardware or
software control. Traditional EEPROM designers com-
bined all control functions into each chip’s periphery.
This provided a highly functional chip but at a high
price. On the other hand, DRAM designers provided a
bulk memory with little integrated peripheral circuitry.
Each system designer then accommodated the DRAM
with external refresh signals and learned quickly that
failure to refresh yielded non-functioning memory
boards. Initially, software drivers controlled DRAM
refresh; today controllers provide the same function.

Similarly, early disk drives required every user to write
software to manipulate drive head movement. Failure
to follow drive specifications and algorithms caused ir-
reversible head crashes. Leading-edge engineers faced
these challenges and triumphed, as evidenced by the
sophisticated systems available today.

Since 1988, thousands of engineers have written soft-
ware to direct flash memory reprogramming. With first
generation flash memories, one sends a control signal to
a device to begin and end programming or erasure. It is
a simple process implemented on more than 40 million
units, however care must be taken. If algorithms are
not properly followed, a device may be rendered inop-
erable. This document discusses proper software and
debug technique, which yields dependable first genera-
tion flash memory operation. First generation products
include the 28F256A, 28F512, 28F010 and 28F020. All
second and third generation Intel Flash Memories con-
tain automated program and erase routines.

FUNDAMENTALS OF FLASH MEMORY
OPERATION

Adaptive vs Brute Force Algorithms

Many designers use EPROMs regularly. Few consider
the programming algorithms because the PROM pro-
grammer vendors take care of that function.

Two types of algorithms are in use today:
® Adaptive Algorithms
® Brute Force Algorithms

Adaptive algorithms such as Intel’s Quick-Pulse Pro-
gramming and Quick-Erase algorithms reduce pro-
gramming time. A feedback ‘mechanism recognizes
when each byte has been programmed sufficiently. You
may ask how is the point of sufficiency determined?
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One simply adds the net effects of Vcc and tempera-
ture variations, and superimposes on those factors the

normal EPROM charge leakage to obtain the answer.
The next question is how can these factors be checked?

NOTE:
EPROM and EEPROM charge leakage occurs over a
very long time—typically 100 years. Reliability papers
often discuss charge leakage in terms of the memory’s
data retention characteristic.

If you look at EPROM programming algorithms, you
will notice that V¢ is elevated during programming.
The elevated Vg acts as the feedback mechanism for
the adaptive algorithm. Reading the device and check-
ing for program completion is called verification, or
margining. (One is checking the margin to V¢ fluctua-
tions.) For example, if the part can be verified at 6.25V,
then it can withstand the fluctuations and normal
charge leakage.

During the past few years most major EPROM manu-
facturers have converted to adaptive algorithms. The
algorithm loops back and programs a byte again if the
first program operation does not verify at the elevated
voltage.

Brute force algorithms simply program each byte mul-
tiple times, typically with long program durations. This
type of algorithm has no in-system margin verification.
That is they assume but never verify program margin to
the typical environment effects.

Many flash memories that specify a brute force algo-
rithm may fail to retain data for 10 years. Additionally,
they may not read the data correctly even at specified
Vcc and temperature extremes.

Intel’s flash memory program and erase algorithms are
both adaptive. They offer margin verification without
requiring users to elevate Vcc in-system. When issued
a command to program verify, the memory’s command
register logic taps an internally-generated elevated Vo
from the user-supplied external Vpp (12V). This is why
it is essential that you provide the specified Vpp voltage
and follow the given adaptive algorithms. Intel’s adap-
tive algorithms, combined with the command register
architecture, assures reliable code and data storage and
dependable system operation.

Figure 1 shows an example of an adaptive byte pro-
gramming algorithm. Appendix A compares the algo-
rithm in Figure 1 to a brute force approach.
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292059-1

Figure 1. The flow chart shows the fundamental
nature of an adaptive algorithm. Based on the
outcome of program verification, the flow may
loop back for another program operation.

Moving Charge and Other Factors You
Should Know

This section discusses the mechanics of flash memory
programming. For most system designers, transistor-
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level discussions were last heard in college. We may
recall that DRAM consists of a storage capacitor and a
transistor. We remember this clearly because failure to
refresh that capacitor causes systems to malfunction. In
like fashion, one should understand the fundamentals
of flash memory reprogramming. The understanding
will enable error-free memory operation and reliable
system performance.

In simplest terms, each data bit equates to a memory
cell. Intel’s flash memory uses one transistor per cell
with the smallest possible architecture. This delivers
the lowest cost per bit and highest capacity, levering
system software (rather than bulky, complex cells) for
reprogramming control.

Figure 2 shows a simplified cross section of Intel’s flash
memory transistor. Note the structure; the cell is a
stacked gate MOS transistor. An isolated floating gate
stores the memory charge. The floating gate consists of
a layer of (conductive) polysilicon surrounded by (non-
conductive) oxide layers.

On a DRAM cell, each transistor connects to a capaci-
tor which stores the memory charge. The major differ-
ence between flash memory and DRAM derives from
their cell structure. The DRAM cell loses its charge if
not refreshed within a few milliseconds. On the other
hand, the flash memory floating gate maintains its
charge for typically 100 years. The structure is isolated
and insulated by the field and gate oxides—hence the
name “floating” gate.

ETOX Flash Memory Cell*

Control Gate

Floating Gate

Source

Substrate

Drain
Floating Gate

292059-2
*Patented Intel Processes

Figure 2. Simplicity of design assures increasing densities, manufacturability and reliability.
These are the attributes that drive mainstream memories.
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Changing the memory contents is simple. Figure 3
shows two memory cells—one being erased and one
being programmed. Erasure removes charge from all
bits simultaneously. Programming adds charge to se-
lected bits. During erasure, not all charge is removed.
The erase verify operation tells the system when
enough charge has been removed. At that point, the
flash memory behaves like a U.V.-erased EPROM.

Removing too much charge by erasing too long renders
the memory unprogrammable, Excessive erasure lowers
the cell threshold to the point where the transistor is
always on and always reads data “1”. (Recall that the
cell threshold, Vi, determines when the transistor turns
on or off,) You must control the erase timing within the
algorithm specifications on first generation flash mem-
ories. :

5-166

A second erase consideration relates to the first. Prior
to erasing the chip, you must blanket program all bytes
to data OOh, regardless of the previous data. This step
equalizes the charge on all transistors.

If you skip this step and proceed directly to erasure, an
interesting thing happens. Consider a typical byte pro-
grammed with data 0AAh (1010 1010b). While pro-
gramming this data, bits with data “1” remain erased
(charge removed), and bits with data “0” are pro-
grammed (charged added). Following programming,
normal read operations sense whether a memory tran-
sistor has more or less charge and drives the outputs
accordingly.



n
intal
®
Erasure
Removes Charge from Floating Gate
€6 ov
G=0v
FG 6 —_
e® =4
S 1w~ D J ls=1av
FG
292059-3
Field from Vs forces electrons from floating gate.
Programming
Adds Charge to Floating Gate
€6 v
) G=12v p=7v
F6~6)~& —
o%ePe =
S ov @ v D / ls=ov
FG
292059-4
Vgs > Vy turns transistor on creating source-drain channel (lgs);
Field from Vgq attracts electrons from channel current towards floating gate.
Figure 3. Flash memory cells during erasure and programming. Note the
movement of charge on and off the floating gate. The charge adjusts the
cell threshold, which tells the outputs whether a bit (transistor) is on or off.
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Erasure then removes charge from all bits. The bits that
have had charge added (data “0”) have some quantity
of charge removed; bits with less charge (data “1”)
have charge removed as well. This is akin to excessively
erasing the data ““1” bits. Pre-programming all bits to
data “0” equalizes the charge which allows for con-
trolled, uniform erasure of all bits in the device (i.e., all
1,048,576 bits in a 28F010).

The sections entitled “Margin for Error” and the
“Erase Algorithm Interpreted, Program all Bytes to
00h” discuss this concept in greater detail.

ERASURE—THE GOLDEN RULE

Erasure removes charge from all memory cells in paral-
lel. This lowers the cells’ threshold voltages from the
programmed level (6.5V) below V¢ to the erased level
(3.2V) The device continues erasing until told to stop
by the verify command or until the integrated stop-tim-
er counts down,

Margin for Error

Allowing erasure to continue too long depletes the
charge in floating gates. So you ask—how long is too

intal.

long? Figure 4 shows the margin for error of a typical
device. Following the algorithm would have stopped
erasure after 1 second. Cell depletion occurred after 10
seconds giving a 10x margin for error. This 10x margin .
exists if the erased cell erases in 1 second or 10 seconds
(i.e., within the algorithm limits). This chart shows one
typical example where the device happened to take 1
second to erase.

