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3 Volt Intel® StrataFlash™ Memory
28F128J3A, 28F640J3A, 28F320J3A (x8/x16)

Preliminary Datasheet

Product Features

= High-Densty Symmetrically-Blocked = Paclaging
Architecture —56-Lead TSOP Package
—128128Kbyte Erag Blocks (128 M) —64-Ball Intel® Easy BGA Package
—64 128Kbyte EaseBlocks (64 M) = CrossCompatible Conmand Swppart Intel
—32 128K byte EmseBlocks (32 M) Basic Conmand Set
= High Perfeamarce Inteface Aynchronous —Common Flash Interface
Page ModeReads — Scalable Command Set
—11025 rs ReadAcces Time (2 M) = 32-Byte Write Buffer
—120'25 ns Read Acces Time (64 M) —6 s perByte Effecive Rogramming
—150'25 ns Read Acces Time (28 M) Time
s 2.7 V=-3.6V V¢ Opeation = 128M Total Min. Erag Cycles (28 Mbit)
= 128bit Protection Register 6.4M Total Min. Erase Cycles(64 Mbit)
—64-bit UniqueDevice lcenifier 3.2M Total Min. Erase Cycles (32 Mbit)
—64-bit User Programmabé OTP Cell's — 10K Minimum Erag Cyclesper Block
= Enhanced Data PiectionFeatures = Automation Susperd Options
Absolute Potection with Vpgy= GND —Block Erag Supendto Read
—Flexible Block Locking —Block Era® Supendto Prgram
—Block Era®/Program Loclout during —Program Supendto Read
Power Trarsitions = 0.25 U Intel® StrataFlash™ Memolry

Techndogy

Capitalizing onIntel’s 025 p g@neration two-hit-per-cel techndogy, second ceneration Intel®
StrataFlash™ memory products provide 2X the bitsin 1X the spae,with new feaures for mamnstream
performance Offered in 128Mbit (16-Mbyte), 64-Mbit, and 32Mbit densities, these devices lring
reliable, two-bit-per-cell storage techology to the flash maket segnert.

Benefits include: more density in less sjace high-speed interface, lowest @st-pe-bit NOR cevices,
support for code aml daa storage, arl easy migration to future devices.

Using thesame NOR-fasedETOX™ techndogy aslintel’s one-bit-per-cdl products, Intel StrataFlash
memory devices take advantage of over ore billion urits of manufaduring experience since 1987 As a
resul, Intel StrataFlash conporerts are idealfor code aml daa appicationswhere hgh density ard low
cost ae required. Examples include neworking, telecommunications, dgital se top boxes, audio
recording, ard digital imagng.

By applying FlashFle™ memory family pinous, Irtel StrataFlash memory comporents dlow easy design
migrations from existing Word-Wide FlastFile menory (28F160S3 ard 28-320S3), ard first generation
Intel StrataFlash memory (28F64015 ard 28-320J5) devices.

Intel StrataFlash menory components ddiver a new gneration of forward-compatible software support.
By using the Common Flashinterface(CH) and the Sdable Commard Set (SCS), custome's can take
advantage of density upgades and ogimized write capabilitie s of future Intel StrataFlash memory devices.

Manufactured onlintel® 0.25micron ETOX™ VI process éctnology, Intel StrataFlash menory provides
the highest levels of quality and riability.

Notice: This document contains preliminary information on new products in production. The
specifications are subject to change without notice. Verify with your local Intel sales office that
you have the latest datasheet before finalizing a design.
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Information in this document is provided in connection with Intel® products. No license, express or implied, by estoppel or otherwise, to any
intellectual property rights is granted by this document. Except as provided in Intel's Terms and Conditions of Sale for such products, Intel assumes no
liability whatsoever, and Intel disclaims any express or implied warranty, relating to sale and/or use of Intel products including liability or warranties
relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right. Intel products are
not intended for use in medical, life saving, or life sustaining applications.

Intel may make changes to specifications and product descriptions at any time, without notice.

Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" or "undefined." Intel reserves these for
future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

The 28F128J3A, 28F640J3A, 28F320J3A may contain design defects or errors known as errata which may cause the product to deviate from
published specifications. Current characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an ordering number and are referenced in this document, or other Intel literature may be obtained by calling 1-800-
548-4725 or by visiting Intel's website at http://www.intel.com.

Copyright © Intel Corporation, 1999-2001
*Other names and brands may be claimed as the property of others.
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Revision History

28F128J3A, 28F640J3A, 28F320J3A

Descri ption

Original Version

Ag—A, indicated on block diagram

Changed Minimum Block Erase time,lg, oy, Page Mode and Byte
Mode currents. Modified RP# on AC Waveform for Write Operations

Changed Block Erase time and taywn

Removed all references to 5 V 1/O operation

Corrected Ordering Information, Valid Combinations entries
Changed Min program time to 211 ps

Added DU to Lead Descriptions table

Changed Chip Scale Package to Ball Grid Array Package
Changed default read mode to page mode

Removed erase queuing from Figure 10, Block Erase Flowchart

Added Program Max time

Added Erase Max time

Added Max page mode read current
Moved tables to correspond with sections

Fixed typographical errors in ordering information and DC parameter
table

Removed Vg setting and changed Vccgos 10 Ve
Added recommended resister value for STS pin

Change operation temperature range

Removed note that rp# could go to 14 V

Removed Vg, of 0.45V

Removed Vg of 2.4 V

Updated Iccr Typ values

Added Max lock-bit program and lock times

Added note on max measurements

Updated cover sheet statement of 700 million units to one billion.
Corrected Table 10 to show correct maximum program times.
Corrected error in Max block program time in section 6.7
Corrected typical erase time in section 6.7

Updated cover page to reflect 100K minimum erase cycles.
Updated cover page to reflect 110 ns 32M read speed.
Removed Set Read Configuration command from Table 4.
Updated Table 8 to reflect reserved bits are 1-7; not 2-7.
Updated Table 16 bit 2 definition from R to PSS.

Changed VpgnLk Max voltage from 0.8 V to 2.0 V, Section 6.4, DC
Characteristics

Updated 32Mbit Read Parameters R1, R2 and R3 to reflect 110ns, Sec-
tion 6.5, AC Characteristics—Read-Only Operations (+2)

Updated write parameter W13 (tyngr.) from 90 ns to 500 ns, Section
6.6, AC Characteristics—Write Operations

Updated Max. Program Suspend Latency W16 (tyyyry1) from 30 to 75

ps, Section 6.7, Block Erase, Program, and Lock-Bit Configuration Per-
formance 1:23)

Date of Revision Version
07/07/99 -001
08/03/99 -002
09/07/99 -003
12/16/99 -004
03/16/00 -005
06/26/00 -006

2/15/01 -007
04/13/01 -008

Revised Section 7.0, Ordering Information
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1.0 Prod uct Overview

The0.25u 3Volt Intel SrataFlas memay family containshigh-dersity memoriesorganized as
16 Mbytes or8 Mwords (128-Mbit), 8 Mbytesor 4 Mwords (64-Mbit), and4 Mbytes or2 Mwords
(32-Mbit). The® devcescan beaccesed as8- or 16-bit words. The 128Mbit device isorgarized
asonehundredtwenty-eight 128-Kbyte (131,072 bytes) eraseblocks The 64Mbit device 5
orgarized assixty-four 128 Kbyte eraseblocks while the 32Mbits device cantains thirty-two
128-Kbyte eras blocls. Blocks are glectively andindividually lockable ad unlockable in-
system. A 128-hit protedion register has multiple uses, including unique flash device
idertification.

The devee' s optimizedarchitectue andinterfacedramatically icreagsread peformance
sypporting pagemode readsThisread node & idealfor non-clock memoy systems.

A Comman Flash Interface (CF) permits sdfitware algorithms to be usedfor ertire families of
devices This allows device-indepencdent, EDEC ID-indepenént, ard forward andbackvard-
compatible software suppart for the specifiedflash devicefamilies. Flashvendas canstardardize
their exsting interfacesfor long-term conpatibility.

Scabbde CommandSet (SG) allowsa sngle, $mple software driver inall host systemsto work
with all SCS-conpliant flash menory devices indepenlent d system-level mckagimy (eg.,
memay cad, SIMM, or drect-toboad placenent). Adlitionally, SCS provides the highed
system/cevice datdrander rates ard minmizesdevice andsystemlevel imgementaton costs.

A CommandUser Interface (@JI) servesas theinterfacebetween theystem pocesor ard
intemal operation of the device. A valid command sequencewrittento the CUI initiates aévice
autonation. An internd Write Sate Macline (WSM) autanatically executeshe dgorithms ard
timings necesary for block erag, pogram, andock-bit corfiguration gerations.

A block erag opestion eragsone d the devce's 128-Kbyte blocks typicaly within one secad—
indegendent of otherblocks. Each lbock canbeindepemlertly eragd 100,000 times. Block erag
suspendmocde allows system ®ftwareto suspendblock erag to ead @ program datafom any
otherblock Similarly, program suspendallows system ftware to suspendprogranming (byte/
word programandwrite-to-buffer opesetions) to read @taor execue code from ary other Bock
thatis notbeing susperded

Eachdevice ncorporaesa Wite Buffer of 32 bytes (16 words) to allow opimum programming
perfformance. By using the Wite Buffer, data isprogrammed inbuffer incremets. This featurecan
improve ystem pogram gerformancemorethan 2 timesover nan-Write Buffer writes

Individual block locking usesblocklock-bits to lock and udock blocks. Block lock-bits gae block
era® am program eratiors. Lock-bit configurationoperationsset ard clearlock-bits (Set Block
Lock-Bit and dea Block Lock-Bits command).

Thestatusregster indicateswhen theWSM's block erase program, or lock-hit configuraton
operaton is finished

The STS(STATUS) ouput givesan adlitionalindicar of WSM activity by providing bath a
hardwatre signal of statts (versus sdtware palling) ard status masking (interrupt masking for
baclgroundblock erag, fa example).Satusindicationusng STS mininizesboth CPU overhead
andsystempowerconsimgion. When corfigured inlevel mode (default male),it acts asa RY/
BY# pin. When low STSindicatesthat the WM is peforming a blockerase, program, orlock-hit
corfiguration. STS-Igh indicatesthatthe WSM is readyfor a rew commaud, block era is
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Figure 1.

intel.

sugperded(andprogranmingis inacive), program i suspended or the device s in rest/power-
down mode. Additionaly, the corfiguration conmandallowsthe STS pin to be cafiguredto pulse
on canpletion of programming ard/or block erags.

