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Figure 28. NAND Flash Array

NAND program and erase methodologies differ from
those of NOR devices. Toshiba Corp. employs F-N
electron tunneling for both operations. A very high
voltage (20V) is applied to the control gate during pro-
gramming, and to the substrate for erasure (Figure 29).
This high voltage amplifies reliability risks in both cas-
es. Tunnel-oxide breakdown is more probable than with
Intel’s ETOX technology. In fact, Toshiba Corp.’s flash
memories compensate for these concerns by incorporat-
ing extra bytes in each page for error correction.

9-44
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NAND?’s serial scheme allows tighter compaction in
the array because its architecture only requires one con-
tact for each string of 8 or 16 cells, vs. one contact per
each cell pair in NOR devices. The downside for
NAND is that this gain is lost due to an overall drop in
array efficiency. This loss results from increased decod-
er size and complexity necessary to handle the serial
array structure. Also, large charge pumps and extra
isolation in the periphery are needed because of the re-
quirement for very high write and erase voltages. Be-
sides impacting reliability, high voltage isolation also
induces fixed limitations to the future scalability of this
technology. .

PROGRAM
~+20V

'
FLOAT ov/+7V

I

ov
S = SOURCE D = DRAIN
CG = CONTROL GATE FG = FLOATING GATE
294016-29
ERASE
oV
FLOAT FLOAT
+20V
S = SOURCE D = DRAIN
CG = CONTROL GATE FG = FLOATING GATE
294016-30

Figure 29. NAND Cell Program
and Erase Voltages
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Triple-Poly Flash

The name of this technology reveals its cell structure
difference from the ETOX double-poly stacked gate.
See Figure 30 for a schematic representation of this cell
and array configuration. Although the theory behind
triple-poly is sound, manufacture is very difficult. As
such, SunDisk Corp. uses extensive error correction
and redundancy in their devices to provide yield and
reliability enhancement.

ER-33

Programming, via CHE injection, proceeds by placing
12V on the poly-2 control gate and 7V on the drain
(Figure 31). The source and erase gate are at OV.

The third poly layer is used during erase operation.
Poly-to-poly tunneling is invoked by bringing the poly-
3 erase gate to voltages ramping between 12V and 22V.
This high voltage prevents minimum design-rule scal-
ing below certain limits, and increases the likelihood of
oxide wearout due to a high field stress across the small

oxide area.
This technology incorporates a poly-1 floating gate,
storing charge in much the same way as an ETOX cell.
D (DRAIN)
6 -
cc —4!
S (SOURCE)
0/s 0/s /s /s DRAIN/SOURCE (D/S)
ERASE GATE (E6) B S R B e = CONTROL GATE (CG)
L 1 1 1 1
£G e
a= | = o= | —=
r__l'—l 1 1 -
£6 ce
a= | = | o= | —r=
L1 1 L I—I_‘
294016-31

Figure 30. Triple-Poly Flash Cell Schematic and Array Configuration
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Figure 31. Triple-Poly Cell Program and Erase Voltages
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SUMMARY

Intel’s technological advances result in flash memory
products that are more efficient, more reliable, less ex-
pensive and higher performance. Finer geometries, dou-
ble-metal technology and EPI wafer processing allow
considerable gains in memory array compaction. This
compaction nets improved write/erase performance
and lower product cost.

New ETOX IV manufacturing steps and contacting
technologies also contribute to cell compaction and im-
proved reliability. Extremely high cycling endurance
results from the superior quality of Intel’s ultra-pure
thin tunnel oxide and the electrical characteristics of
internal program and erase operations.

Cycling, voltage and temperature exhibit only a small
influence on Data-Write and Block-Erase speeds. Prod-
ucts built on Intel’'s CMOS ETOX IV Flash Memory
technology require very low power consumption during
Data-Write, Block-Erase, Read, Sleep and Standby
modes.

Intel Flash Memory products designed on ETOX IV
will satisfy many different applications. The Thin
Small-Outline Package (TSOP) provides high memory.
density in an extremely small footprint. Some applica-
tions include memory cards, solid-state drives, resident
code (O/S and application) and file storage, data acqui-
sition and embedded code storage.

REVISION HISTORY

intgl.

The solid-state nature of flash provides far superior
ruggedness over mechanical rotating media. With
blocking, applications can perform erase as a back-
ground task to optimize system performance.

Today, Intel’s technological advances in flash memory
are driving cost to parity with DRAM. This steep de-
cline in the price learning curve enables new classes of
systems and system architectures.

OTHER REFERENCES

Related documents of interest to readers of this engi-
neering report:
Data Sheet: 28F016SA 16-Mbit (1 Mbit x 16, 2 Mbit
x 8) FlashFileTM Memory (Order No. 290489-002)

Data Sheet: 28F032SA 32-Mbit (2 Mbit x 16, 4 Mbit
x 8) FlashFileTM Memory (Order No. 290490-002)
28F016SA 16-Mbit FlashFileTM Memory User’s
Manual (Order No. 297372)

AP-362: Implementing Mobile PC Designs Using
High Density FlashFileT™ Components (Order No.
292097)

AP-375: Upgrade Considerations from the
28F008SA to the 28F016SA (Order No. 292124)
AP-377: the 28F016SA Software Drivers (Order No.
292126) :

AP-378: System Optimization using the Enhanced
Features of the 28F016SA (Order No. 292127)

Number

Description

information.

002 Updated Cycling data in Figures 12 and 13 to 1,000,000 cycles.
: Removed placeholders for Figures 14, 15, 16, and 17 and associated text. Contact Intel for more
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PRELIMINARY

28F010 1024K (128K x 8) FLASH MEMORY

SmartDie Product Specification

m Flash Electrical Chip Erase ‘ |
— 1 Second Typical Chip Erase

B Quick-Pulse Programming Algorithm

— 10 us Typical Byte Program

— 2 Second Chip Program |
m 100K Erase/Program Cycles Typical
m 12.0V £5% Vpp

m High-Performance Read
— 90 ns Access Time 'm

B CMOS Low Power Consumption
— 10 mA Typical Active Current
— 50 pA Typical Standby Current
— 0 Watts Data Retention Power

Integrated Program/Erase Stop Timer L]

B Command Register Architecture for
Microprocessor/Microcontroller
Compatible Write Interface

Noise Immunity Features

— +10% V¢c Tolerance

— Maximum Latch-Up Immunity
through EPI Processing

ETOX™ [lI Nonvolatile Flash

Technology

— EPROM-Compatible Process Base

— High-Volume Manufacturing
Experience

Intel SmartDie Product

— Full AC/DC Testing at Die Level

—0°C to +80°C (Junction)
Temperature Range

— Available in 90 ns Access Time Only

Reference the 28F010 1024K (128K x 8)
CMOS Flash Memory Data Sheet,
#290207, for Device Parameters and
Architectural Features

NOTICE: This data sheet contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice.

REFERENCE INFORMATION: The information in this document is provided as a supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet/Book (Order
No. 290207) for additional product information and specifications not found in this document.

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

October 1994
Order Number: 271294-002
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|n‘te| o 28F010 1024K (128K x 8) FLASH MEMORY

1.0 DIE SPECIFICATIONS

GEL-PAK* Notch
8 <1 28
O 0O Opad
9 O O 27
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%
Y
X
10 O 0 0| 26
U 0 Doooooooooob =
11 25 .
271294-2
NOTE:
This drawing and the photo on the opposite page indicate the actual orientation of the die in the GEL-PAK* (shipping
container). The 45° notches shown on the plot and the photo indicate the location of the GEL-PAK notch.

Figure 1. 28F010 1024K (128K x 8) Flash Memory Die/Bond Pad Layout
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28F010 1024K (128K x 8) FLASH MEMORY

1.1 Pad Description
Table 1. 28F010 1024K (128K x 8) Flash Memory Bond Pad Center Data

10-4

Pad Center
Pad | Signal (Mils = 0.001 in.) (Microns)
X Y X Y

001 Vce —-21 84.2 -53 2138
002 | Vpp -9.4 84.2-°| —238 | 2138
003 | A16 —-16.7 87.4 —425 2219
004 | A15 —24.2 87.4 —615 2219
005 | A12 —-31.9 87.4 —-810 2219
006 | A7 —39.3 87.4 —998 2219
007 | A6 —49.5 87.4 —-1257 2219
008 | A5 —60.8 86.8 —1545 2204
009 | A4 —69.1 79.0 —1756 | 2007
010 | A3 —68.9 —78.1 —1750 | —1983
011 | A2 —60.5 —83.0 | —1536 | —2109
012 | A1 —46.9 —844 | —1190 | —2144
013 | A0 —33.3 —84.4 —845 | —2144
014 DQo —23.6 —86.2 —601 —2190
015 | DQ1 —15.3 —86.2 —389 —2190
016 | DQ2 —-7.8 —86.2 —198 | —2190
017 | Vss -04 -862 | —11 | —2190
018 | Vss 6.8 —86.2 174 | —2190
019 | DQ3 14.1 —86.2 359 —2190
020 | DQ4 215 - —86.2 545 —2190
021 DQ5 28.9 —86.2 735 —-2190
022 | DQ6 36.7 —86.2 932 —2190
023 | DQ7 44.0 —86.2 1117 —-2190
024 | CE# 52.1 —83.2 1322 —-2114
025 | A10 62.2 —81.7 1679 —2076
026 | OE# 70.1 —78.1 1781 —1983
027 | A1 70.5 79.0 1790 2007
028 | A9 62.2 84.0 1580 2133
029 | A8 52.6 87.4 1337 2219
030 | A13 39.3 87.4 998 2219

PRELIMINARY I
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Table 1. 28F010 1024K (128K x 8) Flash Memory Bond Pad Center Data (Continued)

28F010 1024K (128K x 8) FLASH MEMORY

I PRELIMINARY

Pad Center
Pad | Signal (Mils = 0.001 in.) (Microns)
X Y X Y
031 Al4 28.0 87.4 710 | 2219
032 WE # 12.5 87.4 318 | 2219
033 | Vco 5.2 84.2 132 | 2138
Notes:

1. The symbol “#" is used at the end of the signal name to denote an
active low signal.

2. X-Y pad coordinates represent bond pad centers and are relative
to center of die.
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28F010 1024K (128K x 8) FLASH MEMORY

2.0 INTEL DIE PRODUCTS
- PROCESSING

TEST PROCEDURE

Intel has instituted full-speed functional testing at
the die level for all SmartDie products. This level of
testing is ordinarily- performed only after assembly
into a package. Each die is tested to the same elec-
trical limits as the equivalent packaged unit.

WAFER PROBE

~ Wafer probing is performed on every wafer pro-
duced in an Intel Fab. The process consists of spe-
cific electrical tests and device-specific functionality
tests.

At the wafer level, built-in test structures are probed
to verify that device electrical characteristics are in
control and meet specifications. Measurements are
made of transistor threshold voltages and current
characteristics; poly and contact resistance; gate ox-
ide and junction integrity; and specific parameters
critical to the particular technology and device type.
Wafer-to-wafer, across-the-wafer run-to-run varia-
- tion and conformance to spec limits are checked.

The actual devices on each wafer are then probed
for both functionality and performance to specifica-
tions. Additional reliability tests are also included in
the probe steps.

WAFER SAW

Probed wafers are transferred to Intel’s assembly
sites to be sawed. The saw cuts completely through
the wafer.

DIE INSPECTION

Upon completion of the wafer saw, the die are
moved to pick and place equipment that removes
reject die. The remaining die are submitted to the
same visual inspection as standard packaged prod-
uct. The compliant die are then transferred to
GEL-PAKs for shipment.

PACKING PROCEDURE
Intel will ship all Intel die products in GEL-PAKs.

GEL-PAKs eliminate the die edge damage usually
associated with die cavity plates or chip trays.

10-6
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The backside of each die adheres to the gel mem-
brane in the GEL-PAK, eliminating the risk of dam-
age to the active die surface. A simple vacuum re-
lease mechanism allows for pick and place removal
at the customer's site.

Only die from the same wafer lot are packaged to-
gether in a GEL-PAK, and all die are placed in the
GEL-PAKs with a consistent orientation. The
GEL-PAKs are then sealed and labeled with the fol-
lowing information:

* Intel Die Products

Intel Part Number

Spec

Customer Part Number (if appllcable)
Fab Lot Number

Quantity ,

Assembly Lot Traveler Number

Seal Date

ROM Code (if applicable)

NOTE:
GEL-PAKs require a Vacuum Release Sta-
tion. Contact Vichem Corporation for more
information.

INSPECTION STEPS N

Multiple inspection steps are performed during the
die fabrication and packing flow. These steps are
performed according to the same specifications and
criteria established for Intel's standard packaged
product. Specific inspection steps include a wafer
saw visual as well as a final die visual just before die
are sealed in moisture barrier bags.

STORAGE REQUIREMENTS

Intel die products will be shipped in GEL-PAKs and
sealed in a moisture-barrier anti-static bag with a de-
siccant. No special storage procedures are required
while the bag is still unopened. Once opened, the

GEL-PAK' should be stored in a dry, inert atmo-
sphere to prevent bond pad corrosion.

ESD

Components are ESD sensitive.

PRELIMINARY I
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3.0 SPECIFICATIONS

Specifications within this document are specific to a
particular die revision and are subject to change
without notice. Verify with your local Intel Sales Of-
fice that you have the latest data before finalizing a
design.

3.1 28F010 1024K (128K x 8) Flash
Memory Handling Requirements

There are two key areas of concern for the 28F010.
The first is our recommendation to avoid exposing
Flash devices to ultraviolet light. Erasing the device
under a UV light erases not only the bits in the array
but also the device-specific control information
stored in the chips. The second area of concerniis in
the exposure of the 28F010 to temperatures above
475°C for more than 10 minutes. Exposure above
this time/temperature envelope may cause damage
to the device reference cells.

3.2 28F010 1024K (128K x 8) Flash
Memory Physical Specifications

Substrate Bias Condition: Float (self-biasing to Vssg).
Alternative is to drive Vgs.

3.3 DC Specifications

ABSOLUTE MAXIMUM RATINGS*

GEL-PAK Storage Temperature ............ 0°Cto +70°C

For Junction Temperature Under Bias, Supply Voltage with
Respect to Vsg and Voltage on Other Pads reference the
28F010 1024K (128K x 8) CMOS Flash Memory Data
Sheet, #290207.

OPERATING CONDITIONS*
Ve (Digital Supply Voltage) ............. /....45Vt05.5V

Ty (Junction Temperature Under Bias) . ........ 0°C 0 80°C -

I PRELIMINARY

28F010 1024K (128K x 8) FLASH MEMORY

Post-saw die dimensions:

Mils: X =155 0.5, Y = 189 0.5
See associated Die/Bond Pad ! ayout for X, Y orien-
tation.

Die Backside: Polished bare silicon.
Pad Passivation Opening Size:
Mils: 4.1 x 4.1
Microns: 105.0 x 105.0
Die Thickness: 17 + 1 mils
Pad Pitch:

Pads are not all evenly pitched. Minimum pitch is
185 microns (7.3 mils). :

Bond Pad Metalization (outermost layer listed first):
0.9 micron Aluminum (0.5% Copper)
0:1 micron Titanium

Die Revision: A
Pads per Die: 33

Intel Fabrication Process: ETOX™ [lI (minimum fea-
ture size: 0.8 micron).

Passivation: (from top surface)
2.3 microns B-Pyrox
1.1 microns Oxynitride

NOTICE: This document contains prelminary in-
formation on new products in production. It is val-
id for the new devices indicated in the revision
history. This specification is subject to change
without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage. These
are stress ratings only. Operation beyond the “Operating
Conditions” is not recommended and extended exposure
beyond the “Operating Conditions” may affect device reli-
ability.

10-7



-
28F010 1024K (128K x 8) FLASH MEMORY |n'te| o

4.0 DEVICE NOMENCLATURE

[x|zfefrlorfof-Je]o]
T ‘ :
PACKAGE ACCESS SPEED (ns)
X = DIE 90 ns 271294-3
VALID COMBINATIONS:
X2BF400BX-T80

5.0 ADDITIONAL INFORMATION

Title ' Order No.
28F010 1-Mbit Flash Memory 290207
ER-20, ETOX™ |l Flash Memory Technology 294005
- ER-24, Intel Flash Memory 294008
RR-60, ETOX™ || Flash Memory Reliability Data Summary 293002
AP-316, Using Flash Memory for In-System Reprogrammable Nonvolatile Storage - 292046
AP-325, Guide to Flash Memory Reprogramming 292059
6.0 REVISION HISTORY _
Rev ‘Date g . Description
001 3/94 Original Version.
002 - 6/94 Replace Figure 1 to add GEL-PAK orientation information.
General re-write of Section 2.0.

10-8 c PRELIMINARY I
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28F020 2048K (256K x 8) FLASH MEMORY

SmartDie Product Specification

m Flash Electrical Chip Erase m Command Register Architecture for
— 2 Second Typical Chip Erase Microprpcessor/MicrocontrolIer

® Quick-Pulse Programming Algorithm Compatible Write Interface
— 10 us Typical Byte Program & Noise Immunity Features
— 4 Second Chip Program — £10% V¢ Tolerance

— Maximum Latch-Up Immunity

m 100K Erase/Program Cycles Typical through EPI Processing

m 12.0V £5% Vpp

- M ETOX™ lil Nonvolatile Flash

m High-Performance Read Technology

—90 ns Access Time — EPROM-Compatible Process Base
m CMOS Low Power Consumption — High-Volume Manufacturing:

— 10 mA Typical Active Current Experience

— 50 pA Typical Standby Current m Intel SmartDie Product

— O0W Data Retention Power —Full AC/DC Testing at Die Level
m Integrated Program/Erase Stop Timer —0°C to +80°C (Junction)

Temperature Range
— Available in 90 ns Access Time Only

NOTICE: This document contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice.

REFERENCE INFORMATION: The inforrhation in this document is provided as a supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet/Book (Order
No. 290245) for additional product information and specifications not found in this document.