Flash memory has generous margin for error over the
stopping point defined by the algorithm. The stopping

" point is defined as the point when all bytes in the chip

verify to FFh data. The erase operation duration
(Twhwh?2) is specified at 10 ms * 500 ps. Five hun-
dred microseconds offers substantial allowance for sys-
tem latency during erasure and even for slop in the
timer generation. Processors or controllers can execute
many lines of code in 500 us, and the margin for error
simply adds another guardband.

Proper software and system design will never rely on
the additional margin for error. Remember, you control
the program code and system operation during erasure.
Once you have fully debugged your driver code, the
issue of software control disappears entirely.

(Volts) Typieal

sl: Program Level
7
6

CELL 5

THRESHOLD

4
3
2
1
0

ERASE TIME '
MARGIN FOR ERROR !

292059-5

Figure 4. The logarithmic-decaying nature of erasure allows for 10x
error in erase time before a device becomes inoperable. Remember,
each device has its own erase time, thus the use of an adaptive algorithm.
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Most Common Development Issues

Having covered the fundamentals of flash memory re-
programming, let’s move on to the system’s hardware
and software perspectives. The following list of ques-
tions might have occurred to you ...

® You have defined a system power supply with regu-
lated 5V and 12V outputs (Vcc and Vpp). Due to
the smaller capacitive load on the Vpp supply, Vpp
powers up much faster than the Ve supply. Will
this affect the device?

® How does the flash command register architecture
reset?

© Suppose your code sends a signal to start erasure,
and never tells it to stop?

° Suppose your software delay timers are not calibrat-
ed. Instead of stopping erasure after ten millisec-
onds, the code issues the stop command after 10
seconds?

© Suppose your 6 us timer used between the erase and
erase verify modes is only 2 ps?

© Suppose you decide to skip the first erase operation
(program all bytes to zero) because the device is al-
ready programmed with data?

© Suppose you are programming and erasing devices
in a 16- or 32-bit system?

The answer to all these questions can be found in the
following sections. The questions and the reasons all
relate to the discussion of how the cell works.

Device Initialization and Reset

Many logic devices which contain command or control
registers also have a reset pin. This pin serves two pur-
poses: it resets the device’s internal logic; and it syn-
chronizes the device’s clock to the system clock.

Intel’s first generation flash memory command register
and reprogramming circuitry reset to the read mode by
three means:

1. raising or lowering Vpp with Ve = 5V;

2. raising Ve with Vpp = 12V;

3. issuing the reset command twice in succession.
NOTE:

Method 3 stops erasure or programming as well as re-

sets the chip.

A few cases require closer consideration.

AP-325

Case 1. The System Controls Vpp with a Switch

Assuming Vg is stable with Vpp switches on, then the
command register defaults to the read mode. No pow-
er-on reset is required.

Designers might opt to include the Vpp switch for
either (or both) of two reasons. The first reason is pow-
er minimization. Depending on the technology used, a
voltage regulator or pump’s efficiency can range from
40%-85%. Switching off the Vpp supply minimizes
system power consumption. See Appendix B for an ex-
ample Vpp generation circuit with ON/OFF control
capability.

The second reason is absolute data protection. This fea-
ture is not available to 5V-only EEPROM because the
reprogramming voltages are generated internally. On
that class- of memory device, logic glitches can spuri-
ously change data during system power up or power
down. Flash memory’s 12V power requirement offers
absolute control over these concerns; with Vpp below
Vee + 2V, data protection is guaranteed. Internally,
the electric fields are simply too weak to spuriously
write data.

Case 2. Vpp Powers Up before Vgg

Systems with Vpp hardwired to a regulated transformer
might encounter this case. Typically, Vcc will charge
many more bypass capacitors than Vpp. Voo will
therefore power up much more slowly.

The flash memory power-down (Vcc = OV) default
state blocks Vpp from disturbing the array. These con-
ditions hold while V¢ is below ~2V. Once V¢ rises
above ~ 2V, the internal logic kicks in and resets the
device to the read mode. (This is analogous to the inter-
nal Vpp reset condition described in Case 1.)

Should the three control pins glitch during the power-
up phase (CElow, WElow, and OEhigh), then the com-
mand register acts to filter the data. The command port
will only react to the correct command sequence.

Designers might opt to hardwire Vpp for a number of
reasons. The first reason is cost minimization. A regu-
lated 12V secondary from a transformer is commonly
available. Adding a switch or a power supply sequencer
adds cost and complexity. The second reason involves
consideration of the end application. Using the flash
memory as a read/write memory requires optimization
for the write cycle. Powering Vpp on before each write
would waste considerable time.
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Start Bus
Operation Command Comments
Standby Wait for Vpp Ramp to
Vppy (= 12.0V)(1)
IR ERE R R R R R R R q. : .
Quick-Pulse + Use Quick-Pulse
Programming : Programming
)
‘
)
)
'
! Initialize Addresses,
—— ‘ Erase Pulse Width, and
TEW= 10ms Pulse Count
PLSCNT=0
+ <
Write E i . =
oite . P Write Set-Up Data = 20H
Erase
it Write Erase Data = 20H
Time Out TEW Standby Duration of Erase
Operation (Tywhwh2)
Write E i = Verify:
v;ﬁ;y plat Write _ Era§e Addr = Byte to Verify;
Verify Data = AOH; Stops
Erase Operation
Standby ‘ twHGL
Read Read Byte to Verify
N Erasure
Inc
PLSCNT, . :
=1000? Standby Compare Output to
‘3 ¢ FFH, Increment Pulse
Count
Increment
Address R Address? .
. ¢ g
o
Read Cmd Write Read Data = OOH, Resets
: ¥ ) the Register for Read
l vAPpl[y1 : | I VAppl[y1 : Operations.
P"i P"; Standby Wait for Vpp Ramp to
. - Vpp 1(1)
j PP
\ ( Erasure ( Erase )
Completed - Error
292059-6 -
NOTES: ’ ‘
1. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is switched, Vpp 1 may be ground,
no-connect with a resistor tied to ground, or less than Voo + 2.0V.
2. Erase verify is performed after chip-erasure. A final read/compare may be performed (optional) after the register is
written with the read command. :
3. CAUTION: The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.

Figure 5. Quick-Erase Algorithm for Intel’s First Generation Product Line
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Case 3. Warm Resets

Warm resets, where the system maintains power while
rebooting, requires closer inspection. Consider the situ-
ation where the system is reprogramming the flash
memory and a hardware or software reset occurs.

The boot software would not realize that programming
or erasure is ongoing and would not know to stop the
reprogramming operation. Therefore safeguard against
this condition with one of two means: 1) ensure that
control logic switches Vpp off during reset; or 2) reset
the flash memory before resetting the processor. For a
software reset, simply add the flash memory reset com-
mand to the interrupt sequence. For hardware resets,
wire the reset switch to the interrupt controller instead
of directly to the reset input. Hardware resets would
then execute the software interrupt sequence. Intel’s
second and third generation flash memories all include
a H/W reset pin (RP#) formally called PWD #. This
pin is essential for any device with automation or em-
bedded algorithms.

The Erase Algorithm Interpreted

The following section offers a block by block explana-
tion of the Quick-Erase algorithm shown in Figure 5.
Understanding the reasons behind a function will en-
able you to appreciate the importance of following the
algorithm explicitly. Deviations will negatively affect
the part’s performance and should not be attempted.
Note: the effect may not be immediately apparent.

Apply Vppy (Optional, see Discussion on Device Ini-
tialization)

Switch on the local Vpp supply prior to erasure and
programming. The time required for Vpp to reach its
steady state 12 £ 0.6V depends on the capacitive load
and the impedance of the printed circuit board trace. If
you measure this delay on a wire-wrapped prototype
system, remember that temperature, printed circuit
traces and the board’s layout change the load seen by
the Vpp generator. Allow Vpp sufficient time to ramp
before proceeding with the next step.
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Program All Bytes to 00h — Data = 00h?

Prior to erasure, blanket program all addresses in the
flash memory to 00h (charge state), regardless of the
previous data. Verify that each address equals O0h be-
fore proceeding to the next address. If you use only part
of the memory array, you still need to pre-program the
entire array for erasure. An example where this is an
issue is using a 512K in a 256K socket. A second exam-
ple is a system where internal microcontroller memory
overlaps the external flash memory space.

Programming data 00h equalizes the charge on every
bit in the array. This is necessary because erasure re-
moves charge from all cells regardless of their previous
state.

