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INTRODUCTION 

Intel's ZSFOI0 ETOXTM II (EPROM tunnel oxide) 
flash memory adds electrical chip erasure and repro­
gramming to EPROM'non-volatility and ease of use. 
Advances in tunnel oxides and photolithography have 
made it possible to develop a double-polysilicon single­
transistor read/write random access nonvolatile memo­
ry, capable of greater than reprogramming cycles (typi­
cal 100,000). The 2SFOI0 flash memory electrically 
erases all bits in the array matrix via electron tunneling. 
The EPROM programming 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 2SFOI0 for microprocessor-controlled 
reprogramming. 

Read timing parameters are equivalent to those of 
CMOS EPROMs, EEPROMs, and SRAMs. The 
120 ns access time results from a memory cell current 
of approximately 50 /LA, low resistance poly-silicide 
wordlines, advanced scaled periphery transistors, and 
an optimized data-out buffer. 

The dense one-transistor cell structure, coupled with 
high array efficiency, yields a one megabit die measur­
ing 225 by 265 mils. 

TECHNOLOGY' OVERVIEW 

Intel's ETOX II flash memory technology is derived ' 
from its standard CMOS EPROM process base. Using 
advanced 1.0 /Lm double-polysilicon n-well CMOS 
technology, the 131,072 x S bit flash memory employs a 
3.S /Lm x 4.0 /Lm single transistor cell, affording equiva­
lent array density as comparable EPROM technology. 
The flash memory cell structure is identical to the 
EPROM structure, except for the thinner gate (tunnel) 
oxide. Figure 1 compares 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 sourcejunc­
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 /Ls pulses per byte. 

DEVICE ARCHITECTURE 

Command Port 

One feature which differentiates Intel's one-megabit 
flash memory is the command port architecture, illus­
trated in Figures 2 and 3. 

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 V pp 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 

... 'It FIRST LEVEL 
POLYSILICON '\. �"�'�~� 

�~� 
POLYSILlCDN 
(FLOATING) 

Vs , +Vo 

Yl f 32SX :EGATE OXIDE 

N+ _ I N+ 

P-SUBSTRATE 294008-1 

Flash Memory Cell 

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 4, switches 
high voltage onto the source junctions. During erasure, 
the high voltage latch formed by MS through M8 en­
ables transistor MIS. Transistor MIS pulls the array 
source up to 12V. Transistor Ml6 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 MIS is set by the maxi­
mum allowable substrate current. If Vpp is raised to 
12V before Vee is above approximately 1.8V, the low 
Vee detect circuit formed by transistors Ml to M4 
drives the node LOW Vee to 9V. Transistors M9 to 
M II then force the erase circuit into a non-erase state 
with Ml5 off and Ml6 on. When Vee 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 
voltage. 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. 

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 histori­
cal overpulsing schemes as margining tests the amount 
of charg~ StU! eu uu ihc fluatiiig gat;:. 

Intel's flash memories employ a unique circuit to inter­
nally generate the erase and program verify voltages. 
Figure 5 shows a simplified version of the circuit. The 
circuit consists of a high voltage switch and the verify 
voltage generator. Transistors Ml through ¥4 consti­
tute 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. Internal margin voltage generation 
maintains microprocessor compatibility by eliminating 
the need for external reference voltages. 

Erase/Program Cycling 

One of the most significant aspects of the 28FOIO is its 
capability for a minimum of 10,000 erase/program cy­
cles (typical 100,000). Destructive oxide breakdown has 
been a limiting factor in extended cycling of thin oxide 
EEPROMs. Intel's ETOX II 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). 

A typical cell erase/program margin (Vt) is shown as a 
function of reprogramming cycles in Figure 6. After 
10,000 reprogramming cycles, a 2.5V program read 
margin exists, ensuring reliable data retention. Acceler­
ated retention bake experiments, for devices cycled 
10,000 times, show minimal program Vt shift. 

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 7). The tight erase Vt distribution gives an or­
der of magnitude of erase time margin to the fastest 
erasing cell (Figure 8). 
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Figures 9 and 10 illustrate typical programming per­
formance as a function of cycling, temperature, and 
Vpp. Figures 11 and 12 depict typical erase perform­
ance as a function of cycling, temperature, and Vpp. 

SUMMARY 

Intel's ETOX II flash memory technology is a break­
through in adding electrical chip-erasure to high-densi-

---. Vee 
Vss 
vpp 
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~I ERASE VOLTAGE 

CE 
OE 
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I 
STATE 

CONTROL 

COMMAND 
REGISTER 

INTEGRATED 
STOP TIMER 

'1 SWITCH 

T I 
A 

[.hr PGM VOLTAGE 
SWITCH 

STB 

ty EPROM technology. Intel's 28F01O CMOS flash 
memory offers the most cost-effective and reliable alter­
native for read/write random access non-volatile 
memory. Microprocessor-compatible specifications, 
straightforward interfacing, and in circuit alterability 
allow designers to easily augment memory flexibility 
and satisfy the need for nonvolatile storage in today's 
designs. 
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Figure 2. 28F010 Block Diagram 
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Figure 3. Command Port Block D_iagram 
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ERASE--~------------+-----------------~ 

Figure 4. Array Source Switch 

Vpp Vpp Vpp 

ARRAY 
SOURCE 

294008-5 

.-_~Verlfy 

Voltage 

Enable>-------~ 

High Voltage Switch Verify Generator 

294008-6 

Figure 5. Erase/Program Verify Generator 
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Figure 6. 1M Array Vt vs Cycles 
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Figure 13. 28F010 Die Photograph 
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Vpp Program/Erase Power 

Vee Device Power 

Vss Ground 

Figure 14. 28F010 Pin Configurations 
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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 
Array Organization: 100101 102 103 

BL384- BLo 

Address Bltllnes 

Right Half Array 
104 lOs 106 107 
BLo- BL384 

A16 A1S A10 A2 A1 Ao A3 100& 107 101 & 106 102& lOs 103& 104 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 1 
0 o. 0 0 1 
0 0 0 0 1 
0 0 0 0 1 
• • • • • 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 

A14 A12 A7 As 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 BLa84 
0 1 BLa85 
1 0 BLa86 
1 1 BLa87 
0 0 Bl388 
0 1 BL389 
1 0 BLa90 
1 1 Bl391 
• • • 
0 0 Bl508 
0 1 BL509 
1 0 Bl510 
1 1 Bl511 

Figure 15. Bltllne Decoding 

X Address 

As ~ A13 
0 0 0 
0 0 0 
0 0 0 
0 0 '0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 

0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 0 
0 .1 0 
0 1 0 
0 1 0 
0 1 0 
0 1 0 
0 1 0 
0 1 0 

Figure 16. Wordllne Decoding 
6-388 

Bl256 Bl128 BLo 
Bl257 Bl129 Bl1 
Bl258 Bl130 BL2 
Bl259 Bl131 Bl3 
Bl260 Bl132 B4 
Bl261 Bl133 Bl5 
Bl262 Bl134 BLa 
Bl263 Bl135 Bl7 .. • • 
Bl380 Bl252 Bl124 
BLa81 Bl253 Bl125 
Bl382 Bl254 Bl126 
Bl383 Bl255 Bl127 

Row 

A11 A9 A8 WL 

0 0 0 XLo 
0 0 1 XL1 
0 1 0 XL2 
0 1 1 Xl3 
1 0 0 X4 
1 0 1 Xl5 
1 1 0 XLs 
1 1 1 Xl7 
0 0 0 Xl8 
0 0 1 Xl9 
0 1 0 Xl10 
0 1 1 Xl11 
1 0 0 Xl12 
1 0 1 Xl13 
1 1 0 Xl14 
1 1 1 Xl15 

1 1 1 Xl16 
1 1 0 Xl17 
1 0 1 Xl18 
1 0 0 Xl19 
0 1 1 Xl20 
0 1 0 Xl21 
0 0 1 Xl22 
0 0 0 Xl23 
1 1 1 Xl24 
1 1 0 Xl25 
1 0 1 Xl26 
1 0 0 Xl27 
0 1 1 Xl28 
0 1 0 Xl29 
0 0 1 XLao 
0 0 0 Xl31 

-
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X Address 

A14 A12 A7 A6 As A4 A13 A11 
0 0 0 0 1 0 0 0 
• • • • • • • • 
0 0 0 0 1 0 1 1 

0 0 0 0 1 1 1 1 
• • • • • • • • 
0 0 0 0 1 1 0 0 

0 0 0 1 0 0 0 0 
• • • • • • • • 
0 0 0 1 0 0 1 1 

0 0 0 1 0 1 1 1 
• 0 • • 0 • • • 
0 0 0 1 0 1 0 0 

1 1 1 1 1 0 0 0 
• • • • • • • • 
1 1 1 1 1 0 1 1 

1 1 1 1 1 1 1 1 
• • • • • • • • 
1 1 1 1 1 1 0 0 

Figure 16. Word line Decoding (Continued) 
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DOII'T WRITE OFF THE U. S. III MEMORY CHIPS! 
The Japanese may own the dynamic RAM world, 
but the Americans are taking the lead in what 
ultimately may be the more important technology 

Don't be too quick 00 write off the 
Americans in semiconducoor memo­

ries-a business that's by far the big. 
gest chip market going these days. The 
longer-term memory picture is definite­
ly turning brighter for U. S. chip mak­
ers. This dramatic turnabout wasn't the 
subject of any paper or panel at the 
recent International Solid State Circuits 
Conference. But it was the biggest sto­
ry, as far as senior technical edioors 
Sam Weber and Stan Runyon were con­
cerned, at a meeting they had already 

. labeled the strongest ISSCC ever. 
seems clear that American memory technology now has 

a good .shot at making a surprising and perhaps overwhelm­
ing comeback. While many foreign governments and corpo­
rate giants were investing hundreds of millions of dollars in 
chip plants 00 tum out millions of low-cost, low-profit dynamic 
RAMS, several U. S. semiconducoor houses have been working 
quietly for several years 00 develop a new kind of memory 
that now stands an excellent chance of eclipsing the dynamic 
RAM's influence on computer design. 

The potential of this new challenger, called the flash memo­
ry, is staggering (see p.47). If the new class of memory 
moves inoo volume production as expected-and there seem 
00 be few technological reasons for it not to-it wiil be 
denser, maybe faster, and more reliable than any other type 
of semiconducoor memory. Flash memory ·not only will re­
soore the memory-chip leadership 00 the U. S. if it pans out as 
we think it will, but also will radically alter computer architec­
ture. It will likely displace magnetic disks for program soor­
age as well as allow computers 00 be designed with all non­
volatile memory. The potential of the dense flash memories is 
so vast that Intel, which has been working hard on flash 
processes for four years, has decided 00 fold its triple-poly 
EEPROM program and concentrate instead on flash. 

Flash may also be arriving just in the nick of time. Despite 
the glamour of reaching I6-Mbit parts, the dynamic RAM is 
running out of steam in density improvement. Trench capaci­
oors and other processing and circuit tricks are troublesome 
and require painstaking care in processing. Flash memories, 
on the other hand, can be made with one-transisoor cells, are 
highly scalable, and do not need elaborate engineering. While 
the Japanese may own the dynamic RAM world, the U. S. is in 
a strong position 00 take the lead in what ultimately may be 
the more important memory technology. ROBERT W. H .. KIIL 

@ 1988, Reprinted with permiSSion' from ELECTRONICS, 
a McGraw-Hili Publication, March 3.' 1988. 
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PROBING THE NEWS 

HIGH·DENSITY FLASH EEPROMS ARE ABOUT 
TO BURST ON THE MEMORY MARKET 

They could end up being the dominant low·cost, high·density memory 

9he market is about to be hit with a 
• wave of new electrically erasable non­

volatile memory chips that may soon 
match the bit density of dynamic random­
access memories. This emerging breed of 
programmable read-only memories-built 
with single-transistor cells and called 
flash EEPROMs-could pack 64 Mbits on 
a chip by the turn of the century. 

At least a half dozen silicon mer­
chants-among them such giants as In­
tel, National Semiconductor, Texas In­
struments, and Toshiba-are working 
on flash EEPROMs, using a variety of 
cell layouts (see figure). First out of the 
gate will be a CMOS 512-Kbit flash EE­
PROM, coming this month from Seeq 
Technology Inc. in San Jose, Calif. 
Right on Seeq's heels is Intel Corp., 
which has developed what executives 
will only say is a significant "process 
trick" for its flash parts that allows it to ' 
use the same design as in its ultraviolet 
erasable PROMs. 
RADICAL CHANGE. Intel believes that by 
the year 2000, flash memories will 
emerge as the low-cost, high-density 
champion memory. If they are right, flash 
EEPROMs could radically change systein 
architectures, making it po~sible to build 
computers with all-solid-state memory 
systems. The flash EEPROMs would be 
the only direct-access mass storage in the 
system, replacing disk drives feeding 
DRAM-based main memory. 

Flash memories are a marriage of 
conventional EEPROM and EPROM 
technologies, offering the high densities 
of EPROM thanks to one-transistor 
cells. The write operation is like that of 
EPROMs, using hot-electron injection. 
The erase operation borrows the mecha­
nism of floating-gate EEPROMs-elec­
trical erasure by cold-elec.tron tunneling. 

Most full-featured EEPROMs have 
two-transistor cells and can reprogram 
individual bytes one at a time. In con­
trast, the entire contents of flash-EE­
PROM arrays are erased quickly and si­
multaneously. The flash memory trades 
selective-erase capabilities for space-sav­
ing single-transistor cells. 

"Flash" also describes the way the new 

Electronlcsl March 3, 1988 

by J. Robert Lineback 

memory's market segment IS expected to 
grow, surging from near nothing today to 
over $1 billion in the early 1990s (see 
chart, left). The lIash movement has be­
come so explosive that market researcher 
Dataquest Inc., San Jose, Calif., is wait­
ing for key product unveilings before it 

right away. Nor will they cut quickly into 
EEPROM sales. Right now they pose a 
real threat to EPROMs. Because of their 
high cost, conventional EEPROMs did 
not, as some thought they would, push 
EPROMs out of the market Flash EE­
PROMs, however, could succeed where 

,...--'--------------, full featured EEPROMs failed. 

A .IIGHT OUTLOOK 
FOI FLASH EEPROMS 
3,000,...------------, 

.. 2.500f---
z 
co 
::; 
~2.000r--

f(l 
~1.500~ 
w 
c 
~ I,DOOr-... 
II: 

01988 
f--.,1992-

* r-

il 
500f- ~ r-

0'- .... UV L.Q.hSH '-
EPROM FEATURED EEPROM 

Although flash has tremendous 
market potential, vendors are being 
cautious about projections. "There 
will be room for all three types of 
nonvolatile memory: flash, UV­
EPROM, and full-featured EE-
PROM," says Mike Vilott, vice presi­
dent of marketing at Seeq. ''There is 
a slight price and space penalty for 
flash, but there are also benefits." 
The benefits are electrical erasability 
and the ability to test parts, which 
can not be done for EPROMs in 
cheap windowless packages. 

Two styles of flash memories are 
being developed by most suppliers . 
One is aimed at EPROM sockets, 
the other at price-sensitive EE­
PROM jobs that don't require byte 
erasure. Seeq ,is working on prod­
ucts in both styles. 

Seeq, the first company to move 
flash EEPROMs into the market­

lI'IIjBE.sT.,c.A.sEiiis.cEiiiNAiiiRiiiloii' __ ~_.so_uRiiiciiE'.DAiiT.AQ.U.".T place with an nMOS part [Electron-
will venture any formal forecasts of the ics, Aug. 21, 1986, p.53], uses a split­
business's growth. ''We have made some gate layout. The top layer of polysilicon 
initial estimates that show it could repre- forms the control gate, slopping down 
sent a third of the total nonvolatile area over a portion of the channel to form a 
[by 1992], if all of the companies we think select device. The folded-structure cell 
are going to be in the business are actual- takes up about 10% more space than a 
ly in volume production," says Mary Ols- conventional EPROM cell, says Gary 
son, an industry analyst at Dataquest Rauh, strategic marketing manager at 

EEPROM 

The potential density of EEPROMs is Seeq, which will use its split-gate design 
what has got everyone excited. DRAMs in the CMOS flash memories being intra­
are hitting a density barrier, says Bruce duced later this month. 
McCormick, product marketing manager Allied with Seeq and also working on 
at Intel-'-it is getting harder and harder the design of the two lIash families is 
to reduce the space needed for the capaci- National Semiconductor Corp. The pact 
tors that store charge in each cell to re- between Seeq and 'National, signed last 
tain data: Many lIash-memory proponents fall, is aimed at establishing feature-set 
agree. They see nothing but problems for standards quickly in the emerging mar­
DRAM makers trying to push ' the density keto They need to move fast; coming up 
of their parts in coming years. behind them are a host of major semi-

Most observers also agree, though, that conductor merchants, notably Intel. 
lIash parts will not threaten DRAMs Managers at Intel won't say much 
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"I'IIBI!II! .-10 . tion. "When yoll get out into fu-
1 __ . ~.. 'ture generations, there might be 
_LD A ... eu EEPIOII . a slight si • .e' penalty, but today it 
~ __ ......... _ ......... ________ ~ is zero. We think we see ways of 
I!'" holding the size' difference be­

tween future EPROM cells and" 
flash memories to about 'lffo," 
says Pllshley. 

Also moving in is Toshiba 
,";, Corp. The Kawasaki, Japan, 
' •• 1 " . company says it has begun se-
~:":"';"';'----------'---~"-;-"-;...;I.f lectively providing samples of 

256-Kbit nMOS flash parts, 
which are based on a complex 
triple-level polysilicon structure 
using a relativel:{ thick gate ox­
ide region (500 A). Toshiba offi­
cials decline to say when parts 

1-';,;;b.:,.I ___ ..... ..;.. _____ ..;.. ______ -t will become widely available, 
but observers believe the firm is 
working on a new CMOS design 
based on a recently disclosed 
NAND structure that shrinks 
cell size by some 30%. . 

And Hitachi Ltd. of Tokyo is 
also . pursuing flash memory, spe­
cifically a 1-Mbit chip. Like Intel, 
Hitachi eliminates the select tran­
sistor to build a small cell, but its 
approach is different, using a .. _____________ -.1 double-diffused profile in the 

Intel ........ gates (a), Seeq extends a gate over the source and drain regions of the 
channel (b). Toshiba uses a three-level layout (c), channel to prevent leakage. 

about the process fiddling they've done, 
except that it makes it possible to use 
an EPROM structure in flash memories. 
More than 100,000 256-Kbit chips have 
been produced at Intel's newly renamed 
Flash Memory Operation in Folsom, 
Calif., say managers there, and the new 
technique has helped Intel reach tight 
voltage-threshold margins in arrays. 
Control over the margins means Intel 
can make flash memories with cells that 
are very similar to those used in its 
high-density UV-EPROMs. The principal 
difference between Intel's flash EE­
PROM and its EPROM is that the gate 
oxide is thinner-100 A instead of 350 A. 

At the 256-Kbit level, the cell size of 
Intel's flash is exactly the same as its 
EPROM, says Richard Pashley, general 
manager of Intel's Flash Memory Opera­
tion. Many competitors' cells are larger­
they have had to modify stacked-gate cir­
cuit layouts to emulate the effects of 
phantom select devices. The devices pre­
vent error-generating current leakage and 
maintain voltage thresholds. 

Intel executives will not talk about 
timetables for specific product inirodue­
tions, but they're promising big things 
ahead. ''We are confident that our tech­
nology is scalable, and it will catch up 
with the density levels of DRAMs and 
UV-EPROMs. We see 2D years of scalabi­
lity in this technology," says McCormick. 
The company plans to apply the flash pre­
cess quickly to each new EPROM genera-

Despite all the activity in 
flash EEPRO Ms, and the evident inter­
est of major semiconductor companies, 
not everyone thinks they're the wave of 
the future. At Xicor Inc., fOf example, 
executives continue to believe that full­
featured EEPROMs will be the EE­
PROMs of choice. ''There are limits on 

. write-erase Cycles, and standards are 
not well defined when it comes to pro­
gramming voltages," points out Krish 
Panu, Xicor marketing manager. "Some 
people are talking 21 y; others 12 V. 
But how long will it be before they have 
I).V-only flash parts?" he asks. Xicor 
will use its thick-oxide technology to in­
troduce a 1-Mbit full-featured I).V EE­
PROM by the year end. 