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

October 1994 .
Order Number: 271295-002 10-9
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28F020 2048K (256K x 8) Flash Memory Die Photo
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Intd ® ' 28F020 28F020 2048K (256K x 8) FLASH MEMORY

1.0 DIE SPECIFICATIONS

GEL-PAK* Notch
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NOTE:
This drawing and the photo on the preceding page indicate the actual orientation of the die in the GEL-PAK* (shipping
container). The 45° notches shown on the plot and the photo indicate the location of the GEL-PAK notch.

Figure 1. 28F020 2048K (256K x 8) Flash Memory Die/Bond Pad Layout
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28F020 28F020 2048K (256K x 8) FLASH MEMORY

1.1 Pad Description .
Table 1. 28F020 2048K (256K x 8) Flash Memory Bond Pad Center Data

10-12
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Pad Center
Pad | Signal | (Mils = 0.001 in.) (Microns)
X Y X. Y
001 | Vo -27 147.0| -68| 3735
002 | Vpp —-9.9 1470 -—253 3735
003 | A16 —17.3 150.3 | —439 3817
004 | A15 —24.8 1560.3 | —629 3817
005 | A12 —-325 | 1503| —825 3817
006 | A7 —39.9 150.3 | —1012 3817
007 | A6 —50.1 150.3 | —1272 3817
008 | A5 —61.4 149.7 | —1560 3801
009 | A4 —69.7 1419 | —1770 3604
010 | A3 —69.5 —142.1 [ —1764 | —3610
‘ 011 | A2 —61.0 —147.1 | —1550 | —3736
012 | A1 —47.4 —1485 | —1205 | —3771
013 | A0 —33.9 —148.5| -—860 | —3771
014 | DQO —24.2 —1503 | —615| —3817
015 | DQ1 —-15.9 —150.3 | —404 | —3817
016 | DQ2 -84 —-150.3 | —212| —3817
017 | Vss -1.0 —-150.3 —26 | —3817
018 | Vgg 63 | —150.3 159 | —3817
019 | DQ3 13.5 —150.3 344 | —3817
020 | DQ4 20.9 —150.3 530 | —3817
021 | DQ5 28.4 —150.3 720 | —3817
022 | DQ6 36.1 —150.3 917 | —3817
023 | DQ7 43.4 —150.3 1102 | —3817
024 | CE# 51.5 —147.3 1308 | —3741
025 | A10 61.6 —145.8 1565 | —3703
026 | OE# 69.5 —142.1 1766 | —3610
027 | A1 69.9 141.9 1775 3604
l 028 | .A9 61.6 146.9 1565 3730
029 | A8 52.1 "150.3 1322 3817
030 | A13 38.7 150.3 983 3817

PRELIMINARY I '
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1.1 Pad Description

Table 1. 28F020 2048K (256K x 8) Flash Memory Bond Pad Center Data

28F020 28F020 2048K (256K x 8) FLASH MEMORY

Pad Center
Pad | Signal (Mils = 0.001 in.) (Microns)
X Y X Y
031 A4 274 150.3 695 | 3817
032 | A17 19.3 150.3 490 | 3817
033 | WE# 11.9 150.3 303 | 3817
034 | Voo 4.6 147.0 117 | 3735

I PRELIMINARY

Notes:

1. The symbol “#” is used at the end of the signal name to
denote an active low signal.

2. X-Y pad coordinates represent bond pad centers and are

relative to center of die.
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28F020 28F020 2048K (256K x 8) FLASH MEMORY

2.0 INTEL DIE PRODUCTS
PROCESSING

TEST PROCEDURE

Intel has instituted full-speed functional testing at
the die level for all SmartDie products. This level of
testing is ordinarily performed only after assembly
into a package. Each die is tested to the same elec-
trical limits as the equivalent packaged unit.

WAFER PROBE

Wafer probing is performed on every wafer pro-
duced in an Intel Fab. The process consists of spe-
cific electrical tests and device-specific functionality
tests.

At the wafer level, built-in test structures are probed
to verify that device electrical characteristics are in
control and meet specifications. Measurements are
made of transistor threshold voltages and current
characteristics; poly and contact resistance; gate ox-
ide and junction integrity; and specific parameters
critical to the particular technology and device type.
Wafer-to-wafer, across-the-wafer run-to-run. varia-
tion and conformance to spec limits are checked.

The actual devices on each wafer are then probed
for both functionality and performance to specifica-
tions. Additional reliability tests are also included in
the probe steps. .

WAFER SAW

Probed wafers are transferred to Intel’'s assembly
sites to be sawed. The saw cuts completely through
the wafer.

DIE INSPECTION

Upon completion of the wafer saw, the die are
moved to pick and place equipment that removes
reject die. The remaining die are submitted to the
same visual inspection as our standard packaged
product. The compliant die are then transferred to
GEL-PAKs for shipment.

PACKING PROCEDURE

Intel will ship all Intel die products in GEL-PAKSs.
GEL-PAKs eliminate the die edge damage usually
associated with die cavity plates or chip trays.

10-14
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The backside of each die adheres to the gel mem-
brane in the GEL-PAK, eliminating the risk of dam-
age to the active die surface. A simple vacuum re-

lease mechanism allows for pick and place removal
at the customer’s site.

Only die from the same wafer lot are packaged to-
gether in a GEL-PAK, and all die are placed in the
GEL-PAKs with a consistent orientation. The
GEL-PAKs are then sealed and labeled with the fol-
lowing information:

¢ Intel Die Products

Intel Part Number

Spec

Customer Part Number (if applicable)
Fab Lot Number

Quantity

Assembly Lot Traveler Number

Seal Date

ROM Code (if applicable)

NOTE:
GEL-PAKs require a Vacuum Release Station. Con-
tact Vichem Corporation for more information.

INSPECTION STEPS

Multiple inspection steps are performed during the
die fabrication and packing flow. These steps are
performed according to the same specifications and
criteria established for Intel’'s standard packaged

‘product. Specific inspection steps include a wafer

saw visual as well as a final die visual just before die
are sealed in moisture barrier bags.

STORAGE REQUIREMENTS

Intel die products will be shipped in GEL-PAKs and
sealed in a moisture-barrier anti-static bag with a de-
siccant. No special storage procedures are required
while the bag is still unopened. Once opened, the
GEL-PAK should be stored in a dry, inert atmo-
sphere to prevent bond pad corrosion.

ESD

Components are ESD sensitive.
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3.0 SPECIFICATIONS

Specifications within this document are specific toa -

particular die revision and are subject to change
without notice. Verify with your local Intel Sales Of-
fice that you have the latest data before finalizing a
design.

3.1 28F020 2048 (256K xt 8) Flashr
Memory Handling Requirements

There are two key areas of concern for the 28F020
Flash Memory product. The first is our recommenda-
tion to avoid exposing Flash devices to ultraviolet
light. Erasing the device under a UV light erases not
only the bits in the array but also the device-specific
control information stored in the chips. The second
area of concern is in the exposure of the 28F020
Flash Memory product to temperatures above 475°C
for more than 10 minutes. Exposure above this time/
temperature envelope may cause damage to the de-
vice reference cells.

3.2 28F020 20487 (256K 1 8) Flash
Memory Physical Speciiications

Substrate Bias Condition: Self-biasing to Vgg. Alter-
native is to drive Vggs.

3.3 DC Specitications

ABSOLUTE MAXIMUNM RATINGS*
GEL-PAK Storage Temperature ............ 0°C to +70°C

For Junction Temperature under Bias, Supply Voltage with
Respect to Vgg and Voltage on Other Pads reference the
28F020 2048K (256K x 8) CMOS Flash Memory Data
Sheet, Order No. 290245.

OPERATING CONDITIONS*
Digital Supply Voitage (Vcg) v v vovvvvvivennnn 4.5V to 5.5V
Junction Temperature under Bias (Ty) ......... 0°C to 80°C

PRELIMINARY

28F020 28F020 2048K (256K x 8) FLASH MEMORY

Post-saw die dimensions:

Mils: X = 155 £0.5,Y = 316 +0.5
See associated Die/Bond Pad Layout for X,Y orien-
tation.

Die Backside: Polished bare silicon.

Pad Passivation Opening Size:
. Mils: 4.1 x 4.1
Microns: 105.0 x 105.0

Die Thickness: 17 = 1 mils

Pad Pitch: :
Pads are not all evenly pitched. Minimum pitch is
185 microns (7.3 mils).

Bond Pad Metalization (outermost layer listed first)
0.9 microns Aluminum (0.5% copper)
0.1 micron Titanium

Die Revision: B

Pads per Die: 34

Intel Fabrication Process: ETOX™ [l (minimum fea-
ture size 0.8 micron).

Passivation: (from top surface)
2.3 microns B-Pyrox
1.1 microns Oxynitride

NOTICE: This document contains preliminary in-
formation on new products in production. It is val-
id for the devices indicated in the revision history.
This specification is subject to change without no-
tice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage. These
are stress ratings only. Operation. beyond the “Operating
Conditions” is not recommended and extended exposure
beyond the “Operating Conditions” may affect device reli-
ability.
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28F020 28F020 2048K (256K x 8) FLASH MEMORY

4.0 DEVICE NOMENCLATURE

[x]z]efrjo]2fof-]s]o]

PACKAGE ACCESS SPEED (ns)
X = DIE 90 ns

271295-3

VALID COMBINATIONS:
X28F020-90

5.0 REFERENCE INFORMATION

Title Order No.
28F020 2-Mbit Flash Memory 290245
ER-20, ETOX™ || Flash Memory Technology 294005
ER-24, Intel Flash Memory 294008
RR-60, ETOX™ || Flash Memory Reliability Data Summary 293002
AP-316, Using Flash Memory for In-System Reprogrammable Nonvolatile Storége 292046
AP-325, Guide to Flash Memory Reprogramming 292059

6.0 REVISION HISTORY

Rev Date Description

001 3/94 Original version.

002 6/94 Replace Figure 1 to add GEL-PAK orientation information.
General rewrite of Section 2.0.

10-16
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PRELIMINARY

28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY

SmartDie Product Specification

m High-Density Symmetrically Blocked
Architecture
— Sixteen 64-Kbyte Blocks

m Extended Cycling Capability
— 100K Block Erase Cycles
— 1.6M Block Erase Cycles per Chip

m Automated Byte Write and Block Erase
— Command User Interface
— Status Register

m System Performance Enhancements
— RY/BY # Status Output
— Erase Suspend Capability

m Deep Powerdown Mode
— 0.2 pA Icc Typical

m High-Performance Read
— 120 ns Maximum Access Time

SRAM-Compatible Write Interface

Hardware Data Protection Feature
— Erase/Write Lockout During Power
Transitions

ETOXT™ |ll Nonvolatile Flash
Technology
— 12V Byte Write/Block Erase

Independent Software Vendor Support

— Microsoft* Flash File System (FFS) 1 0
Intel SmartDie Product

— Full AC/DC Testing at Die Level

—0°C to +80°C (Junction)

Temperature Range
— Available in 120 ns Access Time Only

NOTICE: This data sheet contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice.

REFERENCE INFORMATION: The information in this document is provided as a supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet/Book (Order
No. 290429) for additional product information and specifications not found in this document.

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

October 1994
Order Number: 271296-002
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28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY

271296-1

28F008SA 8-Mbit (1-Mbit x 8) Flash Memory Die Photo

10-18
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lntel o 28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY

1.0 . DIE SPECIFICATIONS

GEL-PAK* Notch

10 _— 1 35
000000000 OO0 CODO 0000

1]|g ‘ o34

14 (O

00000 0000 OODOODODODOOO

15 32
271296-2

NOTE:
This drawing and the photo on the opposite page indicate the actual orientation of the die in the GEL-PAK* (shipping
container). The 45 ° notches shown on the plot and the photo indicate the location of the GEL-PAK notch.

Figure 1. 28F008SA 8-Mbit (1-Mbit x 8) Flash Memory Die/Bond Pad Layout

I PRELIMINARY 10-19
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28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY i ntel .

1.1 Pad Description
Table 1. 28F008SA 8-Mbit (1-Mbit x 8) Flash Memory Bond Pad Center Data

' Pad Center
Pad | Signal (Inches) (Microns)
X Y X Y

001 | Vpp —0.0084 0.2652 | —212 6736
002 | PWD# —0.0248 0.2652 | —630 6736
003 | A11 —0.0387 0.2652 | —982 6736
004 | A10 —0.0523 0.2652 | —1328 6736
005 | A9 —0.0660 0.2652 | —1676 6736
006 | A8 —0.0789 0.2652 | —2004 6736
007 | A7 —0.0927 0.2652 | —2354 6736
008 | A6 —0.1075 0.2652 | —2731 6736
009 | A5 - —0.1199 0.2652 | —3045 6736
010 | A4 —0.1301 0.2652 | —3306 6736
011 | N.C. —0.1392 0.2165 | —3535 5498
012 | N.C. —0.1392 0.2041 | —3535 5184
013 | N.C. —0.1392 | —0.1740 | —3535 | —4420
014 | N.C. —0.1392 | —0.1864 | —3535 | —4734
015 | A3 —0.1301 | —0.2652 | —3305 | —6736
016 | A2 —0.1191 | —0.2652 | —3025 | —6736
017 | A1 —0.1055 | —0.2652 | —2681 | —6736
018 | AO —0.0922 | —0.2652 | —2341 | —6736
019 | DQO —0.0801 | —0.2652 | —2036 | —6736
020 | DQ1 —0.0644 | —0.2652 | —1637 | —6736
021 | DQ2 —0.0510 [ —0.2652 | —1294 | —6736
022 | DQ3 | | —0.0353 | —0.2652 | —896 | —6736
023 | Vgs —0.0215 | —0.2652 | —545 | —6736
024 | Vgg@) —0.0037 | —0.2652 —95 | —6736
025 | Voo 0.0135 | —0.2652 342 | —6736
026 | DQ4 0.0280 | —0.2652 712 | —6736
027 | DQ5 0.0431 | —0.2652 1094 | —6736
028 | DQ6 0.0590 | —0.2652 1499 | —6736
029 | DQ7 0.0725 | —0.2652 1841 | —6736
030 | RY/BY# 0.0883 | —0.2652 2242 | —6736
031 | OE# 0.1028 | —0.2652 2611 | —6736
032 | WE# 0.1164 | —0.2652 2957 | —6736
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|nte| o 28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY

Table 1. 28F008SA 8-Mbit (1-Mbit x 8) Flash Memory Bond Pad Center Data (Continued)

Pad Center

Pad Signal (Inches) (Microns)

X Y X Y
033 N.C. 0.1392 [ 0.2032 3535 5162
034 N.C. 0.1392 0.2156 3535 5476
035 A19 0.1282 | 0.2652 3258 | 6736
036 A18 0.1180 0.2652 2996 | 6736
037 A17 0.1103 0.2652 2801 6736
038 A16 0.0979 | 0.2652 2488 | 6736
039 A15 0.0758 | 0.2652 1925 6736
040 Al4 0.0634 0.2652 1611 6736
041 A13 0.0547 | 0.2652 1389 | 6736
042 A12 0.0423 0.2652 1076 6736
043 CE# 0.0210 0.2652 533 6736
044 Voo 0.0068 0.2652 173 | 6736

Notes:

1. N.C. signifies no connect. These pads must not be connected.

2. The symbol “#” is used at the end of the signal name to denote an
active low signal.

3. X-Y pad coordinates represent bond pad centers and are relative
to center of die.

4. Double wide bond pad.

l PRELIMINARY | 1021



28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY

2.0 INTEL DIE PRODUCTS
PROCESSING

TEST PROCEDURE

Intel has instituted full-speed functional testing at
the die level for all SmartDie products. This level of
testing is ordinarily performed only after assembly
into a package. Each die is tested to the same elec-
trical limits as the equivalent packaged unit.

WAFER PROBE

Wafer probing is performed on every wafer pro-
duced in an Intel Fab. The process consists of spe-
cific electrical tests and device-specific functionality
tests. .

At the wafer level, built-in test structures are probed
to verify that device electrical characteristics are in
control and meet specifications. Measurements are
made of transistor threshold voltages and current
characteristics; poly and contact resistance; gate ox-
ide and junction integrity; and specific parameters
critical to the particular technology and device type.
Wafer-to-wafer, across-the-wafer run-to-run varia-
tion and conformance to spec limits are checked.

The actual devices on each wafer are then probed
for both functionality and performance to specifica-
tions. Additional reliability tests are also included in
the probe steps.

WAFER SAW

Probed wafers are transferred to Intel’s assembly
sites to be sawed. The saw cuts completely through
the wafer.

DIE INSPECTION

Upon completion of the wafer saw, the die are
moved to pick and place equipment that removes
. reject die. The remaining die are submitted to the
same visual inspection as standard packaged prod-
uct. The compliant die are then transferred to
GEL-PAKs for shipment.

PACKING PROCEDURE
Intel will ship all Intel die products in GEL-PAKSs.

GEL-PAKs eliminate the die edge damage usually
associated with die cavity plates or chip trays.

10-22
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The backside of each die adheres to the gel mem-
brane in the GEL-PAK, eliminating the risk of dam-
age to the active die surface. A simple vacuum re-

lease mechanism allows for pick and place removal
at the customer’s site.

Only die from the same wafer lot are packaged to-
gether in a GEL-PAK, and all die are placed in the
GEL-PAKs with a consistent orientation. The GEL-
PAKs are then sealed and labeled with the following
information:

¢ Intel Die Products

® Intel Part Number

® Spec

e Customer Part Number (if applicable)
® Fab Lot Number

® Quantity

e Assembly Lot Traveler Number

e Seal Date

¢ ROM Code (if applicable)

NOTE:
GEL-PAKs require a Vacuum Release Station. Con-
tact Vichem Corporation for more information.

INSPECTION STEPS

Multiple inspection steps are performed during the
die fabrication and packing flow. These steps are
performed according to the same specifications and
criteria established for Intel's standard packaged
product. Specific inspection steps include a wafer
saw visual as well as a final die visual just before die
are sealed in moisture barrier bags.