For example, reconsider the byte containing AAh data
(1010 1010b). If you skip the pre-program step, then
during erasure when the data “0” bits get charge re-
moved, the previously erased bits (data “1””) lose addi-
tional charge. This drives the cell threshold a little low-
er. The next time you erase the chip and change the
code, the threshold will drop to 2.8V.

If the memory transistor is not pre-programmed to data
““0” before the next erasure, then its threshold will drop
on successive reprogramming cycles (denoted by E3,
EA4, etc. in Figure 6). Repeated violations of the blanket
programming requirement drives the threshold to the
point where the transistor is stuck on (data = “1”).

Variable Initialization

Initialize two variables and a constant: ADDR (ad-
dress), PLSCNT (pulse count), and TEW (erase pulse
width). The pulse count increments from O to a maxi-
mum of 1000 erase tries. The erase pulse width remains
constant at 10 ms. The address increments from the
flash memory starting address to the ending address
during verification.
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(Volts) 4
Program 8
Level -5
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292059-7

Figure 6. Successful erasure requires blanket programming all bytes to
the data “0” level first. This prevents threshold decline on successive erase
cycles (E2, E3, etc.). Very low thresholds cause the chip to malfunction.

Write Erase Set-Up Command

Write the erase set-up command (20h) to any flash
memory address. This prepares the selected device for
erasure, but does not activate the process. A second
erase command (20h) is required. Any other data writ-
ten to the flash memory between the set-up and erase
commands will abort the sequence. Once the process is
started, it will not stop until told to do so. The correct
stop erasure command is Erase Verify (AOh). However,
any command including the Reset command is an ille-
gal sequence and will stop erasure as well.

Write Erase Command

The erase command starts the erase process. Internally,
the device switches the voltages on all memory cell
drains, gates, and sources to the erase configuration.

Time Out Tew (10 ms)

Start your software or hardware timer. Until com-
manded to verify or until the integrated stop-timer
counts down, the flash memory continues the erase pro-
cess. Therefore, assign a high priority to the timer in-
terrupt. If a higher priority interrupt occurs, stop the
erase process and switch contexts (store all variables,
registers, etc.). This will allow reentry into the erase
procedure in a controlled fashion.
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Write Erase Verify Command

Write the erase verify command (AOh) to the flash
memory at the address given by the ADDR variable.

The erase verify command performs many tasks. Inter-
nally, the device stops erasure and latches the given
address for verification. Additionally, the command
changes the voltages on the memory cell drains, gates
and sources to the erase verify configuration.

Time Out 6 ps
This time out accounts for the internal slew rate of

__switching the memory array from the erase to the erase

verify configuration. Do not attempt to read from the
device before 6 us has passed; the device will appear to
still be programmed. This is because you have not al-
lowed sufficient time for the memory to change config-
urations. Your code will then interpret this as a need
for extra erase operations, and will continue erasing the
device.

NOTE:
6 ps is a minimum specification. You can use the
10 ps timer developed for the programming algo-
rithm.
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Read Data from Device

Read the data at the address given by the ADDR vari-
able. This should be the same address driven with the
erase verify command.

Data = FFh?

Compare the output data at address ADDR to FFh. If
the data equals FFh, then that address has been erased.
Continue verification until the last address has been
verified or until the maximum erase pulse count (1000)
has been reached. Typically, most devices will fully
erase within 50-100 erase loops.

Last Address — Increment Address

Check the ADDR variable to see if the last address has
been verified. If not, increment the ADDR variable and
re-write the erase verify command. Remember to write
the erase verify command to address ADDR, since the
verify command latches the address. Also, if your sys-

tem has 64K byte segment boundaries, be sure to incre--

ment the base pointer every 64K byte addresses.

Write Read Command

After full chip verification, write the read command
(00h) to switch the device to read mode. If you plan to
reprogram the device immediately, this step is not nec-
essary.

Apply Vppy, (Optional)

Switch Vpp off. With Vpp left on, the command regis-
ter offers data protection by requiring a precise se-
quence to initiate programming or erasure. However,
Vpp controls overall command register operation.
Turning Vpp off disables the command register, thus
providing absolute data protection. Without the high
voltage, the reprogramming mechanisms cannot occur
and the component becomes a read only memory
(ROM).

Abort/Reset

Whenever a system error condition occurs (reset or re-
boot), write the Reset command (FFh) to each flash
memory twice in succession. This is a good initializa-
tion practice in systems leaving Vpp at 12V. The proc-
essor would be unaware if prior to the reset, it had been
in the middle of erasure, and this sequence aborts era-
sure.

The Program Algorithm llluminated

The full algorithm will not be interpreted here, al-
though a few items should be noted. You can find a
conceptual version of the Quick-Pulse Programming al-
gorithm in Chapter 2, Figure 1, and the complete flow
chart in Appendix C. .
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First, similar to erasure, a two-write sequence starts
programming. The first write is the Program Set-Up
Command which primes the chip for programming.
The chip then latches the address and data to be pro-
grammed on the second write. You can abort program-
ming by writing the Reset Command twice in succes-
sion instead of the data to be programmed.

Second, the device continues programming until com-
manded to stop by the Program Verify Command.
Similar to the Erase Verify Command, this command
performs a couple of functions. Internally, it halts pro-
gramming and latches the given address for verifica-
tion. Additionally, the command changes the voltages
on the memory array’s drains, gates, and sources to the
program verify configuration.

The cell programming mechanism is self-limiting.
However, do not assume that programming all twenty-
five 10 us operations in one pass is the best way to
attain reliable operation. To a certain degree, program-
ming stresses the memory cell. The stress is considera-
bly lower than that applied to EEPROM (2 MV/cm
lower to be specific). But why stress a component with-
out cause? The adaptive Quick-Pulse Programming al-
gorithm with its fast program operations, minimizes all
stresses and affords the greatest reliability.

Finally, after writing the Program Verify Command to
the device, wait a minimum of 6 us before reading the
device. The time out accounts for the internal slew rate
of switching the memory array from the program to
program verify configuration. Do not attempt to read
from the device before 6 us has passed; the device may
appear unprogrammed. Your code will then interpret
this as a need for extra program operations. It may
needlessly reach the 25 operation limit, even though the
byte most probably programmed on the first pass.

Ramifications of the Golden Rule

Always follow the erase command with an erase verify
command to stop erasure. Interrupt-driven systems
must give high priority to servicing the reprogramming
timer interrupts. Systems that reset upon a watchdog
time-out must reset the flash memory device before re-
booting. (See discussion on device initialization.) Like-
wise any non-maskable interrupt should software- or
hardware-reset the flash memory before performing a
context switch.

Use an oscilloscope to calibrate all time delays before
attempting erasure. The delay modules include the
6 ps, 10 us, and 10 ms timer routines.

Blanket program all addresses to 00h data before eras-
ing. Verify correct implementation of the programming
algorithm with a PROM programmer before attempt-
ing erasure. (Chapter 4 explains how this can be done.)
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16- and 32-bit systems require special attention. Each
flash device has its own erase characteristic. Do not
assume that if the low byte of a data word is not erased,
then the high byte must not be either.

Always follow the listed guidelines and take care while
developing your code to eliminate the erase control
issue. Consider it similar to implementing any control
function. Once the code is debugged and stable, the
issue goes away.

You might ask, is it not possible to control erasure
through hardware? The alternative to software control
is integrated hardware control or an external controller.
Intel ofers a complete line of high density, cost-effective
products with integrated hardware control, often called
automation. Whether software or hardware controlled,
Intel’s ETOX Flash Memory offers the most reliable,
dense, manufacturable, and fastest read/write nonvola-
tile memory. Other EEPROM approaches have draw-
backs of multiple transistors per memory cell. This
property negatively affects all those attributes offered
by Intel’s ETOX flash memory.

DEBUGGING YOUR.CODE AND
OTHER TIPS ON TESTING

As with any software checkout, a few simple principles
enable complete flash memory algorithm debug. The
following sections offer some hints to make your job
easier.

Software Drivers Save You Time

Intel saves you time by offering various processor-fami-
ly flash memory drivers. You simply edit the files to
suit your system. Then assemble the driver, link, and
locate it, and you are ready for debug.

These drivers offer the framework for successful flash
memory reprogramming, and require some customiza-
tion to fit your particular system. If your processor’s
driver is not available, you may use the available driver
software as an example. One caution in advance: The
drivers have been written in assembly language to give
the most speed- and memory- efficient code. However,
most people prefer high-level programming.