Three E pinsare ugdto enalbe anddisable the @vice. A wique CE logic desgn (seeTable 2,
“Chip Enabe Truth Table” on page 7) reducesdecdaler logic typically required for multi- chip
desgns. Extemnal logicis not required when designing a sngle chip a dial chip,ora 4-clip
miniature cad or SSIMM module.

The BY TE#pin alows either x8or x16 read/writegdo the deice. BY TE# at logic low slects8-bit
mode;addres Ag sekect betveen he low byte andhigh byte. BY TE# atlogic high erables 16-bit
opestion; addres A, becomeshe lowes orderaddres andadires A is ot used (dorit care) A
device Hock dagramis shown in Figure 1on page 2.

Whenthedeviceis disabled (seeTable 2 on pag 7) andthe RP# pinisatV¢c, thestandy moceis
enabledWhen theRP# pin is at GND, a futther power-down made isenatbed whichminimizes
power consimption ard provideswrite protecion duing rest. A rest time (bpqy) is requred
from RP# switching high urtil outputs arevalid. Likewise, the devcehasa weke ime @ppy)
from RP#-high until writesto the QUI arerecagnized With RP# at GND,the WSM is resetard the
statusregster iscleared

3 \olt Intel StrataHash menory devicesare available irtwo paclage tygs. Both 56-lead TSOP
(Thin Small Outline Package)andBGA (Ball Grid Array Packageyupport all offered dendties
Figure 2 ard Figure 3 showthe pinouts.

3 Volt Inte I® StrataFlash™ Memory Block Diagram
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®
Table 1. Lead Descriptions
Symbol Type Name and Fun ction
BYTE-SELECT ADDRESS: Selects between high and low byte when the device is in X8 mode. This
Ao INPUT address is latched during a x8 program cycle. Not used in x16 mode (i.e., the Ay input buffer is turned
off when BYTE# is high).
ADDRESS INPUTS: Inputs for addresses during read and program operations. Addresses are
internally latched during a program cycle.
Al—A23 INPUT 32-Mbit: Ao—A21
64-Mbit: Ao—A22
128-Mbit: Ao—A23
LOW-BYTE DATA BUS: Inputs data during buffer writes and programming, and inputs commands
INPUT/ during Command User Interface (CUI) writes. Outputs array, query, identifier, or status data in the
DQy—DQ< OUTPUT appropriate read mode. Floated when the chip is de-selected or the outputs are disabled. Outputs
DQg—DQg are also floated when the Write State Machine (WSM) is busy. Check SR.7 (status register
bit 7) to determine WSM status.
DQg— INPUT/ HIGH-BYTE DATA BUS: Inputs data during x16 buffer writes and programming operations. Outputs
DQ8 OUTPUT | &rray, query, or identifier data in the appropriate read mode; not used for status register reads. Floated
15 when the chip is de-selected, the outputs are disabled, or the WSM is busy.
CHIP ENABLES: Activates the device’s control logic, input buffers, decoders, and sense amplifiers.
CEq, When the device is de-selected (see Table 2 on page 7), power reduces to standby levels.
CEy, INPUT | All timing specifications are the same for these three signals. Device selection occurs with the first
CE; edge of CEg, CE,, or CE, that enables the device. Device deselection occurs with the first edge of
CEy, CE,, or CE; that disables the device (see Table 2 on page 7).
RESET/ POWER-DOWN: Resets internal automation and puts the device in power-down mode. RP#-
RP# INPUT high enables normal operation. Exit from reset sets the device to read array mode. When driven low,
RP# inhibits write operations which provides data protection during power transitions.
OE# INPUT OUTPUT ENABLE : Activates the device’s outputs through the data buffers during a read cycle. OE# is
active low.
WE# INPUT WRITE ENABLE : Controls writes to the Command User Interface, the Write Buffer, and array blocks.
WE# is active low. Addresses and data are latched on the rising edge of the WE# pulse.
OPEN STATUS: Indicates the status of the internal state machine. When configured in level mode (default
STS DRAIN mode), it acts as a RY/BY# pin. When configured in one of its pulse modes, it can pulse to indicate
OUTPUT | Program and/or erase completion. For alternate configurations of the STATUS pin, see the
Configurations command. Tie STS to Vg With a pull-up resistor.
BYTE ENABLE: BYTE# low places the device in x8 mode. All data is then input or output on DQg—
BYTE# INPUT DQ7, while DQg-DQ15 float. Address Aj selects between the high and low byte. BYTE# high places
the device in x16 mode, and turns off the Ag input buffer. Address A; then becomes the lowest order
address.
ERASE / PROGRAM / BLOCK LOCK E NABLE: For erasing array blocks, programming data, or
VpeN INPUT configuring lock-bits.
With Vpgn < VpenLk: MEemMory contents cannot be altered.
Vee SUPPLY | DEVICE POWER SUPPLY: With V¢ < V| ko, all write attempts to the flash memory are inhibited.
OUTPUT R .. .
v BUFFER OUTPUT BUFFER POWER SUPPLY: This voltage controls the device’s output voltages. To obtain
ccQ output voltages compatible with system data bus voltages, connect Vg to the system supply voltage
GND SUPPLY | GROUND: Do not float any ground pins.
NC NO CONNECT: Lead is not internally connected; it may be driven or floated.
DU DON'T USE: Do not drive ball to V| or V|, leave disconnected
Preliminar y 3
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Figure 2. 3 Volt Inte I® StrataFlash™ Memory E asy BGA P ackage
1 2 3 4 5 6 7 8 8 7 6 5 4 3 2 1
~rO0O0 00000 00000000
AL A A Voo Ay Voo A AW AD Al Voo AL Voo, Ay A A
00000000 | |r0O0000000
A, GND A, CE# A, DU A, CE# CE# A, DU A, CE# A, GND A,
cOO0O000000 ‘0000000
A, A A, A, A, DU A, A, A, A, DU A, A, A, A A
o O O 00O D @) ©0
A A, A, RP# DU DU A, A, A, A, DU DU RP# A A, A
000000 : Q00000
DQ, DQ, DQ, DQ, DQ, DU DQ, STS STS DQ,, DU DQ, DQ, DQ, DQ, DQ,
OO0 000 ¢ 00000
BYTE# DQ, DQ,, DQ,, DQ,, DU DU OE# OE# DU DU DQ,, DQ, DQ,, DQ, BYTE#
JONORONONONONONO) ) @00
AP A, DQ, Vo DQs DQg DQ,, WE# WE# DQ,, DQ, DQ; Voo DQ, A, A2
Je) OO0 H o O
CEj# DU V.. GND DQ,, GND DQ, A,® A,® DQ, GND DQ,, GND V.. DU CE#
Top View - Ball Side Down Bottom View - Ball Side Up
32 Mbit, 64 Mbit and 128 Mbit: 10 x 13 x 1.2 mm
1.0 mm-ball pitch
0667-02
NOTES:
1. Address Ay, is only valid on 64-Mbit densities and above, otherwise, it is a no connect (NC)
2. Address Ay is only valid on 128-Mbit densities and above, otherwise, it is a no connect (NC)
3. Address Ay, is only valid on 256-Mbit densities and above, otherwise, it is a no connect (NC)
4. Don't Use (DU) pins refer to pins that should not be connected
4 Prelimina ry
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Figure 3. 3 Volt Intel® StrataFlash™ Memory 56-Lead TSOP (32/64/128 Mbit) Offers an Easy
Migration from the 32-Mbit Intel StrataFlash Component (28F320J5) or the 16-Mbit

FlashFile ™ Component (28F160S3)

3 Volt Intel 3 Volt Intel
StrataFlash StrataFlash
Memory Memory
28F160S3 | 28F32035 | 30/64/128M 30/64/128M | 28F320J5 | 28F160S3
Qo | NS> AW — 1 56 = A0 NC Cwe?
CE CE, CE, /4 2 55 [—3 WE# WE# WE#
@ Ay A, T 3 54 = OE# OE# OE#
0 Ay Ay, T 4 53 3 STS STS STS
Ay A, A, C— 5 52 1 DQ, DQ,s DQ,
Ag A Ay, — 6 51 /3 DQ, DQ, DQ.
A, A, A, C 7 50 3 DQ, DQy, DQ.,
A A A, ] 8 49 3 DQg DQg DQ,
Voo @ Ve T 9 48 = oeND GND GND
A 5 A, ] 10 47 3 DQ, DQ,, DQ,,
214 214 214 — E Intel® StrataFlash™ Memory ig — ggs Bgs DQ,
13 13 i T 56-Lead TSOP — 12 12 bQ
Arp A A, EH 18 Standard Pinout 44 == DQ, bQ, Do,
CE, CE, CE, ] 14 43 =V, Ve,
Vorr Voo, T 15 14 mm x 20 mm 2 =3 GN e} rel)
RP# RP# RP# ] 16 41 1 DQ, DQ,, DQ,,
A, A, A, ] 17 Ton Vi 40 3 DQ, DQ, DQ,
A Ap A, C— 18 op View 39 3 DQ, DQ,, DQ,,
A Ay A, ] 19 38 — DQ, DQ DQ,
Ay A, A —— 20 37 = v @ Vo
GND GND GND ] 21 36 3 DQ, s DY,
A, A, A, 22 35 3 DQ, DQ, DQ;
Ay Ag A, ] 23 34 1 DQ, DQ, DQ,
A, A, A, ] 24 33 3 DQ, DQ, DQ;
A, A, A, T 25 2 3 A A, A
A, A, A, T 26 31 [—3 BYTE# BYTE# BYTE#
A, A, A, — 27 30 /3 A® NC N
A AL A 28 29 —3 CE, CE, @
© Highlights pinout changes
0667-03
NOTES:
1. A,; exists on 64-, 128- and 256-Mbit densities. On 32-Mbit densities this pin is a no-connect (NC).
2. Ay exists on 128-Mbit densities. On 32- and 64-Mbit densities this pin is a no-connect (NC).
3. Ay, exists on 256-Mbit densities. On 32-, 64- and 128-Mbit densities this pin is a no-connect (NC).
4. Vee =5V = 10% for the 28F640J5/28F320J5.
Preliminar y 5
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2.0 Principles of Operation

The Intel SrataFlash memoy devicesinclude a on-chip WSM to manage bock eraseprogram,
and Iack-bit configurationfunctions It allows for 100% TTL-level corirol inputs, fixed power
supplies during Hock easue, program,lock-bit configuraion, ard minimal processr ovethead
with RAM-like interface timing.

Afterinitial device power-up or return from reset/power-down mode (seeSecion 3.0,“Bus
Operation$ on pae7), the dvice defaultsto readarraymode. Manpulation of exernal nemory
contol pinsallows arrayread stardby, and aitput disable ogeratons

Read arraystatus regiger, query, and identifier cogs can be accesd thraughthe QJI (Command
User Interfae) independent ofthe Vpgy voltage. Vpgyy 0N Vpgy €nablesuccesful block
erasire, pogrammirg, ard lockbit configuration All functions associatedwith altering memory
conents—block erag, pogram, lockbit configuration—areaccesed via the @I andverified
through the datus register.