STORAGE REQUIREMENTS

Intel die products will be shipped in GEL-PAKs and
sealed in a moisture-barrier anti-static bag with a
desiccant. No special storage procedures are re-
quired while the bag is still unopened. Once opened,
the GEL-PAK should be stored in a dry, inert atmo-
sphere to prevent bond pad corrosion.

ESD

Components are ESD sensitive.

PRELIMINARY I
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3.0 SPECIFICATIONS

Specifications within this document are specific to a
particular die revision and are subject to change
without notice. Verify with your local Intel Sales Of-
fice that you have the latest data before finalizing a
design.

3.1 28FO008SA 8-Mbit (1-Mbit x 8) Flash
Memory Handling Requirements

There are two key areas of concern for the
28F008SA. The first is our recommendation to avoid
exposing Flash devices to ultraviolet light. Erasing
the device under a UV light erases not only the bits
in the array but also the device-specific control infor-
mation stored in the chips. The second area of con-
cern is in the exposure of the 28F008SA to tempera-
tures above 350°C for more than 10 minutes. Expo-
sure above this time/temperature envelope may
cause damage to the device reference cells.

3.2 28F008SA 8-Mbit (1-hMbit x 8) Flash
Memory Physical Specifications

Substrate Bias Condition: Isolate. Chip self-biases
(to Vsg). Alternative is to drive Vgg.

3.3 DC Specifications

ABSOLUTE MAXIMUM RATINGS*

GEL-PAK Storage Temperature ............ 0°Cto +70°C

For Junction Temperature Under Bias, Supply Voltage with
Respect to Vgg and Voitage on Other Pads reference the
28F008SA 8-Mbit (1-Mbit x 8) Flash Memory Data Sheet,
Order No. 290429.

OPERATING CONDITIONS*

Ve (Digital Supply Voltage) ................. 4.5V to 5.5V
Ty (Junction Temperature Under Bias) .. ... .. 0°C to +80°C

I PRELIMINARY

28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY

Post-saw die dimensions:

Mils: X =294 £0.5,Y = 547 £0.5
See associated Die/Bond Pad Layout for X,Y orien-
tation.

Die Backside: Polished bare silicon.

Pad Passivation Opening Size:
Mils: 41 x 4.1
Microns: 105 x 105
Die Thickness: 17 + 1 mils
Pad Pitch:

Pads are not all evenly pitched. Minimum pitch is 7.7
mils between pads 36 and 37.

Bond Pad Metalization (outermost layer listed first):
0.9 microns Aluminum (0.5% Copper)
0.1 micron Titanium

Die Revision: A
Pads per Die: 44

Intel Fabrication Process: ETOX™ Ill (minimum fea-
ture size: 0.8 micron)

Passivation (outermost layer listed first):
2.3 microns B-Pyrox
1.1 microns Oxynitride

NOTICE: This document contains preliminary in-
formation on new products in production. It is val-
id for the devices indicated in the revision history.
This specnflcatlon is subject to change without no-
tice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage. These
are stress ratings only. Operation beyond the “Operating
Conditions” is not recommended and extended exposure
beyond the “Operating Conditions” may affect device reli-

. ability.
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28F008SA 8-MBIT (1-MBIT x 8) FLASH MEMORY |n‘te| .

4.0 DEVICE NOMENCLATURE

[xlz]s]rlofofsfsfal-]t]z]o]

T T

PACKAGE ACCESS SPEED (ns)

X = DIE 120ns’ 271296-3
VALID COMBINATIONS:

X28F008SA-120

5.0 REFERENCE INFORMATION

. Title i Order No.
28F008SA 8-Mbit FlashFile Memory Data Sheet ‘ 290429
AP-359, 28F008SA Hardware Ihterfacing 292094
AP-360, 25F008SA Software Drivers 292095
AP-364, 28F008SA Automation and Algorithms . 292099
ER-27, The Intel 28F008SA Flash Memory . 294011
ER-28, ETOX™™ lll Flash Memory Technology 290412

6.0 REVISION HISTORY
Rev Date Description
001 3/94 Original version
002 6/94 Replace Figure 1 to add GEL-PAK orientation information.
General re-write of Section 2.0.

10-24
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28F400BX-T
4-MBIT (256K x 16, 512K x 8)
BOOT BLOCK FLASH MEMORY
SmartDie Product Specification

m x8/x16 Input/Output Architecture m Automatic Power Savings Feature

— 28F400BX-T — 1 mA Igc Active Current in Static

— For High-Performance and High- Operation

Integration 16-Bit and 32-Bit CPUs m Very High-Performance Read

m Optimized High-Density Blocked — 80 ns Maximum Access Time

Architecture — 40 ns Maximum Output Enable Time

—One 16 KByte Protected Boot Block . ‘

m Low Power Consumption 11U,
— Two 8 KByte Parameter Blocks — 20 mA Typical x8 Active Read

— One 96 KByte Main Block Current

— Three 128 KByte Main Blocks — 25 mA Typical x16 Active Read
— Top Boot Location Current

m Write Protection for Boot Block m Reset/Deep Power-Down Input

m Hardware Data Protection Feature —0.2 pA Igc Typical
— Erase/Write Lockout During Power — Acts as Reset for Boot Operations
Transitions m 12V Word/Byte Write and Block Erase
m Extended Cycling Capability —Vpp = 12V £5%
— 100K Block Erase Cycles m ETOX™ [Il Nonvolatile Flash
m Automated Word/Byte Write and Block Technology
Erase — 5V Read
—(S:;:»Tmagd pier Interface M Intel SmartDie Product
— Status Hegisters . : — Full AC/DC Testing at Die Level
— Erase Suspend Capability —0°C to +80°C (Junction)
m SRAM-Compatible Write Interface Temperature Range

— Available in 80 ns Access Time, Top
Boot Version Only

NOTICE: This document contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice.

REFERENCE INFORMATION: The information in this document is provided as a'supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet/Book (Order
No. 290451) for additional prpduct information and specifications not found in this document.

‘_Other brands and names are the property of their respective owners.

October 1994
Order Number: 271302-002 ' . 10-25



28F400BX-T ; i ntel ®

271302-1

28F400BX-T 4-Mbit (256K x 16, 512K x 8) Boot Block Flash Memory Die Photo
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i ntel o 28F400BX-T

1.0 DIE SPECIFICATIONS

GEL-PAK* Notch
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NOTE:
This drawing and the photo on the opposite page indicate the actual orientation of the die in the GEL-PAK* (shipping
container). The 45° notches shown on the plot and the photo indicate the location of the GEL-PAK notch.

Figure 1. 28F400BX-T 4-Mbit (256K x 16, 512K x 8) Boot Block Flash Memory Die/Bond Pad Layout
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28F400BX-T

1.1 Pad Description

10-28
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Table 1. 28F400BX-T 4-Mbit (256K x 16, 512K x 8) Boot Block Flash Memory

Bond Pad Center Data
Pad Center
Pad Signal (Inches) (Microns)
X Y X Y

001 Vpp —0.0086 0.1575 —218 4001
002 | N.C. —0.0236 0.1575 —599 4001
003 | A17 —0.0376 0.1575 —955 4001
004 | A7 —0.0518 0.1575 —-1316 4001
005 | A6 —0.0640 0.1575 —1626 4001
006 | A5 —0.0773 0.1575 —1963 4001
007 | A4 —0.0895 0.1575 —2273 4001
008 | A3 —0.1027 0.1575 —2609 4001
009 | A2 —0.1149 0.1575 —2918 4001
010 | A1 —0.1282 0.1575 —3256 4001
011 | AO —0.1396 | —0.1420 | —3546 | —3607
012 | CE# —0.1307 —0.1497 —3320 —3802
013 | Vgg@ —0.1213 —0.1497 —3081 —3802
014 | OE# —0.1119 —0.1498 —2842 —3805
015 | DQO —0.1038 | —0.1497 | —2637 | —3802
016 | DQ8 —0.0966 —0.1497 —2454 —3802
017 | DQ1 —0.0827 —0.1497 —2101 —3802
018 -| DQ9 —0.0754 | —0.1497 | —1915 —3802
019 | DQ2 —0.0615 —0.1497 —1562 —3802
020 | DQ10 —0.0542 —0.1497 —1377 —3802
021 DQ3 —0.0403 —0.1497 | —1024 | —3802
022 | DQ11 —0.0331 | —0.1497 —841 —3802
023 | Vco 0.0008 —0.1452 20 | —3688
024 | Vco 0.0265 —0.1467 673 —3726
025 | DQ4 0.0370 —0.1497 940 —3802
026 | DQ12 0.0442 —0.1497 1123 —3802
027 | DQ5 0.0581 —0.1497 1476 | —3802
028 | DQ13 0.0654 | —0.1497 1661 —3802
029 | DQ6 0.0793 —0.1497 2014 | —3802
030 | DQ14 0.0866 | —0.1497 2200 | —3802
031 DQ7 0.1004 —0.1497 2550 —3802
032 | DQ15/A-1 0.1077 —0.1497 2736 —3802

PRELIMINARY I
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Table 1.

28F400BX-T
28F400BX-T 4-Mbit (256K x 16, 512K x 8) Boot Block Flash Memory
Bond Pad Center Data
Pad Center
Pad Signal (Inches) (Microns)
X Y X Y
033 Vgs@) 0.1204 —0.1497 3058 —3802
034 BYTE# 0.1307 —0.1497 3320 —3802
035 A16 0.1386 —0.1420 3520 —3607
036 A15 0.1250 0.1575 3175 4001
037 A14 0.1099 0.1575 2791 4001 1 0
038 A13 0.0977 0.1575 2482 4001
039 A12 0.0826 0.1575 2098 4001
040 A1 0.0703 0.1575 1786 4001
041 A10 0.0552 0.1575 1402 4001
042 A9 0.0430 0.1575 1092 4001
043 A8 0.0269 0.1575 683 4001
044 WE # 0.0147 0.1575 373 4001
045 PWD # 0.0035 0.1575 89 4001

Notes:

1. N.C. signifies no connect. These pads must not be connected.

2. The symbol “#” is used at the end of the signal name to denote an active low
signal.

3. X-Y pad coordinates represent bond pad centers and are relative to center of
die.

4. Double wide bond pad.
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28F400BX-T

2.0 INTEL DIE PRODUCTS
PROCESSING

TEST PROCEDURE

Intel has instituted full-speed functional testing at
the die level for all SmartDie products. This level of
testing is ordinarily performed only after assembly
into a package. Each die is tested to the same elec-
trical limits as the equivalent packaged unit.

WAFER PROBE

Wafer probing is performed on every wafer pro-
duced in an Intel Fab. The process consists of spe-
cific electrical tests and device-specific functionality
tests.

At the wafer level, built-in test structures are probed
to verify that device electrical characteristics are in
control and meet specifications. Measurements are
made of transistor threshold voltages and current
characteristics; poly and contact resistance; gate ox-
ide and junction integrity; and specific parameters
critical to the particular technology and device type.
Wafer-to-wafer, across-the-wafer run-to-run varia-
tion and conformance to spec limits are checked.

The actual devices on each wafer are then probed
for both functionality and performance to specifica-
tions. Additional reliability tests are also included in
the probe steps.

WAFER SAW

Probed wafers are transferred to Intel’s assembly
sites to be sawed. The saw cuts completely through
the wafer.

DIE INSPECTION

Upon completion of the wafer saw, the die are
moved to pick and place equipment that removes
reject die. The remaining die are submitted to the
same visual inspection as our standard packaged
product. The compliant die are then transferred to
GEL-PAKSs for shipment.

PACKING PROCEDURE
Intel will ship all Intel die products in GEL-PAKs.

GEL-PAKs eliminate the die edge damage usually
“associated with die cavity plates or chip trays.

10-30
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The backside of each die adheres to the gel mem- -
brane in the GEL-PAK, eliminating the risk of dam-
age to the active die surface. A simple vacuum re-

lease mechanism allows for pick and place removal
at the customer’s site.

Only die from the same wafer lot are packaged to-
gether in a GEL-PAK, and all dig are placed in the
GEL-PAKs with a.consistent orientation. The GEL-
PAKs are then sealed and labeled with the following
information:

® Intel Die Sales

Intel Part Number

Spec

Customer Part Number (if applicable)
Fab Lot Number

Quantity

Assembly Lot Traveler.Number

Seal Date

ROM Code (if applicable)

NOTE:
GEL-PAKs require a Vacuum Release Station. Con-
tact Vichem Corporation for more information.

INSPECTION STEPS

Multiple inspection steps ‘are performed during the
die fabrication and packing flow. These steps are
performed according to the same specifications and
criteria established for Intel’s standard packaged
product. Specific inspection steps include a wafer
saw visual as well as a final die visual just before die

are sealed in moisture barrier bags.

STORAGE REQUIREMENTS

Intel die products will be shipped in GEL-PAKs and
sealed in a moisture-barrier anti-static bag with a de-
siccant. No special storage procedures are required
while the bag is still unopened. Once opened, the
GEL-PAK should be stored in a dry, inert atmo-

~ sphere to prevent bond pad corrosion.

ESD

Components are ESD sensitive.
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3.0 SPECIFICATIONS

Specifications within this document are specific to a
particular die revision and are subject to change
without notice. Verify with your local Intel Sales Of-
fice that you have the latest data before finalizing a
design.

3.1 28F400BX-T 4-Mbit (256K x 16,
512K x 8) Boot Block Flash
Memory Handling Requirements

There are two key areas of concern for the
28F400BX-T. The first is our recommendation to
avoid exposing Flash devices to ultraviolet light.
Erasing the device under a UV light erases not only
the bits in the array but also the device-specific con-
trol information stored in the chips. The second area
of concern is in the exposure of the 28F400BX-T to
temperatures above 475°C for more than 10 min-
utes. Exposure above this time/temperature enve-
lope may cause damage to the device reference
cells.

3.2 28F400BX-T 4-Mbit (256K x 16,
512K x 8) Boot Block Flash
Memory Physical Specifications

Substrate Bias Condition: Float (self-biasing to Vgg).
Alternative is to drive Vgs.

3.3 DC Specifications

ABSOLUTE MAXIMUM RATINGS*

GEL-PAK Storage Temperature ............ 0°Cto +70°C

For Junction Temperature Under Bias, Supply Voltage with
Respect to Vss and Voltage on Other Pads reference the
28F400BX-T/B, 28F004BX-T/B 4-Mbit (256K x 16, 512K x
8) Boot Block Flash Memory Family Data Sheet, Order No.
290451.

OPERATING CONDITIONS*

Vcc (Digital Supply Voltage) ................. 4.5V to 5.5V
Ty (Junction Temperature Under Bias). . . .... 0°Cto +80°C

I PRELIMINARY

28F400BX-T

Post-saw Die Dimensions:

Mils: X =294 £0.5,Y = 330 £0.5
See associated Die/Bond Pad Layout for X,Y orien-
tation.

Die Backside: Polished bare silicon.

Pad Passivation Opening Size:
Mils: 4.1 x 4.1 (single pads),
8.2 x 4.1 (double-wide pads)
Microns: 105 x 105 (single pads),
210 x 105 (double-wide pads)

Die Thickness: 17 + 1 mils

Pad Pitch:

Pads are not all evenly pitched. Minimum pitch is

185 microns (7.3 mils).

Bond Pad Metalization (outermost layer listed first):
0.9 microns Aluminum (0.5% Copper)
0.1 micron Titanium

Die Stepping: B

Pads per Die: 45

Intel Fabrication Process: ETOX™ |lI (minimum fea-
ture size: 0.8 microns)

Passivation: (from top surface)
2.3 microns B-Pyrox
1.1 microns Oxynitride

NOTICE: This document contains preliminary in-
formation on new products in production. It is val-
id for the devices indicated in the revision history.
This specification is subject to change without no-
tice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage. These
are stress ratings only. Operation beyond the “Operating
Conditions” is not recommended and extended exposure
beyond the “Operating Conditions” may affect device reli-
ability.
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28F400BX-T

4.0 DEVICE NOMENCLATURE

B le - e ]o]

PACKAGE " ACCESS SPEED (ns)
X = DIE 80ns

BOOT LOCATION
VALID COMBINATIONS: T = Top

X28F010-90

271302-3

5.0 REFERENCE INFORMATION

Title Order No.
28F200BX-T/B, 28F200BX-T/B 2-Mbit Boot Block Flash Memory Data Sheet 290448
28F400BX-T/B, 28F004BX-T/B 4-Mbit Boot Block Flash Memory Data Sheet 290451
" AP-363, Extended Flash BIOS Design for Portable Computers 292098
ER-28, ETOX™ lil Flash Memory Technology 204012
ER-29, The Intel 2/4-Mbit Boot Block Flash Memory Family 294013
6.0 REVISION HISTORY ,

Rev Date Description

001 3/94 Original version. ’

002 6/94 Replace Figure 1 to add GEL-PAK orientation information.

General re-write of Section 2.0.
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28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

SmartDie Product Specification

m High Integration Blocked Architecture
— One 8 KByte Boot Block with Lock
Out
— Two 4 KByte Parameter Blocks
— One 112 KByte Main Block
— T = Top Boot, B = Bottom Boot

m 100,000 Erase/Program Cycles Per
Block

m Simplified Program and Erase
— Automated Algorithms via On-Chip
Write State Machine (WSM)

m SRAM-Compatible Write Interface

m Deep-Powerdown Mode
—0.05 pA Icc Typical
— 0.8 pA lpp Typical

m 12.0V 5% Vpp

m High-Performance Read

— 70 ns Maximum Access Time
—5.0V £5% Vgc

Hardware Data Protection Feature
— Erase/Write Lockout During Power
Transitions

ETOXT™ [II Nonvolatile Flash
Technology 1 0
— EPROM-Compatible Process Base

— High-Volume Manufacturing
Experience

Intel SmartDie Product

— Full AC/DC Testing at Die Level

— 0°C-80°C (Junction) Temperature
Range .

— Available in 70 ns, 90 ns and 120 ns
Access Times

NOTICE: This document contains preliminary information on new products in production. It is valid for the
devices indicated in the revision history. This specification is subject to change without notice.