High-level programming can be used for everything ex-
cept software-timer generation. Compilers may give
different routines with different object code on each
compilation. Therefore, the timers must be either hard-
ware-based or coded in assembly language. Software
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timers also present some risk if there is a frequency
upgrade change on the controlling processor. Regener-
ate and check your timer routines whenever the system
clock rate changes.

Timers, Test Loops and Assembly
Level Programming

Timing circuits or software play the most crucial role in
flash memory reprogramming. Good timers precisely
control their function; sloppy timers produce faults. An
example of a sloppy timer is one produced by a compil-
er. Each time high-level languages recompile, the low-
level object coding may change. Thus, a timing loop
may be 10 ms one compilation, and much longer or
shorter the next time.

You can check your timing method with the following
simple technique. Develop test loops which call the var-
ious timers’ routines. For example, implement the 6 us,
10 ps, and 10 ms timers used with the 28F512 and
28F010. If you have a spare port or peripheral output,
use it to trigger an oscilloscope. Follow the trigger call
with the timer routines. If you do not have a spare port,
write to the flash memory address space before and
after each timer call. You can trigger the oscilloscope
off of the flash memory CE# signal. Remember to
power-down the system and remove the flash memory
before attempting these methods.

Once the timer code has been verified, you can link and
locate it to a higher-level erase/program algorithm im-
plementation.

Programming—The Key to Proper
Erasure

Earlier sections described the importance of program-
ming 00’s prior to erasure. This procedure equalizes the
charge on all memory cells; following this step all bits
erase in unison.

A conclusive debug technique can check your program-
ming software. Simply use your software to program
zeroes into the flash memory and then verify this step
using a conventional PROM programmer. Load the
PROM programmer’s buffer with all zeroes and com-
pare the buffer to the flash memory. If your program-
mer does not service the flash memory, call the compa-
ny for the latest software upgrade. Alternatively, one
can easily rig the 512K flash memory to look like a
512K EPROM. Simply jumper V¢ on a 32-pin socket
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to a few pins. Note that the 27512 EPROM and
28F512 flash memory have different intelligent identifi-

er codes. Override the identifier code check to use this
method. See Figure 7 for socket details.

Some microcontrollers have limited address space or
internal memory that masks certain external address
space. Even if you do not use sections of the flash mem-
ory, you must still access these sections to program ze-
roes before erasure. Map and decode port bits to access
unused address space, and verify that all bytes are pro-
grammed to zero before proceeding with erasure.

28F512 (64K X 8)

27512 (64K X 8)

32 PIN DIP +5V
Vep 0.5 WIDE 32 °

NC
A15|A15
A12]A12

292059-8

Figure 7. A 28F512 can be read in a PROM
programmer as a 27512 by jumpering the
appropriate pins to V¢c. The same method
applies to the 28F010.

16- and 32-Bit Systems—
Achieving Optimum Reprogramming
Throughput

Erasing flash memory in 16- and 32-bit systems re-
quires special consideration. One could implement the
program and erase algorithms in a byte-wise fashion,
but this is time-consuming. Alternately, one can treat
the multiple flash memory as a data word, and gain
optimum performance.

The primary ‘consideration with the latter approach is
that one device may program or erase faster than the
other(s). Subsequent programming or erasure of a slow-
er device compromises the functionality of the faster
device by subjecting it to the slow-device timing.

Consider an example of erasure in a 16-bit system. Af-
ter 10 passes through the erase operations, both devices
verify through address 07C3h. Then at address 07C5h,
the processor reads data word 83FFh.

Since erase data is FFFFh, a few bits in the upper byte/
device have not erased. The natural flow of the algo-
rithm would dictate another erase operation. But what
about the lower device? Could it be completely erased?
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Of course it could be; every device erases at a different
rate and the algorithm has only checked up to address
07C5h.

You can take advantage of the data rate of wider data
buses by utilizing the command register, the reset com-
mand and an analysis of erasure. Each erase operation
is 10 ms. Each byte verification takes 6 us. Therefore,
erasure takes three orders of magnitude longer than
verification. Optimization for erasure yields the opti-
mum performance because verification is a second
order effect.

Let us reconsider the previous example. At address
07C5h, the data word does not verify. On the next erase
operation edit the erase (and erase verify) command
word such that only the high byte gets the erase com-
mand, and the low byte gets a reset command. (i.e.,
change the command word from 2020h to 20FFh).

See Application Note AP-316 for a detailed flow chart
for this approach. Note this document is based on the
28F256; however, most concepts carry through to the
higher density devices. (Literature Order number
292046).

Logic Analyzers and In-Circuit
Emulators

Many programmers use logic analyzers and in-circuit
emulators to debug code. These approaches are fine for
flash memory algorithm debug if certain conditions are
met.

1. Check timing routines with an oscilloscope; there is
no alternative.

2. Know your code and set breakpoints intelligently.
One designer had the bad luck of throwing in a
breakpoint in the middle of the program 00’s loop.
After stepping through a couple of byte program 00
loops, he called the erase flow routine. Can you iden-
tify the problem?

3. Single step through your reprogramming code, if and
only if, the flash memory device is removed from the
system.

Testing Your Software—One More
Time

Some flash memories specify 100 erase/program cycles.
This is a minimum specification; Intel Flash Memories
cycle 100,000 times. With this in mind, feel free to
check and recheck reprogramming operations. There is
no reliability risk in doing so.
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One confidence-raising test is similar to that done on

systems: stress the system/software by executing test

code numerous times consecutively. Set the reprogram-
ming drivers in a loop, and let them run 20-40 times.
On each consecutive pass, use a constant data pattern
such as 0AAh. This tests the reprogramming code from
a quasi-static perspective. Missing is the true system
environment. In the true system environment, multiple
inputs compete with the flash memory for interrupt pri-
ority. Also, RF noise from motors can cause spikes and
glitching on Vpp or V¢c. Additionally, fully loaded
systems or partially loaded systems might have differ-
ent Vpp response characteristics or noise levels. Signals
that look clean in the lab, might not be all that clean in
the true operating environment. Therefore, flash repro-
gramming tests should be done in the true system envi-
ronment as a final test.

intel.

Watchdog Timer Debug Circuit

This section describes .a simple tool you can build for
debugging your code. Since Intel’s first generation
Flash Memories contain integrated stop-timers, this
tool offers no real benefit. It is simply shown in case a
designer is debugging code for alternate sources. An
EPLD watches the flash memory data bus and control
signals for the erase sequence—erase set-up, erase, and
erase verify commands. Once the CPU initiates erasure,
the debug tool starts a 15 ms timer. Should the timer
count down prior to receiving the erase verify com-
mand, then the circuit switches Vpp off. ‘

This tool does not check for the other items discussed
in the Tips on Testing section; you must still check
those yourself. :

Figure 8 shows the circuit schematic. The EPLD
source code and the name of an Intel EPLD applica-
tions engineer is located in Appendix D.

Vpp CONTROL

1
CE

"1, L Z

Vecl CE Vep |24
Vpp| SWITCH 59 3]
3 PP LE
—2s]A14 5AC312
28 wel28 : AN v 1 0.C.
———d A13 WE WE EPLD
—HA12 28FXXX S 7 g
25 —124 RESET
T Al1 OE 24 AHR 15 <
—£24A10
281,90 TIMCLR
27 p8 TIMST |22
247 TIMER_INHS— -
—24 6
—as oND HE. Vee i
—&as Py KE 4r b3
9 17 2 1
70143 GND TR LMSSS ,
a2 oNDHE e DISH-
—ta1 THRIZ—4
~12] AO = _JE_ 1 :|=
. 292059-9

Figure 8. Watchdog Timer Debug Circuit
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TROUBLE SHOOTING GUIDE B. Yes.
1. Have you done anything that may have ESD
. zapped the devices (i.e., touched the devices
Determining the Root Cause— while not being grounded, re-wired the proto-
Software Error vs Device Damage board with the components socketed, etc.)? If

o yes, check part as outlined in section 1.A.5.
The three major indications of a flash memory problem

are labeled in the following section. The subsequent
paragraphs define potential root causes to investigate.

2. Have you attempted erasure? If yes, verify
your algorithm as outlined in Chapter 4. Also,
implement the in-system intelligent identifier

L The Device Does Not Program mode. If the device outputs an incorrect code,
Did it program before? . then either an output has been zapped or the
A. No. golden rule has been violated. Section 1.A.5

describes a method of checking for ESD dam-
1. Trigger your oscilloscope on CE# while prob- age.

ing Vpp. Verify that Vpp has reached a steady-
. state 12V when the device is first written.

2. Set the time-base to 10 us/division (the dura-

11. The Device Does not Erase
Did it erase before?

tion of the program operation). Trigger on A. No.