Although most flash proponents agree 
that I).V programming would be an at­
tractive feature, many believe it is not 
worth the price of adding charge-pumping 
circuitry to each chip. Still, several firms 
are reportedly exploring I). V flash parts. 
Topping the list of those rumored to be 
doing so is TI, which wm only confirm 
that it is working on products based on 
its its Array Contactless EPROM technol­
ogy [Electronics, Nov. ZT, 1986, p.70]. 
Managers at its nonvolatile memory oper­
ations in Houston believe Texas Instru­
ment's technology makes a good starting 
point for small flash cells, since 1.1).,.m 
feature sizes, are currently producing 
EPROM cells measuring 13.5 ,.m". Some 
of today's smallest flash memory cells are 
just over 2D ,.m2• 0 

ElectronIcs / March 3, 1988 
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Nonvolatility: Semiconductor vs. Magnetic 

Organizer/Moderator: Richard Pashley, Intel Corp., Folsom, CA 

Semiconductor nonvolatile memory is on the verge of challenging magnetic media for future computer sto­
rage applications. With solid-state costs dropping faster than rotating magnetic media costs, the cost of semi­
conductor nonvolatile memory should reach parity with magnetic disks before the end of the century. The 
advent of CPU miniaturization and personal computing may accelerate the conversion to solid-state by 
changing the traditional main-store user requirements_ With distributed, processing, user memory require­
ments will shift to lower power, no wait state-access times, and a small light-weight for factor. How each 
technology will meet this challenge in the year 2000, will be reviewed. 
Since their invention, rotating magnetic memories have dominated the computer main-store market Their 
low cost and high density combined with their high endurance have been unsurpassed_ The magnetic disk 
market has grown to a $20B annual sales level. The average hard disk cost is between $10 and $20 per Mega­
byte with densities of over a Gigabyte. Historically, magnetic disk costs have reduced 20% per year, which by 
the year 2000 should allow magnetic disks to break the $1 per Megabyte barrier. 

The semiconductor nonvolatile memory revolution started with the disclosure of a 2Kb EPROM at ISSCC in 
1971. EPROM nonvolatility was achieved by storing electrons on a floating gate. Unfortunately, EPROM 
erasure required a 15-minute ultraviolet light exposure to neutralize the electrons stored on the floating gate. 
Because of the relative difficulty of erasing an EPROM once it was in a system, the search began for an elec­
trically-erasable memory. The solution was .found with the announcement of a byte-erasable 16Kb E2PROM 
in 1980. Still utilizing the floating gate for the storage element, the E2PROM introduced electron tunneling 
for programming and erasing. Typically, writing was limited to the 104-105 cycles. But this was still not the 
cost-effective solution users wanted, as E2PROM memory was 6-10 times more expensive than EPROM and 
trailed EPROM by 4x in density. Enter the flash memory. In 1985, a single transistor electrically-erasable 
flash memory cell, that writes like an EPROM and erases like an E2PROM, was invented. Long term, flash 
memory density and cost could approach EPROM values. However, flash is a block erase memory with 
write endurance limited to 100 cycles today. Is flash the ultimate nonvolatile memory? Can flash endurance 
be extended to the 104-106 cycle range? Will there be an E2PROM breakthrough that brings byte alterable 
memory costs closer to EPROM? Today, the combined nonvolatile semiconductor annual market size is 
under $1.5·billion with EPROM cost per Megabyte in the $100 range. Assuming the proven 70% silicon cost 
learning curve, flash memory will cost under a $1 per Megabyte and reach the 1 Gb per chip density by the 
turn of the century. 

Comparing today's cost of rotating memory to semiconductor nonvolatile memory, disks enjoy a 100x cost 
advantage over E2PROMs. However, by the turn of the century, flash memory will achieve cost parity with 
disks. For low-density memory systems, cost parity may be reached much sooner_ Magnetic media has a floor 
price that is limited by the cost of the disk drive itself, while semiconductor memory system cost is fairly 
linear with memory size. Clearly, magnetic disks will maintain their endurance advantage, but solid-state 
memory will offer substantially improved reliability without disk' drive crashes, eliminating the need for tape 
drive backup. Furthermore, users can execute directly from semiconductor memory, whereas disk drive 
latency requires downloading into D RAM. This could be a lOx performance advantage for disk bound multi­
tasking, multi-user systems. For portable systems, credit card format solid-state memory will offer a signi­
ficant reduction in system weight, power, and space. 

Will we see a major nonvolatile memory system architecture departure from disk to semiconductors? Can 
solid-state memory maintain its accelerated density/cost treadmill to catch disks? Is solid-state endurance of 
104 write-erase cycles adequateTThe' panel will explore these issues and discuss the system interaction with 
evolving memory technologies. 

© 1988, IEEE. Reprinted, with permission,lnternational Solid-State Circuits Conference. San Francisco, CA, February 17-19. 1988. 
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Nonvolatility: Semiconductor vs. Magnetic 
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============Synopses of Introductory Statements by Panelists============ 

The nonvolatile data storage requirements for information processing and display applications increase as subsystems be· 
come mor~ complex. During the past twenty years, developers of memory t~chnologies have made en~lrmous advances in 
improving memory device densities, speed and reliability. Nonvolatile memory systems are required in applications where it 
is vital that stored information not be lost in case of power failure. It is impractical, and in some cases impossible, to reload 
the memory under realistic operational conditions. The advent of nonvolatile and NORO (Non-Destructive Read Out) 
memory technologies was a major milestone for the, information processing system designer; as a result of this, significant 
commercial, aerospace, and military applications are currently emerging, utilizing these attributes. -- R. Fedorak 

In large nonvolatile memory systems, magnetic memories such as floppy disks and magnetic tapes have dominated the 
market. The cost of magnetic memories is very inexpensive. Magnetic memories, however, require mechanical mechanisms 
to operate the memory. The mechanical portion of the disk limits the reliability and the access speed of magnetic memory 
syst~ms. e2PROMs offer the nonvolatility, but do not haVe' high density or low cost to replace magnetic memories. To 
realize a high-density electrically-erasable memory,' the flash e2pROM was introduced in 19B4. In the near future, these 
flash high-density E2PROMs will be expected to replace the magnetic memory. -- F. Masuoka 

Semicond,uctors are gaining exponentially on magnetic storage in density/component and cost at a particular density. A 
single transistor nonvolatile R/W technology will b'ecome the clear winner for converting this market. Recent advancements 
in microprocessor memory management facilities marry well with newly·developed flash technology to produce solid·state 
diskless computer·systems. Combined with 'anticipated R/W optical technologies; hig~end systems are also envisioned. 

-- 8. McCormick 

The current trend towards, larger, more powerful, and more distributed 'personal' computers is also a trend towards 
mathine-oriented. impersonal use. One way for the next breakthrough in personal computing to occur is to allow the 
customer to feel more powerful ... more enabled through the use of a tool that is truly a persona," aid, or agent. Solid-state 
memory components will play an important'role in the coming generation of such tools. -- R. Mohme 

Todays high-density EEPROM is really a complete, random-access nonvolatile semiconductor memory system on a chip. 
EEPROMs are currently used in systems up to 4Mb to provide enhanced speed, reliability, power or temperature range 
operation. As 1Mb and 4Mb EEPROMs are developed, their cast per bit will continue to decrease and EEPROMs will 
become the' best solution for'larger nonvolatile memory systems in the future. -- W. Owen 

The user cost of rotating memories is c~rrentJY between $10 and $20 per Mb. Historical cost reduc~ion of 20% a year 
for disks will bring the ultimate user costs down the $3 to $6 per Mb range in five years. Smaller form factor, mass-pro­
duced disk driv'es also address the space, power and portability issues. All of this leads to the conclusion that both magnetic 
and semiconductor technologies will ~oexist for th'e foreseeable future. -- G.M. Scalise 

Organizer/Moderator/Panel Members 

Fedorak, R., Project 'Engineer/Memory Technology-Information Processing, Naval Air Dev. Ctr., Warminster, PA 
Masuoka, F., Engineering ManagerfToshiba VLSI Research Center, Kawasaki, Japan 
McCormick, B., Marketing Manager/EEPROM. Intel COTP .. Folsom, CA 
Mohme, R., Project Manager/CPU Engineering, Apple Corp .. Cupertino, CA 
Owen, W., Vice President/Product Planning, Xic"r Corp., Milpitas, CA 
Pashle"y, R., General Manager/EEPROM Business, Intel Corp .. Folsom, CA 
Scalise, G.M., President, Maxtor Corp., San Jose, CA 
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A 90ns lOOK Erase/ 
PrograInCycle Megabit 
Flash MeInory 
by Virgil Niles Kynett. Jim Anderson. Greg Atwood. Pat Di.t. Mick Fandrich. Owen Jungroth. Susan Kao. Jerry A. Kreifels. Stefan Lai. 
Ho-Chun Liou. Benedict Liu. Richard Lodenquai. Weh-Juei Lu. Roy Pavlaf/. Daniel Tang. J.e. Tzeng. George Tsau. Branislav Vajdic. 
Gau/am Verma. Siman Wang. Steven Wells. Mark Winston. and Lisa Yang 

ABSTRACT 

Using advanced 1. O"m CMOS technology, a 245 mil square 
131072 X 8 device has been fabricated with a 3.8"m X 4.0"m 
cell. The memory exhibits a 90ns read access time with a 900ms 
electrical array erase and lOlls/byte program time. The device 
has been optimized for in-system microprocessor-controlled repro­
.gramming with endurance performance greater than 100,000 erase/ 
program cycles. Column redundancy is implemented with the utili­
zation of flash memory cells to store repaired addresses. 

AOV ANCES in photolithography have made it possible to develop 
an electrically erasable reprogram mabie 90ns I Mb nash memory 
which is capable of greater than 100,000 erase/program cycles. 
This I Mb memory implements a command port and an internal 
reference voltage generator, allowing microprocessor-controlled 
reprogramming [I]. 

The 90ns access time results from a high memory cell current 
(9S"A), low resistance poly-silicide wordlines, advanced scaled 

© 1989 IEEE. Reprinted, with permission, from 
1989 IEEE lnteraational Solid-State Circuits Conference Digest of Tet:hnical Papers. 
New York. NY, February 15-17. 19&9. 
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periphery transistors, and a di/dt optimized data-out buffer. U;ing 
CMOS inputs, power dissipation is 40mW in the active state and 
20" W in the standby mode. The memory electrically erases in. 
900ms and programs at the rate of lO"s/byte. The device contains 
thirty-two columns of redundant elements and utilizes nash memory 
cells to store the address of repaired columns. The use of the nash 
memory cell reduces the required silicon area significantly over 
the commonly found large metal-shielded EPROM cells [2]. 

The I Mb nash memory was fabricated on a 1.0"m double poly· 
n-well CMOS process. Silicide was utilized on the word lines to 
help achieve the 90ns access time performance. The CMOS 
periphery circuits were constructed with 0.9"m L,rr, 2S0 A gate 
oxide LOO transistors. The density of this I"m nash technology is 
demonstrated on the 1.0"m and I.S"m memory cell comparison 
shown in Figure I. The 1.0"m memory cell has a IS.2"m' area, 
which is over twice as small as the I.S"m memory cell. A micro­
photograph of the 24S mil', 128K X 8 nash memory is shown in 
Figure 2. The process/device characteristics are summarized in 
Table I. 



a) 1.5JL Lithography 
(5,000 x magnification) 

b) 1.0JL Lithography 
(5,000 x magnification) 

Figure 1. Array SEM microphotograph: (a) 1.5"m memory cell (6" X 6,,) (b) 1.0"m memory cell (3.8" X 4,,) 

One of the most significant aspects of this device is its 100,000· 
cycle capability. A typical cell erase/program Vt margin is shown 
as a function of reprogramming cycles in Figure 3. After 100,000 
cycles there still exists a 2.5V program read margin to insure relia· 
ble data retention. Accelerated retention bake experiments done 

at 250'C for 168 hours indicate that after 10,000 cycles the 
memory will exhibit only 0.7V program Vt shift. Program and erase 
time degrade slightly due to normal charge trap·up in the tunnel 
oxide (Figure 4). in addition, endurance reliability has been excel· 
lent with no tunnel oxide breakdown. 

Table 1. Device Parameters 

Technology Cell Periphery Device 

1.a-/tm Lithography Area = 3.8/tm X 4/tm Tox = 250.0. Die Size: 60116 mils' 

1.Plol~, l·SlIIclde Gate Oxide> 100 A Leff N+P = 0.91'm Organized: 128K X 8 

N·Well,CMOS Read Current = 951'A Xjn = 0.31'm Access Time: 90ns 

Epion P+ Terase = 900ms Xjp = 0.61'm Active Power: SmA 

Tprog = lOps/byte Standby Power: 41'A 

Package: 32·pin Cerdip 
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Figure 2. 1 Mb die photograph 

However, to build a manufacturable I Mb flash memory, it is 
essential to be able to control the memory array erase Vt. The key 
is the proper selection 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 verify circuits [3]. 
Good oxide quality gives an erased Vt distribution width that does 
not change appreciably with cycling (Figure 5). The tight erase Vt 
distribution gives an order of magnitude of erase time margin to 
the fastest erasing cell (Figure 6). 

PROGRAM VT MAX ----PROGRAM VT MIN 

7.S 
PROGRAM READ MARGIN 

'SC-'~r-__________________ ~V~~~M~'N~ __ _ 

i ERASE READ MARGIN ERASEVT MAX 

ERASEVTMIN 

'.S 1=--------------_____ ----_ 
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NUMBER OF CYCLES 

Figure 3. Array Vt vs. cyles 
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Array erase is executed by switching high voltage onto the source 
junction of all cells and grounding all select lines. The array source 
switch: shown in Figure 7, switches high voltage onto the source 
junctions. Transistor M 16 is a very large device which pulls the 
source to ground during read and program modes. During erase 
mode,the high voltage latch formed by 1\15-MS enables transistor 
M 15, which then pulls the array source up to 12V. To obtain fast 
array erase times, this device must be made large enough to supply 
the grounded gate breakdown current which occurs on the sources 
of the memory array. The upper boundary on MI5 current sourc­
ing capability is set by the maximum allowable substrate current. 
If VPP is raised to 12V before VCC is above approximately l.SV, 
the low VCC detect circuit formed by MI-M4 drives the node 
LOWVCC to 9V. Transistors M9-MII then force the erase circuit 
into a non-erase state with MI5 off and MI6 on. When VCC rises 
above I.SV, the chip will be reset into a read state. 

Redundancy circuits consist of two flash memory cells combined 
with a cross-coupled bias and sense circuit ensuring low power 
consumption (Figure S). When either M7 or MS is programmed, 
the latch no longer draws power. By setting the levels of CLAMP 
and BIAS to Vt and 2Vt respectively, the Band BB levels are held 
to approximately one Vt. The signals F and FB along with the 
address signal drive the inputs to the XNOR circuits. The MATCH 
signals for all column addresses are combined to create the full 
match signal which enables a redundant column. 

In summary, a 90ns I Mb flash memory has been developed 
through the ability to scale the flash memory cell onto a standard 
CMOS 1.0l'm technology. This memory has been optimized for 
in-system microprocessor-controlled reprogramming for more than 
100,000 erase/program cycles. 
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SILICON BITS 
Stan Baker 

The Memory Driver 

Ii The primary driVing force behind the personal 
computer revolution has been memory, not 
microprocessors. While one cannot give all 

.,. . the credit in one place, and microprocessors 
...... and software have their essential roles, the 
~ archi tectures and viability of these small com-

puters has been due mostly to memory tech-
. nologies-both semiconductor and magnetic. 

That situation continues and more memory trends are afoot that 
wiD force computer systems in new directions in the near future. 
DRAMs are running out of the economic gas that has propeUed the 
memory costs downward, not only leaving the door open for other 
memory technologies but demanding they enter. 

Today's memory technologies are bubbling with new possi­
bilities that will further revolutionize systems. At the heart of 
the changes will be nonvolatile devices. And the major player 
there will be flash technology. 

Tbe initial personal computers could have been made with CPUs 
that were not fuDy integrated, using gate arrays, LSI discrete logic 
or 2901 bit-slice architectures. But they could not have been made 
without low-cost, dense DRAM chips and low-cost floppy disk 
drives. Tbe success of PCs then gave the economic stimulus to 
miniaturize hard disks which stimulated the PC business further. 

The center of the computing universe is the data, not the 
processing engine. And the data is in the memory. And the 
ideal memory is nonvolatile. 

Besides changing systems, the nonvolatile technologies will 
also alter the architecture of the semiconductor business inter­
nationally, with large sc3.1e impact on trade, political, and ma­
cro-economic issues. The leaders in the nonvolatile technol­
ogies are American companies. And they will not license their 
technology so readily as in the past. 

There is a host of possibilities' from flash, EPROM, EE­
PROM, battery backing, magnetic, optical, and the more re­
mote ferroelectric technologies. Ferroelectric comes the clos­
est to being the'ideal nonvolatile RAM, but it is the furthest 
from reality. However, flash is here and, for the first time, 
promises to bring nonvolatile devices into the processing heart 
of computing systems in a big way. 

Flash memories can have smaller cells than DRAMS and 
will be able to get more benefit from the latest lithographic 
and other processing equipment than DRAMs will. With only a. 
year on the market the bit-count of flash devices has caught 
up with EPROMs and DRAMs, all now at 1 megabit per chip. 

The I-Mbit flash device just introduced by Intel has a die of 
60,000 square mils. Current I-Mbit DRAMs are larger, at 
about 70,000 square mils, and 256 kilobit SRAMs use about 
75,000 square mils. I-Mbit EEPROMs are about double, on 
the order of.l30,OOO square mils. 

Flash will continue to track EPROM densities and soon out­
strip even DRAMs, according to Richard Pashley, general 
manager of Intel's nonvolatile memory business. The only 
memory technologies that continue to track lithography in 
their cell size are EPROMs and flash devices. 

Flash devices can be read as rapidly as EPROMs or DRAMs. 
But writing into them takes tens of microseconds per byte. And 
they are bulk erased in tens to hundreds of milliseconds . 

Such long erase and write times may seem extremely limiting 
at first thought. But actually, the bulk of program and data stor­
age does not need fast erase/write. That is why magnetic stor­
age is so important. And that is what has some flash memory 
marketeers so excitOO-especially at Intel, which is nowhere in 
the DRAM and SRAM businesses, but the world leader in 
EPROMs. For flash devices are very similar to EPROMs. 

Consider this example. If a computer were constructed with 
megabytes of fast volatile RAM directly serving the CPU, that 
can be erased and rewritten rapidly, massive blocks of nonvo­
latile flash RAM can take the place of magnetic storage back­
ing that volatile memory. A few 4-Mbit flash chips will carry 
more data than most floppy disks. 

That backup storage will significantly speed-up system per­
formance and eliminate electro-mechanical reliability problems, 
as well as lots of weight and 
power drain. The flash devices 
can also be used to reduce the 
amount of volatile RAM, be­
cause some is used to store pro­
grams and data that seldom 
needs to be erased and changed. 
Such write-seldom sections of 
memory can be updated in a sec­
ond or so, which is less than 
would irritate a human operator. 

Fitting in this scenario, future 
microprocessors will have more 
and more memory on their die. 
That will be a good place for the 
fast RAM, made even faster by 
eliminating the inter-package wir­
ing. And these internal RAMs will 
be organized to match the pro­
cessing characteristics of the 
CPU which is not the case now 
with discrete RAMs. The flash 
and EPROM devices can then 
connect directly to the micropro­

. cessor package, eliminating dis­
crete DRAMs and SRAMs. 