REFERENCE INFORMATION: The information in this document is provided as a supplement to the Standard
Package Data Sheet on a specific product. Please reference the Standard Package Data Sheet (Order No.
2904086) for additional product information and specifications. not found in this document.

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

October 1994
Order Number: 271303-001
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28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

Rt

271303-1

28F001BX-T/B 1 M (128K x 8) CMOS Flash Memory Die Photo
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IntQI o 28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

1.0 DIE SPECIFICATIONS

GEL-PAK* Notch

Dlj DDDDDDC}D O oo DDDD

O
D[jD

10 26
271303-2
NOTES:

Figure 1 indicates actual orientation of the die in the GEL-PAK* (shipping container). The 45° notch shown on the plot
indicates the location of the 45° notch on the GEL-PAK.

Figure 1. 28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY Die/Bond Pad Layout
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28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

1.1 Pad Description

in

Table 1. 28F001BX-T/B 1M (128K x 8) CMOS Filash Memory Bond Pad Center Data

‘Pad Center
Pad | Signal (Mils = 0.001 in.) (Microns)
X Y X Y

001 | Vgo -5.7 106.1 —144 2695
002 Vpp —13.0 106.1 —329 2695
003 A16 —20.3 109.3 —516 2776
004 A15 —27.8 109.3 —706 2776
005 A12 —35.4 109.3 —900 2776
006 A7 —42.9 109.3 —1089 2776
007 A6 —53.1 109.3 —1348 2776
008 A5 —64.4 108.7 —1636 2761
009 A4 —72.7 100.9 —1847 2564
010 A3 —725 —101.1 —1843 —2569
011 A2 —64.1 —106.1 —1629 —2695
012 | Al —53.5 —107.5 —1360 —2730
013 AO —44.3 —109.3 —1125 —2775
014 DQoO —24.9 —109.3 —631 —2776
015 DQ1 —16.5 —109.3 —420 —2776
016 DQ2 —9.0 —109.3 —228 —2776
017 Vss -1.7 —109.3 —42 —2776
018 Vss 5.6 —109.3 143 —2776
019 DQ3 12.9 —109.3 328 —2776
020 DQ4 20.3 —109.3 514 —2776
021 DQ5 27.7 —109.3 704 —2776
022 DQ6 35.5 —109.3 901 —2776
023 DQ7 42.8 —109.3 1086 —-2776
024 CE# 54.4 —106.3 1382 —2700
025 A10 64.5 —104.8 1639 | —2662
026 OE# 725 —101.1 1841 —2569
027 Al 73.2 100.9 1858 2564
028 A9 64.9 105.9 1648 2690
029 A8 55.3 109.3 1405 2776
030 A13 46.0 109.3 1167 2776
031 A14 34.3 109.3 870 2776

10-36

tel.



-
|n‘te| . 28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

Table 1. 28F001BX-T/B 1M (128K x 8) CMOS Flash Memory Bond Pad Center Data (Continued)

Pad Center
Pad Signal (Mils = 0.001 in.) (Microns)
) X Y X Y
032 PWD # 26.1 109.3 664 2776
033 WE # 15.2 109.3 386 2776
034 | Vg 1.6 106.1 41 2695
Notes:
1. X-Y pad coordinates represent bond pad centers and are relative to center
of die.
2. The symbol “#” is used at the end of the signal name to denote an active
low signal.
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28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

2.0 INTEL DIE PRODUCTS
PROCESSING

TEST PROCEDURE

Intel has instituted full-speed functional testing at
the die level for all SmartDie products. This level of
testing is ordinarily performed only after assembly
into a package. Each die is tested to the same elec-
trical limits as the equivalent packaged unit.

WAFER PROBE

Wafer probing is performed on every wafer pro-
duced in an Intel Fab. The process consists of spe-
cific electrical tests as well as device-specific func-
tionality tests.

- At the wafer level, built-in test structures are probed
to verify that device electrical characteristics are in
control and meet specifications. Measurements are
made of transistor threshold voltages and current
characteristics; poly and contact resistance; gate ox-
ide and junction integrity; and specific parameters
critical to the particular technology and device type.
Wafer-to-wafer, across-the-wafer run-to-run varia-
tion and conformance to spec limits are checked.

The actual devices on each wafer are then probed
for both functionality and performance to specifica-
tions. Additional reliability tests are also included in
the probe steps.

WAFER SAW

Probed wafers are transferred to Intel’s assembly
sites to be sawed. The saw cuts totally through the
wafer.

DIE INSPECTION

Upon completion of the wafer saw, the die are
moved to pick and place equipment that removes
reject die. The remaining die are submitted to the
same visual inspection as standard packaged prod-
uct. The compliant die are then transferred to
GEL-PAKs for shipment.

PACKING PROCEDURE

Intel will ship all Intel die products in GEL-PAKs.
GEL-PAKs eliminate the die edge damage usually
associated with die cavity plates or chip trays.
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The backside of each die adheres to the gel mem-
brane in the GEL-PAK, eliminating the risk of dam-
age to the active die surface. A simple vacuum re-
lease mechanism allows for pick and place removal
at the customer’s site.

Only die from the same wafer lot are packaged to-
gether in a GEL-PAK, and all die are placed in the
GEL-PAKs with a consistent orientation. The GEL-
PAKs are then sealed and labeled with the following
information:

¢ Intel Die Products

e Intel Part Number

® Spec

Customer Part Number (if applicable)
® Fab Lot Number

Quantity

Assembly Lot Traveler Number

e Seal Date

* ROM Code (if applicable)

NOTE:
GEL-PAKs require a Vacuum Release Station. For
additional information about GEL-PAKs, contact
Vichem Corporation.

INSPECTION STEPS

Multiple inspection steps are performed during the
die fabrication and packing flow. These steps are
performed according to the same specifications and
criteria established for Intel's standard packaged
product. Specific inspection steps include a wafer
saw visual as well as a final die visual just before die
are sealed in moisture barrier bags.

STORAGE REQUIREMENTS

Intel die products will be shipped in GEL-PAKs and
sealed in a moisture-barrier anti-static bag with a de-
siccant. No special storage procedures are required
while the bag is still unopened. Once opened, the
GEL-PAK should be stored in a dry, inert atmo-
sphere to prevent corrosion of the bond pads.

ESD

Components are ESD sensitive.
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3.0 SPECIFICATIONS

Specifications within this document are specific to a
particular die revision and are subject to change
without notice. Verify with your local Intel Sales Of-
fice that you have the latest data before finalizing a
design.

3.1 Flash Memory Handling
Requirements

There are two key areas of concern for the
X28F001BX. First, avoid exposing FLASH devices to
ultraviolet light. Erasing the device under a UV light
will erase device specific control information affect-
ing device performance. Second, do not expose the
device to temperatures above 350°C for greater
than 10 minutes. Operation above this time/temper-
ature envelope may cause damage to device refer-
ence cells.

3.2 Physical Specifications

Substrate Bias Condition: Float (Self-biasing to Vgg).
Alternative is to drive Vggs.

Post-Saw Die Dimensions:
Mils: X = 161 +£0.5,Y = 234 £0.5

See associated Die/Bond Pad Layout for X, Y orien-
tation. i

3.3 DC Specifications

ABSOLUTE MAXIMUM RATINGS*

GEL-PAK Storage Temperature ............ 0°Cto +70°C
For other absolute maximum ratings, reference the

28F001BX-T/28F001BX-B data sheet, Order No. 290406.
OPERATING CONDITIONS*

Voco(Supply Voltage) ... oovvovvvivininnnt 5.0V £0.25V
Ty(Junction Temperature Under Bias) ......... 0°C to 80°C

28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

Die Backside Material (outer most layer first):
Polished Bare Silicon

Pad Passivation Opening Size:
Mils: 4.1 x 4.1 (single pads),
Microns: 105 x 105 (single pads),

Die Thickness: 17. £1 mils

Minimum Pad Pitch:
Pads may not be evenly pitched. Minimum pitch is
185 microns (7.3 mils).

Bond Pad Metalization (outer most layer first)
0.9 Microns Aluminum (0.5% Copper)
0.1 Microns Titanium

Die Revision: A
Pads per Die: 34

Intel Fabrication Process: ETOX Ill (min. feature size
0.8 microns) )

Passivation: (outer most layer first)
2.3 Microns B-Pyrox, 1.1 Microns Oxynitride

NOTICE: This document contains preliminary in-
formation on new products in production. It is val-
id for the devices indicated in the revision history.
This specification is subject to change without no-

tice. :

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage. These
are stress ratings only. Operation beyond the “Operating
Conditions” is not recommended and extended exposure
beyond the “Operating Conditions” may affect device reli-
ability.
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28F001BX-T/B 1M (128K x 8) CMOS FLASH MEMORY

4.0 DEVICE NOMENCLATURE

xlzlsfrfofoftfa]x|-fr]7]o]
PACKAGE ACCESS SPEEDA (ns)
X = DIE 70 ns

T = TOP BOOT

VALID COMBINATIONS: B = BOTTOM BOOT
X28F001BX-T70 X28F001BX-B70
X28F001BX-T90 X28F001BX-B90
X28F001BX-T120 X28F001BX-B120

271303-3

5.0 REFERENCE INFORMATION

Title Order No.
28F001BX-T/28F001BX-B 1M (128K x 8) CMOS Flash Memory 290406
ER-20, ETOX™ |l Flash Memory Technology : 294005
RR-60, ETOX™ || Flash Memory Reliability Data Summary 293002
. AP-316, Using Flash Memory for In-System Reprogrammable Nonvolatile Storage 292046
AP-341, Designing an Updatable BIOS Using Flash Memory o 292077
6.0 REVISION HISTORY
Rev Date Description
—001 6/94 Initial release
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WP 3.6: Flash Solid-State Drive with 6MB/s Read/Write
Channel and Data Compression

Steven Wells, Don Clay*
Intel Corporation, Folsom, CA/"Conner Peripherals Incorporated, Longmont, CO

Flash memory densities are sufficient for solid-state mass
storage applicati Hard-drivi using flash memory
provides a standardized system interface with characteristics
superior to those of magnetic drives in read and seek perfor-
mance, energy consumption, acoustics, ruggedness, and reli-
ability. This 42MB 2.5" drive includes a thirty 8Mb device
flash array, an embedded processor, and interface ASIC. The
0.7um standard-cell ASIC contains drive interface circuitry,
4-port buffer manager, flash interface, and a Lempel/Ziv type
hardware compressor. Flash device architecture is optimized
for cost-effective high-density systems.

The dominant cost of the flash-based drive is in the flash
device. Two issues have significant impact on flash device
costs: 1) number of cells in the erase-block, and 2) required
erase performance. Prior reported triple-poly and NAND de-
vice architectures closely match erase-block with drive- sector
size and require high-performance erase before each sector
write [1,2]. This flash drive supports a large erase-block size
and reduces requirements on erase performance allowing use
of lower-cost stacked-gate NOR flash devices (Table 1) [3]. A
large erase-block reduces flash die size and complexity of
decoders and drivers. Reduced requirements on erase perfor-
mance reduce cost by simplifying the flash cell and enhancing
yield.

The system block diagram is shown in Figure 1. The device

array is organized into pairs for increased performance. The
bedded pr handles drive ds and

the flash. A buffer RAM provides drive-interface compatibility

and allows caching.

bedded pr

A linear write algorithm ted by the
writes each sector to the next available location in the flash
array and notes the sector number. A prior copy of a sector
stored in the flash array is marked “old” and is no longer
referenced. Reclamation of old sectors is managed by the

bedded pr tr ent to the drive interface by
identifying erase-blocks with old sectors, moving remaining
sectors to other blocks and initiating erase. Measured pro-
gram/erase cycling with this algorithm is shown in Figure 2.
Optimum erase-block size for stacked gate NOR flash devices
minimizes the time required to reclaim old sectors (Figure 3).

A custom interface ASIC is designed for maximum transfer
performance from flash to drive interface. A 20MB/s circuit
transfers data from flash to the buffer RAM. A 4-port priori-
tized buffer controller interfaces the flash transfer circuits,
the drive interface, and the embedded processor with sus-
tained 6MB/s on both drive interface and flash media. The
interface controller is state-machine controlled to allow the
embedded processor to focus on acquiring the next sector or
flash reclamation. The drive is capable of sustained 4MB/s
random read transfers.

December 1994
Order Number: 295077-001

Zero spindle-energy provides 30x energy savings over conven-
tional magnetic drives. This drive quickly enters and exits
lowest power oscillator-disabled sleep modes. An intermediate
energy-saving mode disables ASIC clock distribution during
momentary idle times; a data request re-enables it within
50ns. Figure 4 diagrams the oscillator control and clock distri-
bution circuit. REQUEST strobes the oscillator or clock dis-
able requestinto latches L1 and L3. Latch L1, which stores the
clock on/off request (CLK_EN), disables the ASIC clock via
dded d ACTIVATE A host interrupt
re-enables 1t through latch L2. Latch L3 stores the embedded
illator-di request from OSC_EN. Latches
IA-LB ensure glitch-free clock-signal propagation. The ASIC
vendor optimized latch el 1ts reduce metastability.

A Lempel/Ziv data compressor is integrated into the read/
write channels to enhance read/write performance, reduce
energy , increase di ty, and enh effective
buffer bandwmdth The compressor operates on 512B sectors
and achieves an average compression ratio of 1.6x at a sus-
tained 6MB/s for read and write. The linear write algorithm
combined with large erase blocks is key for efficiently storing
variable-size sectors. Increased density is achieved through
drive interface protocol enhancements. Sectors that generate
compression ratios <1 are stored uncompressed.

Overallsy perfor is pared to a typical 2.5" drive
inTable 2 Flgure 5 shows drive read timing with parallel host,
sector buffer, and flash transfer. A photograph of the system

is shown in Figure 6.
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Figure 6: See page 262.
Feature size 0.8um
Cell 7.25pm?stacked-gate NOR
Organization 8Mbx8
Erase block 64kB
Die size 102mm?
Read throughput 70ns/B
Program throughput 111kB/s
Erase throughput 64kB/s
Table 1: Flash device features,

Vi
Interface rate 6MB/s, 6MB/s 8MB/s
Compression Yes No '
Media rate 9.6MB/s, 0.36MB/s 1.6MB/s
) (with compression)
Spinup time 3ms, 6ms 7-208
Shock, op/non-op  1kG/1kG 10/100G
Seek, avg/trk-trk  <0.25ms, 0.25ms 15ms,2.5ms
Rotational latency Oms 8ms
Acoustics Silent 34dBA
Table 2: Drive performance.



WP 3.5: A 30ns 256Mb DRAM with Multi-Divided Array Structure
(Continued from page 51)
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FLASH:

BIG NEWS IN
STORAGE?

ARE DISKLESS COMPUTERS THE

magine, in the future, when you
turn on your personal computer
and the next sound you hear
, is...silence. There is no familiar
whir of the hard drive greeting you,
just the low murmur of the power sup-
ply. Inside, the rigid disk has been
replaced by the solid-state advantages

~ of flash chip technology.

Sure, it’s a conceivable scenario, but
don’t expect it to be in the near future.
Although flash chip technology has
already found its way onto some desk-

tops and portable computers—used

for either the BIOS or as a hard drive
replac fz

even flash tur-
ers don’t believe their product will

Reprinted with permission from Storage Magazine, November/December 1992 edition

by Walser Chen

eventually make hard disks obsolete.
And with competing technologies such
as SRAM, EPROM and EEPROM
already established, flash will have to
shine above this group before it can
take on the big boys.

“We have all kinds of way of niching
against disk technology in the desktop
market, but we’re not pursuing it for
the time being because we don’t see
that as high growth,” said Bruce
McCormick, the marketing director
for Intel’s flash' card. Instead,
McCormick added, Intel is focusing
more on low-end computers and. con-
sumer products as the future bread and
butter of flash.

WAVE OF THE FUTURE?

Flash technology, which was pio-
neered by Toshiba in the mid-1980s,
uses non-volatile solid state memory
chips. Because it retains data when
power is turned off and because it’s
rewritable and rugged, flash chips have
become especially appealing in some
applications. In portable environ-
ments, for example, where small form
factor and durability are crucial
requirements, flash appears to be the
next revolution.

But flash also has considerable disad-
vantages, the most noted of which is
price. Still a technology in its infancy,
flash chips cost about $30 per
megabyte, compared to hard drive

Order Number 295078-001



prices that have fallen to as low as $2 to
$3 per megabyte. Additionally, the
capacity of flash chip drives, or cards,
remains expensive compared to con-
ventional storage devices. Twenty
megabytes is the upper capacity of flash
cards now, while even some small form
factor hard drives have capacities of a
gigabyte or more. And even with
expected price drops in flash technolo-
gy as well as improvements
in capacity, some industry
observers say they don’t

- believe flash will pose a seri-
ous threat to drive makers in
the near future.

“I do not see flash as a
hard drive killer. I believe it
will put mass storage capac-
ity in very small things,” said
Walt Lahti, the vice presi-
dent of In-Stat, a market
rescarch firm based in
Scottsdale, Ariz.

Lahti said there is no
doubt that flash will be
able to find a market
despite the vast variety of
drives and other solid state
chip makers. However, he
added, drive makers will
always have the advantage
of larger capacity.

In addition, flash has a
limited life, the majority of
flash products on the market
today requires two power
supplies and unlike some
other solid state technolo-
gies, data can’t be written to the chip
on a byte-basis. Until recently, chang-
ing data on a flash chip required eras-
ing and rewriting the entire chip.
AT&T recently introduced a flash card
that allowed data to be crased in block
sizes of 256 bytes.

Even head-to-head on form factors,
hard disks have become even smaller,
with the introduction of 1.8- and 1.3-
inch drives. Cards complying with the
Personal Computer Memory Card

International Association (PCM-
CIA), flash cards measure 3.3 by 2.1
by .1 inches.