CE# and PfOb‘? WE# (look at both traces). Follow steps 1-5 outlined in section I. When
Check the duration of the 10 us program oper- performing step 2, adjust the oscilloscope time
ation time delay. Also, check the duration of base to 10 ms/div.

the 6 us delay between writing the program
verify command and read.

3. Look for ringing on Vpp when Vpp has been
switched on. Over-voltage stress on Vpp (ring-
ing with amplitude greater than 13V) will de-
stroy Vpp’s silicon structure.

4. Power the system down and back up. Look for
destructive glitches on Vcc or Vpp (greater Exercise all system functions while monitoring the
than 7V and 13V respectively). flash memory chip selects. Verify that I/O mapped

addresses or logic are not accidentally selecting the

flash memory. For example, the space bar charac-
ter sent from a keyboard controller happens to be
20h. If the flash memory is accidentally selected
while this data is on the bus, then erasure will com-
mence on the following cycle when the condition
occurs again. .

B. Yes.

Has the board design, clock rate or software
changed? System clock rates directly affect the
accuracy of software timers. See AP-316 for a
discussion on software timing versus clock rate.

III. The Device Erases Spuriously

5. Verify erasure and programming on a PROM
programmer (if available). Fill the programmer
buffer first with 00h data and program the buf-
fer to the flash memory. Then erase the device,
and repeat with AAh data. Repeat the last step
with 55h data. This sequence fully exercises the
array, the input buffers and the output buffers.
If all tests pass then check for a hardware or
software error.
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APPENDIX A

TWO APPROACHES TO ALGORITHMS

Adaptive Brute Force
Start Start
Program Program
[ 5 <—
Program Verify=
Read Data
from Device
) Y Y
Read Data
Success Error
‘ 292059-10
Valid N
DCAV
L Al
Read Data
from Device
\ 4 N
Program Program
( Success ) < Error >
292059-11
O Efficient— » O Slow—
Max Time = (10 + 6 us) + 25 Max Time = (100 ps + 12) + 3 ms
= 400 ps . = 4200 ps
Typ Time = (10 + 6 ps) + 1 Typ Time = (100 ps = 10) + 1.5 ms
= 16 us = 2.5ms
O Reliable— . 0O Questionable—
Verify Command slews internal voltages to simu- . Unknown margin to Vcc and temperature
late elevated V. swings, as well as cell leakage:

Figure 9. Left and right flow charts compare Intel’s (adaptive) Quick-Pulse Programming
algorithm and another company’s (brute force) approach to flash memory programming.
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APPENDIX B

sy
210 uF
T4 3u
= 150 uH
MUR120
Vin Vsw INS919A=5.6Y  Vpp
¢ 0 OUTPUT
+
LT1072 1L 3 -Lmo#r 200mA MAX
AT I
COMMAND v FB -
c GND SR2
S
270K ) -4 _J
> -
Q1 :>R3 —
> 1K -
2)13904 _j *C2 Vpp R1 R2 Resistor
120K 1 uF Out Tolerance
120V | 107k | 1.24k 1%
= 292059-12

Figure 10. Basic flash memory Vpp voltage supply with ON/OFF control.
When Vpp COMMAND goes low, the Linear Technology LT1072 switching regulator produces 12V.
This circuit is just one example of a Vpp supply.
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Start Bus Command Comments
Programming Operation mm
PPy Standby Wait for Vpp Ramp
Vppy [1] to Vppp (= 12.0V)(1)
PLS(;NT =0 Initialize Pulse-Count
Write Set=up Write Set-Up Program '|Data = 40H
Program Cmd
Write Program
Cmd (A/D) Write Program Valid Address/Data
e 10w Standby Duration of Program
Write Program Operation (twHwH1)
Verify Cmd Write Program(2) Verify{Data = COH; Stops
. Program Operation
Time Out 6 us: Standby tWHGL
fremm Davige Read Read Byte to Verify
N Programming
N Inc Standby Compare Data
ety PLSCNT, Output to Data
Expected
Y Y
Increment N Last
Address Address?
M Write Read Data = O0H, Resets
Write the Register for
Read Cmd - |Read Operations.
' L Standby Wait for Vpp Ramp
Appl Appl
I Voat 11 I Vop [1] J to Vppy (1)
¥
Prugrammlng) Program )
Completed Erronj
292059-13
NOTES: .

1. The Vpp power supply can be hard-wired to the device or switchable. When Vpp.is switched, Vpp | may be ground,
no-connect with a resistor tied to ground, or less than Vg + 2.0V.

2. Program Verify is only performed after byte programming. A final read/compare may be performed (optional) after the
register is written with the Read command.

3. CAUTION: The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
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APPENDIX D
WATCHDOG TIMER CIRCUIT

EPLD Source Code and Applications Contact Person

'

Thom Bowns_PLFG Applications

Intel

January 5, 1989

Rev. 008

5AC312

Watchdog timer to cut Vpp from FLASH if erase cycle too long.
OPTIONS: TURBO = ON

PART: 5AC312

INPUTS : CLK, DO@3, D1@4, D2@5, D3@6, D4@7, D5@8, D6@9, D7@10,
nCE@2, nWE@1l, TIMER_IN@L3, RESET@l4, AHR@15
OUTPUTS : TIMCLR@23, TIMST@22, LED@2l, VPP@20
NETWORK :
CLK = INP (CLK)
DO = INP (DO)
D1 = INP (D1)
D2 = INP (D2)
D3 = INP (D3)
D4 = INP (D4)
D5 = INP (D5)
D6 = INP (D6)
D7 = INP (D7)

nCE = INP (nCE)

nWE = INP (nWE)

TIMER_IN = INP (TIMER-IN)
RESET = INP (RESET)

AHR = INP (AHR) % RESET active high if AHR is high %
COND1 = NOCF (Cld) % Conditions 1-4 are routed %
COND2 = NOCF (C24) % through combinatorial feedbacks %
COND3 = NOCF (C3d) % to reduce product term count. %
COND4 = NOCF (C44d) % %
CLR = NOCF (CLRd)

EQUATIONS:
CLRA = RESET * AHR + !RESET * !AHR;
TIMEOUT = /TIMER_IN;

Cld = (/nCE * /nWE * 20H) ; % Write 20 %

C2d = (/nCE * /nWE * aOH) ; % Write AO %

C3d = (/nCE * /nWE * /20H) ; % Write other than 20 %
C4d = (/nCE * /oWE * JAOH) ; % Write other than A0 %
20H = /D7 * /D6 * /D5 * /D4 * /D3 * /D2 * /D1 * /DO;
AOH = /D7 * /D6 * /D5 * /D4 * /D3 * /D2 * /D1 * /DO;
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292059-14 -

-
intel.
MATCHING: WATCHDOG -
CLOCK: CLK
STATES: [ VPP LED TIMST TIMCLR XSB ]
START [ O 0 0 0o 0 ]
S1 [ 1 0 0 0 0 1]
s2 [ 1 0 1 0 0 ]
S3 [ 1 0 1 1 0 ]
S4 [ 1 0 0 1 0 ]
S5 [ 1 0 1 1 1 ]
S6 [ 1 0 1 0 1 ]
S7 [ O 1 1 0 0 ]
% TRANSITION STATEMENTS %
START: S1 . % From power up, go to Sl right away %
Sl: IF COND1l THEN S2 % If write 20, go to next state %
S2: IF /COND1 THEN S3 % Until not write 20, hold %
IF CLR THEN- S1 ) :
S3: IF COND1 THEN S4 % If another write 20, start timer %
IF COND3 THEN S7 % If write other than 20, error %
IF CLR THEN S1 /
S4: S5 % Trigger timer then go to S5 loop %
S5 IF COND2 THEN S6 % If write AO, stop timer %
IF TIMEOUT THEN S7 % If timer times out,
go to error state %
IF COND4 THEN S7 % If write other than A0, error %
S6: S1 % Stop timer and go back to Sl %
S7: IF CLR THEN S1 % Error state. wait for a RESET. %
END$
EPLD Pinout
5AC312
-/
cLk 1 2483V¢e
nCE] 2 23 3 TIMCLR
po]3 22 A TIMST
D)4 21JLED
p2[]s 20 33 Vpp
D336 19 GND
p4al}7 18 FAGND
" ps[]8 17 I GND
[l = ] 16 I GND
y D7d10 15 J AHR
nWE ] 11 14 [JRESET
GND[J12 13 TIMER_IN

5-182




i ntGI o AP-325

APPENDIX E

Checklist: Most Common Mistakes that May Lead to Excessive Erasure

® not programming all bytes to 00 data prior to erasure;

not observing the 6 us set-up times between programming or erasure and verification;
® attempting to program before Vpp is at 12V (Capacitive Load)

not latching the erase verify address with the erase verify command, or changing the address on the subsequent
read cycle;

Chapters three and four discuss the correct methods of developing and debugging code to diminish the possibility of
making these mistakes.
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INTRODUCTION

Intel’s ETOX (EPROM tunnel oxide) Flash Memory
adds electrical chip erasure and reprogramming to
EPROM non-volatility and ease of use. Advances in
tunnel oxides and photolithography have made it possi-
ble to develop a double-polysilicon single-transistor
read/write random access nonvolatile memory, capable
of greater than 100,000 reprogramming cycles. Intel
Flash Memory electrically erases all bits in the array
matrix via electron tunneling. The EPROM program-
ming mechanism of hot electron injection is employed
for electrical byte programming.