Commandsare written usng standard micro{procesor write timings. TheCUI contentsserve as
input tothe WSM, which cantrolsthe Bock era®, pragram andlock-bit corfiguration. The
intemal algorithms are regulatedby the WSM, including pulse repetition, intemal verificaion, and
maugining of data. Addesses anddata ae interrally latched during program cycles

Interface sftware that imtiatesandpolls progressof block erag, pogram, anl lock-bit
configurationcanbe goredin anyblock. This cade iscopedto ard executed fom system RAM
during flash memoy updates After succesful campletion,readsare again pssildevia the Read
Array canmard. Block era® suspend allavs system oftware tosuspenda blockerag to ead @
program data from/to any other block. Program suspend all ows system sditware to suspend a
programto readdat from ary other fash memoy array locaion.

2.1 Data Protection

Depending on the appicaton, the yystem deggnermaychoaseto makethe Vpgy switchable
(available aly when menory block erags programs, or lock-bit configuratiors are requred) or
hardvired to Vpgyy. The device acconmoditeseitherdesgn practice aneencairages
optimizationof the pracesor-memoy interface.

When Vpgy < VpeyLk, Memay contentscanrot be altered. The QUI's two-stepblock erag, byte/
word program, andlock-hit configuraion commandseaiences rovide piotecion from unwarted
opestions evenwhen Vo is aplied to Vpgy. All programfundions are dsabledwhenV ¢ is
below thewrite lockou voltage V| ko orwhenRP# is V| . The devces Hock locking cagbhility
provides adiitional protection from inadvertert code or data ateration by gating erase ard program
opegtions.

6 Prelimina ry
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3.0 Bus Operatio ns

Thelocal CPU read ard writesflash menory in-system. All bus cyclesto or from the fash
memay conform to ssandardmicroprocesor bus cycles

Figur e 4. Memory Map

A [23-0]:128 Mbit A[23-1]: 128 Mbit
A [22-0]: 64 Mbit A [22-1]: 64 Mbit
A [21-0]: 32 Mhbit A [21-1]: 32 Mbit
FFFFFF TFFFFF Y
128-Kbyte Block 127 64-Kword Block 127
FEO0000 7F0000
) o
) °
) °
7FFFFF 3FFFFF x
128-Kbyte Block 63 64-Kword Block 63
7E0000 3F0000
b L =
Q
[ ] [ J =
o ) el
N
3FFFFF 1FFFFF AR
128-Kbyte Block 31 64-Kword Block 31 T a
3E0000 1F0000 =
o ° 1) <
° o a8
. ° =
N
03FFFF 01FFFF ™
128-Kbyte Block 1 64-Kword Block 1
020000 010000
01FFFF 00FFFF
128-Kbyte Block o0 64-Kword Block 0
000000 000000 vy
Byte-Wide (x8) Mode Word Wide (x16) M ode

Table 2. Chip Enable Truth Table

CE, CE; CEy DEVICE
Vi VL Vi Enabled
Vi VL ViH Disabled
Vi ViH Vi Disabled
Vi ViH ViH Disabled
Vi VL Vi Enabled
ViH VL ViH Enabled
Vi ViH Vi Enabled
ViH ViH ViH Disabled

NOTE: For single-chip applications, CE, and CE4 can be strapped to GND.

Preliminar y
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3.1 Read

Informationcan ke readfrom anyblock, query, identifier cales or statusregsterindepemwen of
the Vpgy voltage.

Uponinitial device ppwer-up or after exit from reset/power-down mode,the devce aubmaticaly
resetstoreadarraymaode. Othewise,writethe apropriate iead nodecommarnl (ReadArray, Read
Query, Read Ientifier Codes, or Read $atus Register)to the QJI. Six contrd pins dictatethe data
flow in ard out of the canporent: CE,, CE,, CE,, OE#, WE#, andRP#. The device must be
enabledseeTable 2, “ Chip Enable Truth Table” on page 7), andOE# nust be divenactve to
obtain dita at the atputs. CE,, CE;, andCE, are tle devceselectioncontrds ard, when erabled
(seeTable 2), select the memoy device. OE#is the data atput (DQg—DQ;5) control ard, when
actve, divesthe sleded memoy data orto the YO bus WE# must be at V.

Whenreadng informaion in read aray node,the devce defalts to asyichronaus page mock.
This mode provides hgh data trarsfer rate for memory stbsystens. In this date, dta isintemally
read andtored in a highspeed pag buffer. Ay.o addesgs datain the page bufer. The pageizeis
four words or eight bytes. Asynchranous word/byte mock is supparted with no additional
commauls required.

3.2 Output Disable

With OE#at a lgic-highlevel (V ), the devce odputsare dsabled Output pins DQy-DQq 5 are
placed ina highimpedance tate.

3.3 Standby

CEg, CE4, andCE, candisable the @vice (eeTable 2) ard placeit in stardby mode which
substantially redwces @vice pwer consumpion. DQy—-DQ; 5 outputs areplaced ina high-
impedare sate indepenlentof OE#. If deslededduringblock erag, pogram, a lock-bit
configuration, the WSM continues functioning, and consuming active power until the operation
completes.

3.4 Reset/Power-Down

RP# & V,_ initiates tle reset/mwer-down mode.

In read modeRP#-low deslects the memay, placesoutput driversin ahigh-impedance ste, and
turns off numerasinternal circuits. RP# mug be hed low for a mhimum d tp| pyy. Time by is

required after retun from reset mde urtil i nitial memay accessutputs are \alid. After ths wake-
upinterval,nomal operationis restored. The QJI is reset to read aray mode andstatus register is

set to 80H.

Duringblock erase, program, or lock-bit configuration modes, RP#-low will abort the operation. In
default mode, STS trarsitionslow ard remains low for a meximum time o tp| py + tpprpy urtil the
reset operation is complete. Memory conterts being altered are ro longer valid; the data may be
partially corruptedafter aprogram or partially altered after aneraseor lock-bit configuration. Time
tppw IS required after RP# goesto logic-high (V) before armther command canbe written.

8 Prelimina ry
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As with any automated device, it isimportart to asett RP# during systemreset. Whenthe system
comesout of rest, it expectdo read fomthe flad menory. Automated fash memoresprovide
status information when acessed during block era®, pogram, @ lock-bit configurationmades If
a CPU reset occurswith noflash menory rest, proper initializationmay rot occur kecaus the
flash menory may te providing statusinformaion insteadof arraydat. Intel® Flash memories
allow proper initi alization following a systemreset thhoughthe wse of the RP# input. In this
application, RP# is controlled by the sane RESET# signal that resets the systemCPU.

3.5 Read Query

Theread giery operation aitputs block datusinformation CFl (CommonFlash Interface) 1D
string, system inteface inbrmation device geanetryinformation,and htel-gecific exended
query information.

3.6 Read Identif ier Codes

Theread igntifier calesopektion outputs themanuacturercode,devicecodeand tte blocklock
corfiguration calesfor each bock (seeFigure 5onpagelQ). Using the mandiactureranddevice
codes, the gystem CPU canautomatically matclhe dvice with itsproper algrithms The black
lock confgurationcodes identfy lockedand unbckedblocks

3.7 Write

Writing command to the QJI enables readingof device dta, qiery, idertifier codes, inspection
andclearingof the gatus register, ard, when Vpgy = Vpgyn, block erasire, program, andlock-bit
corfiguration.

TheBlock Erag comnandrequresappragoriate canmard data ad an addess within the black to
be eased TheByte/WWord Progam canmard recuiresthe canmandandaddess of the locatiorto
be written. Se Block Lock-Bit conmand require the commandandblock within the device b be
locked The dearBlock Lock-Bits commandrecuiresthe canmandand addess within the device.

The QUI doesnat occypy an adiressalle memory location. It is written whenthe deviceis enalted
andWE# is active Theaddess anddata mededo execte a commandare latchednthe risng
edge of WE#or the first edge of CEy, CE4, or CE,; that disblesthe dvice (eeTable 2). Sandad
microprocesor write imings areused

4.0 Command Definitions

When theVpgy voltage< Vpgy i, Only readopegtions from the satusregster, quey, idenifier
codes, or locksareenabledPlacing Vpgyy 0N Vpgy adlitionally enablesdblock erag, pogram,
andlock-bit corfiguration operatiors.

Device geratiors are €lectedby writing ecific canmand into theCUI. Table 4 definesthee
comnmands

Preliminar y 9
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Figure 5. Device Identifier Code Memory Map

Word
Address

7FFFFF

7F0003
7F0002

7F0000
7EFFFF

3FFFFF

3F0003
3F0002

3F0000
3EFFFF

1F0003
1F0002

1F0000
1EFFFF

01FFFF

010003
010002

010000
00FFFF

000004
000003
000002
000001
000000

A[23-1]: 128 Mbit
A[22-1]: 64 Mbit
A[21-1]: 32 Mbit

Block 127
Reserved for Future
Implementation

Reserved for Future
Implementation

(Blocks 64 through 126)

Block 63

Reserved for Future
Implementation

Reserved for Future
Implementation

(Blocks 32 through 62)

Block 31

Reserved for Future
Implementation

Reserved for Future
Implementation

(Blocks 2 through 30)

Block 1

Reserved for Future
Implementation

Reserved for Future
Implementation

Block 0
Reserved for Future
Implementation

Manufac turer Code

32 Mbit

64 Mbit

128 Mbit

0606-06a

NOTE: Agis not used in either x8 or x16 modes when obtaining these identifier codes. Data is always given on the low byte in
x16 mode (upper byte contains 00h).
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Table 3. Bus Operations

STS
Mode Notes | RP# | CEp1,Y | OE#® | WE#? | Address | Vpgy DQ®) (default
mode)

Read Array 456 | Vi | Enabled Vi Viy X X Dout High z(
Output Disable ViH Enabled ViH ViH X X High Z X
Standby ViH Disabled X X X X High Z X
Reset/Power-Down . .
Mode Vi X X X X X High Z High z(")
Read Identifier Codes v Enabled vV Y See X Note 8 High z

IH IL IH Figure 5
Read Query Vy, | Enabled | V v See X Note 9 High z)

IH IL IH Table 7
Read Status (WSM Off) V|H Enabled V”_ V|H X X DOUT

DQ7=Dour

Read Status (WSM on) ViH Enabled VL ViH X X DQq5.g = HighZ
Write 6,10,11 V|H Enabled V|H V”_ X VPENH D|N X

NOTES:

1. See Table 2 for valid CE configurations.

2. OE# and WE# should never be enabled simultaneously.

3. DQ refers to DQgy_DQy if BYTE# is low and DQqy_DQ;5 if BYTE# is high.

4. Refer to DC Characteristics. When Vpgy < VpenLk: Memory contents can be read, but not altered.

5. X can be V,_or V| for control and address pins, and Vpgn g Of Vpenn fOr Vpgn. See DC Characteristics for
VPENLK and VPENH V0|tages.