But what flash has to offer is also
unmatched. Similar to EPROM
(erasable ROM) and EEPROM (elec-
trically erasable ROM), flash cells are
smaller and use just one transistor per
memory bit. In a flash chip, data stor-
age is achieved by trapping electrons in

ATSTs flash card

a capacitor. They stay there even after
electricity has been turned off. To
reprogram the chip, voltage is reversed
and the capacitor is purged through
what’s called a tunneling process.
According to Intel, data is retained for
as long as 100 years.

In other technologies, like ROM,
information is stored in a fixed bit pat-
tern that can’t be altered. EPROM is
similar to ROM except that data can
be changed by exposing the chip to

ultraviolet light. In EEPROM, strong
electrical currents, rather than ulcravi-
olet light, are used to change the dara.
EEPROM is also more expensive and
slower than flash.

While RAM—both static and
dynamic—can also act as storage
devices, they are volatile, meaning
data are lost the moment electricity
is turned off. While batteries are
sometimes used to
keep data contained in
SRAM, this technolo-
gy still doesn’t offer
the advantage of flash.
DRAM, however, is
not threatened by
flash because it is
needed for data
manipulation, which
flash is unable to do.

Similarly, flash is
faster than small form
factor hard drives,
weighs less and con-
sumes less power. It’s
also more rugged than
hard drives, whose
mechanical parts are
vulnerable to shock.

Although the cost
of flash is roughly 10
times that of rigid disks
now, those prices are
falling at a dramatic
rate. For instance, Intel
said its cost-per-
megabyte for flash was
$640 in 1988. It also
predicts that by the end of the century
the per-megabyte cost will be below $1.

Additionally, while chip density is
currently at 8Mbit, a 16Mbit chip is
soon expected, allowing 40MB cards
o be made, said Glen Riley, the mar-
keting applications manager for
AT&T’s flash memory division. The
telecommunications giant jointly
worked on developing a flash card with
SunDisk and has introduced a 20MB
card that can be paired up in an IDE




controller to provide up to 40MB of
storage capacity.

He said that while current chips only
have densities of 8Mbits, he predicts
16Mbit chips available by 1994,
32Mbits by 1997 and a 64 or 128Mbit
chip by the end of the century. Simi-
larly, he said he sees the cost drop by
half every two or three years.

If, indeed, flash costs can fall dra-
matically, the technology is likely to
show up in more than just computers.
It’s likely to be found in everyday con-
sumer goods, printers and other elec-
tronics requiring mass storage in a
small form factor.

Already, flash cards are appearing in
a number of products, including sev-
eral notebook computers, desktop
computers for storing BIOS and med-
ical equipment.

For example, Hewlett-Packard
recently introduced a flash card sys-
tem to its 95LX palmtop computer,
which weighs 11 ounces. The card,
produced by SunDisk and which
comes in a 20MB size, gives the com-
puter far more storage than its SRAM
memory, which had a maximum
capacity of IMB.

Richard Kirby, the developers pro-
gram manager with HP’s portable
computing Corvallis division, said
flash provides much more storage than
SRAM and allows users to have access
to more applications.

“I think there are things that can’t
be done with the small amount of
memory that SRAM provides,” he

said, “and flash will increase the

amount of applications.”

Ironically, HP, whose recently intro-
duced Kittyhawk disk-drive will com-
pete with flash cards, is just one of the
handful of companies using flash in
their products. Kittyhawk, which is the
industry’s first 1.3-inch hard drive, is
the smallest disk drive on the market.
Psion last year introduced a flash-based
laptop that, while disappointingly
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underpowered, nevertheless was one of
the first to market with a flash-
equipped computer.

Already, some 20 companies are
looking to flash as the next cash cow.
Companies like AT&T, SunDisk,
Advance Micro Devices, Fujitsu and
others are trying to catch up to Intel.
For instance, AMD and Fujitsu agreed
in July to develop both EPROM and

flash devices.

INTEL THE LERDER

Still, they have much ground to make
up to match Intel, the clear leader. The
company manufactures several prod-
ucts, including memory cards with
capacities of four, 10 and 20
megabytes. Lahti said the chip maker
last year dominated 75 percent of the

MICROSOFT FILE SYSTEM ALLOWS
FLASH TREATED AS DISK DRIVES

Microsoft,  whose MS-DOS has
become the standard operating system
for the PC industry, appears poised to
lead the development of flash applica-
tions as well with its flash file system.

The file system contains essentially
three drivers that make flash cards
appear to users as if they were magnet-
ic disks. Through hard disk emulation,
Windows and DOS applications can
be executed on flash cards without
extensive modifications of the soft-
ware, said John Kechejian, the product
manager for MS-DOS at Microsoft.
This also aids developers of software,
he added. ‘

The drivers are loaded into the

CONFIG.SYS file of DOS. One dri-
ver interfaces with the operating sys-
tem and acts as a translator for a sec-
ond driver, which carries out the
command on the flash cards. A third
driver, said Kechejian, enables com-
pression on the flash card.

Kechejian said the flash file system is
designed to complement flash cards’
unique characteristics.

Because the life of flash chips is lim-
ited to about 100,000 write-erase
cycles, the drivers have to make sure
data are placed evenly throughout the
card to ensure an even wear of the
chips; otherwise, “hot spots” are creat-
ed that lead to premature failures.



$130 million market, a market that is
expected to see explosive growths in
coming years.

Market Intelligence, a market
research group, said flash sales this year
are projected to account for six percent
of the total market for small form fac-
tor storage devices, which include
micro disk drives and flash cards. But
by 1998, flash is expected to dominate,
growing to 41.1 percent of the market,
which is expected to grow to $11.6 bil-
lion by then.

“It’s an evolutionary thing. We had
ROM and then EPROM and then
EEPROM,” said Sandeep Mahesh-
wari, an analyst with the Mountain

View, Calif. firm. “Flash is certainly a

superior technology. It takes the bene-
fits of both EPROM and EEPROM.”

Maheshwari said he sees flash even-
tually muscling out low-capacity
hard drives and will compete with
drives in the 150 to 200MB range.
With such memory hogs like UNIX,
Windows and other graphic user
interfaces becoming more popular,
he said there will be greater demands
for mass storage.

FLASH’S MARKET

Flash won'’t, however, replace all hard
drives, say analysts and even some
flash makers.

“Definitely Fujitsu believes there’s a
future in flash. My only question is
whether it’s going to replace disk. We
don’t think it’s going to happen,” said
Alex Goldberger, the director of strate-

gic markering at Fujitsu. “Personally I

keep seeing that for every quantum
leap in solid state storage, there’s a
quantum leap in rigid disk storage.”

And as flash prices fall, observer say,
prices for hard drives will do the same.
And some believe that flash will simply
never be able to catch up to hard disk
drive on a per-megabyte cost. If any-
thing, flash is poised to displace
EPROM, some say.

“The EPROM market will be the
one most heavily impacted,” Lahti
added, pointing out that once flash
supplants EPROM, its next battle will
likely to be with EEPROM chips.
“The EEPROM versus the flash (card)
is the most direct socket-for-socket

~ battle that will take place.”

But the optimistic outlook on flash
is also based on anticipated high
growth in the portable computing
market, which Riley said has grown o
expectations, adding that “1992 was a
disappointment for us in the mobile
computing year because it didn’t take
off as fast as we thought.” He said that
there are probably less than 50,000
portable computers using flash now.

So if the proliferation of portable com-
puters continues to lag, flash may be
even less of a threat to hard drive.

That’s why, McCormick added,
Intel is interested in placing flash chips
in consumer electronics, products that
enjoy a much broader customer base.
He sees items such as cameras, medical
instrumentation, flight recorders and
others as virgin territory for flash,
holding much promise.

“There will always be cheaper
archival technology (than flash) for
some time,” he said. “All we’re saying
ison the low end flash can be your tem-
porary storage. On the real low end
like a camera...it can end up being an
archival device as well.
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FLASH MEMORY: MEETING THE NEEDS OF MOBILE COMPUTING
) 1992 Pen-Based Expo
Brian Dipert
Intel Corporation

INTRODUCTION

Have you noticed the diversity of approaches that computer
manufacturers are taking as they develop and introduce their
initial pen-based computers? Different CPUs, different
combinations of input devices, different types and sizes of
mass storage subsystems, different product “packaging”,
size and weight.....the industry is struggling to first define
just what is a pen-based computer for their specific target
markets, and then provide product features and capabilities
to match. This paper will present flash memory in all its
forms as a key technology that will help bridge the gap
between the pen-based computers of today and their “ideal”
‘counterparts of tomorrow.

Industry analysts are predicting an impending market de-
mand explosion for portable computing platforms with pen-
based human interfaces. This customer interest will par-
tially come from existing users, who value the capabilities

of fully mobile computing. Equally enticing to hardware

OEM s for their total market growth potential, however, are
the new users, who today are not computer “literate”, and
who will purchase these machines precisely because they do
notoperate like today’s computers. These potential custom-
ers are intimidated by today’s keyboards, bulky and heavy
hardware “packaging” and cryptic command interface.

Tomorrow’s computing consumers, who will continue the
market explosion begun in 1975 with the introduction of the
Altair, don’t understand computers in great detail and don’{
want to have to learn. They don’t want a tutorial in filé
system fundamentals. They want unlimited variety in the
types of data they can interchange with each other, and
straightforward, intuitive methods to accomplish this inter-
change. Finally, they won’t accept (within reason) limita-
tions in the environments and ways that they operate their
computing platforms. Look at the telephone for a model of
the ideal “computer” of tomorrow; it should be just as
straightforward to operate. Why don’t the vast majority of
VCR owners use the recording capability of their units, and
why do the clocks on these VCRs “blink” annoyingly with
the familiar “12:00” display? Because the mechanism to
programa VCR, or toreset its clock after a power outage, are
not straightforward or intuitive! :

The computer industry’s chéllengc to satisfy the needs of
tomorrow’s users isindeed a tall one. Itrequires fundamen-
tal reshaping of the way the software industry architects its
user interfaces, to make acomputer less a*“puzzle” and more
a “tool”. The goal of the computer hardware industry is
equally ambitious. This objective demands a fundamental

© INTEL CORPORATION, 1992

redesign of the computer architecture, away from the “desk-
top” model which has served the industry for the last 10 years
(and the “mainframe” model before that), and toward a new
model for computing in the *90s and beyond. The central
improvements needed center around the 4 “P"s of portable
computing: Performance, Portability, PC Compatibility and
Pen Interface.

Performance

Tomorrow’s computing subsystems will handle increas-
ingly complex data types (including still and full motion
video images, and hi-fidelity stereo sound), and manipulate
this data faster and more “invisibly” than ever before. This
demands improvements not only in the CPU itself, but also
in the memory subsystems and how they are accessed. For
today’s PC users that will upgrade in the future, the goal is
replicate the desktop PC on the road....or totally replace it!
Woven into this hunger for greater performance is the
diametrically opposed need for greater and greater battery
life, and smaller and smaller batteries. This leads to the next

Portability

Today’s mobile computers have come a long way from
1985’s Compagq Portable. However, when the author travels
on the road, his notebook PC with extra battery pack and AC
power supply still weighs more than 15 pounds, is over 2”
thick and requires its own separate carrying bag. A one-way
plane flight across the United States is more than enough
time to drain both batteries. Today’s portable PCs are in
most cases portable only in that they can be transported
from one location to another; they must still be operated on
a stable, flat, non-mobile surface like a table top. The goal
of pen-based computing is to provide a comparable usage
model to today’s pencil and pad of paper. To do so requires
“pen-and-paper-like” attributes: much longer battery life,
and much lighter and thinner packaging.

'PC Compatibility

Today’sinstalled volume of Intel-based personal computers
numbers over 100 million units. Compatibility and data
interchange capability with this installed base is essential.
This does not necessarily mean that tomorrow’s mobile
computers must run the same MS-DOS *, Windows* or OS/
2* as their desktop brethren. What it does mean, however,
is that file read/write adaptability and exchange must be
preserved. Additionally, a familiar software interface will
assistusers that work with both types of computers. One way
to implement this latter goal is thru a.....

Order Number: 295082-001
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Pen Interface

A recent article in PC Week, reviewing today’s pen-centric
hardware, software operating systems and extensions, re-
ported that, “If the point of using these systems is to input
information by writing it, the technology (today) won’t
work”!. Quotes in the same article from test group users
reflect this opinion. “I was just amazed at the difficulty in
using the pen-based system....It was unresponsive and time-
consuming, and I spent morc_time than I should have
inputting answers to questions™<. “I spent 35 minutes to an
hour just trying to record my name.....I don’t know who
would use it—you’d go crazy. I cansitdown and key a lot
faster than I write”3. “The purpose of writing is to write at
yournormal pace... If Thavetoslowly writc A......B.....C.......,

. I'may as well type™*. Handwriting recognition software of

the future must continue to improve in its handstroke
translation power and ease of use.

HOW DO WE ACHIEVE THE IDEAL?
The last several paragraphs have spoken in generalities
about the attributes of the ideal mobile computer. Now for
some hard facts; how do we get there from today? What are
the “weak links” in today’s mobile computer architecture
that must be improved or replaced to achieve the ideal?

Make it Lighter

The heaviest subsystems inacomputer are the keyboard, the
battery pack and power supply, and the floppy and hard disk
drives. Resolving the firstitem is easy: remove the keyboard
(or make it an option) and replace it with a lightweight pen
interface. Efficient power management, both in hardware
and software, will minimize system power draw and enable
lighter and smaller batteries and power supplies. Finally
eliminate the floppy disk drive and remove (or reduce the
density of) the hard disk drive, achieving both aims via
alternative non-rotating memory media. More on this
later....

Make it Thinner

The two biggest contributors to the thickness of today’s
portable PCs are the floppy and hard disk drives. Again
following the recommendation above, removing the FDD
and HDD is the means of achieving this ideal. An array of
1.2 mm tall high-density memory components spread outon
the system motherboard will make the <1” thick mobile
computer a reality.

Give it Longer Battery Life

The screen is one of the largest power consumers in a
computer. Recent (and future) advances in screen technol-
ogy promise tremendous advances in this area. Continued
CPUand chipsetinnovations, coupled with software “hooks”,
will produce more intelligent power management as semi-
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conductor manufacturers drive innovation and on-chip inte-

gration in this area. Today’s system DRAM requires

constant refresh to maintain valid data contents (even during
SUSPEND modes). Reduced reliance on DRAM as a main
system memory will resultin system power savings. Finally,
the motors in today’s rotating mass storage media are
inherently power-hungry. Solid state mass storage is the key
to eliminating this source of shortened battery life.

_Give it Higher Performance

Ever-increasing silicon “intelligence” will result in future
CPUs with performance measured not in MIPS, butin MIPS/
watt. Beyond the raw speed improvements of the processor
“engine”, a transition to a main memory subsystem consist-
ing of a direct-execute, nonvolatile, updateable code array
eliminates the slow seek and rotation delay of code loaded
from the HDD.

Make it More Rugged

Continued advances in composition and manufacturing
technology will improve display screen ruggedness, an
“Achilles Heel” of today’s portable PCs. Rotating mass
storage mediaisrelatively fragile. Incomparison, solid state
devices are inherently rugged; ready to take the punishment
of the truly mobile computing environment. A comparison
of flash memory card specifications (1,000 G operating
shock resistance) to HDD specs (10 G) shows a 100x
improvement. Will tomorrow’s mobile computer user wait
for the HDD to park its heads before tossing his/her “tablet”
PC on the front seat of the delivery truck? How valuable is
the data stored on this “tablet™?

Make it Easily Upgradeable, Enhanceable
Consumers value upgradeability, to the latest version of
their favorite software, to the latest power management
BIOS, to the latest set of “whizbang” features and capabili-
ties. A very good way to ensure long-term customer loyalty
is to design a system that is not obsolete 6 months after he/
she buys it. Customers also don’t appreciate buying initial
production products full of “bugs” that are difficult, expen-
sive or impossible to fix in tomorrow’s compact, integrated
systems. Easy system upgradeability and enhanceability,
done by the user instead of an expensive technician, is a
powerful customer service differentiator in a market of
many competing alternatives.

Give it an-Integrated Pen Interface

This last point is an automatic given. What better way to
increase the number of computer users than by providing
them an intuitive interface that they’ve used since child-
hood; the pen? However, continued innovation both in pen
hardware and software are essential to make this goal a
reality.
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FLASH MEMORY: ENABLING SUPERIOR
' MOBILE COMPUTING

’ The past several pages have described the ideal mobile

)

computer, and the improvements to today’s hardware and
software designs that will lead to this ideal. What has any
of this to do with flash memory? Flash memory is a
fundamentally new memory approach thatis akey enabling
technology for superior mobile computing products. In a
few words, flash memory:

[m] Makes mobile computers lighter and smaller

[m) Makes mobile computers faster

[m) Enables PC software compatibility, and
Enables easy upgradeability and enhancement.

The next few pages will detail flash memory usage in
specific application areas. First, however, it is useful to
explain flash memory and its characteristics in some depth.

What is Flash Memory?

Flashmemory, firstintroduced by Intel Corporation in 1988,
isatits core derived from fundamental EPROM technology.
Itcombinesideal attributes of several of today’s mainstream
memory approaches. Flash memory (as shown in Figure 1)
combines the:

O  High speed of DRAM .

o Nonvolatility of hard disk drives and floppy disk
drives

[m] Updateability of RAM or EEPROM, and

u] High density of ROM

Comparativecell diagrams foranEPROM celland ETOX TM
flash memory cell are shown in figure 2. Clearly, ETOX
flash memory and EPROM share similar cell structures; this
makes flash memory highly manufacturable and scaleable.
Their bit program mechanisms are identical. However, the

narrower gate-to-substrate oxide thickness of aflashmemory

cell enables electrical erasure, versus the UV erasure of
EPROM.

Flash memory is programmable (writing data “1”’s to “0’’s)
on a bit-by-bit resolution. Erasure (changing “0”s back to

“pn

's) is accomplished on a block-by-block level (as small as

Figure 1. Flash Memory, the Optimum Nonvolatile Memory

4Kbytes on some devices). A Command Register architec-
ture results in SRAM-like command write timings to flash
components, and newer devices integrated a Write State
Machine to automate and internalize program and erase
algorithms.