Memory companies everywhere 
are working on flash devices. But 
Seeq Technology and Intel were 
the first to market. Since then, 
Texas Instruments and Toshiba 
have introduced versions. But Intel 
seems to be the only one supplying 
in significant volume, and it's Intel 
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that has put the most corporate 
commitment-money and talent­
behind flash. At Intel, flash technol­
ogy plays directly off its EPROM 
technology in which Intel is still the 
world leader. 

A passion for fI •• h 
According to Pashley, "nash is 
the way Intel will get back in the 
read-write memory business." In 
Pashley, Intel and perhaps the in­
dustry has its flash champion, and 
the success of any new technol­
ogy depends on having the capa­
ble individuals that have the faith 
and lead the charge. 

Pashley was the pioneer of 
scaling, the technique of shrinking 
MOS devices that is fundamental 

. to the evolution .of more and more 
dense MOS ICs. His process at 
Intel was termed "HMOS." 

At the recent ISSCC in New 
York Intel described its I-Mbit 
flash memory chip. Seeq Tech­
nology and National Semicon­
ductor, who are jointly working 
on nash devices, described a 1-
Mbit as well. And Texas Instru­
ments described its latest· 
nash, a 256k device that uses 
only a single 5-V supply. 
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MeIllory life-Cycle Costs 
T oday's memory market is in­

undated with competing al­
ternatives. 

Given so many choices, 
designers will tend to speci­

fy a part based on its density, read/ 
write speeds, flexibility, reliability and 
space and power requirements. Pur­
chaser,s, however, are more sensitive to 
a given memory's price (cost per bit) 
and availability. 

Without question, these are the prop­
er criteria on which to judge a mem­
ory's merits and identify the right mix 
for specific application needs. But there 
should be one more: life-cyCle cost. 
Those who specify memories must con­
sider how much a technology is costing 
them over the lifetime of the system 
because of its inherent performance 
and/or reliability limitations. S\lch 
costs are incurred in several ways: 

• Manufacturing/Assembly. Sys­
tems manufacturers who use ROMs to 
store code know they have little flexi­
bility if that code ever needs to be 
changed. New masks must be made, old 
inventory scrapped, nonrecurring engi­
neering (NRE) charges paid and.weeks 
of potential production wasted. . 

EPROMs remedy these problems to 
a. certain degree. However, if the 
EPROM has already been programmed 
and code changes are required, then the 
manufacturer is faced with the un­
desirable task of disassembling the sys­
tem, pulling out the EPROM (and run-. 
ning the risk of damaging it), erasing 
and reprogramming the device and 
reassembling "'e system. 

If, instead, a manufacturer decides to 
pay a high ·unit cost up front to. obtain 
the in-system electrical erasure of 
EEPROMs, it is likely to mount them in 

. sockets because of relatively high failure 
rates, thereby incurring even more costs 
from the socket, the added space and, 
failed products. In-system electrical era' 
sure eliminates the inventory problems 
of ROMs and the update limitstions of 
EPROMs, yet EEPROMs frequently 
lack the required density and ongoing 
reliability needed by many systems. 

On' the other hand, Flash memory 
offers a mix of performance character­
istics to provide the optimum cOst effi­
ciency: in-system electrical read/write 
capability and proven reliability. 

• Customer Service. If your com-

©INTELCORPORATION . 

The most­
effective 
memory 
purchase 

decision is not 
limited to short­
term price and 

availability 
issues. 

pany has a service organization char­
tered to maintain systems once they're 
sold, then chances are your service 
technicians travel to customer sites, 
pull apart systems, diagnose problems 
·and perhaps end up reprogramming 
the EPROMs or replacing dead batter­
ies. Because of the handling required 
for reprogramming and the likelihood 
of damage, they may even be replacing 
the old memories with entirely new 
ones because each unit is 80 "inexpena 
sive." But how much does this proce­
dure cost-in time, labor, parts ... and 

. in customer inconvenience? 
With Flash memory, a technician 

can read the mem~ry remotely over a 

phone line, diagnose the problem and 
perhaps correct it through an immedi­
ate rewrite of the memory-or at least 
identify the exact problem and take the 
correct replacement parts with him on 
the initial service call. This reduces the 
number of service calls as well as the 
duration of those calls still required. 

This level of service could save a sys­
tems supplier with a large installed 
base a tremendous amount of service 
labor and time, as well as improve ita 
customer relationships through im­
proved product reliability. 
'. Response to Market Needs. 

Most systems have their own carefully 
formulate!! cost-effectiveneas lifetime, 
after which their f~atures may become 
obsolete because of continually emerging 
state-of-the-art alternatives. Premature 
obsolescence makes for a costly system. 

Consider the possibilities instead if 
your embedded system could be updat­
ed in the field. For example, a printer 
or copy machine or modem could be 
feature customized using an in-system 
read/write nonvolatile memory. The 
system could be updated not only at the 
very end of your manufacturing line, 
but potentially also.by your reseller to 
meet a customer's immediate require­
mente-or, at some point in the future, 
at the customer's site over a phone line 
to provide added or enhanced features 
as they become available or desired. 

The memories available previously, 
such as static RAMs and EEPROMs, 
that cbuld achieve this level of func­
tionality, come up short on some of the 
other key criteria used by the'deSign! 
purchasing team, such as density, cost 
per bit and reliability. 

In contrast, Flash memory combines ' 
the key memory characteristics (fast 
readlwrite capability, inherent non­
volatility, low cost per bit, reliability and 
density) to provide a balanced solution. 

The most-effective memory purchase 
decision, therefore, is not limited to 
short-term price and. availability is­
sues. Rather, an analysis of how a par­
ticular technology might impact differ­
ent organizational bottom lines can 
yield much more significant, long-term 
cost savings for your company. 

Laurence R. Hootnick is senior VP and 
general manager of the Embedd,ed Con­
troller and Memo", Group at Intel Corp: 

Copyrighl© 1989 by CMf> Pub'ications,,'nc., 600 Community Drive, Manhasset; NY 1:1030 
Reprinted from Ele~tronic Buyers' News with permission. June 26, 1989 

6-400 



ARTICLE 
REPRINT 

AR-478 

December 1989 

Flash Memories: The Best 
Of Two Worlds 

1989 Intel Corp. 
Reprinted from IEEE Spectrum with permission. 

By 
RICHARD D. PASHLEY 

STEFAN K. LAI 
INTEL CORPORATION 

6-401 

Order number 295040-001 



Flash tnemories: 
the best of two worlds 
Filling a niche between conventional EPROMs and EEPROMs, these dense memories 
offer the latter's reprogramming convenience at relative cost advantages 

In evolving from a concept paper in 1984 to megabit 
devices only five years later, flash memories have 
moved up the transistor-density curve faster than any 
previous semiconductor memory IC. They are based 
on the technology of either erasable programmable 
ROMs (EPROMs) or electrically erasable program­
mable ROMs (EEPROMs), and in price and func­
tionality fall somewhere between the two, suiting any 
applications that require the former's denser stor­
age plus the latter's ability to be reprogrammed with­

APPLICATIONS 

SOLID STATE 
volt supply, whereas those closer to EPROMs require 
a 12-V one as well, to drive the high-energy electrons 
that write data into them. This kind also requires 
a multistep algorithm that verifies erasure. Its makers 
say that the 12-V supply helps protect the IC against 
accidental erasure; those that supply S-V-only ver­
sions counter that there are software techniques that 
may be employed to'render such an accident too rare 
to be worth consideration. 

out removal from Ii system. They also share these memories' non­
volatility and fast read access. 

Those flash devices more akin to EPROMs cost less and prom­
ise rapid device and price scaling; their suppliers include Intel 
Corp., Santa Clara, Calif.; Seeq 'Iechnology Inc., San Jose, Calif.; 
and Tokyo's Toshiba Corp. The others, which utilize the more 
complex EEPROM technology, are slightly more expensive but 
provide more flexible reprogramming. They are made by Thxas 
Instruments Inc., Houston, Texas, and sampled by Atmel Corp., 
San Jose, Calif., among others. 

Of these three types of reprogrammable memory, EPROMs 
remain the best choice for applications where data almost never 
needs changing. Otherwise, flash memory devices should be con­
sidered. Although the average EPROM may sell for' about $7, 
and a flash memory for about $25, the differential is wiped out 
by the expense of a single reprogramming. The in-system 
reprogramming of a flash device may cost as little as $1, where­
as pulling an EPROM out of a system to erase it by exposure to 
20 minutes of ultraviolet (UV) light may cost over $80 when equip­
ment, downtime, and labor are factored in. 

Meanwhile, EEPROMs should remain popular wherever it is 
necessary to erase bytes selectively. But flash products, which are 
erased in tlieir entirety or section by large section, might do bet­
ter for updating stored logic, when this must be done more than 
once but less often than in main memory, cache memory, or 
registers. Reprogramming costs are similar, but flash memories 
are less than half the price of EEPROMs. 

Flash memories may even oust some battery-backed static 
RAMs (SRAMs), a bulky combination. In laptop computers, the 
flash device would occupy less space, at a lower cost per bit, and 
eliminate the dependency of memory on battery power. 

Most flash memories have the same pinout as EPROMs, so 
that substituting them in a system requires primarily software al­
terations. (The densest flash ICs may have a few extra pins, how­
ever.) Furthef11lore, whereas a flash memory will nearly always 
be surface-mouniable, that is not the case for some applications 
of EPROMs, whose packages include a window that must be ac­
cessible to UV reprogramming equipment. A flash-for-EEPROM 
swap, though, will almost certainly require rerouting the print­
ed circuit, because flash memories may be up to four times denser. 

Also, flash ICs closer to EEPROM technology need only a 5-

Richard D. Pashley and Stefan K. Lai Intel Corp. 

The choice between the two flash memory types 
is sometimes determined by the application. In small embedded 
controller systems, missiles, or remote battery-powered systems, 
a S-V-only flash memory is preferable. On the other hand, a 12-
V supply is already available in some systems, such as desktop 
personal computers and laser printers. ' 

With software of all kinds becoming more complex, the likeli­
hood of changes to it, to update it or eliminate bugs, increases 
proportionately. That, in turn, argues for efficiently reprogram­
mabIe nonvolatile memories, and bodes well for the popularity 
of flash memory. 

Consider the basic 110 system of a PC. It is typically stored 
in ROMs or PROM. Flash memory would allow the changing 
of 1/0 system code over a network or modem within minutes. 

Also, portable computer systems' hard-disk drives may' be 
replaced by flash memory modules offering lower cost, size, and 
weight, plus the greater reliability of solid state. 

The operating system for an IBM PC AT or an Apple Macin­
tosh is big enough as a rule to need storing on magnetic hard disk. 
With each year, however, flash ICs become more economical for 
greater amounts of storage; up to 2M bytes of flash memory are 
available with a new laptop from Psion Inc., Watertown, Conn., 
for example [see photo). As this trend continues, flash ICs may 
supplant hard-disk drives of small capacity (up to 10 megabytes) 
in systems that could use a small, reliable memory with low power 

Defining terms 
Electron trapping: the accumulation of electrons in Imperfec· 
tlons in silicon dioxide, so that negative charge builds up and 
delays erasure of programmable memory devices. 
Fowler·Nordhelm tunneling: a quantum mechanical process 
In which electrons tunnel through a thin dielectric from (or 
to) a floating gate to (or from) a conducting channel-the 
erase mechanism In flash memories and the program and 
erase mechanism In electrically erasable programmable' 
ROMs (EEPROMs). 
Hot·electron Injection: in this context, the injection into the 
memory cell's floating gate by a vertical electric field of elec· 
trons with 'excess energy acquired from a high source·to-draln 
channel electric field. 
Nonvolatile memory: memory that does not lose stored bits 
after power is switched off (Includes ROMs, PROMs, EPROMs, 
EEPROMs, and flash memories). ' 
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consumption. In such cases, though, another software modifi­
cation becomes necessary. Data is stored in serial form on hard 
disk, and must be reformatted into bytes before it can be sent 
to RAM. Data stored on flash ICs is already in byte format, and 
operating systems are being rewritten to accommodate this. 

At present, the programs for embedded controllers, such as 
those that operate automobiles and production machinery, are 
kept in other forms of nonvolatile memory. But flash ICs could 
serve here, too. And they could also speed up laser printers. Much 
of the formatting font and size information, along with the data 
to be printed, must now be loaded for each page from the cen­
tral processing unit to the laser printer. Flash memory in a laser 
printer could store the font information for an entire print ses­
sion just the once, so that pages would print out one after the 
other with less delay. A change in print session parameters would 
simply invoke an erase/reprogram cycle. 

Flash memories are also candidates for use in flight data record­
ers and in communication equipment where parameters change 
often to accommodate different data communication formats. 

Flash technology 
Even as semiconductor memory began displacing magnetic 

core memory in the early 1970s, the inability of RAMs to retain 
data after power was turned off remained a problem. The inven­
tion of the nonvolatile EPROM deserved to be successful, de­
spite the clumsiness and low repeatability of UV erasure. 
EEPROMs subsequently offered speedy in-system erasure with 
a strong electric field, which, however, at 12 megavolts per centi­
meter, so stressed the device's tunnel oxide as to limit the num­
ber of erase and write cycles possible. Also, the EEPROM mem­
ory cell, larger than the EPROM's, meant less favorable 
economics. 

Accordingly, the challenge for semiconductor engineers was 
to fabricate a memory with the EEPROM's electric eras ability 
but priced more like an EPROM, of comparable memory reten­
tion and cell size, and higher read/write cycling capability. Like 
both devices, the new one was to have high-speed read access. 
The flash memory is the response to this challenge. 

Pashley and Lai-Flash memories: the besl of Iwo worlds 
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The MC400 laptop computer Jrom Psion Inc., Water­
town, Conn., uses flash memory modules to replace 
disk drives. ThecomputerhasJourmoduleslots, and 
each module contains Jour Intel I28K-bit flash ICs 
in plastic leaded chip-carriers Jor a total oj 2M bits 
oj memory. The primary requirement Jor switching 
Jrom disk to solid-state memory is rewriting the oper­
ating system's memory management code. Psion also 
makes an accessory that lets the user plug the MC4()()'s 
modules into any IBM Corp. or compatible personal 
computer. 

Most flash memories are programmed with the 
EPROM's hot-electron injection technique. Each 
............................... 11' .. ,:0: .. 1..1 "'f'f' .................. : .. + ..... f't;''CT': ............ ..-1 

~;;~~-~ff-b~ ~h;-~bs~~~;-o-;;;~~";~~e'~f ~h~;~;~~-; 
floating gate sitting above the conducting channel. 
Electrons accumulate on the floating gate because of 
the field produced by a large positive voltage on the 
select gate above the floating gate, and a similar volt­
age on the drain while the source is grounded. Once 
on the floating gate, the electrons are trapped there 
by the surrounding nonconducting oxide. The elec­
tric field they produce will then turn off the FET, stor­
ing a logic 0 in that bit location. Where no excess elec­
trons are trapped on the floating gate, the FET's 
channel can conduct current and the cell has a logic 
value of I. Thus, both in cell structure and in program­
ming technique, the flash memory is very similar to 
the EPROM. 

All flash memories are erased electrically in the sys­
tem and in I or 2 seconds, like EEPROMs, but in bulk, 

like EPROMs. Electrons tunnel back into the source region in 
response to an electric field between gate and source. Some devices 
have been designed to make programming and erasing consis­
tent with microprocessor control. The EEPROM's individual byte 
erasure is made possible by equipping each memory cell with a 
second, select transistor, and by forgoing the select transistor to 
obtain bulk erasure, flash memories can be built with much higher 
densities than EEPROMs. 

Structurally, the flash memory cell is like the EPROM cell, 
being only slightly larger and with a thinner gate-oxide layer, 
usually 10-20 nanometers deep. But each supplier of flash mem­
ories has taken a slightly different approach to the device. Intel 
uses its ETOX (EPROM tunnel oxide) technology. Seeq employs 
a "phantom transistor" approach, which has a stepped-gate struc­
ture. Toshiba employs a triple-polysilicon, three-gate design. TI's 
is also a stepped, two-gate structure, with a thin dielectric to ease 
electron tunneling to the floating gate. The first three designs are 
programmed by hot-electron injection and erased via Fowler­
Nordheim tunneling. Tl's design depends on tunneling for both 
the write and erase mechanisms. 

The Seeq cell puts a second transistor in series with the first 
to.control erasure and also enable the erasure of small subsec­
tions. The approach in effect lengthens the channel, however, and 
limits programming performance. Programming and erasure 
occur through the same junction, stressing the gate oxide and 
guaranteeing fewer than 10 000 cycles, although up to 100 000 
is typical. 

Toshiba's flash cell is the most complex and largest of these 
three. It his a phantom transistor like Seeq's, also to control era­
sure. It has another layer of polysilicon for erasure through a 
polysilicon-to-polysilicon oxide. The poly-to-poly-oxide erase 
path requires higher voltage than either the Intel or the Seeq flash 
cell. Tunneling through poly-to-poly oxide tends to trap more elec­
trons, so that the cell'threshold increases with cycling. As a con­
sequence, Toshiba's memory cells are specified for 100 cycles, and 
to 1000 cycles with special electrical screening tests. 

TI calls its flash memory a merged-transistor advanced con­
tactless EEPROM. The cell transistor and pass transistor are 



merged so that its flash memory cell is structurally similar to 
Seeq's phantom cell, except that it has a thin (IO-nanometer) oxide 
tunnel window for programming erasure. 

Intel's cell is programmed through the drain, and erased 
through the source, which results in the reduction of stress on 
the gate oxide and a typical cycling capability in the 100 000 to 
I million range. The cell is smaller than the other three, which 
means not just smaller chips and more of them per wafer but 
a faster-to-program device with a shorter channel length. 

The Intel cell uses a single FET with a floating gate for stor­
age. To program a row of eight cells (a byte), the row decoder 
selects them and drives them to 12 V. The bits within the byte 
that are to be programmed as logic 0 are selected by the column 
decoders, which takes them to about 7 V. 

'JYpically, hot-electron programming takes less than 10 microse­
conds per byte while tunneling takes between 5 and 20 millise­
conds per page for programming, per chip for erasing. For bulk 
erasure, a second is more than adequate, and the reduced stress 
on the flash memory's gate oxide (compared with the EEPROM's) 
markedly ameliorates oxide-related problems that affect memo­
ry retention, time to program; and time to erase. All involve 
mechanisms affecting device quality and reliability. 

Quality vs. reliability 
IC quality is not to be confused with IC reliability. Quality 

describes how closely a chip conforms to its specifications upon 
delivery and is a manufacturing concern, dependent on the 
thoroughness of testing processes. Reliability describes how close­
ly an IC continues to conform to its specifications over years of 
use, measured by failure rates of components that have been quali­
fied and installed in fielded systems. Reliability will bear on the 
overall cost of ownership of a system because repair in the field 
costs far more than repair during production. 

The failure mechanisms usually associated with program/erase 
cycling of electrically erasable memories (EEPROMs and flash 
memories) are charge loss due to latent oxide breakdown and elec­
tron trapup. Both manifest themselves when a device cannot be 
reliably programmed or erased within the maximum time 
specified. 

To reduce oxide breakdown, a chip manufacturer can both im­
prove oxide quality and attempt to reduce the stress on the tun­
nel oxide during programming and erasing. With Intel's flash IC, 
for example, the area of oxide involved (and the area that is 
stressed by the electric field) is confined to an overlapping area 
between source and gate. In addition, the reduction in electric 

A comparison of flash ICs, EPROMs, and EEPROMs 

Access time, Power consumption, 
Company, location Density nanoseconds milliamperes 

Fluhmtmorlea 
Intel Corp., 1M bit 120 30 
sanla Clara, Calif. 

s"q Technology Inc., 1M bil 200/250 30 
San Jose, Calif. 

Texas Instruments Inc., 256K bits 170 15 
Houston, Texas 

Toshiba America Elec- 256K bits 170 30 
tronic Components Inc., 
Irvine. Calif. 