A command port interface, internal margin voltage
generation, power up/down protection and address and
data latches augment standard EPROM circuitry to
optimize Intel’s Flash Memory for microprocessor-con-
trolled reprogramming.

Read timing parameters on Intel’s 28F256A, 28F512,
28F010 and 28F020 are equivalent to those of CMOS
EPROMs, EEPROMSs, ‘'and SRAMs. Access times as
fast as 65 ns result from a memory cell current of ap-
proximately 50 nA, low resistance poly-silicide word-
lines, advanced scaled periphery transistors, and an op-
timized /data-out buffer.

TECHNOLOGY OVERVIEW

Intel’s ETOX flash memory technology is derived from
its standard CMOS EPROM process base. Using ad-
vanced 1.0 um and 0.8 pm double-polysilicon n-well
CMOS technology, Intel Flash Memory employs a
3.8 um x 4.0 um single transistor cell (1.0 pm) technol-
ogy and a 2.5 um x 2.9 um single transistor cell
(0.8 um technology), affording equivalent array density
as comparable EPROM technology. The flash memory
cell structure is identical to the EPROM structure, ex-
cept for the thinner gate (tunnel) oxide. Figure 1 com-
pares the flash memory cell to the EPROM cell.

High quality tunnel oxide under the single floating
polysilicon gate promotes electrical erasure. All cells in
the array are simultaneously erased via Fowler-
Nordheim tunneling. Applying 12V on the source junc-
tions and grounding the select gates erases the entire
array in one second (typical). Programming is accom-
plished with the standard EPROM mechanism of hot
electron injection from the cell drain junction to the
floating gate. Programming is initiated by bringing both
the select gate and the cell drain to high voltage. Pro-
gramming occurs at a rate of 10 us pulses per byte.
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Command Port

One feature which differentiates Intel’s Flash Memory
is the command port architecture, illustrated in Figur
2. )

The command port simplifies microprocessor control of
the erase, erase verify, program, program verify, and
read operations, without the need for additional control
pins or the multiplexing of high voltage with control
functions. On-chip address and data latches minimize
system interface logic and free the system bus during
erase and program operations. High voltage (12V) on
the Vpp pin enables the command port. In the absence
of this high voltage, the command port defaults to the
read operation, inhibiting erasure or programming of
the device.

EPROM Cell

SECOND LEVEL

+Vg
POLYSILICON \I\ ; ;
v ﬂ
= T A
r'y ° GATE OXIDE
v 325A -

N+ | N+

FIRST LEVEL
POLYSILICON
(FLOATING)

P=SUBSTRATE 294008-1

Flash Memory Cell
SECOND LEVEL +Vg

POLYSILICON ,

\I\ FIRST LEVEL
POLYSILICON
A/ (FLOATING)

+Vp

Vs
;; | o o %GATE OXIDE
t 100A TO 120A
| |

N+

P=SUBSTRATE 294008-2

Figure 1. EPROM Cell vs. Flash Memory Cell

The command port consists of a command register,
command decoder and state latch, the data-in latch,
and the address latch. The command decoder output
directs the operation of the high voltage flash-erase
switch, program voltage generator, and the erase/pro-
gram verify voltage generator.

Functions are selected via the command port in a mi-
croprocessor write cycle controlled by the Chip-Enable

‘and Write-Enable pins. Contents of the address latch

are updated on the falling edge of Write-Enable. The
rising edge of Write-Enable latches the command and
data registers, and initiates operations.
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Erasure

Erasure is achieved through a two-step write sequence.
The erase set-up code is written to the command regis-
ter in the first cycle. The erase confirmation code is
written in the second cycle. The rising edge of this sec-
ond Write-Enable pulse initiates the erase operation.
The command decoder triggers the high voltage flash-
erase switch, connecting the 12V supply to the source
of all bits in the array, while all wordlines are ground-
ed. Fowler-Nordheim tunneling results in the simulta-
neous erasure of all bits.

The array source switch, shown in Figure 3, switches
high voltage onto the source junctions. During erasure,
the high voltage latch formed by M5 through Mg en-
ables transistor Mjs. Transistor M5 pulls the array
source up to 12V. Transistor Mg pulls the source to
ground during read and program operations.

To obtain fast erase times, the device must supply the
grounded gate breakdown current which occurs on the
sources of the memory array. The upper boundary for
current sourcing capability of M5 is set by the maxi-
mum allowable substrate current. If Vpp is raised to
12V before Vc is above approximately 1.8V, the low
Vcc detect circuit formed by transistors M to My
drives the node LOW V¢ to 9V. Transistors Mg to
M;j; then force the erase circuit into a non-erase state
with M5 off and Mg on. When V¢ rises above 1.8V,
the chip will be reset into the read state.

Writing the erase verify code into the command register
terminates erasure, latches the address of the byte to
verify, and sets the internally-generated erase margin
voitage. The microprocessor then accesses the output
from the addressed byte using standard read timings.
The verify procedure repeats for all addresses. Should a
byte require more time to reach the erased state, anoth-
er erase operation is applied. The erase and verify oper-
ations continue until the entire array is erased.

Programming

Programming follows a similar flow. The program set-
up command is written to the command register on the
first cycle. The second cycle loads the address and data
latches. The rising edge of the second Write-Enable
pulse initiates programming by applying high voltage to
the gates and drains of the bits to be programmed.

ER-24

Writing the program verify command to the register
terminates the programming operation and applies the
program verify voltage to the newly programmed byte.
Again, the addressed byte can be read using standard
microprocessor read timings. Should the addressed byte
require more time to reach the programmed state, the
programming operation and verification are repeated
until the byte is programmed.

DEVICE RELIABILITY

Cell Margining

Erase and program verification ensure the data reten-
tion of the newly altered memory bits. The cell margin-
ing performed in the Quick-Pulse Programming and
Quick-Erase algorithms is more reliable than historical
overpulsing schemes as margining tests the amount of
charge stored on the floating gate.

Intel’s 28F256A. through 28F020 Flash Memories em-
ploy a unique circuit to internally generate the erase
and program verify voltages. Figure 4 shows a simpli-
fied version of the circuit. The circuit consists of a high
voltage switch and the verify voltage generator. Tran-
sistors M; through My constitute the high voltage
switch which disconnects Vpp from the resistor when
the device is not in the verify mode. The verify voltage
generator includes a resistor divider and a buffer. Inter-
nal margin voltage generation maintains microproces-
sor compatibility by eliminating the need for external
reference voltages.

Erase/Program Cycling

One of the most significant aspects of Intel Flash Mem-
ory is its capability for greater than 100,000 erase/pro-
gram cycles. Destructive oxide breakdown has been a
limiting factor in extended cycling of thin oxide
EEPROMs. Intel’s ETOX flash memory technology
extends cycling performance through: improved tunnel
oxide processing that increases charge carrying capabil-
ity ten-fold; reduced oxide area under stress minimizing
probability of oxide defects in the region; and reduced
oxide stress due to a lower peak electric field (lower
erase voltage than EEPROM).
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A typical cell erase/program margin (Vt) is shown as a
function of reprogramming cycles in Figure 5. After
100,000 reprogramming cycles, a 2.5V program read
margin exists, ensuring reliable data retention.

Reliable erase/program cycling also requires proper se-
lection of the erase Vt maximum and maintenance of a
tight Vt distribution. The maximum erased Vt is set to
3.2V via the erase algorithm and the internal erase veri-
fy circuits. Superior oxide quality gives an erased Vt
distribution width that improves slightly ‘with cycling
(Figure 6). The tight erase Vt distribution gives an or-
der of magnitude of erase time margin to the fastest
erasing cell (Figure 7).

intgl.
SUMMARY

Intel’s ETOX flash memory technology is a break-
through in adding electrical chip-erasure to high-densi-
ty EPROM technology. Intel’s CMOS Flash Memory
offers the most cost-effective and reliable alternative for
read/write random access non-volatile memory. Micro-
processor-compatible specifications, straightforward in-
terfacing, and in circuit alterability allow designers to
easily augment memory flexibility and satisfy the need
for nonvolatile storage in today’s designs.