6. In default mode, STS is Vg, when the WSM is executing internal block erase, program, or lock-bit
configuration algorithms. It is Vo when the WSM is not busy, in block erase suspend mode (with
programming inactive), program suspend mode, or reset/power-down mode.

7. High Z will be Vg with an external pull-up resistor.

8. See Section 3.6 for read identifier code data.

9. See Section 4.2 for read query data.

10.Command writes involving block erase, program, or lock-bit configuration are reliably executed when Vpgy =
Vpenn and Ve is within specification.

11.Refer to Table 4 for valid Dy during a write operation.
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Table 4. Intel® StrataFlash™ Memory Command Set Definitions )

Scalable or Bus
Command Basic Cycles | Notes First Bus Cycle Second Bus Cycle
Command d
Set®@ Req'd.
oper® | Addr® | pata®® | Oper® | Addr® | Data®®
Read Array SCS/BCS 1 Write X FFH
Read Identifier Codes SCS/BCS 22 7 Write X 90H Read 1A ID
Read Query SCSs >2 Write X 98H Read QA QD
Read Status Register SCS/BCS 2 8 Write X 70H Read X SRD
Clear Status Register SCS/BCS 1 Write X 50H
Write to Buffer SCS/BCS >2 9’:&0’ Write BA E8H Write BA N
40H
Word/Byte Program SCS/BCS 2 12,13 Write X or Write PA PD
10H
Block Erase SCS/BCS 2 11,12 Write BA 20H Write BA DOH
Block Erase, Program | g-g/pcg 1 12,14 | Write X BOH
Suspend
Block Erase, Program | g-g/peg 1 12 Write X DOH
Resume
Configuration SCS 2 Write X B8H Write X CcC
Set Block Lock-Bit SCS 2 Write X 60H Write BA 01H
Clear Block Lock-Bits SCS 2 15 Write X 60H Write X DOH
Protection Program 2 Write X COH Write PA PD

NOTES:

1. Commands other than those shown above are reserved by Intel for future device implementations and
should not be used.

2. The Basic Command Set (BCS) is the same as the 28F008SA Command Set or Intel Standard Command
Set. The Scalable Command Set (SCS) is also referred to as the Intel Extended Command Set.

3. Bus operations are defined in Table 3.

4. X = Any valid address within the device.
BA = Address within the block.
IA = Identifier Code Address: see Figure 5 and Table 15.
QA = Query database Address.
PA = Address of memory location to be programmed.
RCD = Data to be written to the read configuration register. This data is presented to the device on Asg_¢; all
other address inputs are ignored.

5. ID = Data read from Identifier Codes.
QD = Data read from Query database.
SRD = Data read from status register. See Table 16 for a description of the status register bits.
PD = Data to be programmed at location PA. Data is latched on the rising edge of WE#.
CC = Configuration Code.

6. The upper byte of the data bus (DQg_DQ;5) during command writes is a “Don’t Care” in x16 operation.

7. Following the Read Identifier Codes command, read operations access manufacturer, device and block lock
codes. See Section 4.3 for read identifier code data.

8. If the WSM is running, only DQ is valid; DQq5_DQg and DQg_DQq float, which places them in a high-
impedance state.

9. After the Write to Buffer command is issued check the XSR to make sure a buffer is available for writing.

12 Prelimina ry
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10.The number of bytes/words to be written to the Write Buffer = N + 1, where N = byte/word count argument.
Count ranges on this device for byte mode are N = 00H to N = 1FH and for word mode are N = 0000H to N =
000FH. The third and consecutive bus cycles, as determined by N, are for writing data into the Write Buffer.
The Confirm command (DOH) is expected after exactly N + 1 write cycles; any other command at that point in
the sequence aborts the write to buffer operation. Please see Figure 7, “Write to Buffer Flowchart” on
page 30 for additional information.

11. The write to buffer or erase operation does not begin until a Confirm command (DOh) is issued.

12. Attempts to issue a block erase or program to a locked block.

13.Either 40H or 10H are recognized by the WSM as the byte/word program setup.

14.Program suspends can be issued after either the Write-to-Buffer or Word-/Byte-Program operation is
initiated.

15.The clear block lock-bits operation simultaneously clears all block lock-bits.

4.1 Read Array Comm and

Upon initial device power-up ard after exit from reset/pwerdown mode, the device defaults to
readarraymock. The readconfigurationregster defaultsto aynchranous read @ge male. The
ReadArray canmandalso catses the devceto erter readarray male. The device rerans erabled
for reads until another command is written Once the intemal WSM has darteda Hock erase,
program, or lock-bit configuration, the devicewill not recanize the ReadArray command until
the WSM completesits operationunessthe WSM is suspended viaan Ease a Pragram Suspend
command.The Read Aray canmandfunctonsindepencenty of the Vpg, voltage.

4.2 Read Query Mod e Command

This sedion defines the daa structure or “daabase’ returred bythe @mmonFlas Interface (&)
Querycomnand.Systemsoftware $ioud pase this structure to @in critical informationsuch as
block size, dersity, x8x16, andelectrical pecifications Oncethis information has been dtained,
the oftwarewill know which commandsets to use toenalbe flash writes block erags and
othemwise cantrol the fladh conmporent. The Queryis part d anoverl specification for mutiple
commandset ard cortrol interface dscriptions called Comman Flas Interface, o CFI.

4.2.1 Query Structure Output

The Query“datba®” allows g/stemsoftware to gain information for controlling the flash
commnrent. Thissectiondescribesthe device's CFI-conpliant interface that allowthe hos system
to acces Querydata.

Querydata ae alwayspreentedonthe lowes-order dbta outputs (DQq_7) only. The rumerical
off set valueis the address relative tothe meximum bus width suppated by the device. Onthis
family of devices the Quep table device sartingaddresis a 1th, which isa word addess for x16
devices

For aword-wide (x16) device the firgt two bytesof the Querystructure,“Q” and“R” in ASCII,
appear onthe lov byte at wod adireses 10h and11h This CFl-comgiart device outputs O0H
dat on upperbytes Thus the device autputs ASCII “Q” in the low byte (DQy_7) andOth in the

high byte (DQg_39).

At Queryaddesses cortaining two or more bytesof information, the leas sgnificant data fte is
presentedatthe loweraddess, andthemog significart databyteis preentedat tte higheraddess.
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Table 5.

ntel.

In all of the following tades addreses ad data ae represertedin hexadecimal notation, so the
“h” sufix has beendropped. In addition, since tre ypper byte d word-wide cevices is always
“00h” the leathg “00" has been doppedfrom the table notation andonly the lower byte value is
shovn. Any x16 cevice autputs canbe asumedto hawe 0Ch onthe ypperbytein this mock.

Summary of Query Structure Output as a Function of De vice and Mode

DT?/\SZ? %ua?(riymslz :ranrt(; ZS?Ctleotr)]ulg Query data with maximum Query data with byte
Mode width addresses device bus width addressing addressing
Hex Hex ASCII Hex Hex ASCII
Offset Code Value Offset Code Value
x16 device 10h 10: 0051 “‘Q" 20: 51 “‘Q"
x16 mode 11: 0052 “‘R” 21: 00 “Null”
12: 0059 “y” 22: 52 “‘R”
x16 device 20: 51 “‘Q”
X8 mode N/AD N/AD 21: 51 “Q”
22: 52 “‘R”
NOTE:

1. The system must drive the lowest order addresses to access all the device’s array data when the device is
configured in x8 mode. Therefore, word addressing, where these lower addresses are not toggled by the
system, is "Not Applicable" for x8-configured devices.

Table 6. Example of Query Structure Output of a x16- and x8-Capable Device

4.2.2

14

Word Addressing

Byte Addressing

Offset Hex Code Value Offset Hex Code Value
A15-Ag D15-Dg A7—Ag D,—Dg

0010h 0051 “‘Q” 20h 51 “‘Q”
0011h 0052 “‘R” 21h 51 “‘Q”
0012h 0059 “y” 22h 52 “‘R”
0013h P_ID o PrVendor 23h 52 “‘R”
0014h P_IDy, ID # 24h 59 “y”
0015h PLo PrVendor 25h 59 “y”
0016h Phi TblAdr 26h P_ID o PrVendor
0017h A_ID| o AltVendor 27h P_ID o ID #
0018h A_IDy, ID # 28h P_IDy, ID #

Query Structure Overview

The Quey commandcaugs the fladh canpanent todisplay the CommonFlad Interfece (GFI)
Query dructure or “daabase” The s$ructue sub-sectiors and adires locationsare simmarized
below SeeAP-646 Comnon Flash Interface (CFI) and Comnmand Sets (order numler 292204) for
afull description of CFl.

The following sectias describe the QLery structure sib-sections in detail.
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Table 7. Query Structuret

Offset Sub-Section Name Descri ption
00h Manufacturer Code
01h Device Code
(BA+2)h® | Block Status Register Block-Specific Information
04-0Fh Reserved Reserved for Vendor-Specific Information
10h CFI Query Identification String Reserved for Vendor-Specific Information
1Bh System Interface Information Command Set ID and Vendor Data Offset
27h Device Geometry Definition Flash Device Layout
p@ Primary Intel-Specific Extended Ve_ndor-Defined Addit?onal Information Specific to the
Query Table Primary Vendor Algorithm
NOTES:

1. Refer to the Query Structure Output section and offset 28h for the detailed definition of offset address as a

function of device bus width and mode.
2. BA = Block Address beginning location (i.e., 02000h is block 2's beginning location when the block size is

128 Kbyte).
3. Offset 15 defines “P” which points to the Primary Intel-Specific Extended Query Table.

4.2.3 Block Status Register

The Hock datusregister indicateswhether arerag opesation competed siccesfully or whether a
givenblock is lockedor can ke accesed for flash progranierag opegtions.

Table 8. Block Status Register

Offset Length Descri ption Address Value
(BA+2)h™ 1 Block Lock Status Register BA+2: --00 or --01
BSR.0 Block Lock Status
0 = Unlocked BA+2: (bit0):0or1
1 = Locked
BSR 1-7: Reserved for Future Use BA+2: (bit 1-7): 0
NOTE:

1. BA = The beginning location of a Block Address (i.e., 008000h is block 1's (64-KB block) beginning location
in word mode).