Electrically erasable programmable ROMs (EEPROMs) 

Simtek Corp., 256K bits 120 80 
Colorado Springs. Colo. 

Xicor Inc .. 1M bit 200 50 
Milpitas. Calif. 

ero .. ble programmable ROMa (EPROMa) 

Microchip Technology 256K bits 55 65 
Inc., Chandler, Ariz. 

Texas Instruments Inc., 1M bit 170 50 
Houston, Texas 

field intensity across the tunnel oxide in flash memories to 10 
MY/cm from the 12 MY/cm typical for an EEPROM theoreti­
cally should increase its reprogramming durability. In experiments 
where over 2000 Intel 1M-bit flash, memories were cycled more 
than 20 000 times, none of the dev1ces failed because of oxide 
breakdown, and several devices survived I million program/erase 
cycles. 

The smaller the memory cell, the less capacitance it has, and 
the less charge need be added or removed for programming or 
erasing. Trapup is directly related to the amount of charge mov­
ing through the oxide, so the smaller charge requirement will tend 
to postpone its occurrence, stretching it out over many more pro­
gram/erase cycles than for larger cells, with higher capacitance. 
Thus, the larger the cell, the more susceptible it is to trapup, and 
the more programming or erase pulses it will take to push suffi­
cient electrons onto or off the floating gate. 

Beyond the cell itself, peripheral chip functions and oxides are 
affected by repeated program/erase cycles. In general, the higher 
those voltages, the more vulnerable the peripheral circuitry is to 
functional failures. Intel's flash memories need no more than 11.4 
V to meet their program/erase specifications. Other (lash mem­
ories that require the same nominal 12-V external supply have 
on-chip charge pumps and internal voltage levels of 20 V and 
higher. These voltages put more stress on peripheral circuit ox­
ides, to the possible detriment of reliability. 

Looking down the road 
CMOS is today's mainstream technology for both logic and 

memories. Within that technology, EPROMs and flash memo­
ries should be more scalable than dynamic RAMs (DRAMs) or 
SRAMs and EEPROMs. At a first level. there are differences in 
memory cell complexity. SRAM cells have four or six transistors. 
Thrning transistors on or off to store logic levels (writing) is faster 
than storing charge in a capacitive well (DRAMs) or on a float­
ing gate (EPROMs, flash memories, and EEPROMs). Sensing 
logic levels (reading) on SRAMs is also faster than on the other 
devices. But the price of that speed is increased cell complexity. 
Absolute SRAM cell sizes are over 10 times larger than for single­
transistor devices (EPROMs and some flash memories) and scal­
ing is more complicated because all dimensions cannot be reduced 
proportionately without upsetting some minimum spacing rules 
between lines and active devices. For example, distances between 
devices may not be allowed to shrink proportionately with line 
widths. 

An EEPROM cell, employing both a bit-storage and a select 

Voltage 
Erase/write Mmimum reqUirements, 

cycles erase area Erase/Write limes volts 

10' Bulk 1 second/chip, 5/12 
10.s/byt, 

10' Sector, bulk 12 secondslchip, 5/12 
525.s/byte 

10' Bulk 15 mslchip, 5 
15 mslpag' 

10' Bulk 100 ms/chip. 5112.75 
200.s/byte 

10' Byt, 10 mslchip, 5 
160.s/byt. 

10' Byt. 5 ms/pag. 5 

Up to 100 Blanket,ultraviolet 20 minutes max. 5/12 

Up to 100 Blanket. UV 20 minutes max. 5112 
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can be much more functional 
than microcontroller pro­
cessors. 

The tendency is to view non­
volatile memories as vehicles 
for software modification; but 
in the future they may also be 
used to change the functions of 
hardware. Just as some of to­
day's programmable logic 
devices (PLDs) use SRAM to 
control logic programming, 
tomorrow's PLDs may use 
flash memories for the same 
j um .. l.iu.l.1. Gli~ 0th\';t u.i"~u iil 
which flash memories promise 
to contribute is neural network 
systems, or processors that 
mimic the way the human 
brain works. It is likely that 
computers based upon neural 
networking concepts will use 
flash memories or EEPROM 
memories as key elements of 
their processing units. 

P substrate 
P substrate 
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Seeq cell ----. Floatlna gate, ~ Merged pass gale 
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Ga.e oxide Burled N+psource Ga.e OX~'des N+ dram 
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Ofthefour approaches to flash memory technology, Intel Corp., Toshiba Corp., and Seeq Technol­
ogy Inc. have chosen designs closer to EPROM technology, Texas Instruments Inc. one closer to 
EEPROM technology. Flash memory cells are similar to an EPROM cell, except they have shal­
lower gate oxides, usually 10-20 nanometers deep, to allow Fowler-Nordheim electron tunneling. 
Intel's cell employs a singlefield-effect transistor with afloating gatefor storage, and is programmed 
and erased through different areas of its gate oxide. Seeq employs a stepped-gate, two-transistor 
structure; the second transistor helps control erasure and also enables the erasure of small subsec­
tions. Toshiba's cell has a triple-polysilicon, three-gate design; it also uses an additional transistor 
to control erasure. The source and drain of the Toshiba cell are perpendicular to the plane of the 
page. These three designs are programmed by hot-electron injection and erased by tunneling. Tl's 
cell is also a stepped-gate, two-transistor design, but its oxide layer is constructed to ease tunneling, 
upon which it depends for both its write and erase mechanisms. Though several of these designs 
have more than one transistor, only the memory cell is depicted. Intel and Seeq are currently the 
only two companies producing 1M-bit flash memory products. 

To probe further 
The first concept paper on 

flash memories was presented 
by Toshiba Corp., Tokyo, at the 
1984 International Electron 
Devices Meeting. The 1984 
IEDM Technical Digest can be 
ordered from the IEEE New 
Jersey Service Center, at 445 
Hoes Lane, Piscataway, N.J. 
08855; or call 201-562-5493. 

The nonvolatile memory 

transistor, is over 2.5 times the size of a flash cell. Here, too, the 
added complexity and high voltages required may make propor­
tionate scaling (equal reduction of dimensions and spacings) 
somewhat elusive. Surprisingly, even the DRAM cell, composed 
of a select transistor and a storage capacitor, is over 1.5 times as 
large as the flash memory cell. But on today's submicrometer 
scale, planar DRAM capacitors hold too little charge for relia­
ble bit sensing, so that designers have gone to three-dimensional 
structures, such as stacked or trench capacitors. These construc­
tions complicate manufacturing, reducing reliability and raising 
costs. 

Having an active memory-cell transistor sense current like an 
SRAM and lacking the soft-error sensitivity of DRAMs, flash 
and EPROM technology may well be the most scalable memory 
technologies by the year 2000. 

In geological terms, 10 years is insignificant, but in solid-state 
technology, 10 years is one-fourth the age of the transistor. How­
ever, by the year 2000, a 256M-byte flash memory using 0.25-
micrometer geometry on a die 0.7 inch on a side is projected to 
sell for $1 per megabyte. Alternatively, less flash memory could 
be combined on the same die with application interfaces, such 
as high-speed data transfer interfaces, similar to today's burst 
mode, page mode, and "nibl" mode transfer schemes. 

Several 256M-bit flash devices, without today's on-chip con­
trol features, may form a multichip memory subsystem run by 
a single controller IC, akin to the DRAM and DRAM controller 
subsystems of today. In embedded control systems, the flash 
memory device may be combined with other application-oriented 
logic to simplify and shrink the design and lower its cost. Such 
chips will be similar to EPROM-resident microcontrollers (such 
as Intel's 8748, 8749, and 8751) but have far more memory and 

Pashley and Lai-Flash memories: the best of two worlds 

section of the 1989 Interna­
tional Solid- State Circuits Conference (ISSCC) Digest of Tech­
nical Papers contains papers on flash technology from intel 
Corp., Santa Clara, Calif.; Seeq Technology Inc., San Jose, Calif.; 
and Texas Instruments Inc., Houston, fuas. It is also available 
from the service center. 

The paper, ''A 90ns One-Million Erase/Program Cycle Megabit 
Flash Memory," from Intel Corp., was published in the October 
1989 Journal of Solid State Circuits special issue on logic and 
memory. 

About the authors 
Richard D. Pashley (SM) has served as general manager of In­

tel's Flash Memory Operation, Folsom, Calif" since April 1986. 
The previous five years he was director of Intel's Technology De­
velopment group in Santa Clara, and before that, he managed 
Intel's static RAM, static logic, bipolar memory, EPROM and 
EEPROM technology development activities. In 1976, Pashley 
developed Intel's HMOS (high-performance metal oxide semi­
conductor) process technology. He holds a doctorate in electri­
cal engineering from the California Institute of Thchnology in 
Pasadena. 

Stefan K. Lai (SM) has been engineering manager for Intel 
flash memories since 1986. As program manager for flash mem­
ory technology deveiopment during the two years prior to that, 
he co-invented Intel's ETOX (EPROM tunneling oxide) flash 
memory process technology. From 1979 to 1982, he worked at 
IBM Corp.'s Thomas J. Watson Research Center, Yorktown 
Heights, N.Y., where he was involved in tunnel oxide dielectric 
research. He holds a B.S. in applied physics from the California 
Institute of Thchnology and a Ph.D. in applied quantum physics 
from Yale University, New Haven, Conn. • 
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AGREEMENT AT HAND FOR Ie-BASED STORAGE MEDIUM 

PC standard in the cards 
By DAVID LAMMERS 

Tokyo - Agreement could be im­
minent on a Japan-U.S. standard 
for the "PC Card," a 2 x 3-inch 
IC·based card to be used as a 
removable data·storage medium 
for portable computers. 

Expectations are high that this 
transPacific standard will do for no­
tebook and laptop computers what 
MS-DOS, the floppy disk and the 
IBM PC did for desktop machines: 
allow software to be sold for, and 
data to be exchanged over, a medi­
um compatible across a broad 
range of portables from a long list 
of manufacturers worldwide. 

With notebook and low-end lap­
tops expected to constitute half of 
Japan's PC market by 1994-and 
perhaps a thfrd of PC sales around 
the world by then-approva! of 
the standard is especially impor­
tant to U.S. computer and soft­
ware companies. Proponents of 
the PC Card concept hope that, 
with the standard approved, soft­
ware vendors will quickly begin 
porting applications to the cards 
and users here and in Japan will 
embrace the new technology. 

The PC Card standard is being 
forged by the Personal Computer 
Memory Card International Asso-

ciation (PCMCIA) and the MIT!­
affiliated Japan Electronics Indus­
try Development Association 
UEIDA), which includes about 40 
major Japanese companies. The 
70-member PCMCIA includes 
nearly all of the personal comput­
er industry's movers and shakers, 
with IBM, Lotus Development 
Corp. and Microsoft Corp. play­
ing particularly active roles. 

Today and tomorrow in Seat­
tle, Microsoft will host the May 
meeting of the PCMCIA, at which 
members are expected to ap­
prove a draft agreed to in Tokyo 
on May 10 by PCMCIA members 
and the memory card working 
group of JEIDA. The agreement 
specifies the JEIDA V. 4.0 for­
mat, 68-pin card; the DOS file 
format; a means for the system to 
know what kind of card it is deal­
ing with; and other hardware and 
system-software specifications. 

It's expected that Poqet Com­
puter's (Sunnyvale, Calif.) Poqet 
PC, a palmtop unit that accepts 
the IC cards, will spearhead pene- , 
tration of the U.S. market. 

Dan Sternglass, founder of Da­
tabook Inc. (Ithaca, N.Y.), which 
manufactures a series of IC-card 
reader/writers and programmers, 
said: "What's going to drive the 
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market flrst are portable sys­
tems, starting with the Poqet. We 
still have to see how much of the 
market will be penetrated by the 
handheld-type computers. Then, 

FuJitsu's version of the 
credlt-card-slze 'PC Card.' 



PC Card standard drafted 
if everyone owns a handheld, IC Little pes will make big strides'in Japan market 
cards might be used in desktops," ,'.·&';..·.;;~ .. ·'I ..... ,. ... ,-0+0-............. ;..' ... ;.,';;..;. ........ --:-......... ....,.;00. ....... 

A host of notebook machines 
coming to market in Japan is ex­
pected to fuel use of the new 
cards there. 

Last week at the Japan Busi- '.,,' 
ness Show, NEC Corp., \>ujitsu . 
Ltd. and Mitsubishi Electric ••• ~ ..... ,...,.. 
Corp. all introduced powerful new 
notebook computers that include 
IC reader/writers compatible with 
the new 68-pin standard. Fujitsu 
offered a half dozen applications in 
ROM-based IC card format, along 
with various data file cards using 
SRAMs. 

How standard came about 
Tokyo - The people who hammered out the IC card standard 
between Japan and the United States described it as an exercise 
in quick compromises-and a demonstration that good will exists 
in abundance between Japan and America. 

Basically, the standard took most of the hardware specifica­
tions developed over the past five years by the Japanese and 
added software standards prompted by the U .S,'s Personal 
Computer Memory Card International Association (PCMCIA), 

Fujitsu Microelectronics memory card manager John Reimer' 
said Poqet Computer executives realized a year ago that a 
standard for the cards 
would expand the software 
base for their palmtop ma­
chine. Reimer-<lescribed 
as "the <!riving force" be­
hind the formation of the 
PCMCIA-sent out letters 
in June 1989 about the new 
association and got quick 
acceptance from U.S. com­
panies. About 70 compa­
nies joined PCMCIA. 

Late last year, the 
Americans sent a letter to 
the Japan Electronic Indus­
try Development Associ­
ation (IEIDA), an associ- Reimer: Instigator. 
ation that focuses on 
personal computers. The 
JEIDA working committee, already five years in existence, sent 
10 Japanese representatives to the PCMClA's January meeting, 
in Dallas. 

Japanese and American executives began crossing the ocean 
each month, attending each other's meetings. The Americans, 
accustomed to voting on issues after a period of discussion, 
worried that the Japanese would "want to keep talking, talking, 
talking, until they reached a consensus," Reimer said. 

Instead, the Japanese accepted,U.S. proposals about the pin 
lengths for the 68-pin connedor; Japanese software compa­
nies-including MicrosoftJapan, Just Systems and Ascii Corp.­
provided important input to the software discussions. 

-David Lammers 

N_ notebook w_ 
Those A-4-sized systems are in the 
6-lb. (2.7 kg) range, similar in size 
to the popular "Dynabook" from 
Toshiba. One model of NEC's 
PC98 Note is also the first built 
around Intel's 386SX processor, 
partly because it expects that users 
of notebook computers will want to 
run the same Windows interface 
they use on their desktops. 

Though the Dynabook does not 
include an IC card slot, future 
Toshiba systems will. Both the 
chairman of the JEIDA working 
group and the software subcom­
mittee are Toshiba executives. 

Though several companies are 
developing notebook machines in 
the United States, the portable 
field here is currently focused on 
the larger, heavier laptop PCs, 
like those made by Zenith Data 
Systems (now par:! of the Bull 
Group), Compaq and Tandy. 

But that could change. Accord­
ing to Japanese sources, IBM 
Corp. is expected late this year to 
introduce a notebook computer, 
now under development at IBM . 
Japan, that would use IC cards 
manufactured at a rlew IBM 
plant in Toronto. By using the 
PC Card, IBM might try to 
leapfrog its competitors and 
make a comeback in portables, 
iust as it's trying to do in work­
stations, The June meeting of 
the PCMCIA will be hosted by 
IBM in Toronto. 

For now, hopes for the PC 
Card's success in the U.S. market 
rest mainly with the Poqet com­
puter. Poqet is pioneering IC card 
use with versions of Lotus 1-2-3, 
an integrated package called 
A1phaWorks from Alpha Software 
(Burlington, Mass.), and other 
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applications. The system it now 
uses is upward-eompatible with 
the new standard. 

John Reimer, the Fujitsu Mi­
croelectronics (San Jose, Calif.) 
memory card manager who 
serves as the PCMCIA's chair­
man, said he got interested in lC 
cards because of Fujitsu's invest­
ment in Poqet Computer. Fujitsu 
is doing back-up manufacturing 
for Poqet in Japan and is a card 
supplier to Poqet. 

Reimer said he expects the 
success of Poqet's $2,000 system 
to drive demand for IC cards in 
the United States for the time 
being. But, he said, ultimately, 
"every executive will want to 
have some kind of notebook com­
puter," and that will create the 
market for IC cards. 

Not an expansIon card 
The PC Card should not be con­
fused with the memory expansion 
cards that some vendors offer for 
adding DRAM to laptops. Partly 
to avoid confusion with these 
DRAM cards, PCMCIA uses the 
name "PC Card" and has devel­
oped a logo that will mark the 
cards that comply to the standard. 

PC Cards, rather than being 
analogous to' add-on memory, 
are actually a form of removable 
media, like the 3%-inch dis­
kettes being used in today's 
laptops. Like floppies, they 
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Japan/U.Se PC Card standard at hand 
not only store programs and data 
but will allow dissimilar notebook 
machines to share tbat data, 
thanks to the standard. Further, 
by using PC Cards, notebook 
comnuters could excham!e data 
with" pocket computers or even 
with new versions of the electron­
ic organizers which bave sold mil­
lions in Japan, but have been 
based to date on proprietary card 
schemes. 

IC cards are seen as the key to 
eventually replacing floppy disk 
drives in notebook computers. 
Ryozo Yamashita, an ASCII Corp. 

target date. With the PC Card, he 
noted, the system CPU can di­
rectly access the memory on the 
card itself. "That will eliminate 
the huge memory needed on the 
main unit," he said. 

Once a large installed base of 
hardware is on the market, more 
software will be ported to PC 
Cards, he said. However, soft­
ware companies are caUtiOllS be~ 
cause of the high cost of putting 
software into silicon. A I-Mbyte 
ROM card that costs $50-70 now 
may come down to half that over 
the next year, as 8- and 16-Mbit 

Dynabook engineer Teny Moore (left), key figure In standards 
development, with president Dan Stemglass and PC Card. 

(Tokyo) engineering vice presi­
dent, attended several PCMCIA 
meetings in the United States and 
said he grew tired of carrying the 
six-pound Dynabook along in his 
rucksack. 

"With a floppy disk drive in the 
computer, there is not much 
more than can be done to reduce 
the weight. And a Ooppy drive 
consumes a lot' of power." 

But before the ubiquitous flop­
py is designed out of notebook 
computers, software companies 
must port more software to PC 
Cards. Yamashita said he believes 
the market will be driven first by 
the Poqet computer (though he 
believes the Poqet keyboard 
needs improvement) and later 
this year by less expensive porta­
ble computers. 

"By the end of this year the IC 
memory card will be used as the 
primary media on pocket-type 
computers from many compa­
nies," Yamashita said, with the 
fall Comdex show in November a 

mask ROM chips proliferate. But 
compared with distributing appli­
cations on Ooppies, ROM IC 
cards are a big financial risk, espe-· 
cially for the thousands of small 
software companies. 

Japan's software houses, in­
cluding ASCII, bave a lot of expe­
rience selling Nintendo game soft­
ware stored in ROM, Yamashita 
said. But Nintendo software can 
sell in millions of units, while the 
computer market is marked by 
higher prices but smaller unit vol­
umes. The big merit of IC card 
software, he said, is that it cannot 
be copied by individuals, giving 
software companies the incentive 
to strive for potentially higher 
margins. 

One other potential hurdle for 
getting software into PC Cards 
could be settled at this week's 
PCMCIA meeting. There, Micro­
soft and Lotus Development 
Corp., two of the biggest promot­
ers of the standard, will try to 
work out their differences on how 

to implement "execute in place" 
(XIP). XIP pennits a small sys­
tem to run software stored on a 
PC Card and access memory on 
the same card, rather than rel!ring 
solely on the system's memory. 
XIP is an important issue for the 
optimal execution of large pro­
grams adapted to IC cards, such 
as Lotus 1-2-3 running on the Po­
qet system. The issue brings to 
the IC card level a bigger issue: 
how to get around the 640-kbyte 
barrier of the original PC architec­
ture while maintaining PC compati­
bility, said Yoshinobu Akimoto, an 
engineer at Microsoft Japan. 