FIXED OR GATED R P——
PP l VOLTAGE
12V DETECTOR NETWORK
Cex ™ commano
wen 5| RecisTER
-~
A4 ERASE PROGRAM
COMMAND DECODER ERASE PROGRAM MARGIN MARGIN
VOLTAGE VOLTAGE VOLTAGE VOLTAGE
STATE LATCH

DATA ——4 LATCH L—-P

REPROGRAMMING
CONTROL CIRCUITS

ADDRESS LATCH

294008-4

Figure 2. Command Port Block Diagram
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ERASE 4

ARRAY
P SOURCE

294008-5

—AAA
A A4
o
-

AA
v
o
N

Enable >

JUS
1
Y

High Voltage Switch

Verify
Voltage

294008-6

Figure 4. Erase/Program Verify Generator
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ERASE V; (VOLTS)

ARRAY ERASE

ERASE CELL V; VERIFY LEVEL

HERRRRREEERERER

SLOW ERASE BIT
TYPICAL ERASE BITS

FAST ERASE BIT

1000 2000 3000 4000 5000
ERASE TIME (mS)

294008-9

Figure 7. Array Erase V; vs Erase Time

5-191




294008-3

Figure 8. 28F256A Die Photograph
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294008-10

Figure 9. 28F512 Die Photograph
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294008-11
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Figure 10. 28F010 (1.0p) Die Photograph
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A A A

294008-12

Figure 11. 28F020 Die (1.0.) Photograph
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Byte-Wide Flash Memory in 32-Pin DIP

7/

2M (256K x8)
1M
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256K (32Kx8)

N

7

Ver O
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A4 11 A 1; 1; ’

-~

W O N U A NN -

- - o -
W N = O
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32 PINDIP- 26
0.800" WIDE 25
TOP VIEW 24
23
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0 Ve

] WE#
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] NC | et

>
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Arg
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] OE#
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294008-17
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Byte-Wide Flash Memory in 32-Pin PLCC

2M (256K X 8) T { Ay
1M (128K X 8) I Ae 1
512K (64K X 8) Ais } |
256K (32K X 8) A, NC NC  Vpp Ve WE# NC \
/ 4 3 2 1 32 31 30
Ay E 5 O 29 :' As
As E 6 28 ] A3
Ag E 7 27 ] Ag
A A
4 E 8 32-LEAD PLCC 26 :l o
Az E 9 0.450" x 0.550" 25 :I A
Ay I: 10 TOP VIEW 24 :I oE#
A E 11 23 ] Ao
Ay E 12 22 ] CE#
DQ, E 13 . 21 :l DQ,

14 15 16 17 18 19 20

NN [ N N [ N I N N oy B

DQ, DQ, Vgs DOy DQ, DQs DQg

294008-18

Figure 13. Flash Memory Pinouts
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®
Byte-Wide Flash Memory in 32-Lead TSOP
E28F020
/ E28F010 AN

A | A | =1 32— | oe# | oE#
Ag | Ay | C—2 O 31— [ A0 | Ao
ag | 2y | T3 sof—= | ce# | ce#
A | Ay | C—4 29— | oq; | og,

A —s 28— | DQ DQ,

pd I E——H STANDARD PINOUT 2= | oo | oo
we#] wes] C——7 Die Up "E" 26— | pq, | DQ

Vee | Voo | =] 8 25— | pa; | pa
v,f,.c vﬁ,f —]s 32 LEAD TSOP 24— | ond | od
Ag | s | —10 8 mm x 20 mm 23— | b, | pQ,
Ms | As | 11 22— | oo, | b,
| my | =12 TOP VIEW 21— | bqg | Dy

A | oA | =13 , 20— A | A

As | As | C—14 19— | A |4

As | as | =15 18— |4, |4

Ay | Ay | =18 7= | Ay | A
294008-19

F28F020
yd F28F010 .

OE# | OE# | 1 32— | Ay | Ay
Ao A0 | 2 v A A
CE# | CE# | C—3 30— | Ag Ag
DQ; | DOy | 4 29— | A5 | A3

D! —s 28— | A | A
03: 332 —s REVERSE PINOUT 27 == | ¢ | o
o, | bo, | ——17 Die Down "F" 26— | we# | we#

0Q; [ Doy | C——]8 25— | vee | v
ond | ond | = s 32 LEAD TSOP = | vit | vir
0Q, | Do, | ——10 8 mm x 20 mm 23— | A6 | Ais
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Columns are number O through 511 beginning with the colilmn nearest the X-decoder.
Outputs are grouped as follows:

Left Half Array Right Half Array
Array Organization: 109101102103 104 105 10g 107
Bl3gq < BlLg BlLo —> BLggqg
Address Bitlines
Aq4 Aq2 Ao Az A4 Ap A3 109 & 107 101 & 10¢g 102 & 105 103 & 104
0 0 0 0 0 0 0 Blags BLoss BL12g Blo
0 0 0 0 0 0 1 Blags BLos7 BL12g BL4
0 0 0 0 0 1 0 Blsgs Blosg BLq30 BLo
0 0 0 0 0 1 1 BL387 ’ Blosg BL131 BLg
0 0 0 0 1 0 0 Blags Blogo BLi32 . Blg
0 0 0 0 1 0 1 Blagg Blog1 BlL133 BLsg
0 0 0 0 1 1 0 Blagg BLog2 . BlLyag BLg
0 0 0 0 1 1 1 Bl3gq BlLogs BL13s BL7
° . . ° . . . ° . . °
1 1 1 1 1 0 0 Blsos BLago BLos2 BLq24
1 1 1 1 1 0 1 Blsog Blag1 Bloss BL12s
1 1 1 1 1 1 0 Bls1o Blago Blosg BLqog
1 1 1 1 1 1 1 BLs14 Blags Bloss BLqo7
Figure 15. 28F256A Bitline Decoding
X Address Row
A7 Ag As A4 Ag3 A4 Ag Ag WL
0 0 0 0 0 0 0 0 XLo
0 0 0 0 0 0 0 1 XL4
0 0 0 0 0 0 1 0 XLo
0 0 0 0 0 0 1 1 XL3
0 0 0 0 0 1 0 0 XLg
0 0 0 0 0 1 0- 1 XLs
0 0 0 0 0 1 1 0 XLg
0 0 0 0 0 1. 1 1 XLz
0 0 0 0 1 0 0 0 XLg
0 0 0 0 1 -0 0 1 XLg
0 0 0 0 1 ‘0 1 0 XL1g
0 0 0 0 1 0 1 1 XL11q
0 0 0 0 1 1 0 0 XLq2
0 0 0 0 1 1 0 1 XLi3
0 0 0 0 1 1 1 0 XL14
0 0 0 0 1 1 1 1 XLis
0 0 0 1 1 1 1 1 XL1g
0 0 0 1 1 1 1 0 XL4y7
0 0 .0 1 1 1 0 1 XL1g
0 0 0 1 1 1 0 0 XL1g
0 0 0 1 1 0 1 1 XLoo
0 0 0 1 1 0 1 0 XL24
0 0 0 1 1 0 0 1 XLoo
0 0 0 1 1 0 0 0 XLog
0 0 0 1 0 1 1 1 XLog
0 0 0 1 0 1 1 0 XLos
0 0] 0 1 0 1 0 1 XLog
0 0 0 1 0 1 0 0 XLo7
0 0 0 1 0 0 1 1 XLog
0 0 0 1 0 0 1 0 XLog
0 0 0 1 0 0 0 1 XL3o
0 0 0 1 0 0 0 0 XL3z1

Figure 16. 28F256A Wordline Decoding
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X Address Row
A7 Ag Asg A4 Aq3 Aqq Ag Ag WL
0 0 1 0 0 0 0 0 XL32
L] ] [ ) [ ] [} L] [ ) ° [N N )
0 0 1 0 1 1 1 1 XL47
0 0 1 1 1 1 1 1 XL48
] o [ ] L] [ ] ° [ [] eoe
0 0 1 1 0 0 0 0 XL63
0 1 0 0 0 0 0 0 XL64
‘e [ L ° ° ° ° [ [ X X ]
0 1 0 0 1 1 1 1 XL79
0 1 0 1 1 1 1 1 XL80
° . ° ° ° ° ] ° [ XX ]
0 1 0 1 0 0 0 0 XL95
1 1 1 0 0 0 0 0 XL234
L] [ ] L] [ ] [ ] [ ] [ ] [ ] LN J
1 1 1 0 1 1 1 1 XL249
1 1 1 1 1 1 1 1 XL250
° ° L] [ ] [ ] [ ] [ ] [ ] L X N J
1 1 1 1 0 0 0o 0 XL255
Figure 16. 28F256A Wordline Decoding (Continued)
. Bit Map for
Array Organization One Output
R WLO
(0] WL1
W wL2
WL3
S .
E [1/Og|1/01|1/02|1/05 1/04 | 1/05 | 1/0¢ | 1/07 ]
L °
E WL252
C WL253
T WL254
S WL255
COLUMN SELECTS BLOBL1BL2...BL127
Figure 17. 28F256A Bit Map
5-200
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Columns are numbered O through 511 beginning with the column nearest the X-decoder.