Characteristics of today’s state-of-the-art flash memory
components and cards are shown in Table 1.

WHERE CAN FLASH MEMORY BE USED
IN MOBILE COMPUTING?

Flash memory usage centers around the following four

applications:

BIOS storage

The Resident Flash Array

Flash Memory Cards, and

The Solid State Drive
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Figure 2. Comparison of EPROM and Intel ETOX Flash Memory Cells
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Table 1. Flash Memory Characteristics (Current as of Paper Publication Date)

60ns Maximum (Component)

Read Access Time

! 200ns Maximum (Cards)

Bit/Byte/Word Write Time

9 psec Typical (SRAM-Like Command Write Speed)

Block Erase Time

1.6 sec Typical (64KByte Block)

Minimum Block Erase Cycles 100,000 Cycles
32KBytes to 1MByte (Components)
Density
1 MByte to 20 MBytes (Cards)
Read (Operating) Voltage 5V + 10%, 3.3V £ 0.3V
ProgranvErase Voltage 12V £ 5%
BIOS

The term BIOS stands for Basic Input-Output System code.
As Figure 3 indicates, BIOS is the lowest level software
interface between the system software and hardware. BIOS
isina sense the “glue” that binds multiple diverse hardware
implementations to a common set of software operating
systems. In the IBM-compatible world, the BIOS is viewed
as the basis of PC compatibility. The BIOS specifically
controls such hardware subsystems as the CPU and
coprocessor, its chipset, the graphics and main memory
subsystems, keyboard/mouse/pen, networking interface and
secondary storage subsystems. Also often lumped under the
general “umbrella” of the BIOS is software such as power
management code, “docking station” software and any
resident “ROM”-executable operating systems and applica-
tions. It should be clear just how crucial proper BIOS code
execution is to correct operation of the computer!

‘What is the current and future environment under which a
BIOS isdeveloped and operated? Today’s hardware designs
are becoming more and more integrated, with increasingly
higher functionality CPUs and chipsets. In some aspects,
this tends to make hardware design a “simpler” task.

In conjunction with this hardware trend, computer users are
demanding more powerful and flexible computers. This

greater potential for software “bugs”, especially in the last-
minute rush to bring a new system to market ahead of the
competition. As hardware becomesincreasingly integrated,
the resultant systems are more and more compact, and
difficult and expensive, if not impossible, to disassemble if
the BIOS component requires replacement.

APPLICATION
CODE

OPERATIING /
SYSTEM

-

| BIOS |

3

l HARDWARE I

results in more and more complex software of all kinds,
including the system BIOS. Simpler hardware design,
coupled with more complex software requirements, means
that the BIOS development often gates time-to-market for
new computer designs. More intricate software equates to

Figure 3. BIOS; Lowest Level } /Sof Interf;
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Common BIOS storage solutions include ROM (Read-Only
Memory) and EPROM (Eraseable Programmable Read-
Only Memory). ROM has a low per-device cost to system
manufacturers, and the BIOS code is “burned” in the device
at the semiconductor vendor fab. However, a minimum
ROM order quantity of multiple-thousand devices is often
required. ROM is not reprogrammable, so if a “bug” is
discovered in the “burned-in” code, the devices must be
scrapped. ROM is also not reprogrammable once installed
in a system. If a “bug” is discovered once the computer is
in a customer’s hands, the unit must be disassembled to
replace the defective ROM code. In-system BIOS enhance-
ments are also not possible. EPROM, while more expensive
than ROM, is shipped “blank” from the semiconductor
vendor and programmable by the computer manufacturer.
Again, however, it is not in-system reprogrammable and
must be removed and replaced if the code contained inside
is found to be faulty. What alternative exists that allows
factory programming (and reprogramming) and easy in-
system field update? Flash memory!

Flash memory, by virtue of its electrical programming and
erasure, is easily updated under system software control
while physically connected to the computer motherboard.
This allows, for example, a manufacturer to download test
code as the system moves down the manufacturing line, and
reprogram the exact BIOS required as the computer leaves
the factory. One hardware design can therefore easily be
customized to match the needs of multiple markets. Finally,
by simply running an “update” routine and accessing code
from an OEM-supplied diskette or electronic BBS, a cus-
tomer can easily update his/her system BIOS to remove
initial production “bugs” or enhance capabilities. The result
is a longer system lifetime, postponed obsolescence and
long-term customer satisfaction.

Intel’s BootBlock product line has been architected specifi-
cally with features that satisfy the requirements of BIOS
storage in mobile computers. For more informationon these
devices, please reference the Additional Literature section
at the conclusion of this paper.

Resident Flash Array
Today’s memory subsystem is shown in Figure 4a. The
process by which a CPU accesses a byte of code is today a
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lengthy and complex ordeal. The code is firstaccessed from
the hard disk drive (after waiting a relatively long time for
the drive rotation and seek delay). Itiscopied from the HDD
to system DRAM, and from there to the high-speed SRAM
cache. Then, and only then, can the CPU fetch and execute
it.

There ‘appears to be a redundancy between the “memory”
systems of the HDD and the DRAM array. Why are both
necded? Simply, they exist to counterbalance each other’s
shortcomings. DRAM’s read access speed is relatively fast,
but it is a volatile memory (in other words it loses its data if
it loses power or is not refreshed). SRAM is similarly
volatile. The HDD, while fully nonvolatile, has a relatively
very slow read access time.

Figure4bsuggestsanalternate approach, the RFA (Resident
Flash Array). Flash is an ideal memory technology for mass
storage in that it combines the fast read access time of
DRAM with the nonvolatility of a hard disk drive. A high-
density array of flash memory, storing “ROM”-executable
code such as Microsoft*’s MS-DOS* 5.0 ROM Version
(currently in production) and Windows 3.1 ROM Version
(currently in betasite testing), provides high-performance
“instant-on” execution and task switching, and much lower
system power consumption by replacing the rotating HDD
and amajority of constantly-refreshing DRAM. The annoy-
ing delay of staring at the Windows “hourglass” while code
slowly loads from the HDD to DRAM is eliminated!

Why use flash memory versus ROM? Flash memory’s in-
system updateability is as invaluable here as it is when used
for BIOS storage. When the next version of auser’s favorite
“ROM”-ezecutable application is released, flash memory
provides him/her the opportunity to easily upgrade the RFA.
It is important to note that flash memory (by virtue of its
block-erase characteristics) can displace, but will not totally
replace, system DRAM. DRAM will continue to be utilized
where full bit alterability is required (such as in manipula-
tion and storage of application temporary data, video graph-
ics data or interrupt vector tables). However, for application
code storage where read-only capability is sufficient, the
RFA provides a superior solution to the redundancy of
DRAM and disk.

CPU DRAM DISK

4a. Today's Memory Paradigm

Fu‘\srﬁ

e Future, Using Flash Memory

Figure 4. Flash Memory R
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Where “ROM”-executable code is not available, the RFA
concept is equally useful in a resident solid-state “drive”
configuration. In this respect the RFA “HDD” is not unlike
today’s “RAM drives” made up of DRAM and configured
via software. Of course there is one important difference; a
“Flash Drive” is completely nonvolatile and won’t lose its
data when power isremoved! By putting the necessary code
in the system BIOS, this “Flash Drive” can even be made
bootable.

Intel’s FlashFileT™ component product line is the RFA
architecture of choice for mobile computers. For more
information on these devices, please reference the Addi-
tional Literature section at the conclusion of this paper.

Flash Memory Cards

Mobile computers by their nature and operating environ-
ment require connectivity and code/data interchange with
other computer systems. Today, two solutions exist for this
purpose; neither of them is by any means an optimum
approach.

The floppy disk drive is acommon means today of passing
data between portable and desktop computers. The 3.5”
floppy is an established medium, disks are plentiful and
easily available, and no added software knowledge is re-
quired beyond standard DOS commands. However, the

FDD has the following disadvantages:

o The floppy disk drive, due to its rotating media
motor drive, is a significant consumer of battery
power in portable PCs.

m] The FDD, along with the HDD, are the two most
significant contributors to system height. The
FDD also negatively impacts system weight.

[m) The FDD suffers from even longer head seek and
rotation delay than the HDD. File read and
write times are annoyingly long. System
performance is significantly impacted

a Rotating storage media is very sensitive to the
everyday “beating” and temperature extremes
of the mobile environment. Storage media must
be able to resist shock and vibration of large
magnitude and from all axes and angles, and
remain operational while non-stationary and in
all possible orientations. The FDD, along with
the HDD, has been shown to be inadequate to
meet these specifications.

m) Beyond ruggedness, magnetic media is
unreliable. How many of you have ever saved a
file to disk, only to be unable to access itata
later date? Don’t put your diskettes near the
video display; don’t put your diskettes near the
power supply...the litany of wamnings is
numerous! As users rely more and more on their
computing platforms for data storage and
manipulation (and broaden use of these
computers), the value of this data exponentially
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increases beyond the cost of the system. Data
loss is therefore unacceptable.

Theother meansused tointerface between computers is with
software such as LapLinkTM, which enables communica-
tion thru cable connecting serial ports. Disadvantages of
serial port transfer include:

a A “free” serial port must be available on each
machine (not used by a modem, mouse or
printer). Given the complexity of today’s
computer systems, this requirement is often
difficult to achieve. Hardware hookup is a
complex task to many computer users.

Serial ports must be easy to physically access for
cable hookup.

m)} This transfer method is extremely slow, on a bit-
by-bit basis (plus error-detecting bits).
Performance is comparable to a modem-based

file upload or download.

[m) Additional software commands must be learned 1 1
beyond the standard DOS operations.

a In summary, serial port transfer requires

knowledge of computer hardware and software
beyond the level of all but computer “experts”.
This method is not for the “faint-of-heart™!

Does a solution exist that answers the disadvantages of the
above methods? Again, the answer is flash memory; this
time in card-based form!

m) Flash memory cards are available in densities up
to 20 Mbytes! This is plenty of room to store
not only data but also full application file sets.

m) The only computer hardware required to
interface to a flash memory card is a low-height
68 pin connector (2.25” x 0.25” x 0.5”), an
casily-integrated and compact 12V converter for '
flash memory write/erase, and miscellaneous
interface logic. The system height and weight
limitations constrained by the FDD have been
eliminated.

] Solid-state storage media, by its absence of a
motor and its instantaneous “on/off”, is much
lower power than a FDD or HDD. See the next
section on The Solid State Drive for additional
information.

m) Flash memory cards are very high performance,
with read access times of 200ns and a x16
parallel interface for high data throughput. No
seek and rotation delay; no serial access!

[m] Solid state media is significantly more rugged
than rotating media. Data stored in flash
memory is intrinsically nonvolatile for 100
years!

[m] Microsoft’s Flash File System allows flash-based
storage to emulate today’s FDD and HDD, with
identical DOS commands. No additional
software learning curve is needed.
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Table 2. Flash Memory Comparison to Hard Disk Drives
Characteristic Flash Specification HDD Specification FlashAdvantage
Power Consumption 0.05 Watt-Hour 1 Watt-Hour v T 20x% .
Volume 15 Cubic cm 60 Cubic cm i A
Weight 36 grams 70 grams !
- g |
Ruggedness 1000 G 10G
Reliability 1,000,000 Hrs MTBF 100,000 Hrs MTBF
Time-To-First Access 200 ns 20 ms
Media Transfer Rate 10 MB/sec 1.4 MBlsec i
o Card interface is simple via the integrated Table 2 details comparisons between current 1.8” hard disk
PCMCIA connector. Complex hardware drives and Intel Series II flash memory cards. Flash’s

contortions are eliminated.

Flash memory cards are writeable and updateable; capabili-
ties lacking in ROM cards. Compared to battery-backed
RAM, flash memory cards are fully nonvolatile (no battery
to fail), higher density, and lower cost on a per-Mbyte basis.
Intel’s FlashFile Series 2 memory card product line offers a
powerful removeable mass storage media for mobile com-
puters. For more information on these devices, please
reference the Additional Literature section at the conclusion
of this paper. '

The Solid State Drive

Many future pen-based computers will use flash memory
cards exclusively as their mass storage systems. Where
additional solid-state storage beyond the density capability
of cards is needed, or where “plug-and-play” rugged storage
upgrade to existing HDD designs is desired, a solid state
drive isthe solution of choice. The IDE- or SCSI-compatible
solid state drive market is still in its infancy. Within the next
year, expected product announcements from several ven-
dors will validate the concept of flash memory for “disk
drive”-like mass storage. In particular, Intel Corporation
and Connor Peripherals Inc. have signed and publicly an-
nounced an agreement to jointly develop solid-state based
storage products.

11-14

dominanceinall areasisclearly evident. William Schroeder,
vice Chairman of Connor Peripherals, Inc., a hard disk drive
manufacturer, sums it up best. “Because amechanical drive
requires a mechanical arm to move over the disk to access
information, portable applications for this technology will
be limited to those in which the unit is stationary when
operated. For a majority of mobile computing applications
that arse active while moving, solid-state disks will domi-
nate”.

SUMMARY

The emerging mobile computer market is the high growth
segment in this industry, and offers computer manufacturers
tremendousopportunities for differentiation. Successinthis
market requires analysis of the specific applications and
their requirements, followed by selection of enabling tech-
nologies toanswer these needs. ETOX flash memory is such
a technology. Only ETOX flash memory satisfies all
portable computing essentials: ruggedness, high reliability,
light weight, compact size, low power and high perfor-
mance. Whether in component, card or subsystem form,
flash memory is uniquely positioned to help lead mobile
computing into the future.
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ADDITIONAL LITERATURE
For additional information on the Intel flash memory products mentioned in this article, please reference the following
documents, available thru your local Intel sales representative.

BootBlock Components

28F001BX Datasheet 290406
28F200BX/28F002BX Datasheet - 290448
28F400BX/28F004BX Datasheet 290451
AP-341 “Designing an Updateable BIOS Using Flash Memory” 292077
AP-343 “Extended Flash BIOS Design for Portable Computers™ 292098
ER-26 “The Intel 28F001BX-T and 28F001BX-B Flash Memories” 294010
ER-29 “The Intel 2/4 Mbit BootBlock Flash Memory Family” 294013
TP-355 “Flash: The Optimum BIOS Storage Device” 297003
FlashFile Components

28F008S A Datasheet 290429
AP-359 “28F008SA Hardware Interfacing” 292094
AP-360 “28F008SA Software Drivers” 292095
AP-364 “28F008SA Automation and Algorithms™ 292099
ER-27 “The Intel 28F008SA Flash Memory” 294011

FlashFile Series 2 Cards

Series 2 Flash Memory Card Datasheet 290434

AP-361 “Implementing the Integrated Registers of the Senes 2 292096
Flash Memory Card”

General Flash Information

AP-357 “Power Supply Solutions for Flash Memory” 292092

ER-20 “ETOX ™ II Flash Memory Technology” 294005

ER-28 “ETOX ™ III Flash Memory Technology” 294012

1, Pen Computing Disappoints Judges,” PC Week, July 20, 1992, p. 80.
2"pen Computing Disappoints Judges,” p. 80.
3 , Pen Computing Disappoints Judges,” p. 80.
4"pen Computing Disappoints Judges,” p. 80.
5 Flashy Mass Storage Challenges Magnetic in Laptop Computers,” Electronic Buyers’ News, September 1, 1992

Microsoft, MS-DOS and Windows are trademarks of Microsoft Corporation. OS/2 isa trademark of International Business
Machines. LapLink is a trademark of Traveling Software, Inc. ETOX and FlashFile are trademarks of Intel Corporation.
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Flash Memory For Top Speeds In
Mobile Computing Applications

by Bruce Bonner

The access time advantage of
a semiconductor mass storage
technology like flash is key in

giving performance benefits -

over a 1.8-in. rotating magnetic
disk drive. Users can expect no-
ticeable performance increases
when using flash instead of hard
disk drives in most cases inas-
much as access time is such a
large component of normal DOS
cluster read and write opera-
tions. Joined with its low power
consumption, small size, light
weight, silence and ruggedness,
flash clearly advances minia-
ture mass storage technology
for mobile computing, and the
state-of-the-art in mobile com-
puting in general.

The time for a typical 1.8-in.

hard disk drive to get the first

byte of data is about 25.6 msec,
whereas for the flash memory
card it is 0.2 msec, more than a
100:1 ratio (Fig 1). This ratio is
the reason for the success of
disk caching programs such as
SMARTDrive in Microsoft Win-
dows 3.X. On a repetitive basis
data is obtained from system
DRAM, instead of mechanical
disk, giving significant gains in
apparent disk performance.

Power-O_ff Access Time

Disk drives consume the
most energy when moving a
mechanical part, such as the
rotating disk(s) or heads. To
conserve battery life in mobile
computers . the drive spins
down during idle times. Typ-
ically the drive is automatically
put into this ‘sleep’ mode after a
minute or two of idle time by

SEEK ACCESS TIME (MSECS)

30
2667

25 ~4

FLASHCARD READ

1.8” HDD READ

26.67

10.20

FLASHCARD WRITE 18" HDD WRITE

VZ DATA TRANSFER
[ ROTATIONAL LATENCY

[ SEEK TIME
M PROCESSOR OVERHEAD

Fig 1 The seek/access time greatly affects the time required to read and write

one DOS 5.0 disk cluster.

system BIOS power manage-
ment software. (The exact idle
duration time is configurable by
the user.) The drive stays asleep
until the user needs to read or
write data to the disk, at which
time it is ‘spun up. Typical hard
disk drives take at least a sec-
ond to do this. During idle, the
hard disk drive does no produc-
tive tasks, so power expended is
totally wasted energy.

The action that wakes up the
drive is a system disk read or
write, which is the result of the
user saving or retrieving data to
the disk. The user has to wait
for the drive to spin up and
stabilize before continuing, and
makes a tradeoff between long
battery life (the disk not spin-
ning all the time) and fast ac-

Reprinted by permission of the Publisher from the June 1992 issue of COMPUTER

TECHNOLOGY REVIEW®
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cess time (the disk spinning all
the time). -

Flash, by comparison, is ‘in-
stant on.! It takes a flash mem-
ory card 1 psec to come out of
sleep mode. Flash need only be
turned on during read or write
operations, saving an enor-
mous amount of power, without
asking the user to make any
compromises.