424 CFI Query Identification String
The CH Quely Idenificaion String providesveiification that the commnert syppatsthe
CommonFlash Interface pecification.It also indicaes the speification veision andsupported
verdor-specfied commandse(s).

Table 9. CFI Identification

Offset | Length Descri ption Add. &%); Value

10 --51 “‘Q”

10h 3 Query-unique ASCII string “QRY” 11: --52 “R”

12: --59 “y”
13h 2 Primary vendor command set and control interface ID code. 13: --01
16-bit ID code for vendor-specified algorithms 14: --00
15h 2 Extended Query Table primary algorithm address 15: --31
16: --00
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Table 9. CFl Identification
Offset | Length Descri ption Add Hex Value
9 P ' Code
17h 2 Alternate vendor command set and control interface ID code. 17: --00
0000h means no second vendor-specified algorithm exists 18: --00
19h 2 Secondary algorithm Extended Query Table address. 19: --00
0000h means none exists 1A: --00
4.2.5 System Inte rface Information
The fdlowing device information canoptimize ystem interace sftware.
Table 10. System Interface Information
Offset | Length Descri ption Add Hex Value
9 P ' Code

Vcc logic supply minimum program/erase voltage
1Bh 1 bits 0-3 BCD 100 mV 1B: --27 2.7V
bits 4-7 BCD volts

Vcc logic supply maximum program/erase voltage
1Ch 1 bits 0-3 BCD 100 mV 1C: --36 3.6V
bits 4-7 BCD volts

Vpp [programming] supply minimum program/erase voltage
1Dh 1 bits 0-3 BCD 100 mV 1D: --00 0.0V
bits 4-7 HEX volts

Vpp [programming] supply maximum program/erase voltage

1Eh 1 bits 0-3 BCD 100 mV 1E: --00 0.0V
bits 4-7 HEX volts
1Fh 1 “n” such that typical single word program time-out = 2" us 1F: --07 | 128 ps
20h 1 “n” such that typical max. buffer write time-out = 2" us 20: --07 | 128 ps
21h 1 “n” such that typical block erase time-out = 2" ms 21: --0A 1s
22h 1 “n” such that typical full chip erase time-out = 2" ms 22: --00 NA
23h 1 t;pus::ICh that maximum word program time-out = 2" times 23 04 >ms
24h 1 “n” such that maximum buffer write time-out = 2" times typical 24: --04 2ms
25h 1 “n” such that maximum block erase time-out = 2" times typical 25: --04 16s
26h 1 “n” such that maximum chip erase time-out = 2" times typical 26: --00 NA
16 Prelimina ry
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4.2.6 Device Geometry Definition

This field providescritical detailsof theflash devicegeonetry.

Table 11. Device Geometry Definition

Code See Table

Offset | Length Description Below
27h 1 “n” such that device size = 2" in number of bytes 27:
28h 2 Flash device interface: x8 async x16 async x8/x16 async 28: --02 ;((fé
28:00,29:00 28:01,29:00 28:02,29:00 29: | --00
2Ah 2 “n” such that maximum number of bytes in write buffer = 2" 2A: | --05 32
2B: | --00
Number of erase block regions within device:
1. x = 0 means no erase blocking; the device erases in “bulk”
B || e e e e g e g M One | g | gy | g
3. Symmetrically blocked partitions have one blocking region
4. Partition size = (total blocks) x (individual block size)
Erase Block Region 1 Information 2D:
2Dh 4 bits 0-15 =y, y+1 = number of identical-size erase blocks 2E:
bits 16—-31 = z, region erase block(s) size are z x 256 bytes 2F:
30:

Device Geometry Definition

Address 32 Mbit 64 Mbit 128 Mbit
27 --16 --17 --18
28: --02 --02 --02
29: --00 --00 --00
2A: --05 --05 --05
2B: --00 --00 --00
2C: --01 --01 --01
2D: --1F --3F --7F
2E: --00 --00 --00
2F: --00 --00 --00
30: --02 --02 --02

Preliminar y
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4.2.7

Primary-V endor S pecific Extended Query Table

Nigl.

Certainflash featuesard canmand are opional. The Primary Vendar-Specific Extedled Query
table pecifiesthis ard ather smilar information

Table 12. Primary Vendor -Specific Extended Query

18

Offset @ Descri ption Hex
P =31h Length (Optional Flash Features and Commands) Add. Code Value
(P+0)h 3 Primary extended query table 31: --50 “pr
(P+1)h Unigue ASCII string “PRI” 32: --52 R
(P+2)h 33: --49 |
(P+3)h 1 Major version number, ASCII 34: --31 1
(P+4)h 1 Minor version number, ASCII 35: --31 “1”
Optional feature and command support (1=yes, 0=no) 36: --0A
bits 9-31 are reserved; undefined bits are “0.” If bit 31 is 37: --00
“1" then another 31 bit field of optional features follows at 38: --00
the end of the bit-30 field. 39: --00
bit 0 Chip erase supported bit0 =0 No
(P+5)h bit 1 Suspend erase supported bitl1=1 Yes
EE:%E 4 bit 2 Suspend program supported bit2=1 Yes
(P+8)h bit 3 Legacy lock/unlock supported bit 3= 1) Yes®
bit 4 Queued erase supported bit4 =0 No
bit 5 Instant Individual block locking supported bit5=0 No
bit 6 Protection bits supported bit6 =1 Yes
bit 7 Page-mode read supported bit7=1 Yes
bit 8 Synchronous read supported bit8 =0 No
Supported functions after suspend: read Array, Status,
Query . .
(P+9)h 1 Other supported operations are: A 01
bits 1-7 reserved; undefined bits are “0”
bit 0 Program supported after erase suspend bit0=1 Yes
Block status register mask 3B: --01
(P+A)h 2 bits 2—-15 are Reserved; undefined bits are “0” 3C: --00
(P+B)h bit 0 Block Lock-Bit Status register active bit0=1 Yes
bit 1 Block Lock-Down Bit Status active bit1=0 No
V¢ logic supply highest performance program/erase
voltage . _
(P+C)n 1 bits 0-3 BCD value in 100 mV 3D: 33 33V
bits 4-7 BCD value in volts
Vpp optimum program/erase supply voltage
(P+D)h 1 bits 0-3 BCD value in 100 mV 3E: --00 0.0V
bits 4-7 HEX value in volts
NOTE:

1. Future devices may not support the described “Legacy Lock/Unlock” function. Thus bit 3 would have a value

of “0.”
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Table 13. Protection Register Information

Offset ™ Descri ption Hex
P =31h Length (Optional Flash Features and Commands) Add. Code Value
Number of Protection register fields in JEDEC ID space. .
(P+E)h 1 “00h,” indicates that 256 protection bytes are available 3k | 01 01
Protection Field 1: Protection Description
This field describes user-available One Time Programmable
(OTP) protection register bytes. Some are pre-programmed
with device-unique serial numbers. Others are user-
(P+F)h programmable. Bits 0-15 point to the protection register lock
(P+10)h 4 byte, the section’s first byte. The following bytes are factory 40: --00 00h
g:igp\ pre-programmed and user-programmable.
bits 0-7 = Lock/bytes JEDEC-plane physical low address
bits 8-15 = Lock/bytes JEDEC-plane physical high address
bits 16-23 = “n” such that 2" = factory pre-programmed bytes
bits 24-31 = “n” such that 2" = user-programmable bytes
NOTE:
1. The variable P is a pointer which is defined at CFI offset 15h.
Table 14. Burst Read Information
Offset M Descri ption Hex
P =31h Length (Optional Flash Features and Commands) Add. Code Value
Page Mode Read capability
bits 0-7 = “n” such that 2" HEX value represents the number
(P+13)h 1 of read-page bytes. See offset 28h for device word width to 44: | --03 | 8byte
determine page-mode data output width. 00h indicates no
read page buffer.
Number of synchronous mode read configuration fields that .
(P+14)h 1 follow. 00h indicates no burst capability. 45 -00 0
(P+15)h Reserved for future use 46:
NOTE:

1. The variable P is a pointer which is defined at CFI offset 15h.

4.3 Read Identifier Codes Command

Theidentifier code operation is initiatedby writing the Readdertifier Codes command. Fdlowing

the canmandwrite, readcyclesfrom adireses shown in Figure 50n page 10 retrieve the

manudacturer, device aml bock lock corfiguration mdes(seeTable 15 for idertifier code values.
Page-mde readsare ot supportedin thisreadmode. To teminate the peration write arother
valid canmard. Like the Read Aray canmand the Read Hentifier Codes commar functiors
independenty of the Vpgy voltage. This conmand s valid only whenthe WSM isoff or the devtce
is susperded.Following the Readdenifier Codescanmand the following informationcan be

read
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Table 15. Identifier Codes

Code Address® Data
Manufacture Code 00000 (00) 89
Device Code 32-Mbit 00001 (00) 16
64-Mbit 00001 (00) 17
128-Mbit 00001 (00) 18
Block Lock Configuration X0002®
* Block Is Unlocked DQy=0
* Block Is Locked DQp=1
» Reserved for Future Use DQ._7

NOTES:

1. Ap is not used in either x8 or x16 modes when obtaining the identifier codes. The lowest order address line is
A,. Data is always presented on the low byte in x16 mode (upper byte contains 00h).

2. X selects the specific block’s lock configuration code. See Figure 5 for the device identifier code memory
map.

4.4 Read Status Register Command

The datusregiger maybe ead todetermire whera blockerag, pogram, a lock-bit configuration
is complete andvhetherthe gerationcomgeted succesfully. It maybe readat anytime by
writing the Read $atus Register command After writing this command,all subsequert read
opeetions oufput data from the gatus register urtil arothervalid caonmandis written. Page-node
readsare rot supportedin thisreadmocde. The datusregister conterts are latched on thefalling
edge & OE# orthe first edge of CEg, CE;, or CE; that emblesthe dewce (®eTable 2, “Chip
Enabk Truth Table” on ppge 7). OE# muwsttogdeto V or the device musbe diabled (eeTable
2) before further ieadsto update thestatusregster latch TheReadStatus Register canmand
functions independently of the Vpgy voltage.