Mike Dreyfoos, chief engineer 
of Microsoft's MS-DOS division, 
who is active in the PCMCIA, and 
Jim Prelack, a Lotus Develop­
ment executive who serves as 
president of PCMCIA, are both 
said to be taking a "market orient­
ed" approach toward resolving 
the snag. 

An informal meeting on the XIP 
issue, held here May 14, resulted 
in some progress, sources here 
said. Even without an immediate 
agreement on XlP I companies 
can take the basic standard and 
begin porting software and build­
ing IC card-based hardware. 

"Both companies [Lotus and 
Microsoft] realize we've got to 
get the show on the road," said 
Fujitsu's Reimer. ' 

U.S. to get the Jump 
T. Shigeta, a senior staff manager 
at Microsoft Japan, said the U.S. 
market may adopt the software 
cards faster than the Japan mar­
ket. In Japan, Fujitsu, NEC and 
other companies all support pro­
prietary versions of MS-DOS, 
making applications incompatible. 
That fracture is continuing down 
to the notebook and palmtop sys­
tems, which will support propri­
etary versions of MS-DOS. 

"The big issue is not only the 
high cost of the [lC card-based] 
software, but baving to support 
different cards for the different 
architectures here in Japan," Shi­
geta said. 

He believes the data cards will 
sell well in Japan. "The impor­
tance of this standard is that note­
book-, laptop- and desktop-type 
computers will be able to ex­
change data on the cards." 

He predicted small ISVs will 
maintain a cautious stance toward 
IC card-based software. The lack 
of software support bas hurt pre-
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vious attempts to market IC card­
only notebook computers, includ­
ing NEC's "UltraLite," sold in the 
U.S. market, Epson's "Note Ex­
ecutive" and Sharp's "Brain." 

Asked if Microsoft will port its 
appbcauons to the carris, SiUgera 
said, "I can't say anything explicit, 
but from the level of our activity in 
JEIDA and PCMCIA, you can see 
tlmt we see a bright future in IC 
memory cards." 

Ryosuke TakalJashi heads up 
the five-person IC card team at 
DuPont Japan Ltd. As a neutral 
player in between Japan's com­
peting electronics companies, Du­
Pont buys memories, bas them 
assembled by third-party suppli­
ers and markets the IC cards to 
Japan's computer makers. Du­
Pont also supplies most of the 
two-piece (header and female) 
connectors used in theJEIDA for­
mat cards. 

A 1988 market study done by 
DuPont and Nomura Research In­
stitute predicted that the IC card 
market in Japan would grow by a 
33 percent compound average 
growth rate, rising to about $1 
billion in 1995. That's about five 
times larger than the total expect­
ed for 1990, and the Japan market 
estimate preceded the unexpect­
ed joint standard with the U.S. 

In about two years, when flash 
EPROM-based cards are in wider 
use, the price of most of the cards 
will drop to half, TakalJashi said. 
Now, a 512-kbyte SRAM card is 
sold to OEMs for about 40,000 
yen, or about $240. 

TakalJashi believes that palm­
top-size computers will be the 
biggest market for the next cou­
ple of years, with most notebook 
computers continuing to use flop­
py disk drives. Beyond tbat, 
some companies may migrate to 
IC card-based notebooks, sans 
floppy dtive. 

But other markets will be im­
portant. Already, robots and mea­
surement equipment, laser print~ 
ers, and medical equipment use 
IC cards. "My personal view is 
the digital still cameras will be a 
big market for IC cards in years to 
come, replacing film," TakalJashi 
said. Toshiba and Fuji Film al­
ready bave a camera on the mar­
ket that uses IC cards, and Sony 
may change from a Ooppy to a 
card based still camera. The FBI 
put in a major order for Sony's 
camera last week. 



ASCII's Yamashita said a po­
tentially huge market for IC cards 
is in distribution of specialized in­
fonnation. A number of Japanese 
software, printing and publishing 
companies have initiated the in­
ternational Card Media Pubfishing 
Association. Stock exchange data 
and financial news, train timeta­
bles and other forms of change­
able data could be stored on IC 
cards. One idea is to provide 
vendiug machines that would 
download data on to a card at a 
train kiosk or newsstand. 

"When flash memory gets 
cheap enough, then you might 
stop by and download certain 
kinds of news and view it on the 
tram; infonnation could be per­
sonalized," Yamashita said. 

The way to look at IC cards is 
as the next step in the evolution of 
computer media, from paper tape 
to magnetic tape and floppylhardl 
optical disks, and now to a silicon­
based media, he said. 

Mask ROMs normally are used 
to store software in IC cards. The 
market for Nintendo game car­
tridges has helped drive the price 
of a I-Mbyte ROM card down to 
about $60 to $70. That may drop 
by half over the next year. 

Before IC cards become popu­
lar the cost of data storage cards 
must come down, an area where 
flash EPROMs are expected to 
playa key role. 

"All of the PCMCIA members 
expect that flash will replace a 
good chunk of the SRAM-based 
cards," said Reimer, noting that 
Intel Corp., Texas Instruments, 

Inc. and Toshiba Corp.-the larg­
er companies in the flash memory 
field-are active members of 
PCMCIA. Fujitsu and other Japa­
nese companies have major flash 
development efforts under way. 

William Howe, president of in­
tel Japan, said IC-card related 
product announcements from in­
tel, based on flash EPROMs, "are 
not very far away." Though he 
said Japanese semiconductor 
companies have accelerated their 
oWn flash development efforts, 
they are turning to Intel for flash 
EPROMs to be built into IC 
cards. 

Takemae said flash 
memories will 

make an impact on Ie 
card pricing, probably 
beginning next year. 

"In the last few months the 
interest from our customers in 
flash (for use in IC cards) has 
increased by an order of magni­
tude. It's not just Company A or 
Company B, it's everybody," 
Howe said. 

Though flash is considerably 
more expensive than EPROM 
memory now, Howe said he ex­
pects the price to come down to 
10 to 15 percent above the tags 
on EPROMs, and far less than the 
price of SRAMs now used in IC 
data cards. . 

Yoshihiro Takemae, a Fujitsu 
Ltd. semiconductor manager who 
served as chairman of the JEIDA 
hardware subcommittee, said 
flash memories will make an im­
pact on IC card pricing, probably 
beginning next year. The PC 
Card pin layout scheme reserves 
pin No. 18 for programming the 
card, which would accommodate 
the 12 volts needed to electrically 
rewrite a flash memory. 

White research continues into 
ways in which sectors of a flash 
EPROM can be selectively 
erased, Takemae said, "I think 
that deletions can better be han­
dled by the software. People 
should think about the fonnat and 
handHng of the IC memory card . 
just as they think about floppy 
disks now." 

The hardware specifications in­
cluded a write-protect switch, the 
position of the battery, a green­
yellow-red fight system to indi­
cate the strength of the battery, 
and a variety of electrical specifi­
cations, all of which can he ob­
tained from the PCMCIA once 
the standard is pubHshed. 

The decision to move from 60-
pin cards, which had been used by 
several Japanese companies, had 
been agreed upon earfier by the 
JEIDA group in its V 3.0 specifica­
tions. 

The cards are about 3.3 mm 
thick, so that four-layer, double­
sided cards can be housed. Fu­
jitsu and other companies have 
been putting 20 to 24 chips on the 
double-sided cards, using TSOP 
(thin small-outHne packages), an 
emerging form of surface-mount 
packaging, Reimer said. 
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Takemae said the most difficult 
issue facing the hardware group 
was how to deal with "hot inser­
tionlhot removal," i.e., pulHng out 
a card while the system is still 
operating, which can result in data 
loss. A major future issue is how 
to develop an 110 specification so 
that interface cards can be built 
into portable computers, "talking 
to" fax machines, telephones and 
pagers, printers, and other exter­
nal devices. 

Yamashita, of ASCII, and Ter­
ry Moore at Databook worked to­
gether to develop the META card 
interface fonnat, with input from 
Dreyfoos of Microsoft. 

META is a header lonnat that 
tells the system what kind of card 
(such as an appfication or data 
card) is in the slot, what kind of 
semiconductor memory-and 
how much of it-is on the card, 
and so on. 

"We really have worked hard 
so the consumer can just plug in 
the card and make it look Hke a 
floppy disk. We want this to be a 
consumer product," Stemg/ass 
said. 
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s competitive pressures continue to mount, project and design leaders find 

themselves taking on more responsibility for overall system costs. In many 

cases, systems designers are expected to design with an eye toward controlling costs 

in all phases of the product life cycle, from conception through design and 

manufacturing--even up to post-sales service. 

Beyond paying strict attention to total life-cycle costs, today's systems designers 

face other significant challenges. These include choosing the most efficient CPU 

architecture, designing for cross­
vendor system connectivity, 
maintaining component and sys­
tem quality, and building sys­
tems that can be serviced easily. 
Software issues facing project and 
design leaders include planning 
for past and future compatibil­
ity, minimizing code size, and 
balancing system performance 
and stability with time-to-mar­
ket concerns. 

Memory designs have coalesced 
around basic choices: disk and 
DRAM architectures, and EPROM­

based designs. Although these 

technologies have been improved 
over the years, they srill require 
designers to make some trade­
offs for certain applications. One 
such application that has taken 
on a growing importance for 
many manufacturers is embed­
ded control. 

In the past decade, designers 
of electromechanical systems 
'have come to rely heavily on the 
use of embedded microcon­
trollers. These parts have vastly 
improved control functionality 
and performance. Consider, for 
instance, the growing number of 
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consumer-electronics items that 
are microprocessor controlled: 
microwave ovens, washing ma­
chines, VCRs, audio systems, and 
exercise equipment, to name but 
a few. These products ship with 
operating code stored in ROM or 
EPROM; the manufacturer as­
sumes that the code stored in 
these memories will never 
change . 

Consumer products are not the 
only items equipped with embed­
ded microcontrollers, of course. 
Industrial machines, office-auto­
mation equipment, medical equip-

1990 



ment, communications equipment, avion­
ics systems, and data loggers all include 
code stored in ROM or EPROM. In noncon­
sumer products, code changes are more 
likely to occur, requiring frequent mem­
ory fixes. Reasons for such changes include 
evolving customer needs, frequent de­
mands for new features, improved algo­
rithms, changing connectivity protocols, 
and eliminating software bugs. 

Code updates arc impossible with some 
memory technologies; with others, they in­
cur high COStS and threaten product reliabil­
ity (sec box, "Memory Altemauves: !ViaJor 
Trade-Offs"). Designers of products that are 
likely to require code updating jn the course 
of their lite cycles should look beyond con­
ventional memory options and investigate a 
technology that is well suited to such appli­
cations: reprogrammable flash memory. 

Reprogrammable flash memories have 
the potential to improve product COSts and 
reliability in many market segments. For 
example, ROM and EPROM parts are cur­
rently used in e1eceronic engine controllers 
for automobiles. These parts cannot be 
replaced; they are sealed under a moisture­
resistane coating. To change the code en­
closed in one EPROM, the service center 
must replace the entire controller module, 
which costs about $200. 

Starting in 1993, Delco and a few auto­
makers will begin using flash memory in 
these modules. With flash memory in 
place, if a code change is required-for 
instance, if the Environmental Protection 
Agency mandates a code change to reduce 
exhaust emissions-the service center can 
simply reprogram the memory using a 
serial link from the service bay's diagnos­
cic computer. No parts need to be re­
placed" eliminating the risk of damage to 
other components in the module. 

Although flash-memory pares are more 
expensive than EPROM components, the 
additional up-front costs eliminate ex­
penses that occur latet in the product's life 
cycl~that is, when code has to be updat­
ed. Although customers generally assume 
the butden of paying for code upgrades, 
there ate certain hidden COStS to manufac­
turers that, taken together, can be signifi­
cant. For example, consider the COSt dif­
ference between transferring an upgrade 
electronically-as can be done with flash 
memory-1lnd sending a highly paid tech­
nician to make a service call. 

For whatever reason, most manufacturers 
do not include upgrade COStS in their overall 
system cost estimates. If a year or two aftet a 
product is sold a code update is required, 
that expense usually is unaccounted for in 
the system's overall cost. But just because 
the expense is unaccounted fur doesn't mean 
money isn't spent. Costly updates to exist-
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In a typical computer, the CPU's performance is slowed by the data bottleneck created by relatively slugish disk 
access times. Embedding code in flash memory can eliminate this bottleneck for key operations. 

ing products will show up on the organiza­
tion's bottom line somehow. For this rea­
son, even if only one code change is antici­
pated in the lifetime of a product, designers 
should opt fur flash memory. 

• PC ApPLICATIONS 

Flash memory fits extremely well in the 
embedded-control world, but its useful­
ness is not limited to such applications. It 
is becoming more apparent that flash 

ONE AREA IN WHICH 

FLASH MEMORY 

COULD BOOST 

PC PERFORMANCE IS IN 

THE COMPUTER'S BIOS 

memory will play a critical role in the 
reprogrammable environment as well. For 
example, today's petsonal computers are 
based on DRAM and disk drives. Obvious­
Iy, these systems provide acceptable per­
formance to users. Their performance can 
be improved more, however, by employ­
ing firmware based on flash memory. 

One area in which flash-memory firm­
ware could greatly boost PC performance is 
in the computer's basic inpudoutput sys­
tem (BIOS). A PC's BIOS contains the sys-
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tern initialization, a power-on self-test, 
and basic component-level drivers. Cur­
renely, a computer's BIOS typically is 
stored in ROM or EPROM, which means 
that, in essence, it is an embedded-control 
memory. Without the nonvolatHity these 
memories offer, the system could not ini­
tialize itself sufficiently to load software 
from the disk. This is because the CPU 
cannot read directly from disk-the disk's 
access time is much too slow. 

Although the average PC user does not 
think about changing a machine's BIOS, a 
number of major PC vendots are planning 
to use flash memory for storing BIOS for 
several reasons. One is the rapidly chang­
ing nature of microcomputer technology. 
Consider the increase in system complex· 
ity from the pCs of 10 years ago to today's 
top-of-the-line machines. Today's 32-bit 
PCs offer the computing power of mini­
computers. Computer makers need tech­
nology that allows for rapid adaptacion to 
ever-changing situations. 

The open nature of microcomputer sys­
tems adds to the need for flexible BIOS. 
Mulciple vendors develop products that 
rely on the system's BIOS. In other words, 
the BIOS drivers hold the key to compati­
bility with both older hardware and soft­
ware and newer ptoducts. The average 
stand-alone user who buys a computer, 
adds in a couple of boards, and runs a half 
dozen or so popular software packages 
usually doesn't need to worry about BIOS 
compatibility. But what about MIS or DP 
managers at Fortune 500 organizations? 
They may be responsible for hundreds or 



even thousands of PCs fitted with any 
number of different add-in boards and 
running hundreds of different software 
packages. Incompatibilities are likely to 
abound in this type of environment. 

With BIOS stored in EPROM or ROM 
devices, revisions to BIOS code are imprac­
tical. The end result is that many users 
must make do with systems that do not act 
predictably with certain software or hard­
ware. If BIOS is stored in flash memory, 
however, vendors can provide a disk with 
new code and a simple upgrade utility. 

Designing a flash-memory-based BIOS 
poses similar considerations as designing 
for the embedded-control environment 
(see box, "Designing with Flash Mem­
ory"). The system musc contain a 12-v 
power supply regulated to ± 5 percent. In 
addition, designers must deal with issues 
regarding the boot code. If power goes 
down midway through the BIOS upgrade, 
from where will the system boot? A boot 
PROM with the basic hardware initializa­
tion ,code could be included for safety's 
sake. It could be shadowed out once the 
flash memory has been properly initial­
ized. Still, including a boot PROM incurs 
added costs and uses board space. 

Designers at Ing. C. Olivetti have built 
a flash-memory BIOS without the PROM 
safety net. The Italian company's new 
80486-based microcomputer includes a 
flash-memory BIOS without a boot PROM. 
Designers decided chat the risks involved 
in eliminating the PROM were minimal. A 
typical flash-memory upgrade takes 7 to 
10 seconds. The chances of power going 
down during those 7 to 10 seconds are not 
greac eno";gh to merit inclusion of the 
PROM, Olivetci decided. 

• BEYOND BIOS 

BIOS is only one PC component that can 
benefit from the flexible-firmware con; 
cept. The setup and diagnostics programs 

WITH FLASH MEMORY, 

IF OPERATING SYSTEMS 

ARE UPGRADED, USERS 

CAN SIMPLY REPROGRAM 

EMBEDDED PARTS 

that ship with every system can be stored 
in flash memory. Another design im­
provement is to put the operating system 
into flash memory. Consider the pc's boot 
sequence. When the system is powered 

up, the CPU executes che BIOS hardware 
inicialization, performs a power-on self­
cesc, and spins che disk up co speed. Only 
afcer the disk scabilizes ac its operating 
velocicy can che CPU begin to read che 
operacing syscem. 

Mosc operating-system code is read­
only, which means chat, theorecically, it 
could be included in che BIOS ROM to allow 
for fascer syscem power up. The reason 
chat chis has noc been done on a wide scale 
is simple: Syscems designers recognize' 
that operating systems evolve and improve 
over time, and that a flexible environmenc 
is required. With flash memory, however, 
concerns about upgrades are eliminated, If 
operating systems are upgraded, users can 
simply reprogram flash memories, as with 
flash-memory BIOS. Two major operacing­
systems houses, Microsoft Corp. and Digi­
tal Research Inc., now offer their operat­
ing systems in a form sui cable for storage 
on ROM or flash memory. 

In addition to storing the operating 
system in desktop or laptop syscems, flash 
memory can increase network performance 
for intelligent cerminals and diskless engi­
neering workstations. Large ne[works, 
such as those used in airline-reservation 
systems or recail point-of-sale systems, 
often bog down during peak cransaction 
periods. The load on the network can be 
reduced by storing the operating system, 
LAN protocols, or even scheduling or pric­
ing tables in flash memory. Updates can 
occur during off hours through the nec­
work itself. Curtis Inc. (St. Paul, Minn.), 
which has offered EPROM or SRAM solu­
tions to this problem for .. number of 
years, now also offers flash-memory prod­
ucts to improve necwork performance. 

• OFFICE ApPLICATIONS 

Firmware based on flash memory can lead 
to significant efficiency improvements in 
several office . applications. For insrance, 
most offices now deploy laser printers for 
high-qualiry output.' Laser printers allow 
users to produce typeset-qual icy memos, 
presentations, and the like. In many cases, 
the type fonts used with laser printers are 
stored in software on a pc's hard-disk drive. 
Users download these fonts as they are need­
ed to the printer's RAM. Every dme a font is 
changed, the downloading process must 
take place. Alternatively, many laser print­
ers are equipped to take fonts ftom ROM- or 
EPROM-based cartridges that plug directly 
into the printer, The problem with ROM 
cartridges is that fonts Stored in them can­
not be changed. Any given cartridge may 
conrain only a couple of desired fonts, which 
severely limits the flexibiliry of laser 
technology. 
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Flash memory could greatly enhance the 
speed and flexibility of laser printers. Using 
a flash-memory-based cartridge, users or 
work groups could develop their own font 
libraries. Since flash memory is nonvolatile, 
these fonts will sray resident in the printer· 
without the use of batreries or uninrerrupti­
ble power supplies. 

Flash technology is well suited to applica­
tion storage as well. Software stored on disk 
greatly reduces system performance, since 
disk access times are very slow compared 
with memory and CPU speeds (see figure). 
Of course, this speed bottleneck is not criti­
cal to most PC users; if a program takes a few 
seconds to load, so be it. For high-end 
syscems, however, flash memory can boost 
syscem speed significantly by funccioning as 
a code accelerator by storing ptograms or 
code chac are accessed most ofcen. 

One high-end application chac could 
benefit greatly from flash memory is CAD. 
Some CAD programs minimize the RAM 
used for program storage in order to maxi­
mize the data-memory space. To do this, 
the complex software swaps submodules 
into memory from disk as needed. Access­
ing che disk for a new module or library ties 
up che system and degrades performance. 