Media Data Transfer Rate

Hard disk drives read and
write to the rotating magnetic
media at the same rate. This is
determined by the rotation
speed of the disk, which trans-
lates into a linear velocity under
the read/write head, and the
write clock frequency of the flux
reversals produced by the head.

Order Number: 295083-001
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Data Access/Transfer Rates In A Flash

This corresponds to the bits per
inch (bpi) of the disk drive.
Modern miniature disk drives
usually have variable recording
frequencies (higher for outer
cylinders) to obtain a more
constant bpi and higher capaci-
ties. For instance, one 1.8-in.
drive has a media data transfer
rate of 9.9 Mbps (1.28 Mbytes/
sec) at the inner most cylinder,
and 21.4 Mbps (2.675 Mbytes/
sec) at the outer most cylinder.
Further, magnetic disk drives
directly overwrite previous
data, combining erase and
write functions.

Flash, being a nonvolatile
semiconductor technology,
uses another approach. Read,
write (program) and erase are
separate functions. Writing re-
quires that the block of flash
memory to be written to previ-
ously be erased to an all 1's
state. One 8-Mbit flash device,
for instance, has a block size of
64 Kbytes; the typical erase
time of a block in the flash
memory is 1.6 secs. Some would
suggest that this makes flash
fall short in write performance.

But erase time is not a prob-
lem, because in practice eras-
ing is carried out as a back-
ground task so that there are
always erased flash memory lo-
cations ready to accept data. In
a flash memory card, multiple
chips can be simultaneously
executing independent erase
operations, further reducing the
impact of block erase time. The
erase rate for a 20-Mbyte card
could be as high as 800 Kbytes/
sec, assuming all flash chips are
erasing blocks, giving plenty of
sustained bandwidth for writes.

When it comes to writing, the
typical flash card media data
transfer rate is 200 Kbytes/sec,
which results from a 10 psec
write time for a 16-bit word.
This is a sustained transfer rate,

assuming that a new 200-nsec
access occurs for every word.
The hard disk drive’s sustained
data transfer rate of about 1.9
Mbytes/sec is dependent on the
head staying on one track,
which does not realistically
happen for a file that has been
modified over time; it becomes
fragmented, and occupies clus-
ters scattered over the surfaces
of the disks. Not having 1:1 in-
terleave, which is common with
AT-class computers, will also
drastically reduce sustained
data transfer rate.

Reading data from flash is a
very high speed operation,
roughly the same speed as
DRAM at the chip level. One
flash memory card has an ac-
cess time of 200-nsec, equating
to a 10 Mbyte/sec 16-bit word
transfer rate. Again, the disk
will have about a 1.9 Mbyte/sec
transfer rate dependent on hav-
ing data contiguously located,
which is not an limitation with
flash.

Finally, combining transfer
rate with access times gives the
amount of time it takes to read
and write data with the two
technologies. On reads flash is
always much faster than disk.
On writes flash is faster if the
amount of data transferred is
less than about 5 Kbytes. This
shows the assumed amount of
data to be moved is a key issue.
Looking to normal usage for
guidance, let’s assume the
block size that Microsoft DOS
5.0 uses in disk accesses, which
is 2 Kbytes (4 %512 byte sec-
tors). DOS in most cases treats
multiple cluster accesses (such
as in a large file) as separate
events.

Real users both read and
write data to a mass storage
device. Intel’s research indi-
cates a typical user reads
four times more data than is

written, owing to the fact that
program loading and execution
is mostly a read only pro-
cedure, while saving data files
are mostly write-only opera-
tions. System level results
based on this user model point
to an overall 11:1 benefit of using
flash (Fig 2). Because every
user is different, the perfor-
mance benefit of flash will vary,
but it will always be large since
it is non-mechanical. M

Bruce Bonner is the SSD prod-
uct manager at FlashCard
Systems Group, Intel Corp.
(Folsom, CA).
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THE MANY FACETS OF FLASH MEMORY

Markus A. Levy
Intel Corporation
1900 Prairie City Road
Folsom, CA 95630

ABSTRACT

The characteristics of Flash Memory allow it to permeate into
many types of applications, from code storage to disk drives. 1In
this paper, we will discuss this memory evolution focusing in
particular on using the new Series 2 Flash Memory Card as a
mechanical disk drive replacement.

A_MEMORY EVOLUTION

Think about all the uses for memory in a computer system. Memory
for code and BIOS storage. Memory for code execution and data
manipulation. Mass storage memory for user's applications and
data files. Traditionally, each of these applications has been
associated with one or more memory technologies. EPROMs typically
handle code and BIOS storage. Disk drives store the applications
and user data files that get downloaded to system DRAM during
execution. In demanding environments, battery-backed SRAMs have
taken the place of disk drives. Or for increased flexibility and
nonvolatility in low densities, EEPROMs may replace ‘anything from
EPROMs to SRAM. When flash memory appeared in the industry a few
years ago, it demonstrated the technical ability to displace each
of these memory types to a varying degree (Figure 1). With
properties that include nonvolatility, high density, in-circuit
write and erase capability, random access, high reliability and
low power consumption, flash memory's degree of utilization ties
directly to cost and design considerations.

Reprinted with permission from IC Card Expo Conference Proceedings 1992. For more information about
IC Card Systems and Design, please call 303-220-0600.
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Figurel. The Flash Memory Technology Provides Versatility for Use in Many Applications.

Intel holds approximately 85% of the flash market with its ETOX
(EPROM tunnel oxide) Flash Memory devices. The ETOX flash memory
cell provides a very scalable lithographic process which has
resulted in a very rapid increase in component density and
decrease in cost. From the start, flash memory prices allowed it
to replace EEPROMs and SRAMs in many applications requiring code
and data updates. Despite a price differentiél, it quickly
became obvious that flash could replace EPROMs for improving
customer service by fixing software bugs and upgrading systems
with easy field updates. C

Meanwhile, back at the ranch, the computer industry was
undergoing an evolution of its own. Smaller size, lower power,
higher performance and mobility have become the new driving
factors. A new breed of machines, from notebook PCs to Federal
Express delivery trackers, placed new demands on system
designers. Space and power constraints and the need for
performance and reliability improvements are factors that make
disk drives a focal point for system improvement. Although disk

11-20 : ‘ I
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drive manufacturers strive towards meeting the new requirements,
many application goals can only be achieved by using solid-state
devices. With the recent introduction of the Intel 28F008SA, one
megabyte flash memory device, pricing came on par with DRAMs.
This prompted OEMs to use flash for disk drive alternatives and
even as part of system memory, especially in small form-factor
portable machines.

INTRODUCING FLASH MEMORY SOLID-STATE STORAGE

In any given system, mass storage memory, in general, exists in
two basic flavors: fixed and removable. ﬁaturally, for
mechanical disks, this means hard disks and floppy disks,
respectively. For solid-state storage, this implies chips on the
system motherboard and removable memory cards, respectively. For
flash memory drives specifically, the system motherboard houses
the 28F008SA devices connected directly to the CPU bus (referred
to as a Resident Flash Array or RFA). This approach provides the
highest performance because the AT bus does ndt limit access

speed, as it would with removable memory cards. In this format,
the flash memory array can also be used for ROM DOS and ROM
WINDOWS. The true flash value becomes apparent when new software
revisions arrive allowing the user to perform a simple update
procedure. l

In support of removable memory technologies, the Personal
Computer Memory Card Association (PCMCIA) standardized the
electrical and mechanical interface for memory and I/O cards.
This made removable mass storage memory practical by establishing
a non-proprietary interface and facilitating system-to-system
transfer of data and applications via memory cards. 1In
accordance with the PCMCIA specification, Intel developed a 20
Megabyte card, called the Series 2 Flash Memory Card. The card
contains up to 20 28F008SA devices arranged in pairs to provide a
16-bit data path. The functionality of this flash memory card
(and the 28F008SA), in conjunction with new software drivers,
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allow it to perform high-performance disk emulation.

[HE TECHNICAL SIDE OF FLASH MEMORY SOLID-STA STORAGE

To understand the operation of a flash memory solid-state disk,
we begin with a discussion of the technology. All the bytes in a
flash memory device erase simultaneously, (hence the name
'FLASH') and after writing to all bytes, the device must be
erased before it can be rewritten. 1In a typical system with a
mechanical disk drive, files (or data) are constantly being
written and deleted. When handling these modifications, a
mechanical disk drive continuously modifies the Directory and FAT
structures. Furthermore, files can be written simply by
overwriting deallocated space. Unlike a mechanical disk, which
can rewrite data in small, 512 byte sectors, a flash memory drive
must employ unique software designs to effectively allow it to
appear functionally similar.

Microsoft's Flash File System (MS-Flash) exemplifies this type of
software. To overcome the Directory and FAT structure rewrite
issue, MS-Flash stores and locates files using a linked-list data
structure (Figure 2). With this technique, file information
(name, date, time, attributes, etc) attaches directly to the file
itself, rather than having a dedicated directory space.
Furthermore, files only get written to clean, unused flash memory
in a stack-like manner. Deleted files remain intact, to avoid
continuously erasing and rewriting the flash memory card.
Eventually the entire flash memory array gets used up. The real
trick lies in removing the: deleted files (referred to as 'taking
out the garbage'). With deleted files mixed in with valid files,
the valid data must be relocated (to isolate the two) as a
background task, imperceptible to the user, to deliver disk-like
functionality.
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FLASH FILE SYSTEM STRUCTURE

NEW FLES WRITTEN
TO FREE SPACE
FREE SPACE
> FILEB
(FILE DIRECTORY and CONTENTS)

DELETEDFILE Le. DIRTY SPACE | e o CLEANS

ALESLOCATEDUSING — | FILEA
UNKEDLSTPANTERS -t FILE DIRECTORY and CONTENTS)
- ROOT DIRECTORY
BOOT RECORD

Figure 2. Linked List Pointers Locate Files.

As a first step in this garbage removal process, the software
writes the valid file data into a previously reserved, spare
flash device pair (referred to as a copy operation). But to make
this operation practical from a memory utilization and
performance standpoint, a card must contain many device pairs.
The Series 2 Card features become important here. Let's start
with the 28F008SA, the flash memory technology within the card.
This device consists of 16 separately-erasable blocks (64Kbytes
each), which means the entire device does not have to be erased
before it can be rewritten. As Figure 3 displays, an erasable
block actually consists of 64KWords, in device-pair format.
Nevertheless, a 20 Megabyte Series 2 Card contains 160 of these
erasable blocks, and reserving 2 or more of these blocks for the
cleanup process has negligible impact (1% of the card's blocks).
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SERIES 2 FLASH MEMORY CARD

—  PCMCIA INTERFACE  |—

CARD CONTROL LOGIC

P13

DEVICE|PAR 9
A A Vo riwica Biok
- LO-Device Block
13 |
12.
1.
/ 1‘0» 64k x 8 G4k x 8
28F008SA 28F008SA :
N &
\ 5.
4.
3
2.
1.
0.
\4 \/
DEVIGE PAR 0 L BLOCK PAR J

- PCMCIA COMPATIBLE

- UP TO 20 28F008SA FLASH MEMORY DEVICES
- EACH DEVICE CONTAINS 16 64KBYTE BLOCKS
- ARRANGED IN A 16-BIT CONFIGURATION

Figure 3. The Series 2 Card Contains up to 160 Block Pairs.

To facilitate the cleanup process, the 28F008SA uses built-in
circuitry to automate the write operations (and block-erases),
everything from timing loops to data verification. This
functionality provides a perfomance increase and a reduced need
for host system involvement. As a matter of fact, once the



'tel AR-717
®

28F008SA receives the appropriate command (and data), the host
CPU is free to perform alternate tasks until the flash memory
device signals operation complete with its READY/BUSY pin. The
READY/BUSY pins from the individual 28F008SAs are wire-OR'd
together within the Series 2 Card to form the PCMCIA-defined
RDY/BSY output. This output can be connected to a system-level
interrupt to allow asynchronous notification of a completed
operation. )

The copy function, discussed above, actually consists of a
varying number of data writes. Typically, a single, data-write
operation requires only 7-sec. Obviously, we wouldn't want an
interrupt to occur after every write because the interrupt
latency time would be considerably longer than the write
operation itself. The Series 2 Card has a mechanism in a special
mask register that selectively filters individual component's
READY/BUSY pins from the card's interface. So if an interrupt is
filtered, how does the system know when a data-write operation
completes? Each 28F008SA has an internal status register, with a
READY/BUSY bit, that can be polled periodically (Figure 4).
Additionally, this register reports whether the operation was

successful.

28F008SA STATUS REGISTER BIT DEFINITION

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO

WSM ERASE | ERASE | WRITE VPP.
STATUS | SUSPEND | STATUS | STATUS | STATUS| RE SIERV [ED
STATUS

Figure 4. The Status Register Internal to the 28F008SA.
During the second step of the cleanup process, which creates a

new spare block from the dirty, old block, software gives the
dirty block the erase command (Figure 5). During this operation,
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intel.
the system would not want the interrupt blocked so software
ensures that the mask was not enabled for the block erasing. A
block-erase operation typically takes 1 second, but once
initiated, the host can go off until it receives the interrupt
generated by the READY/BUSY signal making this process
imperceptible to the user.

BLOCK LEVEL CLEAN UP MECHANISM

SPARE
BLOCK
Step 1) Valid files (data) copied to
spare block.
Step 2) Dirty, old block erased
becoming new spare block.
\
FREE
SPARE SPACE
BLOCK \‘
“a[ZRES]

Figure 5. Block Cleanup Mechanism.

(o] EVO:! 10!
The dirty-file cleanup discussed above, is the fundamental
process a flash memory drive must perform to deliver disk-like
functionality. In addition, the Series 2 Card provides many
disk-desired features, ranging from very low power modes to
various write protection mechanisms.

Continuously improving hardware and software compression
techniques will soon allow flash memory drives to approach hard
disk densities and prices. Along with the technology
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improvements of the 28F008SA, comes faster read access and direct
code execute capability - this eliminates the disk-to-DRAM
download and implies that a Series 2 Card can partially replace
system memory.

In the future, OEMs will break paradigms and begin designing
computer systems without the concern for maintaining
compatibility with historical, traditional technologies. Just
like the evolution from card readers to tape to mechanical disk
drives, flash memory and new software drivers, such as
Microsoft's Flash File System, will continue to support
evolution, and systems will continue to be optimized for the
newer and better technology provided by flash memory.
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STANDARDIZING ON A FLASH FILE SYSTEM
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Wink Saville
Saville Associates
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THE NEED FOR A STANDARD FLASH
FILE SYSTEM

Why do we bother with standards? How do
standards get established? More specifically,
how should we choose a file system standard for
flash memory that will enable the visions of
PCMCIA for interchanging PC cards between
sockets of different systems? Ultimately, this is
the benefit of having standardized physical and
electrical interfaces. But these interfaces are of
minimal value when the data format of the
information within the flash memory card has
not been standardized (Figure 1). This issue,
among others, represents the subject of this
paper in which we will try to provide you with
an appreciation for establishing a standard
media manager and data structures for
removable flash memory cards.

Flash Memory Card

Standardized Card
t information Structure

- Standardized 68-pin
Electrical Interiace

Figure 1: Card Standards Exist for Everything
but the File Storage.

As our world becomes more and more electronic
information intensive, the need to share
information across many environments becomes
a necessity. The communication industry is
rapidly promoting a new class of computer
architecture using a myriad of processors and
operating systems. Two main requirements must
be fulfilled in order to provide a common link
and share information:

Q First, and foremost, the information, or file
contents, must be in a sharable form. The
scope of this situation certainly goes beyond
the boundaries of one standard, but various
attempts have been made. Examples of
these standards include Postscript, TIFF,
SGML, RTF (Rich Text Format),
Quicktime, and AVI (Audio Video
Interleave). .

Q Standardized file structures must also be
used for removable media to support the
progression of the standardization of file
contents. An example, familiar to most, is
the directory and FAT structures of DOS. A
container can be used to give a good
analogy to this situation - The information
is the contents of the container and the file
structures are the container itself. We need
a standard container so that all equipment,
or operating systems, can access the
information. ’

WHY USE A FLASH FILE SYSTEM

The flash memory technology has witnessed an
incredibly fast acceptance in the industry as an
excellent media for solid-state information
storage and ‘sharing. It can replace RAM-based
drives because of its lower cost and higher
densities. It can replace ROM-based drives
because of its rewritability and flexibility. It can
even replace mechanical drives in systems
where performance, power, reliability, and size
are a concern. .

Regardless of the memory technology, software
must be used to link the media to the operating
system. The device drivers available to build a
RAM drive allows it to emulate the behavior of
mechanical drives, even down to the level of
partitioning the media into sectors. The

Reprinted with permission from IC Card Expo Conference Proceedings 1993. For more information
about IC Card Systems and Design, please call 303-220-0600.
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functionality of flash memory differs
significantly from the memories that
traditionally perform disk emulation. This leads
us into a brief explanation of why flash memory
needs a special file system.

From a read perspective, flash memory has the
random access behavior of RAM. The bytes
within a flash memory device may also be
written in a random fashion. But, once a bit
changes from 1 to O (referred, to as the
programmed state), the entire block must be
erased to convert a O back to a 1. You may
immediately notice that this does not resemble
the mechanical drive model (Figure 2). In a
mechanical drive, data may only be read or
written in units of a sector, nominally 512 bytes.
This is significantly different from flash
memory, which may be read and written to on a
byte level and must be erased on a block level to
be rewritten. This means that the standard
sector-based file system cannot be directly
utilized on flash memory.

Flash MemoryTypicaly Rewrites Datain 128 KB (i.e., Erase Blocks)

Mecharical Drives Typicaly Rewrite Data in 512 Bytes (i.0., Sectars)

Figure 2: Flash Memory and Mechanical Drives
Have Different Structures.