During a pragram, blockera®, %t lock-hit, or cleadock-bit conmard sequerte, oy SR.7 is valid
until the Wite SateMachine completesor susperds the gperation. Device l/O pins DQy—-DQg and

DQgDQ,5are placedn a lighimpedare $ate.Whenthe gerationcomgetesor suspends
(checkstatusregster bit 7), all contents of the satusregiger ae valid when read

20 Prelimina ry
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Table 16. Status Register Definitions

WSMS ESS ECLBS PSLBS VPENS PSS DPS R
bit 7 bit 6 bit 5 bit 4 bit 3 bit2 bit 1 bit 0
High Z
When Status Register Bi ts Notes
Busy?
No SR.7 = WRITE STATE MACHINE STATUS Check STS or SR.7 to determine block erase,
1 = Ready program, or lock-bit configuration completion. SR.6—
0 = Busy SR.0 are not driven while SR.7 =“0.”
Yes SR.6 = ERASE SUSPEND STATUS

1 = Block Erase Suspended
0 = Block Erase in Progress/Completed
SR.5 = ERASE AND CLEAR LOCK-BITSSTATUS If both SR.5 and SR.4 are “1"s after a block erase or
1 = Error in Block Erasure or Clear Lock-Bits lock-bit configuration attempt, an improper
0 = Successful Block Erase or Clear Lock-Bits command sequence was entered.
Yes SR.4 = PROGRAM AND SET LOCK-BIT STATUS
1 = Error in Setting Lock-Bit
0 = Successful Set Block Lock Bit

Yes

SR.3 does not provide a continuous programming

es SR.3= PROGRAMM'NG VOLTAGE STATUS . voltage level indication. The WSM interrogates and
1 = Low Programming Voltage Detected, Operation indicates the programming voltage level only after
Aborted Block Erase, Program, Set Block Lock-Bit, or Clear
Ves 0 = Programming Voltage OK Block Lock-Bits command sequences.
SR.2 = PROGRAM SUSPEND STATUS
1 = Program suspended
0 = Program in progress/completed
Yes SR.1 = DEVICE PROTECT STATUS SR.1 does not provide a continu_ous indication of
1 = Block Lock-Bit Detected, Operation Abort block lock-bit values. The WSM interrogates the
0 = Unlock block lock-bits only after Block Erase, Program, or
Lock-Bit configuration command sequences. It
informs the system, depending on the attempted
operation, if the block lock-bit is set. Read the block
lock configuration codes using the Read Identifier
Codes command to determine block lock-bit status.
Yes SR.0 is reserved for future use and should be
SR.0 = RESERVED FOR FUTURE ENHANCEMENTS masked when polling the status register.

Table 17. eXtended Status Register Definitions

WBS Reserved
bit 7 bits 6—0
High Z
When Status Register Bi ts Notes
Busy?
No XSR.7 = WRITE BUFFER STATUS After a Buffer-Write command, XSR.7 = 1 indicates
1 = Write buffer available that a Write Buffer is available.
0 = Write buffer not available SR.6-SR.0 are reserved for future use and should
Yes XSR.6—XSR.0 = RESERVED EFOR FUTURE be masked when polling the status register.
ENHANCEMENTS
Preliminar y 21
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4.5 Clear Status Regist er Command

Status regster bitsSR.5, SR.4, SR.3, and SRl are set to “1"s by the WSM andcanonly berest by
the AearSatusRegister canmand These htsindicate variaos failure ondtions(seeTable 16.
By allowing systemsoftware to resetthese hits, several operations (such ascumulatively erasirg or
locking multiple bocks or writing several bytesin sequence) may be performed. The statis register
may ke pdledto determine if an eror occurred diring the £quence.

To clear tle gatusregster, the Gear Satus Register comnand(50H) is written. It functions
independently of the applied Vpgy voltage. The dearStatus Register commandis only valid when
the WSM is off or thedevice issuspended.

4.6 Block Erase Command

Eraseis executed one Hock at a tme ard initiated by a two-cycle canmand. A block erase stup is
first written followed by an Bock erag confirm. Ths commard sequerce regiresan appropriate
address within the Hock to be erased(erase charges all Hock datato FFH). Block precanditioning,
era®, andverify are tanded interrally by the WSM (invisible to thesystem) After thetwo-cycle
block erase segerce is witten, the device atomatically outputs stats register data whenread(see
Figure 10, “Block Erag Flowchart” on page 33). The CPU candetect blgk erag canpletionby
analyzing the output of the STS pin or status register bit SR7. Togde OE#, CE,, CE;, or CE; to
update the datus register.

Whenthe bBock erase isconplete, $atus regider bit SR5 shoud becheckedIf a Hock erase eror
is detectedthe gatusregster shoud be cleagd befoe yystem ftware attemptsorrective acions
The CUIremains in readstatus register mode until a new command is issued

This two-step comnmandsequenceof set-up foll owed by exection ersuresthat blockcortentsare
not acci@éntally eragd.An invalid Block Era® canmandsequerce wil result in bath status
register bits SR4 and SR5 being set to“1.” Also, reliade Hock erasire can only occurwhenV ¢
isvaid and Vpgy = Vpgy. If block erag is atempted while Vpgy < VpgyLk, SR.3andSR.5will
be set to"1.” Succesful block era® reaiiresthat thecorreponding block lock-bit be clearedIf
block erase isattenpted whenthe correspondng block lock-bit is set SR1 and SR5 will be set to
L

4.7 Block Erase Susp end Command

The Bock EraseSuspend ommard allows block-era® interruption to read @ program daain
anothemlock of memay. Once tle blockerag pioces sarts writing the Block Erag Sugend
commaum requess that the WBM susperd theblock erag squenceat a pedetermineghbant in the
algorithm. Thedevice aitputs datusregiger daawhen ead aftethe Bock Erase Suspend
command is written. Pdlin g staus register bit SR.7 then SR.6 candetermine whenthe block erase
opeetion hasbeen aspended (both will be set to “1”). In default mode, STS wil also trarsition to
Von- Secfificaion tyypry defines theblock erag sispendlatency.

At this point, a ReadArray command canbe writtento readdata from blocks other thanthat which
issuspenckd. A programcommai sequence caral be isued diring erag sispendto program
datin other Hocks During aprogramopestion with block erase ssperded status register bit
SR.7 will return to“0” ard STS oufput (in defadt mode)will transtionto Vg, . However, SR6
will remain “1” to indicate lbock era® suspend $atus Usng theProgram Supendcommand,a
programopegtion canalsobe sispended.Resiming a sispended programming operaton by
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isaling the Frogram Resimecommau allows cortinuing of the suspended programming
operation.To resume the sispenced eiase, the ugr must wait for the pragyranming opestion to
comgete befoe issuing theBlock Era® Resume comnand.

Theonly othervalid canmand whil e block era® issusperdedare Read Quey, ReadSatus
Register, Clear StatusRegister, Configure, arl Block Erae Resume. After a Bock Era®e Resume
commard is written to the flashmemory, the WSM will continue the Hock erase proces. Satus
regster bits SR6 andSR 7 will automatically clear ad STS (indefadt mode)will returnto Vg, .
After the Emase Rsume command is written, the deviceauomatically outputs statis registerdata
when readseeFigure 11, “Block Erage SuspendResume Flowchat” on paged4). Vpgy must
reman atVpgyy (the same Vpgy level used for block ease) while blockera® issusperded Block
erase canot resume until program operations initiated during block erase ssperd have completed

4.8 Write to B uffer Command

To program the flash device, a Wite to Buffer command seaierce is intiated. A variable number
of bytes, p to thebuffer size, carbe loadedinto the kuffer and written to the flashdevice. Fist, the
Write to Buffer Setupcomnandis issued alory with theBlock Address (seeFigure 7,“Write to
Buffer Flowchat” onpage 30). At this point, the eXtendedatusRegister (XSR, seeTable 17)
information is loadedard XSR.7 reverts to“buffer avalable” status If XSR.7 = 0, the write bufer
is not available. To retry, continue monitoring XSR.7 by issuing the Wite to Buffer setup
command with the Block Addressuntil XSR.7= 1. When XSR.7 trarsitionsto a“1,” the hiffer is
read for loadng.

Now a wad/byte coun is givento the @rt with theBlock Address. Onthe nex write, a devce
start addessis givenalongwith the write buffer data. Subsequent writes provide adlitional device
addresses ad data, depending on the caunt. All subsequent addresses nuist lie within the start
addess plus the count.

Intemally, this device programsmary flash cellsin parallel. Becaus of this parallel progranming,
maximum programmirg performanceandlower pwer are dtainedby aligning the $art adires at
the beginning of awrite buffer boundary (i.e., A;—Ag of the dart adires = 0).

After the final buffer data isgiven, a Wite Confirm command is issued This initiatesthe WSM
(Write Sate Machime) to kegin copying the bufer data tothe flah aray. If a conrmandotherthan
Write Confirm is written to the device, an‘Invalid Command/Sequence” eror will be generated
and Satus Register bits SR5 and SR4 will besd toa“1.” For additional bufferwrites, isse
andher Write to Buffer Setup canmandandcheckXSR.7.

If anerror occurs while writing, the devicewill stop writing, and status registerbit SR.4 will be set
to a“1” to indicate a ppgram failue. The intenal WSM verify only detectserrors for “1"s that do
not succesfully program b “0’s. If a rogram eror is detected the satusregster sioud be
cleared Any time SR.4 ard/or SR5is set (e.g, a nedia failure occus during aprogramor an
erase), th devicewill not accep ary more Write to Buffer commands. Additi onally, if the user
attemptdo program pasan eras blockbourndarywith a Wite to Buffer commaud, the device will
abort the wiite to buffer operation. This will generate anInvalid Command/Seqience’ erra ard
status register bits SR.5 ard SR4 will be set toa“1.”

Reliable hufferedwritescan aly occur wken Vpgy = Vpgyy- If @ kuffered write is attenpted
while Vpgy £ VpayLk, Statisregisterbits SR4 ard SR.3 will beset to“1.” Bufferedwrite attenpts
with invalid V¢ andVpgy voltages produce puriousresiltsand sioud not be atempted. Fnaly,
succesful programrming requiresthat the coegpondingblocklock-bit be rest. If a bufered write
is attempted whenthe carespondng block lock-bit is set, SR.1 ard SR4 will be set to“1.”
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4.9 Byte/Word Program Comm ands

Byte/Word program s exectied by a two-cycle comnandseqence.Byte/Word program tup
(stardard 40H or alternate 10H) is written followedby asecad write that ecifiesthe adiressard
data (latcheanthe risng edge 6 WE#). The WSM then tales over, cortrolling the pogram and
program verify algorithms intemally. Afterthe program seaience iswritten, the device
automatically atputs gatus regiger data wkn readseeFigure 8,“Byte/Word Program
Flowchart’ on page 31). TheCPU can detecthe completiorof the pragram event by analyzintpe
STS pin or status register bit SR.7.