Many CAD users inscall large add-in 
memory boards set up as RAM disks co 
avoid the transfer bottleneck. Whenever 
the system resets or powers down, howev­
er, this RAM disk loses its memory. A 
system containing a flash-memory disk 
emulator would not have this problem. 
Such a syscem for CAD and engineering 
applications is available from Digipro 
(Huntsville, Ala.). 

• PORTABLE peS 

Lapcop and notebook-sized porcable 
computers stand to benefit greatly from 
flash-memory technology. Although 
small, relatively efficient 2.5-inch disk 

F OR HIGH-END SYSTEMS, 

FLASH MEMORY 

CAN BOOST SPEED 

BY FUNCTIONING AS 

A CODE ACCELERATOR 

drives have come onto the market for 
laptop computers, their efficiency racing is 
derived primarily from power-manage­
ment schemes. If no access has been made 
to che disk for a certain period of time, the 
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drive goes into a low-power standby 
mode. Unfortunately, the delay caused by 
switching from standby back to operation­
al mode further impedes the already-slow 
disk-to-memory transfer. 

From a power perspective, these small 
dtives use relatively less power than desktop 
disk drives. Active power specifications in 
the 1-W range are attainable, as opposed to 
the multiple watts consumed by desktop­
system drives. Compared with flash memo­
ries, which use about 50 mW during active 
...."cl,. rhe 2. ~-inch drives are power 
hungry. In addition, in srandby mode flash 
memories use only 150 '"'" W of power. 

Notebook-sized computers do not have 
space for even the smallest of dtives. Addi­
tionally, users of notebook-sized systems 
demand much longer battery operation 
than is typical of laptops. Typical battery 
operation for notebooks range from 50 to 
100 hours, compared with two to five 
hours for laptops. 

The typical notebook computer con­
tains ROM cards for applications and SRAM 
for storage of data files. This architecture 
has a few flaws. Users who purchase soft­
ware for a desktop system may not want to 
spend another few hundred dollars for· 
ROM-card versions. If flash-memory stor­
age is 'provided, users can download soft­
ware at a much lower cost. 

Some notebook-sized computers let us­
ers load applications into SRAM or low­
refresh DRAM (pseudo-SRAM). This proce­
dure, however, is highly dependent on the 
system's battery; when the battery dies, 
memory is erased. With flash memory, no 
power is consumed when the system is off. 
Additionally, flash memory is less expen­
sive for bulk storage than is SRAM. 

Psion, a company based in the United 
Kingdom, recently introduced a notebook 
computer based on flash memory. Psion 
compared the price differences between 
SRAM and flash memory and found flash 
memory to be much more cost-effective. 
Based on the power savings of flash memory 
and very tight system design criteria, Psion 
built a 60-hour operational system. 

• FILE STORAGE UNDER DOS 

Given the compelling reasons to adopt 
flash memory in the various PC environ­
ments, designers can then ponder the 
question: How can a bulk-erasable mem­
ory be used for file storage under DOS? The 
DOS directory and file-allocation tables 
(FATs) require the ability to erase and 
rewrite single bytes and files. The answer 
to this has many facets and depends on the 
degree of flexibility needed. 

The most inflexible, but easiest to imple­
ment, approach involves creating a fixed 
disk image. Before programming the flash 

1990 

memory, the vendor combines the operat­
ing system, utilities, and specific applica­
tions onto a disk. It then runs this suite of 
programs through a utility that adapts the 
software for ROM or flash-memory storage. 
Finally, another utility creates the DOS di­
rectory and FATs and assembles the disk 
image. Digital Research offers both a ROM­
format DOS version and disk-image utili­
ties. Microsoft offers an optimized ROM­
format DOS for the portable market as well. 

SOFTWARE EMBEDDED 

IN FLASH MEMORY 

CAN BE CHANGED 

WITHOUT COMPROMISING 

SYSTEM PERFORMANCE 

Makers of notebook-sized computers, 
intelligent terminals, and dedicated hand­
held computers might consider this strate­
gy. A iaptop vendor that offers a low­
power disk might consider this approach 
as well. The most-used software, such as 
the operating system, calendar, alarm, 
and communications software, will load 
mote quickly and not burn as much power 
on each access. Upgrade-software disks 
could be sold to registered system owners 
already formatred with a new disk image. 

Another approach currently used by 
Digipro involves adapting RAM-disk emu­
lator drivers to flash memory. This entails 
trapping disk writes and programming 
the information algorithmically. 

From the user perspective, the flash­
memory disk operates as a hard disk, but 
with 100 times the typical read perfor­
mance of a hard disk. To load the flash­
memory disk emulator, a user simply is­
sues the DOS Copy command. 

A drawback to this approach is that 
loading any application or its libraries 
forces a rewrite of the entire directory and 
FATs. For example, a file that contains 
only 2 Kbytes and should program in 50 
ms may take several seconds to store be­
cause of file-system overhead. Note that 
this drawback may not be important as far 
as code acceleration is concerned. Files are 
loaded to the flash-memory disk as an off­
line task, so the write-performance impact 
is minimal to read-mostly performance. 

A third solution to the DOS compatibil­
ity ptoblem comes from Microsoft, which 
has developed a flash-memory file system 
that loads under MS-DOS and other com­
patible operating systems. When a user 
adds a directory or a 'file to the flash-
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memory disk, the file system adds the 
information in a linked list. Should the 
user delete the directory or file, the file 
system marks an attribute field as being 
inactive. When the disk fills up, the user 
copies the active files and directories to a 
hard disk on the desktop system or to 
another disk on a portable system. Since 
the DOS Copy c,ommand only grabs active 
files, the newly transferred version con­
tains a clean, unfragmented linked list. 
The user then erases the original flash­
memory disk . 

As these examples Illustrate I tlasn 
memory offers alternatives to current 
problems in system architecture. To offer 
true solutions, a memory technology must 
also satisfy three objectives: It must pro­
vide acceptable density, incur a reasonable 
cost, and offer EPROM-level reliability. 

Inte!"s ETOX flash-memory technology is 
the first new technology in nearly 20 years 
to satisfy all three objectives. It is dense­
the I-Mbit 28FOlO has been shipping in 
production units since April 1989. CostS 
have decreased dramatically as volume has 
ramped. And because the ETOX process and 
memory cell so closely parallel mainstream 
EPROM technology, flash memory has reli- . 
ably doubled in densiry three times in the 
last two years. Additionally, a flash-mem­
ory device can be reprogrammed about 
100,000 tim~ sufficient number for 
most firmware and disk applications. 

Current Intel flash-memory product of­
ferings include the 28F256, 28F512, and 
28FOIO. These devices are 32-Kbit X 8, 
64-Kbit X 8, and 128-Kbit X 8, respec­
tively. All products ship in either surface" 
mounted ceramic DIP or PLCC. Higher den­
sities, plastic DIPs, and smaller packages 
will be available shortly. Additionally, for 
those designs requiring a bulk-memory so­
lution similar to that offered by DRAM 
vendors, Intel offers eight 28FO 10 PLCC 
units mounted on a single in-line memory 
module (SIMM). 

With flash-memory technology, soft­
ware can be changed without compromis­
ing the performance of disk access. The 
task can be accomplished in a reliable 
manner and without the high costs associ­
ated with service calls by field technicians. 
Finally, flash memory is nonvolatile-­
data stay resident even when the power 
supply is cut off. Together, these attri­
butes enable flash-mell)ory technology to 

provide users 'with flexible firmware and 
improved system design. • 
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Designing with Flash Memory 

For man~ embedded-rootrol applications, . whether rhe 
contml is of the sequential, closed-loop, or data-rontml 

variety, flash metOory offers dense, reliable. rewritable, 1)00-

"olatH", storage. From a systems perspecri"., the memory 
reads the same way as an EPROM, EEPROM, or SRAM, with 
access speeds of up to 120 tIS. IIml fabricates flash-memory 
dC\O'ices using its EPROM Tunnel Oxide (ETOX) process. ETOX 
is based on Intel's high-rolume CMOS EPROM process. Because 
of this. fla.h memory reprograms in the same way as an 
EPROM-via cpu-controlled algorithms. 

With flash memory, the ~esigner implements the repro­
gramming algorithms, which are simple dosed-loop alg<>­
rithms that require 500 to 1,000 bytes of code. (Intel offers 
sample rode generated fur different base processors to m·ini­
mize the software effort.) Because flash memory is bulk­
erasable, this code must be stored and executed from another 
memory while the main code is updared. Por this process, 
many designs rely on internal ROM space on mkrocontrollers 
or small I>PROM boot loaders On Intel SOX86 sysrems. The 
boor loader contains su(fident code to initialize the sYStem 
and reprog!':lm the flash memory. 

As with EPROM, flash memory requires a programming 

power supply of 12·v :!;:; percent. Some systems feature • 
12-v supply. hut others do not. Systems with analog 
circuitry, for insrance, ofren cOMain rails of 15 Vor higher. 
In these systems, the programming power supply can be 
generated by regulating the higher voltage using an 
LM317 -rype regulator. 

For memories that have a power supply of 5 V, designers 
can Opt fot either monolithic or discrete charge pumps, such 
as those as offered by Valor Electronics and Linear Technol­
ogies. Since flash memory requires only 30 mA per device. 
from the programming power supply during active program­
ming and erasure, these boost circui~s can be made fairly' 
small. 

Some flash-memory manufacturers daim to have simpli­
fied programming and erasure by developing automatk con­
trols and S-v-only programming. The 5-v technologies arc 
based on EEPROM-programming !':lther rhan EPROM-pro­
gramming techniques and generate high volrages internally. 
They require larger boat<! spaces .nd are less dense, more 
costly, and less reliable than 12-v designs. And alrhough 
they are called flash memories, these parts tend to be nothing 
more than EEPI\OM technologies. 
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Flash Memory Operates 10-20 Times Longer 
by Markus Levy eight AA batteries for 25 hours. 

Major technology changes in To incorporate rapidly im-
the 1990's will place new proving power management 
demands on memory devices. techniques for battery-powered 
Mainframe computing perfor- systems, the BIOS must be soft­
mance is now available in wareupdatable-remotelyover 
a laptop PC, and hand-held a modem or with a floppy disk 
solid-state calculators have sent by the OEM. As such, the 
become sophisticated organ- EPROM no longer fulfills its 
izers. The convergence of these classic role for code storage. 
two trends has led to the evolu- However, designed with a simi­
tion of the notebook PC and the lar memory cell structure 
emergence of Flash memory. based on ETOX technology 

With a minimum battery life (EPROM Tunnel OXide), Intel 
of 20 hours and weight not Flash memory provides equiva­
exceeding five Ibs, the com- lent reliability and nonvolatility 
pletely solid-state notebook PC with the added advantage of one 
will reliably handle all perfor- sec, chip-level, electrical eras­
mance requirements of' the ability (hence the name '/lash'). 
traveler. Flash· memory helps - Flash memory can occupy the 
make the design goals of the EPROM's socket with minor 
notebook computer a reality by hardware modifications, pri­
replacing the majority of the marily, I2V (Vpp) and write 
memory technologies in the enable (WfE) must be supplied 
system. Psion, a leader in the to enable the software con­
notebook computer market, trolled erase and program 
has created a product in which operations. 
Flash memory is used for BIOS, Traditionally, when the com­
OS, and secondary storage. This puter boots up, the operating 
completely solid-state, DOS- system (namely DOS) is read 
compatible machine weighs from the disk and downloaded 
only 4.5 Ibs and operates on to DRAM. Digital Research and 

© INTEL CORPORATION, 1990. 
Reprmted with permission from Computer Technology Review. 

Microsoft offer ROM-executable 
versions of DOS. Originally 
designed for the unchangeable 
ROM, this product now accom­
modates Flash memory which 
can easily be reloaded with 
newer revisions without re­
moval from the system. Flash­
executable DOS benefits the 
notebook computer because it 
reduces the system RAM 
required for DOS from 70K to 
15K, reflecting both power and 
component savings. Addi­
tionally, the system bootup is 
almost instantaneous, com­
monly referred to as 'instant­
on: 
Solid State Secondary 
Storage 

Solid-state secondary storage 
has had the greatest overall 
impact on the notebook com­
puter (See Fig). In this environ­
ment, the power consumption, 
reliability, size, and weight of 
the mechanical disk drive is 
unacceptable. For example, the 
active and standby modes of the 
small form factor (2 112-in.), 20 
Mbyte disk drive typically con­
sume 4W and 0.5W, respec-

6-417 

tively. As a comparison, the 
active and standby modes of the 
equivalent capacity of Flash 
memory, consisting of low 
power CMOS circuitry, typically 
consume only 0.15W and 
0.04W, respectively. Obviously, 
for a truly accurate analysis, 
other components of the sys­
tem should be included, but 
from the data storage point of 
view alone, the Flash memory 
disk will operate 10-20 times 
longer than the mechan ical 
disk on a set of batteries. 

Reliability issues will always 
exist with mechanical media in 
any type of portable equipment 
because of shock and vibration, 
but it is difficult to perform a 
theoretical analysis on this 
subject. Suffice it to say, that 
from an MTBF standpoint (as 
measured by disk drive manu­
facturers under normal operat­
ing conditions), a mechanical 
disk will typically run .50,000 
hours. A Flash memory device 
(capable of 100,000 erasel 
program cycles) should con­
tinue to function past L6 million 
hours-a difference 01 two 

Order Number: 295054-001 
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Flash M"mory Should Offer 1.6 Million Hr MTBF 

onIers of magnitude. 
Size and weight are also criti­

cal factors in the notebook 
computer. 1Wo Mbits of Flash 
memory is now available in a 
thin small outline package 
(TSOP) with a height of L2 rnm. 
Minimally, 16 of these tiny pack­
ages can be put into a pocket­
sized Ie memory card (15,789 
cm'vs 215,384 cm' for the 2 112-
in. mechanical disk drive) 
to make up a four Mbyte disk, 
an adequate supply of memory 
for the notebook computer. 
Flash memory is not the only 
technology used as a solid-stale 
alternative to secondary stor­
age. ROM, and battery-!>acked 
SRAM drives are actually more 
common because of familiarity. 
However, each has' inherent 
drawbacks. ROMs have histori­
cally been uSed in laptop sys­
tems to store unchangeable, 
preloaded software programs. 
To upgrade with software revi­
sions, the ROM application 
hardfile is discarded and a new 
card is purchased-an undesir­
able expense for the user. 

Battery-backed SRAMs en­
able the flexibility to continu­
ously 'modify files. SRAMs are 
used both as floppy and hard 
driVe replacements, only where 
very low densities are required. 
Besides not being practical for 
high-density applications, 
SRAMs also draw concern from 
unpredictable battery life. 

Unlike the ROM drive, flash 
memories can be repro­
grammed many times. Unlike 
SRAMs, the ~ingle transistor 
memory cell of flaSh (compared 
to 4-6 transistors for SRAM) is 

Fig Whereas in workstations Flash memory is used as cache for the OS and code. the laptop uses Flash memory for direct 
execution. 

very scalable for photolitho­
graphic processes, promoting 
very high density devices. In an 
environment where high den­
sity is synonymous with sec­
ondary storage, Hash will out­
sell and outlast volatile SRAMs 
because of cost and reliability 
advantages. 

U.IOg Flub memory . 

The adoption of Flash mem­
ory in a solid-stale disk comes 
with the design challenge of 
interfacing a bulk-erasable 
memory with a file system 
requiring byte-level alterability. 
The simplest SQiution is to use a 
RPM-like approach and use the 
drive as an application hardfile 
with the extra benefit· of being 
able to erase and reuse the 

, disk. Microsoft has made major 
advanc~ over this approach by 
developing a special file system 
it calls Flash File System. Based 

on linked-list techniques, this 
Dos-compatible file system, 
with superior performance over 
the mechanical disk, takes 
advantage of the chip-level 
erasability of Flash memory. 

Although we have only dis­
cussed Flash memory applica­
tions in the notebook computer, 
its usage spreads well beyond. 
BIOS modification in desktop 
computers is' also unavoidable 
due to increasing system com­
pleXity. Primarily aimed at fix­
ing bugs, this technique also 
alleviates compatibility prob­
lems that might arise from the 
installation of the myriad of 
add-in boards and software 
packages. In addition, the OEM 
('.an promote upgrade service 
as a market distinction, as done 
by NCR and Olivetti. 

F\ash memory disks are use­
ful as application caches in 
high-end systems because of 
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their nonvolatility and RAM­
disk equivalent access speeds. 
Many types of industrial equip­
ment are using F\ash memory 
for code storage and data accu­
mulation, replacing all forms of 
disk drives, both mechanical 
and solid-state. ' 

Flash memory will continue 
to play a dominant role in the 
evolution of the notebook com­
puter as well as every other 
application requiring a non­
volatile, reprogrammable, reli­
able, high density, and low cost 
memory. The flexibility of this 
new memory technology is 
driving costs down and generat­
ing an important alternative to 
disk memory. • ' 

Mark1U Levy is technical mar­
keting engineer at Intel Corp. 
(Folsom, CA). . 



UPDATE 

ARTICLE 
REPRINT 

AR-491 

October 1990 

Memory breakthrough 
.. • - - I - ,-urives minia,uriza,lon 
YOg can use it like RAM and carry it around like a disk. Flash EPROM technology is poised to 
change the way portables are made. 

Last year---;a year in which assump­
tions about the world seemed to fall 
with bewildering regularity-a tru­
ism about computers suddenly be­
came irrelevant. Intel Corp. in Santa 
Clara, Calif., unveiled a new type of 
memory chip, the flash EPROM, 
which combines the flexibility of RAM 
with the permanence of disks. The 
distinction between RAM and disk 
started crumbling like the Berlin Wall. 

Now the implications of flash 
EPROMs for portable computing­
particularly notebooks and hand­
helds-are becoming clearer. If sup­
porters of the technology are correct, 
flash EPROMs could 
eventually replace bulky, 
power-sapping disk 
drives in computers and 
serve as a universal stor­
age medium for nearly 
every electronic device 
that uses memory. 

ory cards, providing a removable stor­
age medium for software. Intel guar­
antees 10 years of data life. 

Flash EPROMs are likely to rear­
range the mix of chip- and disk-based 
storage in all computers, especially 
the smallest portables. When used on 
removable cards, they can replace 
floppy drives, eventually for one­
quarter the cost of currently available 
SRAM cards, according to Intel. At this 
writing, however, computer makers 
were waiting for lower prices before 
making the jump from SRAMs to the 
new chips. 

Flash EPROMs could also be used 

to store programs (such as Tandy's 
Deskmate interface or MS-DOS) 
which now take several seconds to 
load from hard disk to RAM while 
sucking up precious electricity. Pro­
grams stored in flash EPROMs load 
nearly instantaneously. One compa­
ny, Cardinal Technologies Inc. 
(Lancaster, Pa.) plans to offer an ex­
pansion board containing Digital Re­
search's DR DOS inregular ROM 
paired with 2MB of flash EPROM for 
storing applications. 

Engineers also envision flash 
EPROMs bringing major changes to 
the embedded computers and con­

trollers that are becoming 
mainstays of modem life. 
Computerized engines 
could be reprogrammed 
to reflect evolving fuel 
mixtures as a car ages 
(currently, such program­
mable memory is de­
pendent on battery pow­
er). Digital electronic 
cameras will use flash 
EPROMs instead of digital 
tape or film to store pho­
tographs with sharpness 
comparable to that of 35-
millimeter cameras. 

Although London-
o based Psion PLC is first . 
out of the gate with two 
flash-based notebook 
computers, the MC200 
and MC400 (available this 

Based on older 
EPROM (erasable pro­
grammable read-only 
memory) technology, 
flash EPROMs do not 
need a backup power 
supply to retain data. 
Like regular EPROMs 
and dynamic RAMs 
(DRAMs), they can be 
packaged in plastic cases 
and plugged into com­
puter motherboards. And 
like static RAMs (SRAMs), 
they can be integrated 
on credit-card-size mem-

Intel's fluh EPROM chIps can store data wIthouIa conatanl8uppIy summer) you can expect 
of electricity. to see other innovative 
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machines using the new technology 
by early next year, according to Intel. 