Outputs are grouped as follows:

Left Half Array Right Half Array
00 O1 02 03 04 05 06 07
Address Bitlines
A14 A15 A3 A10 A2 A1 A0 100/7 101/06 102/05 103/04
0 0 0 0 0 0 0 BL384 BL256 BL128 BLO
0 0 1 0 0 0 0 BL385 BL257 BL129 BL1
0 0 \) 0 0 0 1 BL386 BL258 BL130 BL2
0 0 1 0 0 0 1 BL387 BL259 BL131 BL3
0 0 0 0 0 1 0 BL388 BL260 BL132 BL4
0 0 1 0 0 1 0 BL389 BL261 BL133 BL5
0 0 0 0 0 1 1 BL390 BL262 BL134 BL6
0 0 1 0 0 1 1 BL391 BL263 BL135 BL7
L] L] L] L] L ] [ ] L] [ ] L] [ ] [ ]
1 1 0 1 1 1 0 BL508 BL380 BL252 BL124
1 1 1 1 1 1 0 BL509 BL381 BL253 BL125
1 1 0 1 1 1 1 BL510 BL382 BL254 BL126
1 1 1 1 1 1 1 BL511 BL383 BL255 BL127

Figure 18. 28F512 Bitline Decoding

X-DECODING: Wordlines are numbered 0 through 511 beginning at the top of the array.

X Address i Row
A12 A7 A6 A5 A4 A13 A1l A9 A8 WL
0 0 0 0 0 0 0 0 0 XLO
0 0 0 0 0 0 0 0 1 XL1
0 0 0 0 0 0 0 1 0 XL2
0 0 0 0 0 0 0 1 1 XL3
0 0 0 0 0 0 1 0 0 XL4
0 0 0 0 0 0 1 0 1 XL5
0 0 0 0 0 0 1 1 0 XL6
0 0 0 0 0 0 1 1 1 XL7
0 0 0 0 0 1 0 0 0 XL8
0 0 0 0 0 1 0 0 1 XL9
0 0 0 0 0 1 0 1 0 XL10
0 0 0 0 0 1 0 1 1 XL11
0 0 0 0 0 1 1 0 0 XL12
0 0 0 0 0 1 1 0 1 XL13
0 0 0 0 0 1 1 1 0 XL14
0 0 0 0 0 1 1 1 1 XL15
0 0 0 0 1 1 1 1 1 XL16
0 0 0 0 1 1 1 1 ) XL17
0 0 0 0 1 1 1 0 1 XL18
0 0 0 0 1. 1 1 0 0 XL19
0 0 0 0 1 1 0 1 1 XL20
0 0 0 0 1 1 0 1 0 XL21
0 0 0 0 1 1 0 0 1 XL22
0 0 0 0 1 1 0 0 0 XL23
0 0 0 0 1 0 1 1 1 XL24
0 0 0 0 1 0 1 1 0 XL25
0 0 0 0 1 0 1 0 1 XL26
0 0 0 0 1 0 1 0 0 XL27
0 0 0 0 1 0 0 1 1 XL28
0 0 0 0 1 0 0 1 0 XL29
0 0 0 0 1 0 0 0 1 XL30
0 0 0 0 1 0 0 0 0 XL31

Figure 19. 28F512 Wordline Decoding
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X-DECODING: Wordlines are number 0 through 511 beginning at the top of the array.

5-202

X Address Row
A12 A7 A6 A5 Ad A13 A1 A9 A8 WL
0 0 0 1 0 0 0 0 0 XL32
. ° ° ° ° o ° ° . °
0 0 0 1 0 1 1 1 1 XL47
0 0 0 1 1 1 1 1 1 XL48
[ ] [ ] [ ] [ ] [ ] [ ] [ ) [ ] [ ] [ ]
0 0 0 1 1 0 0 0 0 XL63
0 0 1 0 0 0 0 0 0 XL64
L] L] L] B L] L] ° L] L] °
0 0 1 0 0 1 1 1 1 XL79
0 0 1 0 1 1 1 1 1 XL80
L] L] L] [ L[] [ ] L ] L] L] L]
0 0 1 0 1 0 0 0 0 XL95
1 1 1 1 0 0 0 0 0 XL480
[ ] [ ] [ ] [ ] [ ] [ ] L] o ° [ ]
1 1 1 1 0 1 1 1 1 XL495
1 1 1 1 1 1 1 1 1 XL496
[ ] [ ) [ ] [ ] [ ] [ ] [ ] [ ] . L] [ ]
1 A1 1 1 1 0 0 0 0 ‘XL511
Figure 19. 28F512 Wordline Decoding (Continued)
‘ " Bitmap for
Array Organization One Output

R WLO

o WL1

w wL2

WL3

S ’ °

E|1/Og [ 1104 | 1/05 | 1/03 1704 | 1/05 [ 1/0¢ | 1707 o

L ) : U

E WL508

C WL509

T WL510

S WL511

Column Selects
Figure 20. 28F512 Bit Map

BLOBL1BL2...BL127
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Columns are number O through 511 beginning with the column nearest the X-decoder.
Outputs are grouped as follows:

ER-24

Array Organization:

Left Half Array
100 10110, 104
Bl3gs <— BLg

Right Half Array
104105 10g 107
BLg — Blgags

Address

Bitlines

>
-

A1s

A1

>
]

>
>
S
>
&

10¢ & 107 101 & 10g

10, & 105

103 &10,4

it NeloloNoloNoloNe)

- —_ a a0 00000000

- 4 144000000000

4~a4as 000000000

- b AR a a2 0000
- =2 000 =-=00—~~=-00
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Figure 21. 28F010
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Figure 22. 28F010 Wordline Decoding (Continued)
Bit Map for
Array Organization One Output
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Figure 23. 28F010 Bit Map
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Columns are number 0 through 511 beginning with the column nearest the X-decoder.
Outputs are grouped as follows:

Left Half Array Right Half Array

Array Organization: 10101105103 104105 10g 107

BL3gq <~ BLg BLg —> Blggqg

Address Bitlines

109 & 107 101 & 10g 102 & 105 103 & 104
Blggqg BLose BLi2s BLo
Blags BLos7 BL12g BL4
Blags Blasg BL130 BLo
Blag7 Blosg BL131 Blg
BLags Blago BLis2 BL4
Blagg - Blog1 Bl1as BLg
Blago BLog2 Blyaq Blg
Blagy Bloes BL13s BL7

(-] (-] L] [ ]

BLsos BLago . Blosp BL124
BLspg Blag1 Blosg BLi2s
Bls1o BL3gz Blosg BlL12s
BLs11 BL3ss BLass BlL127

Figure 24. 28F020 Bitline Decoding
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Figure 25. 28F020 Wordline Decoding
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Figure 25. 28F020 Wordline Decoding (Continued)

Array Organization
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Figure 26. 28F020 Bit Map



Flash Memory

Since the early 1970s, semiconductor memory devices have helped
pave the way for smaller, lighter, more sophisticated computing
products. The most compelling of these is flash memory—a
technology in which Intel has remained the market-segment leader

for over seven years.

Intel Flash offers design engineers an entirely new memory
alternative. Because flash is a high density, nonvolatile read/write
technology, it is both a cost-effective and reliable replacement for
EPROMs, EEPROMs, DRAMEs, battery-backed RAM and rotating
media. Flash’s inherent advantages over these technologies make it
especially useful in portable systems that require low power,
compact size and ruggedness while maintaining solid-state

performance and full functionality.

This databook is devoted to techniques and information to help
design flash memory into an application or system. Informative
datasheets provide many comprehensive charts, block diagrams,
operating characteristics and programming modes. Application
notes provide diagrams and hardware design information. Relevant
article reprints are also included.
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