Whenprogramis complete, satusregster it SR4 shoud be checled. F a pogram eroris
detected, thetatusregister shoud be cleaed. Tre internal WSM verify only detectserrors for “1’s
that donot succesfully program b “0”s. The QUI remainsin read satusregiger male wntil it
receivesandher canmand

Reliable byte/'word programscanonly occu whenV - andVpg, are valid. If a byte/word
program is attenptedwhile Vpgy < VpayLk, Stats register bits SR.4 ard SR.3will be set to“1.”
Succesful byte/wordprogramsrequire that the caegponding block lock-bit be clearedIf a byte/
word program is attenptedwhenthe carespndng block lock-bit is set, SR1 ard SR4 will be set
to“1”

4.10 Progr am Suspen d Command

The Pogram Suspend command allows program interruption to readdata in other flash memory
locations. Oncethe programming proces stats (either by initiating awrite to buffer or byteAvord
programopeition), writing the Rrogram Suspendcommand requess that the WSM susperd the
programsequenceat a pedeternmned pointin thealgoithm. The device coninuesto output status
regider data wken readafterthe Progam Superd canmandis written. Polling satusregiger bits
SR.7 candeternine whenthe pogrammingoperationhasbeensuspended When SR7 = 1, SR2
shoud alsobe setto “1”, indicating that the device is inthe grogram suspend mode. STSin level
RY/BY# mode will also trarsition to Vo. Specification tyyyrn1 defines the program suspend
latency.

At this point, aReadArray command canbe written to readdata from locatons other thanthat
which is sispended The orly othervalid commards while programmingis susperded ae Read
Query, Read $atusRegister, Clear SatusRegister, Configure,andProgram Resume. After a
Program Resume command is wiitten, the WSM will continue the programming process Status
register bits SR.2 ard SR.7will automatically clearard STSin RY/BY# mode will return to Vg, .
Afterthe Pogram Resume command is written, the device atiomatically outputs shtus register
data wherread.Vpgy mus remain at Vpgyy andVee mustremain atvalid Ve levels (the sane
Vpgy andV ¢ levels used for programmig) while in program suspendmocde. Refer to Figure 9,
“Progran SupendResume Flowcha” onpage32.

4.11 Set Read Configuration Com mand

This command is not suppat on this product. This device will default to the ag/nchronows page
mode. If this conmand is given to the device it will not effectthe gperation of the device.
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4111 Read Configurat ion
The device will suppat both asynchronous page mode ard stardard word/byte reads. No
corfiguration isrequired.
Statusregster ard idertifier orly support sandard ward/byte sngle readoperations
Table 18. Read Configur ation Re gister Definition
‘ RM | R | R | R | R | R | R | R
16 (Agp) 15 14 13 12 11 10 9
‘ R | R | R | R | R | R | R | R
8 1
Notes
RCR.16 = READ MODE (RM) Read mode configuration effects reads from the flash array.
0 = Standard Word/Byte Reads Enabled (Default) Status register, query, and identifier reads support standard
1 = Page-Mode Reads Enabled word/byte read cycles.
RCR.15-1 = RESERVED FOR FUTURE ENHANCEMENTS (R) | These bits are reserved for future use. Set these bits to “0.”

4.12

Preliminar y

Configu ration Com mand

The Satus(STS) pin can be conifguredto differentstatesusing the Configuration comnand. Qice

the STS | has beenconfigured, it remainsin that caxfiguration until another configuration
command isissued or RP# is aserted low. Initially, the STS jn defaults to RY/BY# operation

whereRY/BY# low indicatesthat the gate machines busy. RY/BY# highindicatesthat the gate
machire isreadyfor a new @erationor suspended Table 19, “ Configuration Coding Definitions’

on page26 dispays the passble STS corfigurations

To recanfigure the Satus(STS) pin to other males the Canfiguration canmandis givenfoll owed
by the degred coniguration code. The three atnateconfiguratiors areall pulse mode foruseasa

systeminterrupt asdesribedbelow. For these onfiguraions, bit 0 cantrols Erase @mplete
interrupt pulse, ard bit 1 controls Program Complete irterrupt pulse. Suppying the @h
configuration cade with the Configuration command resets tle STS pn to the default RY/BY#

level made. The passhble configurationsard their usage arederibedin Table 19, “Configuration
Coding Definitions” on page26. The @rfiguration command may only be given when he device

isnat busy or suspended. Cleck SR7 fordevicestatus Aninvalid corfiguration coa will result
both status register bits SR4 ard SR.5 being st to “1.” When canfiguredin ore ofthe pilse
modes, the ST'S pin pulses low with a typical pulse width of 250 rs.
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Table 19. Configur ation Coding Definitions

INlal.

Pulse on Pulse on
Reserved Program Erase
Compl ete® Compete @
bits 7—2 bit 1 bit 0

DQ;_DQ, = Reserved
DQ._DQq = STS Pin Configuration Codes

00 = default, level mode RY/BY#
(device ready) indication

01 = pulse on Erase complete
10 = pulse on Program complete
11 = pulse on Erase or Program Complete

Default RY/BY# level mode: B8h, 00h
ER INT (Erase Interrupt): B8h, 01h
Pulse-on-Erase Complete

PR INT (Program Interrupt): B8h, 02h
Pulse-on-Program Complete

Pulse-on-Erase or Program Complete

Configuration Codes 01b, 10b, and 11b are all pulse mode
such that the STS pin pulses low then high when the
operation indicated by the given configuration is completed.

Configuration Command Sequences for STS pin
configuration (masking bits DQ7_DQ, to 00h) are as follows:

ER/PR INT (Erase or Program Interrupt): B8h, 03h

DQ7_DQ,, are reserved for future use.

default (DQ;,_DQg = 00) RY/BY#, level mode

— used to control HOLD to a memory controller to prevent
accessing a flash memory subsystem while any flash device's
WSM is busy.

configuration 01 ER INT, pulse mode

— used to generate a system interrupt pulse when any flash
device in an array has completed a Block Erase. Helpful for
reformatting blocks after file system free space reclamation or
“cleanup”

configuration 10 PR INT, pulse mode

— used to generate a system interrupt pulse when any flash
device in an array has complete a Program operation. Provides
highest performance for servicing continuous buffer write
operations.

configuration 11 ER/PR INT, pulse mode

— used to generate system interrupts to trigger servicing of flash
arrays when either erase or program operations are completed
when a common interrupt service routine is desired.

NOTE: 1. When the device is configured in one of the pulse modes, the STS pin pulses low with a typical pulse

width of 250 ns.

4.13 Set Block L ock-Bit Co mmands

A flexible block locking andunlocking scheme s enabéd via Hock lock-bits. The block lock-bits
gak program anderag operatons Individual block lock-bits can ke set usng the SetBlock Lock-
Bit command. This canmand is invalid while the WSM is runring or the cevice is sispended.

Set blocklock-bit conmand are excuted bya two<ycle £quence. Tle set blocksetup along with
appopriate block addessis followed by dther the st block lock-bit confirm (andan adires
within the Hock to be locked. The WSMthen controls the set lock-bit algorithm. After the
sequerce is witten, the deviceauomatically outputs stats registerdatawhenread(seeFigure 12
on page35). TheCPU candetect tle comppetion of the st lock-bit evert by analying the STS pin

output or statusregster bt SR7.

Whenthe t lock-bit operation isconplete, $atus regiger bit SR4 shoud becheckedIf an eror
is detected the statws registershould be cleaed The CUIwill remain in readstatus register mode

until a new command is issued

This two-step sequerce ofset-up followed by executionensuresthat lockbits are ot accidemally
set. Aninvalid Set Block Lock-Bit command will result in stats registerbits SR4 and SR5 being
setto“1.” Also, reliabe opestions occu only whenV ¢ andVpgy arevalid. With Vpgy <
VpmeiLk: lock-bit cortentsare potected aging alteration.
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4.14 Clear Block Lo ck-Bits Comm and

All set block lock-hits are ¢teaed inparallel via tle AearBlock Lock-Bits command.Block lock-
bitscan be cleared gy oy the QearBlock Lock-Bits conmand.Thiscommaunl isinvalid while
the WSM is running or the cevice s suspended

Clear blek lock-hits command isexected by ao-cycle ®quence A clear blockock-bits setup
is first written Thedevice atomatically ouputsgtatus register data wherread(seeFigure 13 on
page 36). The CPU candetect comietion of the cleablock lock-bits event by andyzing the STS
pin output or siatusregsterbit SR7.

When the opettionis conplete, datusregider bitSR5 shoud be checkedf a clear blockock-hit
erra is detectedthe datus register shoud be cleaed. The QJI will remain inread satusregster
mock until arthercommand sissued

This two-gep ®quence 6 set-up followed by executionenaires tha block lock-hits are not
accicentally cleaed Aninvalid Clear Blak Lock-Bits commard seqience will resut in statis
register bits SR4 and SR5 being st to “1.” Also, a reliable clear llock |ock-hits operationcan
only occu whenVc andVpg, arevalid. If a cleablock lock-bits operationis attermpted wtlile
VPB\I < VPB\ILK’ SR3amd SR.5will besetto“1.”

If a clear blak lock-bits operation isabated due toVpgy Or V¢ trarsitioning out of valid range,
blocklock-hit valuesare left in anundeterminedstate. A repeabf clearblock lock-bits is required
to initialize block lock-bit conterts to known values.

4.15 Protection Registe r Program Command

The 3 \0lt Intel StrataHash menory includesa 128-bit protectionregider that carbe wsedto
increag thesecuity of a ystemdesgn. For example, tle nunber @ntainedin thepratection
regster canbe ugdto “mat” the fash canpment with dher ystem conporentssuch asthe GPU
or ASIC, preverting device subditution.

The 128 bits of the potecionregister aredividedinto two 64-bit ssgmeris. One ofthe £gmernsis
progranmmed atthe Intel facory with a urique @}-bit number, which is unchargeabé. The aher
segment isleft blark for customer designersto program asdesred.Once theudomer sgment is
programmed, it can belockedto preventreprogranming.

4.15.1 Reading t he Protection Register
The potection regider isread in he identification read made. The deice isswitched b thismode
by writing the Readldertifier coomand(90H). Oncein this mock, readcyclesfrom addreses

shown in Table 20 or Table 21 retrieve the pecifiedinformation To returnto readarray mode,
write the Read Aray command(FFH).

4.15.2 Programming the Protect ion Register

Thepratectionregster kits areprogrammned wsing the twoeycle ProtectioriProgam canmand
The64-bit number isprogrammael 16 bits at atime for word-wide parts andeight bits ata timefor
byte-wide parts. First write the Piotection Program Setiyp command, COH. The rext write tothe
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device will latchin address ard data ard program the spedfied location. The allowable adires®s
are siownin Table 20 or Table 21. SeeFigure 14, “PraectionRegister Fogramming Fowchart’
on page 37

Any atempt to addess Rotection Frogram canmards outside e defined protecion register
address space will restlt in a stats regster eror (programerra bit SR4 will be set tol).
Attempting to program a lockedprotection register segmert will resut in astatus registereiror
(programerror bit SR.4 ard lock error bit SR.1will be set tol).