Hardware and software vendors 
are already using flash EPROMs to 
store vital code normally residing on 
ROM chips that can't be conveniently 
reprogrammed. When encoded in 
flash EPROMs, the computer's ROM 
BIOS, which manages hardware's in­
teraction with !jOfiware, can be updat­
ed via modem or floppy disk. 
(Phoenix Technologies Ltd., the 
largest BIOS maker, began offering 
flash EPROM versions of its products 
last spring.) BIOS upgradability will 
let you take advantage of new power­
management breakthroughs and lap­
top periphera1s without buying a new 
machine. 

Flash EPROMs have one disad­
vantage that slightly limits their use: 
writing data to them takes nearly as 
much time as writing to a floppy. For 
this reason, they aren't as efficient as 
regular RAM at running applications 
like word processors and databases, 
which involve opening and closing 
files regularly. Flash EPROM propo­
nents admit that computers based on 
the technology will sometimes use 
traditional DRAM storage for data 
manipulation, with flash EPROM 
cards taking the place of floppy and 
hard disks. 

All the major laptop vendors are 
considering flash EPROMs, according 
to Kurt Robinson, Intel's product line 
architect for flash EPROMs. "Just 
about everybody is updating the' 
BIOS portion of their machines from 

ROM to flash," Robinson says. In ad­
dition, Microsoft has thrown its sup­
port behind the technology by releas­
ing file-management software that 
lets MS-DOS treat flash EPROMs like 
disk drives. 

Intel expects steady increases in 
flash EPROM storage density at least 
through 1996. One-megabit chips are 
selling now, two-megabit versions 
should be available later this year, and 
four-megabit chips should follow in 
1991. When 16-megabit chips arrive 
by 1994, vendors could introduce 
32MB and 48MB ·hard drives· on a 
card roughly two by three inches. 

Texas Instruments (TI) is offering a 
similar technology that uses less pow­
er than Intel's flash EPROMs during 
data writing. In the typical flash­
EPROM computeJ; all logic and mem­
ory operations require five volts of 
electricity, except for writing to the 
flash EPROM, which takes 12 volts. 
TI's new chips e1iminate the need for 
a 12-volt power supply anywhere in 
the machine, saving space and 
weight. 256-kilobit chips are already 
available, with one-megabit versions 
expected by the end of this year. 

Production efficiencies and price 
competition are likely to drive flash 
EPROM prices down to the level of 
dynamic RAM chips by 1994, Robin­
son asserts. By then, the whir of disk 
drives could be little more than a fast­
fading memory. 
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Tel: (612) 830-1800 Albuquerque 87109 - Suite 148 
TWX: 910-576-3125 Durham 27713 

Hamilton/Avnet Computer tHamiiton/Avnet Electronics Tel: (919) 544-5400 
5659A Jefferson N.E. FAX: 919-544-5885 

12400 Whitewater Drive Albuquerque 87109 Minnetonka 55343 Tel: (505) 765-1500 OHIO 
tHamilton/Avnet Electronics FAX: 505-243-1395 Arrow Commercial System Group 12400 Whitewater Drive 284 Cramer Creek Court Minnetonka 55434 NEW YORK Dublin 43017 
Tel: (612) 932-0600 tArrow Electronics, Inc. Tel: (614) 669-9347 
TWX: 910-576-2720 3375 Brighton Henrietta Townline Rd. FAX: (614) 889-9680 
tPioneer/Standard Electronics Rochester 14623 tArrow Electronics, Inc. 7625 Golden Triange Dr. Tel: (716) 427-0300 6238 Cochran Road 
SUiteG TWX: 510-253-4768 Solon 44139 
Eden Prairie 55343 Arrow Electronics, Inc. Tel: (216) 248-3990 
Tel: (612) 944-3355 
FAX: 612-944-3794 20 Oser Avenue TWX: 610-427-9409 

Hauppauge 11786 
~~~~~r~:o~Vru~~rDr. MISSOURI Tel: (516) 231-1000 

TWX: 510-227-6623 Cayton 45459 
tArrow ElectroniCS, Inc. 
2360 Schuetz Hamilton/Avnet Computer Hamilton/Avost Computer 
51. Louis 83141 933 Motor Parkway 30325 Bainbridge Rd., Bldg. A 
Tel: (314) 587-6688 Haupauge11788 Solon 44139 
FAX: 314-567-1164 Hamilton/Avnst Computer tHamilton/Avnet Electronics 
Hamilton/Avnet Computer 2060 Townline lJ.~o~'fs~~ton Village Cr. 739 Goddard Avenue Rochester 14623 
Chesterfield 83005 tHamliton/Avnet Electronics Tel: (513) 439-8733 • 

tHamitton/Avnet Electronics 933 Motor Parkway FAX: 513-439-6711 

741 Goddard Hauppauge 11766 tHamilton/Avnet Electronics 
Chesterfield 83005 Tel: (516) 231-9800 30325 Bainbridge 
Tel: (314) 537-1600 TWX: 510-224-11166 Solon 44139 
FAX: 314-537-4248 tHamilton/Avnet Electronics Tel: (216) 349-5100 

2060 Townline Rd. TWX: 810-427-9452 
NEW HAMPSHIRE Rochester 14623 Hamilton/Avnet Computer 
Hamilton/Avnet Computer Tel: (716) 272-2744 777 Brooksedge Blvd. 
2 Executive Park Drive TWX: 510-253-5470 Westerville 43081 
Bedford 03102 Hamilton/Avnet Electronics Tel: (614) 682-7004 

Hamllton/Avnet Computer 103 Twin Oaks Drive FAX: 614-882-8650 

444 East Industrial Park Dr. Syracuse 13206 Hamilton/Avnet Electronics 
Manchester 03103 Tel: (315) 437-0266 777 Brooksedge Blvd. 

TWX: 710-541-1560 WesterviUe 43081 
NEW JERSEY 

~~~a~~e~ksg~:e 
Tel: (614) 862-7004 

iArrow Electronics, Inc. MTI Systems Sales 
4 East Stow Road Port Washington 11050 23400 Commerce Park Road 
Unij 11 Tel: (516) 621-6200 Beachwood 44122 
Marllon 06053 FAX: 510-223-0846 Tel: (216) 464-8688 
Tel: (609) 596-6000 Pioneer/Standard Electronics tPioneerlStandard Electronics FAX: 609-596-9832 68 Corporate Drive 4433 Interpoint Boulevard 
tArrow Electronics Binghamton 13904 ~:rr5~ ~~~-9900 6 Century Drive Tel: (607) 722-9300 
Parsipanny 07054 FAX: 607-722-9562 FAX: 513-236-8133 
Tel: (201) 536-0900 Pioneer/Standard Electronics tPioneer/Standard Electronics FAX: 201-538-0900 40 Oser Avenue 4800 E. 131st Street 

~~~~~~~~v~~~~rlo~~6 Hauppauge 11787 Cleveland 44105 
Tel: (516) 231-9200 Tel: (216) 567-3600 

Cherry Hill 06003 FAX: 510-227-9869 FAX: 216-663-1004 



OKLAHOMA 

Arrow Electronics, Inc. 
4719 South Memorial Dr. 
Tulsa 74145 

tHamiiton/Avnet Electronics 
12121 E. 51st St., Su~e 102A 
Tulsa 74146 
Tel: (918) 252·7297 

OREGON 

tAimac Electronics Corp. 
1885 N.w. 169th Place 
Beaverton 97005 

~~:(~W.~tso;I0 

=1~~:~:t~I~~~:Ave. 
Beaverton 97005 

tHamilton/Avnet Electronics 
9409 S.W. Nimbus Ave. 
Beaverton 97005 
Tel: (503) 827·0201 
FAX: 503-641·4012 

Wyle 
9640 Sunshine Court 
Bldg. G, Su~e 200 
Beaverton 97005 
Tel: (503) 643·7900 
FAX: 503·646-5468 

PENNSYLVANIA 

Arrow Electronics, Inc. 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856-7000 

Hamllton/Avnet Computer 
2800 Liberty Ave., Bldg. E 
Pittsburgh 15222 

Hamilton/Avnet Electronics 

~~a.ob~i~'~~ 
Tel: (41~) 2814150 

Pioneer/Standard Electronics 
259 Kappa Drive 
Pittsburgh 15238 
Tel: (412) 782-2300 
FAX: 412-983-8255 

tPloneerfTechnologies Group, Inc. 
Delaware Valley 
261 Gibraltar Road 
Horsham 19044 
Tel: (215) 6744000 
FAX: 215-674-3107 

TENNESSEE 

Arrr:m Commercial System Group 
3635 Knight Rosd 
Suite 7 

~e'i~(g~\~ ~~~g540 
FAX: (901) 367-2081 

TEXAs 
Arrow Electronics, Inc. 
3220 Commander Drive 
carrol~n 75006 
Tel: (214) 380-6464 
FAX: (214) 248-7208 

1Certifred Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.)· 
Hamihon/Avnet Computer HamlitonlAvnet Computer tArrow Electronics, Inc. 
1807A West Braker Lane 17761 Northeast 78th Place 1093 Meyerside, Unit 2 
Austin 78758 Redmond 98052 Mississaugs LST 1 M4 

Hamllton/Avnet Computer tHamihon/Avnet Electronics 
Tel: (416) 673-7769 

Forum 2 1776t N.E. 78th Place 
FAX: 416-672-0849 

4004 Behline, Suite 200 Redmond 98052 Hamilton/Avnet Computer 
Dallos 75244 Tel: (206) 881-6697 Canada System Engineering 

!:s~lre~~Ah~n~~~~f~{oo 
FAX: 206-867-0159 Group 

Wyle Distribution Group 
3688 Nashua Drive 
Un~s7&8 

Stafford 77477 15385 N.E. 90th Street Mississuaga L4V 1 M5 
Redmond 98052 

tHamiiton/Avnet Electronics Tel: (206) 881-1150 Hamilton/Avnel Compuler 
1807 W. Braker Lane FAX: 206-881-1567 3688 Nashua Drive 
Austin 78758 Un~s 9 & 10 
Tel: (512) 837-8911 WISCONSIN Misslssuaga L4V 1 M5 
TWX: 910-874-1319 

~~i~~:~t ~:J'uler tHamiiton/Avnet Electronics 
Arrow Electronics, Inc. 
200 N. Patrick Blvd., Ste. 100 

4004 Be~line, Suite 200 Brookfield 53005 Un~s 7, 8, & 9 
Dallas 75234 Tel: (414) 792-0150 Mississuaga L4V 1 R2 
Tel: (214) 308-811t FAX: 414-792-0t56 Hamilton/Avnet Computer TWX: 910-860-5929 190 Colonade Road 
tHamilton/Avnet Bectronlcs ~~~to8:::~~brr~~:r Nepean K2E 7J5 
4850 Wright Rd., Su~e 190 Su~e 400 tHamilton/Avnet Electronics 
Stsfford 77477 Waukesha 53186 6845 Rexwood Road 
Tel: (713) 240-7733 Un~3-4-5 
TWX: 910-881-5523 tHamilton/Avnel Electronics Mississauga L4T 1 R2 
tPloneer/Standard Electronics 

28875 Crossroads Circle Tel: (416) 677-7432 
Suite 400 FAX: 416-677-0940 182&-0 Kramer Waukesha 53186 Austin 78758 Tel: (414) 784-4510 tHamiiton/Avnet Electronics 

Tel: (512) 835-4000 FAX: 414-784-9509 190 Colonnade Rood South 
FAX: 512-835-9829 Nepean K2E· 7LS 

tploneer/Standard Electronics 
Tel: (613) 226-1700 

13710 Omega Road CANADA FAX: 613-226-1164 

Dallas 75244 tZentronics 
Tel: (214) 386-7300 ALBERTA 1355 Meyerside Drive 
FAX: 214-490-6419 Mississauga L5T 1 C9 

tPioneer/Standard Electronics 
Hamilton/Avnet Computer Tel: (416) 564-9600 
2816 21 sl Sireet Northeast FAX: 416-564-8320 

10530 Rockley Road Calgary T2E 6Z2 tZentronics Houston 77099 
Tel: (713) 4954700 Hamilton/Avnet Electronics 155 Colonnade Road 
FAX: 713-495-5642 2816 21st Street N.E. #3 Unit 17 

¥~1:9~'6:!j2M~lj86 Nepean K2E 7Kl 
tWyle Distribution Group Tel: (613) 226-8640 
1810 Greenville Avenue FAX: 403-250-159t FAX: 613-226-6352 
Richardson 75081 

Zentronlcs QUEBEC Tel: (214) 235-9953 
FAX: 214-644-5064 6815 #8 Street N.E. Arrow Electronics Inc. 

Suite 100 1100 SI. Regis 
UTAH ¥::g~'6:!j~~l~818 Dorval H9P 2T5 

Haml~nlAvnet Computer 
Tel: (514) 421-7411 

FAX: 403-295-8714 FAX: 514-421-7430 
1585 West 2100 South 
Salt Lake City 64119 BRITISH COLUMBIA Arrow Electronics, Inc. 

tHamiiton/Avnet Electronics tHamiHon/Avnet ElectroniCS 
500 Boul. St-Jean·Baptiste 
Su~e 280 

1585 West 2100 South 8610 Commerce Ct. Quebec G2E 5R9 
Salt Lake City 84119 Burnaby VSA 4N6 Tel: (418) 871-7500 
Tel: (801) 972-2800 Tel: (604) 420-4101 FAX: 418-871-6816 
TWX: 910-925-4018 FAX: 604-437-4712 Hamilton/Avnet Computer 
twyle Distribution Group Zentronics 2795 Rue Halpem 
1325 West 2200 South ~':h~~og ~~~~~ort Rosd 

SI. Leurent H4S 1 P8 
Suite E tHamlltonJAvnet Electronics 
~~:Sl~~I~'7~~~ Tel: (604) 273-5575 2795 Halpern 

FAX: 604-273-2413 SI. Leurent H2E 7Kl 

WASHtNGTON ONTARIO 
Tel: (514) 335-1000 
FAX: 514-335-2481 

tAlmac Electronics Corp. Arrow Electronics, Inc. tZentronics 
14380 S.E. Eostgate Way 36 Antares Dr., Unit 100 520 McCaffrey 
Bellevue 98007 Nepeen K2E 7W5 St. Laurent H4T 1 N3 
Tel: (206) 643-9992 Tel: (613) 226-8903 Tel: (514) 737-9700 
FAX: 206-643-9709 FAX: 613-723-20t8 FAX: 514-737-5212 



FINLAND 

Intel Rnland OY 
RUDsiiantie 2 
00390 Helsinki 
Tel: (358) 0544644 
Tl.X: t 23332 

FRANCE 

~~t~lu~~~g~~~pS3~3R.L. 
78054 St Quenlin·en-YveJines 
Cedex 
Tel: (33) (t) 30 57 70 00 
Tl.X: 699016 

ISRAEL 

Intel Semiconductor Ltd. 
Atidim Industrial Park-Neve Sharet 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03-498080 
Tl.X: 371215 

EUROPEAN SALES OFFICES 
ITALY 

Intel Corporation Iialia S.p.A. 
Milanofiori Palazzo E 
20094 Assago 
Milano 
Tel: (39) (02) 89200950 
Tl.X: 341286 

NETHERLANDS 

Intel Semiconductor B.V. 
Postbus 64130 
3099 CC Rotterdam 
Tel: (31) 10.407.11.11 
Tl.X: 22283 

SPAIN 

Intel Iberia SA 
Zurbaran, 28 
28010 Madrid 
Tel: (34) (1) 308.25.52 
Tl.X: 46880 

SWEDEN 

Intel Sweden A.B. 
Dalvagen 24 
17136 Solna 
Tel: (46) 8 734 01 00 
Tl.X: 12261 

SWITZERLAND 

Intel Semiconductor A.G. 
Zuerichstrasse 
8185 Winkel·Rueti be; Zuerich 
Tel: (41) 01/860 62 62 
Tl.X: 8259n 

UNITED KINGDOM 

Intel Corporation (U.K.) ltd. 
Pipers Way 
Swindon, Wiltshire SN3 1 RJ 
Tel: (44) (0793) 696000 
Tl.X: 444447/8 

WEST GERMANY 

Inlel GmbH 
Dornacher Strasse 1 
B016 Feldklrchen be; Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/904/3948 

Intel GmbH 
Abraham Lincoln Strasse 16-18 
6200 Wiesbaden 
Tel: (49) 06121/7605-0 
Tl.X: 4-186183 

Inlel GmbH 
Zettachring lOA 
7000 Stuttgart 80 
Tel: (49) 0711/7287-280 
Tl.X: 7-254826 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA IRELAND NORWAY UNITED KINGDOM Rapid Recall, Ltd. 

Bacher Electronics G.m.b.H. 
~;~~~~e~~c;t~ark Nordisk Elektronikk (Norge) NS Accent Electronic Components Ltd. 

28 High Street 
Nantwich 

Rotenmuehlgasse 26 Postboks t23 Jubilee House, Jubilee Road Cheshire CW5 5AS 
1120 Wien Glenageary Smedsvingen 4 Letchworth, Herts 8G6 10H Tel: (0270) 627505 
Tel: (43) (0222) 83 56 46 Co. Dublin 1364 Hvalstad Tel: (44) (0462) 670011 FAX: (0270) 629883 
Tl.X: 31532 Tel: (21) (353) (01) 856288 Tel: (47) (02) 846210 FAX: (44) (0462) 682467 TWX: 36329 fti; ~~Y8lf53) (01) 857364 Tl.X: 77546 TWX: 826505 
BELGIUM 

Inelco Belgium S.A. PORTUGAL ~r:'te~~~~ents Ltd. WEST GERMANY 
Av. des Croix de Guerre 94 ISRAEL 

ATD Portugal LOA Chineham Business Park 
1120 Bruxelles Crockford Lane Electronic 2000 AG 
?1~O~~~~rnlaan, 94 

Eastronics Ltd. Rua Dos Lusiados, 5 Sala B Basingstoke ~b~~~~~~~~n 1:2 11 Aozanis Street 1300 Lisboa 
Hants RG24 OW~ 

Tel: (32) (02) 21601 60 P.O.B. 39300 Tel: (35) (1) 648091 
Tel: (0256) 707107 Tel: (49) 089/42001-0 

Tl.X: 64475 or 22090 Tel-Aviv 61392 Tl.X: 61562 
FAX: 0256-707162 Tl.X: 522561 

Tel: (972) 03-475151 
DENMARK Tl.X: 33638 Ditram 

Conformix In Multikomponent GmbH Avenida Miguel Bombarda, 133 
ITI-Multlkomponent 1000 Lisboa UnitS Postfach 1265 
Naverland 29 ITALY Tel: (35) (1) 64 5313 AI M Business Centre Bahnhofstrasse 44 

Dixons Hill Road 7141 Moeglingen 2600 Glostrup Intesi Tl.X: 14182 Welham Green Tel: (49) 07141/4879 Tel: (45) (0) 2 45 66 45 Divisions In Industries GmbH South Hatfield Tl.X: 7264472 Tl.X: 33 355 Viale Milanofiori SPAIN HertsAL97JE 

FINLAND 
Palazzo E/5 

ATD Electronica, S.A. 
Tel: (07072) 73282 Jermyn GmbH 

~~~9~~8~~J~Jl Plaza C;udad de Viena, 6 
FAX: (07072) 61678 1m Dachsstueck 9 OY Fintronic AB 6250 Limburg 

Melkonkatu 24A Tl.X: 311351 28040 Madrid Bytech Systems 
00210 Helsinki Tel: (34) (1) 2344000 3 The Western Centre Tel: (49) 06431/508-0 

Tel: (358) (0) 6926022 Lasi Elettronica S.pA Tl.X: 42477 Western Road Tl.X: 415257-0 