CHOOSING A FLASH FILE SYSTEM

Even though flash memory has proven its
technical merits, computer designers still use
disk-drive compatible file systems on a media
that only remotely resembles a disk drive. These
can be referred to as disk-drive emulators. On
the other hand, Microsoft's Flash File System,
specifically designed to utilize the capabilities of
flash memory, has also found a place in its share
of computers. It may not seem like a problem

having a variety of flash file systems available,
and in some cases it's not.

However, when the flash memory resides in
removable IC cards that can be transferred
between different computer systems, this file-
system smorgasbord has the potential of creating
a disconcerting amount of incompatibilities.

The selection of a flash file system should be
based on an educated decision. Three
fundamental approaches can be taken for
choosing a flash file system:

1. Ignore any concerns for incompatibility and
'let the market' decide, The choice for a file
system can be made strictly on marketing
persuasions and measured performance
differences. Actually, this approach is the
most popular choice but it does not
represent the best interest of flash users and
manufacturers. Furthermore, this approach
will only stall the acceptance of flash
memory.

2. Use a disk-drive emulator to mimic the
sector scheme of the mechanical disk, This
approach has the advantage of utilizing the
more traditional file structures (e.g., sectors
and file allocation tables). In the DOS
world, it also provides compatibility with
some of the disk drive service routines (e.g.,
INT 13H), although the majority of
applications only use Interrupt 21H. Several
problems exist with disk-drive emulators:

a. They use file structures specific to the
operating system that it runs under. This
means that the implementation will not take
advantage of the unique characteristics of
flash memory.

b. Multiple versions of disk-drive
emulators on the market indicates the lack
of compatibility, even within computer
systems running the same operating system.
Each vendor has created unique data
structures to manipulate the flash memory.
In other words, a flash memory card
formatted for 'Disk Emulator A' may not be
compatible in the same system running
‘Disk Emulator B'.

AR-718
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Figure 3: Linked-List Pointers Connect Variable Length File Entries.

Operating specific file structures in general
are not designed to support attributes, which
other operating systems may require. By

. designing an extensible file system, instead

of using a lowest common denominator file
system such as DOS, we can use one set of
file structures for most operating systems.

They do not support background cleanup or
wear leveling on the flash memory because
they only perform tasks that the operating
system requests them to do. Background
cleanup and wear leveling require a file
system that has 'insight’ into managing the
media. This can best be accomplished

through a redirected file system.
n installable and extensible fil m
hi imi; h iliti f flash

i forcing i have li
mechanical disk, This approach is used in
the design and implementation of
Microsoft's Flash File System. In DOS, this
is implemented as a redirector, similar to a

network drive or CD ROM. Information
stored with this file system is located using
variable length, link-list data structures
stored in non-centralized directory entries.
This eliminates set sector sizes which
indirectly helps to minimize fragmentation,
and maximizes the efficient use of flash
memory (Figure 3). The primary problem
with this approach is that not all systems
have documented their installable file
system's interface. This will temporarily
prevent developers from writing
implementations that these systems require.

The First Step Towards Standardization

Microsoft has made its data structures publicly
available to allow the creation of ‘custom’
implementations. This implies that any flash
memory card formatted with these data
structures can be used in any computer system
using a Microsoft Flash File System compatible
implementation, regardless of that system's
processor or operating system. This has already
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been demonstrated by Saville Associates who
developed an implementation that interfaces to
GO's Penpoint operating system. Although the
effort to develop this implementation was non-
trivial, this initial work will facilitate the
development of other implementations for other
environments. Ultimately, implementations of
the Microsoft Flash File System will become
available on most platforms, therefore,
becoming the defacto standard.

As the need for inter-system communication
increases, it will become more and more
important to have a standardized flash file
system in place. Regardless of any of the
opinions stated above, it only matters that the
industry, as a whole, make a choice and allow
that choice to become the standard.
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Interfacing BootBlock
Flash Memories to the
MCS® 96 Family

by Brian Dipert
Flash Memory Applications Engineer
Intel Corporation

Overview

This article reviews Intel BootBlock flash memory interface
to MCS® 96 embedded processors. Three specific exam-
ples will illustrate various techniques and options available
to the system designer. The article will also discuss general
recommendations for all MCS 96/flash designs.

Intel’s MCS 96 products, in conjunction with the
BootBlock flash memory family, provide a powerful proces-
sor/memory combination for today’s embedded control
designs. MCS 96 devices are high-performance 16-bit
microcontrollers with integrated memory and peripherals,
including ports, timers, pulse width modulators and A/D
converters. They easily handle high speed calculations and
fast input/output operations.

Flash memory brings easy updateability to designs that in
the past might have used ROM or EPROM for system code
storage. Unlike battery-backed SRAM, flash memory is fully
nonvolatile. Flash memory has demonstrated orders of
magnitude better reliability, and much higher density,
than EEPROM. Flash memory, with its much simpler cell
structure, is also cheaper on a cost-per-bit basis than either
SRAM or EEPROM.

BootBlock flash ‘memory products have been specifically
defined for the requirements of embedded control code
storage. Features of these devices include:

B Blocked architecture (including a hardware-lockable
“boot” block) integrates functions of multiple memo-
ries in one device
- Boot block to replace boot ROM/EPROM
- Main block to upgrade bulk-erase flash
functionality
- Two parameter blocks replace EEPROM, battery-
backed SRAM
x16 interfaces (on some devices)
- High bandwidth read/write
Muitiple package proliferations
- TSOP for space-constrained designs
Fast read access time
- High performance
Automated write and erase
- Simple update algorithms
3.3V-read operation (on some devices), and

AR-723

M Multiple low power operation modes.
Ideal for battery-operated systems

80C198 Design Example

This design example interfaces the 28F001BX-B120 to the
80C198-16. The 80C198-16 is a 16 MHz member of the
MCS 96 family, with an 8-bit external data bus and an
integrated A/D converter. The 28F001BX-B120 is a 120ns
tACC version of the 128 KByte x8 BootBlock flash memory
family, with the boot block located at the bottom of the
memory map (see Figure 1). A system diagram is shown in
figure 2, with a corresponding system memory map in fig-
ure 3. This example highlights the following design tech-
niques:

B Programmable logic utilization for generating higher-
order flash memory addresses

W Flash memory address inversion to match the MCS 96
boot location

W Integrating external SRAM in the design

Higher-Order Address Generation

Most members of the MCS 96 family are address pin-con-
strained to a 64 KByte memory map. To access the 128
KByte 28F001BX, plus any other external memory/periph-
eral devices, upper addresses are generated using the pro-
grammable logic device U4 as shown in Figures 2 and 3.
Flash memory addresses A16-15 powerup and reset to
“0"s, and are changed by writing the desired value to an
internal two-bit “register” within the EPLD, using data bits
D1-0 . An alternate sources of upper address bits is the
High Speed Outputs (HSO3-0) of the 80C198, if not used
elsewhere in the design. As shown in Figure 3, 80C198
register, port and interrupt vector location are common to
all “pages”.

1FFFFH
128 KByte Main Block
04000H
03FFFH
4 KByte Parameter Block
03000H
02FFFH
4 KByte Parameter Block
02000H
01FFFH : :
8 KByte Boot Block
00000H

Figure 1. 28F001BX-B Device Memory Map
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For the latter two uses, the software must be executed
R preey external to the flash memory, either to change flash mem-
SRAMCS gg ory “pages” or to update flash memory contents.
A1o7-'ao Therefore, the SRAM must be commonly located in every
WE 64 Kbyte memory “page”. The logic of component U4
OE that generates CE for the SRAM, being independent of the
A7.0 Ual state of 28F001BX “addresses” A15 and A16, ensures this
(see Figure 3).
ALE - e © 70 Iy A7-0 The code that executes port pin “page control” and flash
AD7.0 fsmgiggiaDrg us memory update software is stored in the 28F001BX boot
4 u2 block, and is copied to the external SRAM. A “JUMP” to
i elAng U6 the SRAM memory address begins execution.
T/:_‘(;_m 1070 Miscellaneous Details
A15-8 A14,12.8 Latch U5 latches address A7-0 for use by the 28F001BX
WR WE and SRAM. Buffer U6 eliminates bus contention as the
RO OE SRAM is selected and the 28F001BX is deselected, due to
|| the fast data bus “enable” of the SRAM compared to the
u1 bus “release” delay of the flash memory.
A13 Table 1 details the external memory timings of the
XTAL1 Dg’;o_: At5-10 %6'15 80C1 9§-16 (along with the externa! Iogi.c s_hown) at vari-
READY | SRAMCS ous wait states, and the corresponding timings of the
RESET SYS‘I;Eél\v’ -] \'F('\;% 28F001BX-B120. As can be seen, this is a 1 wait state design.
EXTERNAL RESET ——
PARTS LIST:
U4 § u1  8oc198-16
ur|] POwER U ZRERRRE120 PAGE 0 PAGES 13
U Faxde 00 FFFF
Us  74x245
U7  MAX705 AVAILABLE AVAILABLE
ADDRESS
Figure 2. 80C198/28F001Bx-B System Interface MAP

LOCATIONS

Flash Memory Address Inversion FOR
The 28F001BX boot block is intended to store core : 1 :::m
unchanging system initialization code, port pin “page con- ADDRESS

trol” software and the flash memory program/erase algo-
rithms. On the 28F001BX-B, it is located at device address-

es 0000h-1FFFh (see Figure 1). Inverting address A13 with ) i
component U4 alters the 28F001BX-B memory map as it 7FFF ™"FLASH MAIN BLOCK
appears to the 80C198, as shown in Figure 4. This (INCLUDES FLASH MAIN BLOCK
“moves” the boot block to addresses 2000h-3FFFh, com- SECONDARY (INCLUDES
patible with the 80C198 boot/reset address of 2080h. INTERRUPT PRIMARY,
Software developers take note: this approach also “moves” VECTOR SECONDARY
8 KByte main block segments. ’ IFFF TABLE) __ INTERRUPT
VECTOR
External SRAM TABLE)
Component U3 is a 2Kx8 SRAM, with the following uses: 1FFF
W Data storage beyond the 80C198 internal register —;tﬂ::;‘s?é:;ggﬁ's - w&%sxsgg;‘smhs
capacity 6500
B Code storage for execution of port pin “page control”
software )
B Code storage for execution of flash memory update

software Figure 3. 80C198/28F001BX-B System Memory Map
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1FFFFH

128 KByte Main Block
04000H
03FFFH

8 KByte Boot Block
02000H
O1FFFH 4 KByte Parameter Block
s

4 KByte Parameter Block

00000H

Figure 4. 28F001BX-8 Memory Map
(as it appears to the system after A13 address inversion)

If higher density flash memory is needed in this x8 design,
the 256 KByte 28F002BX or 512 KByte 28F004BX can be
used. Both of these devices offer 60ns speed bins, for high-
performance no-wait-state read access.

AR-723

80C196KR Family Design Overview
The 80C196KR product family consists of four devices

|(80C196KR, 80C196KQ, 80C196JQ and 80C196)Q) that

differ in the size of SRAM and the number of integrated
peripheral devices. They all communicate with external
memory and logic through a 16-bit external data bus. If
the 80CT96KR family is used for the embedded processor,
interface to flash memory is much simpler than in the ear-
lier 80C198 example.

These microcontrollers integrate not only data SRAM but
also code SRAM on-chip, in 128 or 256 byte densities. This
code SRAM size is sufficient to store “page control” and
flash update software. Therefore, external SRAM is only
needed if internal data SRAM size is insufficient for the
given application.

The 28F200BX or 28F400BX are the recommended
BootBlock flash memory devices for the 80C196KR family.
These flash memories both have x16 data bus interfaces,
and their 60ns read speeds enable high-performance no-
wait-state access. Both the 28F200BX and 28F400BX (see
Figures 5 and 6) integrate 16 KByte boot blocks located at

Specification’ 80C198-16/Logic 80C198-16/Logic 28F001BX-B120 Unit
P Timings (0 WS) Timings (1 WS) Timings

tacc (Address to Output Delay) 110.5 2355 120 ns

tce (Chip Enable to Output) 1105 2355 120 ns

tog (Output Enable to Output) 325 157.5 50 ns

tepwi (Chip Enable Setup to Write

Enable Going Low) 90 215 10 ns

twiLwH (Write Enable Pulse Width) 475 172.5 50 ns

tavwH (Address Setup to Write

Enable Going High) 137.5 2625 50 ns

tpywH (Data Setup to Write Enable .

Going High) 325 157.5 50 ns

twHDx (Data Hold from Write

Enable High) 10 10 10 ns

twHAX (Address Hold from Write

Enable High) 325 325 10 ns

t (Chip Enable Hold from

WHEH

Write Enable High) 325 325 10 ns

Table 1. Timing Analysis for 80C198-16/28F001BX-B120 Design (See Figure 2)
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device addresses 0000h-3FFFh. This overlaps the MCS 96
2080h boot address, so no address “swapping” to relocate
the boot block is required.

The 80C196KR family, like the 80C198, is address pin-con-
strained to a 64 KByte memory map. As in the 80C198
design example earlier, alternate means are used to “con-
struct” upper system address bits and access the full densi-
ty of the 28F200BX or 28F400BX. In this case, the port 1
outputs, if available, provide a straightforward means of
implementing upper address bits. Since they power up

and reset to “1”’s, the port pins are inverted, as shown in -

Figure 7, to allow system boot from page “0” (see
Figure 3).

8xC196NT Family Design Overview

The newly-introduced 8xC196NT and 8xC196NQ are
upgraded versions of the 80C19KR. They retain the
80C196KR integrated code SRAM, and in addition include
additional address pins. This raises the amount of directly-
accessed external memory from 64 KBytes to 1 MByte,
more than sufficient to handle the density of Intel’s
BootBlock flash memory devices. System address recon-
struction using port pins is not needed in 8xC196NT fami-
ly designs. Again, the recommended flash memories for
these designs are the 28F200BX and 28F400BX.

General MCS 96 Flash Memory Interface
Recommendations

The following tips are common design techniques for all
MCS 96 microcontroller designs.

3FFFFH
128 KByte Main Block
1FFFFH
v
96 KByte Main Block
08000H
07FFFH
8 KByte Parameter Block
06000H
05FFFH
8 KByte Parameter Block
04000H - o T—
03FFFH D S PR TN Oy
116 KByte Boot Biock.
00000H - — :
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Redirection of Interrupt Vectors

The design example and overviews described earlier all
map the common MCS 96 boot location of 2080h to the
boot block of the appropriate BootBlock flash memory.
The boot block is hardware-lockable via the flash memory
PWD input, and code in the boot block is not normally in-
system updated. The boot block also stores the lower and
upper interrupt vector tables, at system addresses 2000h-
2013h and 2030h-203Fh, respectively. As flash memory
system code is updated, the starting address locations of
interrupt service routines correspondingly change. To
encompass this change, point the primarily interrupt vec-
tor table locations (in the boot block) to a secondary inter-
rupt vector table at a fixed location in an updateable main
or parameter block. As the system code is updated, this
secondary vector table is also updated to reflect the new
interrupt routine starting address locations.

7FFFFH
128 KByte Main Block
5FFFFH
128 KByte Main Block
3FFFFH
128 KByte Main Block
1FFFFH
96 KByte Main Block
08000H
07FFFH
P; Bl
06000 8 KByte Parameter Block
05FFFH
04000H 8 KByte Parameter Block
03FFFH :
‘ 16 KByte Bost Block!
00000H it 0

Figure 5. 28F200BX-B Device Memory Map
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12V Converters

Intel flash memory devices require 12V + 5% for byte pro-
gram and block erase. Where a voltage supply with these
specifications is not already available to service other com-
ponents of the system, a broad range of 12V converters is
available that translate existing power supply voltages
(higher or lower) to meet flash memory requirements.
These converters have been optimized around one or sev-
eral of the following key parameters:

M Current output

- B Integration
W Minimal board space
W Lowest cost
Application note AP-357 “Power Supply Solutions for Flash
Memory” (order number #292092) compares a wide
range of 12V solutions against the above parameters. It is

* available from your local Intel or distributor sales office.
The following vendors are representative of those offering
12V converters.

Linear Technology Corporation

1630 McCarthy Bivd.
Milpitas, CA 95035-7487
(408) 432-1900

Maxim Integrated Products

120 San Gabriel Drive
Sunnyvale, CA 94086
(408) 737-7600

Motorola Semiconductor Inc.

616 West 24th St.
Tempe, AZ 85282
(800) 521-6274

National Semiconductor

2900 Semiconductor Dr.
P.O. Box 58090

Santa Clara, CA 95052
(408) 721-5000
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FROM
MCS 96

TO
FLASH MEMORY

Figure 7. High-Order Flash Memory Address Generation
Using MCS 96 Port Pins

PWD Control
The PWD input in BootBlock devices has several functions:

B “Unlocks” the boot block, when brought to 12V, for
program/erase of this block
B Puts the device in a very low current draw “Deep
Powerdown” mode when brought to VIL
B Terminates any BootBlock automation currently in
progress when it transitions to VIL, and resets the flash
memory to enable read of array data
B Blocks any unwanted writes to the flash memory dur-
ing system powerup and powerdown, when at VIL
The design example shown in Figure 2 gates the
BootBlock PWD input with a system RESET generated by
any external RESET input (if present), and by the output of
the MAX705 (U7). The MAX705 is a VCC monitoring cir-
cuit available from Maxim Integrated Products, and is rep-
resentative of comparable offerings by several semicon-
ductor vendors. If power consumption is a concern in the
end design, the PWD input can be further gated by a
MCS 96 port pin, to access Deep Powerdown mode. Since
the boot block is typically programmed before the flash
memory is soldered on the system board, no provision for
12V on the PWD input is shown in Figure 2. A hardware
jumper is one way of accomplishing this, if required.

For more information on the products or concepts dis-
cussed in this article, please contact your local Intel or dis-
tributor sales office.
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Flash Memory

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

for over seven years.

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

performance and full functionality.

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

article reprints are also included.
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