Tl.X: 124224 V. Ie Fulvia Testi, 126 
Metrolagia Iberica, S.A. Bracknell RG12 1RW 

20092 Cinisello Balsamo (MI) Tel: (44) (0344) 55333 Metrologie GmbH 
FRANCE Tel: (39) 02/2440012 CtTa. de Fuencarral, n.SO FAX: (44) (0344) 867270 ~oBJ1riir;2~!~~~~e 7~9 Tl.X: 352040 28100 Alcobendas (Madrtd) TWX: 849624 
Almex 

Telcom S.r.1. 
Tel: (34) (1) 653 86 11 Tel: (49) 089/78042-0 

Zone industrielle d'Antony Jermyn Tl.X: 5213189 
48, rue de l'Aubepine Via M. Civitali 75 SWEDEN Vestry Estate 
BP 102 20148 Milano Otlord Road Proelectron Vertriebs GmbH 
92164 Antony cedex Tel: (39) 02/4049046 Nordisk Elektronik AB Sevenoaks Max Planck Strasse 1-3 
Tel: (33) (1) 46 66 21 12 Tl.X: 335654 Torshamnsgatan 39 Kent TN14 5EU 6072 Dreieich 
Tl.X: 250067 ITT Multicomponents Box 36 Tel: (44) (0732) 450144 Tel: (49) 06103/30434-3 

164 93 Kista FAX: (44) (0732) 451251 Tl.X: 417903 Jermyn Viale MllanoflOrl E/5 Tel: (46) 08-034630 TWX: 95142 60, rue des Gemeaux ~~~~g~~~J~Jl Tl.X: 10547 Silic 580 MMO Ltd. YUGOSLAVIA 
¥:~3~u(~?~9C;~~~ 78 

Tl.X: 311351 3 Bennet Court 
SWITZERLAND Bennet Road 

Tl.X: 261585 Silverstar Reading H.R. Microelectronics Corp. 
Via Dei Gracchl 20 Industrade A.G. Berkshire RG2 oax 2005 de 10 Cruz Blvd., Ste. 223 

~~J~o~'?t~ieres 20146 Milano Hertistrasse 31 Tel: (44) (0734) 313232 Santa Clara, CA 95050 
Tel: (39) 02/49961 8304 Wallisellen U.S.A. 4, avo Laurent-Cery Tl.X: 332189 Tel: (41) (01) 8328111 FAX: (44) (0734) 313255 

Tel: (1) (408) 988-0286 
92606 Asnieres Cedex Tl.X: 56788 TWX: 84B689 

Tl.X: 387452 
Tel: (33) (1) 47906240 

NETHERLANDS Rapid Recall, Ltd. Tl.X: 611448 
TURKEY Rapid House Rapido Electronic Components 

Tekelec-Airtronic Koning en Hartman Oxford Road S.p.a. 
Cite des Bruyeres Elektrotechniek B.V. EMPA Electronic High Wycombe Via C. Beccaria, 8 
Rue Carle Vemet - BP 2 Energieweg 1 Lindwurmstrasse gSA Buckinghamshire HPl t 2EE 34133 Trieste 
92310 Sevres 2627 AP Delft 8000 Muenchen 2 Tel: (44) (0494) 26271 11;1110 
Tel: (33) (1) 45 34 75 35 Tel: (31) (1) 15/609906 Tel: (49) 089/53 80 570 FAX: (44) (0494) 21860 . Tel: (39) 040/360555 
Tl.X: 204552 Tl.X: 38250 Tl.X: 528573 TWX: 837931 Tl.X: 460461 



AUSTRALIA 

Intel Australia Ply. Ltd. 
Unft 13 
Aflamble Grove Business Park 
25 Frenchs Forest Road East 
Frenchs forest, NSW. 2086 
Tol: 61-2975-3300 
FAX: 61·2975-3375 

BRAZIL 

Intel Semioondutores do Brazil L IDA 
Av. Paulista, 1159-CJS 404/4D5 
01311 - Sao Paulo - S.P. 
Tol: 55-11-287-5899 
TLX: 3911153146IS08 
FAX: 55-11·287-5119 

CHINA/HONG KONG 

Intel PAC Corporation 
15/F, OIIice 1, CHic Bldg. 
Jlan Guo Mon Wal Street 

r.l1''ilt :~50 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

Intel Semiconductor Ltd. * 
10lF East Tower 
Bond Center 
Quoonsway, Control 

~~~M~)~ 
FAX: (852) 868-1989 

INTERNATIONAL SALES OFFICES 
INDIA 

Intel Asia Electronics, Inc. 
4/2. Samrah Plaza 
SI. Mark's Road 
Bangalore 560001 
Tol: 011-91·812-215055 
TLX: 953-845-2846 INTL IN 
FAX: 091-812-215067 

JAPAN 

Intel Japan KK 
5-6 Tokodal, Tsukuba-shi 
Ibarakl, 300-26 , 
Tol: 0298-47-8511 
TLX: 3656-160 
FAX: 0298-47·8450 

~!~~~=~g~ ~ld9. 
1..ijsa9 Fuchu-cho 
Fuchu-shi, Tokyo 183 
Tol: 0423-60-7871 
FAX: 0423-60-0315 

Intel J: K.K* 

~~'Hon~'W~ 
Kumagaya-shl, Sanama 360 
Tol: 0465-24-6871 
FAX: 0485-24-7518 

Intel Japan KK-
Kswa-asa Bldg. ' 
2-11-5 Shin-Yokohama 
Kohoku-ku, Yokohama-shi 
Kanagawa, 222 
Tol: 045-474-7661 
FAX: 045-471-4394 

~~~~~~~~~g. 
2 .. ~H Terauchi 
i~O~=~I~saka 560 
FAX: 06-863-1084 

Intol Japan KK 
Shlnmaru Bldg. 
1-5-1 Marunouchl 
Chlyoda-ku, Tokyo 1 DO 
Tol: 03-201·3621 
FAX: 03-201-6650 

Intel Japan K.K. 
Groon Bldg. 
1-16-20 Nishiki 
Naka-ku, Nagoya-shl 
Aichl450 
Tol: 052-204-1261 
FAX: 052-204-1285 

kOREA 

Intel Korea, Ltd. 
16th Floor, Ufo Bldg. 
61 Yoldo·dong, Youngdeungpo-Ku 
Sooul 150-010 

~,<~t81~~E~~~' B386 
FAX: (2) 784-8098 

SINGAPORE 

Intel Singapore Technology, Ltd. 
101 Thomson Road #21-05106 
UnHod Squara 
Singapore 1130 
Tel: 250-7811 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN 

llr~~T;::'Il'~,r:ar East Ltd. 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886-2-716·9660 
FAX: 886-2-717-2455 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

Dalsys S.R.L. 
Chacebuco, 9D-6 Piso 
1069-Buenos Aires 
Tol: 54-1-334-7726 
FAX: 54-1-334-1871 

AUSTRALIA 

Email Electronics 
15-17 HUmo Street 
Huntingdale, 3166 
Tel: 011-61-3-544-8244 
TLX: M30B95 
FAX: 011-61-3-543-8179 

NSD·Austraila 

~ ~:~d~:~~~~2~d. 
Tol: 03 8900970 
FAX: 03 8990819 

BRAZIL 

'Elebra ComPQnentes 
Rua Garsldo Aausina Gomes, 78 
7Andar 
04575 - Sao Paulo - S.P. 
Tol: 55-11-534-9641 
TLX: 55-11-54593/54591 
FAX: 55-11-534-9424 

CHINA/HONG KONG 

Novel Precision Machinery Co., Ltd. 
Room 728 Trado Square 
681 Choung Sha Wan Road 
Kowloon, Hong Kong 
Tel: (852) 360-8999 
1WX: 32032 NVTNL HX 
FAX: (852) 725-3695 

INDIA 

Micronlc ~evices 

~n55CoOm~~x Road 
Basavanagudl 

~:r~~f~I~r,'2~D-631 
011·91-812-811-385 

TLX: 9538458332 MOBG 

-Field Application Location 

Mlcronic Devices 
No. 516 5th Roor 
Swastik Chambors 
Slon, Trombay Road 
Chembur 

~~'lr3f\(W1l7 MOEV 

Mlcronlc Devices 
2518, 1 st Roor 
Bada Bazaar Marg 
Old Rajinder Nagar 
Now Deihl 110 060 
Tel: 011-91-11·5723509 

011-91-11-589771 
TLX: 031-63253 MONO IN 

Micronic Devices 
8-3-348/12A Owarakapurl Colony 
Hyderabad 50D 482 
Tel: 011-91-842-226748 

S&S Corporation 
1587 Kooser Road 
San Joss, CA 95118 
Tel: (408) 976-6216 
TLX: 820281 
FAX: (408) 978-6635 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita·ku 

~'a'~~~-~_~~~2 
FAX: 093-551-7861 

CTC Compononts Systoms Co., Ltd. 
4-8·1 Oobashi, Miyamae-ku 
Kawasakl-shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 

Ole Semlcon Systams, IQc. 
Flower Hili Shlnmachl Hlgashl·kan 
1-23-9 Shin machi, Setagaya-ku 
Tokyo 154 
Tol: 03-439-1600 
FAX: 03-439-1601 

~~"ra=o 
~~~'1i~:~:la6shi 460 
FAX: 052-204-2901 

Ryoyo Eloctro Corp. 
Konwa Bldg. 
1-12·22 Tsukiji 

~~~g:~~~J'd'l'1104 
FAX: 03-546-5044 

KOREA 

J·Tek Corporation 
Dong Sung Bldg. 9/F 
158·24, Samsung-Dong, Kangnam-Ku 
Seoul 135-090 
Tel: (822) 557·8039 
FAX: (822) 557-8304 

Samsung Eleclron~s 
Samsung MaIn BId~. 
~af&r_~~~-RO- KA, Chung-Ku 

C.P.O. Box 8780 
Tol: (822) 751-3680 
1WX: KORSST K 27970 
FAX: (822) 753-9065 

MEXICO 

SSB Electronics, Inc, 
675 Palomar Street, Bldg. 4, Suite A 
Chula Vista, CA 92011 
Tol: (619) 585-3253 
TLX: 287751 CBALL UR 
FAX: (619) 585·6322 

Oicopal S.A. 
Tochtli 368 Fracc. Ind. San Antonio 
Azcapotzalco 
C.P. 02760-Mexico, O.F. 
Tol: 52-5-561-3211 
TLX: 177 3790 Dicome 
FAX: 52·5-561-1279 

PHI S.A. do C.V. 
Fco. Villa esq. Ajusco sin 
Cuemavaca- Morelos 
Tol: 52-73-13-9412 
FAX: 52-73-17-5333 

NEW ZEALAND 

Email Eleclronlcs 
36 Olivo Road 
Penrose. Auckland 
Tel: 011-64-9-591-155 
FAX: 011-64-9-592-681 

SINGAPORE 

Electronic Resources Pte, Ltd. 

::~~',""?;n~~~re 1336 
Tel: (65) 2B3-0BB8 
TWX: AS 56541 EAS 
FAX: (55) 289·5327 

SOUTH AFRICA 

i~~~~!;~~i~:~foil~~~':eyet St.) 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7680 
FAX: 011·2712-603-8294 

TAIWAN 

Micro Electronics COrporation 
12th Floor, Section 3 

~:~~~~~~~ast Road 
Tel: (BB6) 2-7198419 
FAX: (BB6) 2-7197916 

Acer Sertek Inc. 
15th Floor, Section 2 
Chien Kuo North Ad. 
Taipall8479 R.O.C. 
Tol: 886-2-501-0055 
1WX: 23756 SEATEK 
FAX: (BB6) 2-5012521 



ALASKA 

Intel Corp. 
C/o TransAJaska Network 
1515 Lore Rd. 

r.1~~g~~~e5~~lo;'76 
Intel Corp. 
c/o TransAlaska Data Systems 

~~ ~~'hCf;.~~~~e 407 
Fairbanks 99701 
Tel: (907) 452-6264 

AHIZUNA 

*Intel Corp. 
410 North 44lh Streel 
Suite 500 
Phoenix 85008 
Tel: (602) 231-0386 
FAX: (602) 244-0446 

*Intel Corp. 
500 E. Fry Blvd., Suile M-15 
Sierra Vista 65635 
Tel: (602) 459-5010 

ARKANSAS 

Inlel Corp. 

r5~~~::lp,;er~~ive 
UtIle Rock 72204 

CALIFORNIA 

'*Intel Corp. 
21515 Vanowen St., Ste. 116 

~~~'iBf8~"{~J~gg 
*Intel Corp. 
3DO N. Continental Blvd. 
Sunel00 
EI Segundo 90245 
Tel: (213) 640-6040 

*Inte! Corp. 

~~::;.r;~~~na'5~~· 
Tel: (916) 351-6143 

*Intel Corp. 
9665 Chesapeake Dr., Suite 325 

~:I~ ~~&O~~~~6 
**Intel Corp. 
400 N. Tustin Avenue 
SuHe 450 
Santa Ana 92705 
Tel: (714) 83&-9642 

'**Intel Corp. 
2700 San Tomas Exp., 1 st Aoor 
Santa Clara 95051 
Tel: (408) 970-1747 

COLORAOO 

*Intel Corp. 
600 S. Cherry Sl, Suite 700 
Denver 80222 
Tel: (303) 321-8086 

CALIFORNIA 

2700 San Tomas Expressway 
Sonta Clara 95051 
Tel: .1-800-328-0386 

MINNESOTA 

3500 W. BOth Street 
Suite 360 
Bloomington 55431 
Tel: (612) 835-6722 

*Qarry-in locations 
**Carry-in/mail-In locations 

DOMESTIC SERVICE OFFICES 
CONNEcnCUT MARYLANO NEW YORK 

;~ite~o~rm Corporate Park U'ntel Corp. *ln1el Corp. 
10010 Junction Dr., Suite 200 2950 Expressway Dr. South 

83 Wooster Heights Rd. Annapolis Junction 20701 Suite 130 
Danbury 06811 Tel: (301) 206'2860 Islandia 11122 
Tel: (203) 748·3130 Tel: (516) 231-3300 

FLORIDA MASSACHUSETIS Intel Corp. 

**Intel Corp. :~~~~o~~~~e:~ Center **Inlel Corp. 
BOO Fahway Dr., Suite 160 Westford Corp. Center 

Fishkill 12524 
Deerfield Beach 33441 3 Carlisle Rd., 2nd Floor 

Tel: (914) 897-3860 
Tel: (305) 421-0506 Westford 01886 

FAX: (305) 421·2444 Tel: (508) 692-0960 
Ln12~ SO!R' U_II_., " __ ~ 

*Intel Corp. MICHIGAN 
.. u..u ........... w" .... " .......... 

5850 T.G. Lee Blvd., Sle. 340 
Syracuse 13211 

Orlando 32822 *'ntel Corp. 
Tel: (315) 454-0576 

Tel: (407) 240-8000 7071 Orchard Lake Rd., Sle. 100 
West Bloomfield 48322 NORTH CAROLINA 

GEORGIA Tol: (313) 851·8905 *Inlel Corp. 
*Intel Corp. 5600 Executive Center Drive 
20 Technology Park. Suite 150 MINNESOTA Suite 105 
Norcross 30092 Charlotte 28212 
Tel: (404) 449-0541 *Intel Corp. Tel: (704) 568-8966 

3500 W. 80th St., Suite 360 
5523 Theresa Street ~~~~~~n21~~lli **lntel Corp. 
Columbus 31907 5540 Centerview Dr., SUite 215 

HAWAII MISSISSIPPI 
Raleigh 27606 
Tel: (919) 851-9537 

**Inlel Corp. Intel Corp. 
Honolulu 96820 c/o Compu-Care 

OHIO 
Tel: (808) 847-6738 2001 Airport Road, Suite 205F **Inlel Corp. 

ILLINOIS 
Jackson 39208 3401 Park Center Dr., Ste. 220 
Tel: (601) 932·6275 Dayton 45414 

;;~n~W~~O~rp. Center III 
Tel: (513) 890-5350 

MISSOURI 
'*Intel Corp. 300 N. Martingale Rd., Ste. 400 

Schaumburg 60173 ;~~I~a':t~·CiIy Exp., Sle.131 
25700 SCience Park'Dr., Ste. 100 

Tel: (708) 605·8031 Beachwood 44122 
Earth Ci~ 63045 Tel: (216) 464-2736 

INDIANA Tel: (314 291-1990 

Intel Corp. OREGON 
*\ntel Corp. 
8910 Purdue Rd., Ste. 350 Route 2, Box 221 **Intel Corp. 
Indianapolis 46268 Smilhville 64089 15254 N.W. Greenbrier Parkway 
Tel: (317) 87&-0623 Tel: (913) 345-2727 Building B 

Beaverton 97005 
KANSAS NEW JERSEY Tel: (503) 645-8051 

'*Intel Corp. '**Intel Corp. 
10985 Cody, Suite 140 PENNSYLVANIA 
Overland Park 66210 

300 Sylvan Avenue 

Tel: (913) 345-2727 
Englewood Cliffs 07632 *tlntel Corp. Tel: (201) 567-0821 925 Harvest DrIve 

Suite 200 KENTUCKY *Intel Corp. 
Parkway 109 Office Centsr Blue Bell 19422 

Inlel Corp. 328 Newman Springs Road Tel: (215) 641-1000 
133 Walton Ave., Office 1 A Red Bank 07701 1·800-468-3548 
Lexington 40508 Tel: (201) 747-2233 FAX: (215) 641-0785 
Tel: (606) 255·2957 

**tlntel Corp. 
Inlel Corp. NEW MEXICO 400 Penn Cenler Blvd., Sle. 610 
898 Hillcrest Road, Apt. A Pittsburgh 15235 
Radcliff 40160 (louisville) Intel Corp. Tel: (412) 823-4970 

Rio Rancho 1 
LOUISIANA 4100 Sara Road *Intel Corp. 

Rio Rancho 87124-1025 1513 Cedar Cliff Dr. 
Hammond 70401 (near Albuquerque) Camp Hill 17011 
(serviced from Jackson, MS) Tel: (505) 893-7000 Tel: (717) 761-(1860 

CUSTOMER TRAINING CENTERS 
MARYLAND 

10010 Junction Dr. 
Suite 200 
Annapolis Junction 20701 
Tel: 1-800-328-0386 

SYSTEMS ENGINEERING OFFICES 
NEW YORK 

2950 Expressway Dr., Soulh 
Islandia 11722 
Tel: (506) 231-3300 

PUERTO RICO 

Inlel Corp. 
South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733·8616 

TEXAS 

**lntel Corp. 
Westech 360. Suite 4230 
8911 Capitol of Texas Hwy. 
Austin 78752-1239 
Tel: (512) 794-8086 

"'jilli"iGvl/oJ' 
12000 Ford Rd., SUite 401 
Dallas 75234 
Tel: (214) 241·8087 

;~~~e~~ofPreeway, Suite 1490 
Houston 77074 
Tel: (713) 988·8086 

UTAH 

Intel Corp. 
428 East 6400 South 
Suite 104 
Murray 84107 
Tel: (801) 263-8051 
FAX: (801) 268-1457 

VIRGINIA 

*Intel Corp. 
1504 Santa Rosa Rd., Sle. 108 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

'**Intel Corp. 
155 lOath Avenue N.E., Ste. 386 
Bellevue 98004 
Tel: (206) 453·8086 

CANADA 
ONTARIO 

*'*Intel Semiconductor of 
Canada, Ltd. 
2650 Queensview Dr., Ste. 250 
Ottawa K2B 8H6 
Tel: (613) 829·9714 

**Intel Semiconductor 01 
Canada, Ltd. 
190 Attwell Dr., Sle. 102 
Rexdale (Toronto) M9W 6H8 
Tel: (416) 675-2105 

QUEBEC 

**Intel Semiconductor of 
Canada, Lid. 
1 Rue Holiday 
Sulle115 
Tour East 
Pt. Claire H9R 5N3 
Tel: (514) 694-9130 
FAX: 514-694-0064 
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