4.15.3 Locking the Protection Regist er

The uerprogmammabé ssgmen of the protecionregisterislockable by programming Bit 1 ofthe
PR-LOCK location to 0. Bit O of this location is programmed to O at the Intel factay to protect he
unique devce nunber. Bit 1 is setusing the Rotection Programcommar to program*“FFFD” to
the PRLOCK location After the® bitshawe beenprogrammed no furtherchargescanbe mae to
the valuesstaedin the protection register. Protection Program commands to a locked sectian will
result in a statg registereror (programerror bit SR4 ard Lock Error bit SR.1 will be set to 1).
Protection register lockaut stateis nat revesible.

Figure 6. Protection Register Memory Map

A[23 - 1]: 128 Mbit
Word  A[22 - 1]: 64 Mbit
Address A[21 - 1]: 32 Mbit

88H
4 Words
User Programmed
85H
84H

4 Words i
Factory Programmed+
81H i

80H 1 Word Lock

0667_06
NOTE: Aqis not used in xX16 mode when accessing the protection register map (See Table 20 for x16
addressing). For x8 mode Ay is used (See Table 21 for x8 addressing).
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Table 20. Word-Wide Protection Register Addressin g

Word Use A8 A7 A6 A5 A4 A3 A2 Al

LOCK Both 1 0 0 0 0 0 0 0
0 Factory 1 0 0 0 0 0 0 1
1 Factory 1 0 0 0 0 0 1 0
2 Factory 1 0 0 0 0 0 1 1
3 Factory 1 0 0 0 0 1 0 0
4 User 1 0 0 0 0 1 0 1
5 User 1 0 0 0 0 1 1 0
6 User 1 0 0 0 0 1 1 1
7 User 1 0 0 0 1 0 0 0

NOTE: 1. All address lines not specified in the above table must be 0 when accessing the Protection Register,
i.e., A23—A9 =0.

Table 21. Byte-Wide Protection Re gister Addr essing

Byte Use A8 A7 A6 A5 A4 A3 A2 Al
LOCK Both 1 0 0 0 0 0 0 0
LOCK Both 1 0 0 0 0 0 0 0

0 Factory 1 0 0 0 0 0 0 1
1 Factory 1 0 0 0 0 0 0 1
2 Factory 1 0 0 0 0 0 1 0
3 Factory 1 0 0 0 0 0 1 0
4 Factory 1 0 0 0 0 0 1 1
5 Factory 1 0 0 0 0 0 1 1
6 Factory 1 0 0 0 0 1 0 0
7 Factory 1 0 0 0 0 1 0 0
8 User 1 0 0 0 0 1 0 1
9 User 1 0 0 0 0 1 0 1
A User 1 0 0 0 0 1 1 0
B User 1 0 0 0 0 1 1 0
C User 1 0 0 0 0 1 1 1
D User 1 0 0 0 0 1 1 1
E User 1 0 0 0 1 0 0 0
F User 1 0 0 0 1 0 0 0

NOTE: 1. All address lines not specified in the above table must be 0 when accessing the Protection Register,
i.e., A23—A9 =0.
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Figure 7. Write to Buffe r Flowchart

Set Time-Out

Issue Write to Buffer
Command E8H, Block
Address
v
Read Extended
Status Register

Write Word or Byte
Count, Block Address
v

Write Buffer Data,
Start Address

Write to
Buffer Time-Out2

Bus‘ Command Comments
Operation
. . Data = E8H
Write Write to Buffer Block Address
Read XSR. 7 = Valid
Addr = Block Address
Check XSR. 7
Standby 1 = Write Buffer Available
0 = Write Buffer Not Available
Write Data = N = Word/Byte Count
(Note 1, 2) N = 0 Corresponds to Count = 1
’ Addr = Block Address
Write Data = Write Buffer Data
(Note 3, 4) Addr = Device Start Address
Write Data = Write Buffer Data
(Note 5, 6) Addr = Device Address
Program Buffer
- Data = DOH
Write to FlaSh Addr = Block Address
Confirm
Status Register Data with the
Read Device Enabled, OE# Low
(Note 7) Updates SR
Addr = Block Address
Check SR.7
Standby 1 =WSM Ready
0 = WSM Busy

<
Yes
Abort Write to Write to Another
Buffer Command?2 Block Address
Yes
Write Next Buffer Data, ertAebtotBsffer
Device Address ortef
X=X+1
Program Buffer to Flash|
Confirm DOH
Another Write to
Buffer? A
Issue Read

Status Command

1. Byte or word count values on DQ, - DQ, are loaded into the
count register. Count ranges on this device for byte mode are N
= 00H to 1FH and for word mode are N = 0000H to 000FH.

2. The device now outputs the status register when read (XSR is
no longer available).

3. Write Buffer contents will be programmed at the device start
address or destination flash address.

4. Align the start address on a Write Buffer boundary for
maximum programming performance (i.e., A - A, of the start
address = 0).

5. The device aborts the Write to Buffer command if the current
address is outside of the original block address.

6. The status register indicates an "improper command
sequence" if the Write to Buffer command is aborted. Follow this
with a Clear Status Register command.

7. Toggling OE# (low to high to low) updates the status register.
This can be done in place of issuing the Read Status Register
command.

Full status check can be done after all erase and write sequences
complete. Write FFH after the last operation to reset the device to
read array mode.

¥

Full Status
Check if Desired

Programming
Complete
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Figur e 8. Byte/Word Program Flowc hart

Start
- Bus Command Comments

Operation
Write 40H . Setup Byte/ | Data = 40H
Address ! Write Word Program | Addr = Location to Be Programmed
+ Write Byte/Word Data = Data to Be Programmed
Write Dat 3 Program Addr = Location to Be Programmed
rite Data an
Address (,\T;:dl) Status Register Data
Check SR.7
Read .Status < Standby 1 =WSM Ready
Register 0 = WSM Busy

1. Toggling OE# (low to high to low) updates the status register. This
0 can be done in place of issuing the Read Status Register command.
Repeat for subsequent programming operations.

SR full status check can be done after each program operation, or
after a sequence of programming operations.

Full Status
Check if Desired Write FFH after the last program operation to place device in read
array mode.
FULL STATUS CHECK PROCEDURE
Bus Command Comments
Rez-_ld Status Operation
Register Data
Check SR.3
(See Above) Standby 1 = Programming to Voltage Error
Detect
Check SR.1
Voltage Range Error 1 = Device Protect Detect
Standby RP# =V,,, Block Lock-Bit Is Set
Only required for systems
implemeting lock-bit configuration.
Device Protect Error Standby clieck SR4
1 = Programming Error

Toggling OE# (low to high to low) updates the status register. This can
be done in place of issuing the Read Status Register command.
Repeat for subsequent programming operations.
SR.4, SR.3 and SR.1 are only cleared by the Clear Status Register
command in cases where multiple locations are programmed before
full status is checked.

Byte/Word
Program

If an error is detected, clear the status register before attempting retry
Successful

or other error recovery.
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Figure 9. Program Suspend/Resume Flowc hart
Bus_ Command Comments
Operation
. Program Data = BOH
Write Suspend | Addr = X
Write BOH Read Status Register Data
¢ Addr = X
Check SR.7
. P Standby 1 - WSM Ready
Read Status Register |« 0= WSM Busy
Check SR.6
Standby 1 = Programming Suspended
0 = Programming Completed
) Data = FFH
Write Read Array Addr = X
Read Read array locations other
than that being programmed.
Programming Completed
Write Program Data = DOH
Resume Addr = X
Write FFH
Read Data Array [«
Done Reading
Yes
A
Write DOH Write FFH
Programming Resumed Read Array Data
0606_08
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Figure 10. Block Erase Flowchart

Bus
C Start ) Operation Command Comments
. Data = 20H
write Erase Block Addr = Block Address
A Erase Data = DOH

Write (Note 1)

Issue Single Block Erase Confirm Addr =X

Command 20H, Block Status register data
Address Read With the device enabled,
ea OE# low updates SR

Addr =X

Check SR.7

A Standby 1=WSM Ready
Write Confirm DOH 0 = WSM Busy
Block Address

1. The Erase Confirm byte must follow Erase Setup.
This device does not support erase queuing. Please see
Application note AP-646 For software erase queuing
A compatibility.

Read
Status Register

A

A | Full status check can be done after all erase and write
sequences complete. Write FFH after the last operation to
reset the device to read array mode.

Suspend
Erase Loop
Suspend Erase
Full Status
Check if Desired
A
Erase Flash
Block(s) Complete
0606_09
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Figur e 11. Bloc k Erase Suspend/Resume Flowc hart

Bus

34
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. Command Comments
Operation

. Data = BOH

Write Erase Suspend Addr = X
Write BOH Read Status Register Data

¢ Addr = X

Check SR.7

. Standby 1- WSM Ready
<
Read Status Register |« 0= WSM Busy
Check SR.6
Standby 1 = Block Erase Suspended
0 = Block Erase Completed

. Data = DOH

Write Erase Resume Addr = X
Block Erase Completed
Read Program
Read Array Program
Data Loop
A 4
Write DOH Write FFH
Block Erase Resumed Read Array Data
0606_10
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Figur e 12. Set Bloc k Loc k-Bit Flowc hart

Start Bus
. Command Comments
Operation

Write 60H, Write Set Block Lock-Bit | Data = 60H
Block Address Setup Addr =Block Address

* Write Set Block Lock-Bit | Data = 01H
Write 01H, Confirm Addr = Block Address

Block Address

+ Read Status Register Data

Read Status Register [« Check SR.7

Standby 1=WSM Ready

0 = WSM Busy
0 Repeat for subsequent lock-bit operations.
Full status check can be done after each lock-bit set operation or after
1 a sequence of lock-bit set operations.

Full Status Write FFH after the last lock-bit set operation to place device in read
Check if Desired array mode.
Set Lock-Bit Complete
FULL STATUS CHECK PROCEDURE
Read Status Register Bus Command Comments
Data (See Above) Operation
Check SR.3
Standby 1 = Programming Voltage Error
Voltage Range Error Detect
Check SR.4, 5
Standby Both 1 = Command Sequence
Error
Command Sequence
1 = Set Lock-Bit Error

SR.5, SR.4 and SR.3 are only cleared by the Clear Status Register
command, in cases where multiple lock-bits are set before full status is
checked.

Set Lock-Bit Error

If an error is detected, clear the status register before attempting retry
or other error recovery.

Set Lock-Bit
Successful

0606_11b
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Figure 13. Clear Lock-Bit Flowchart
Start
Bus Command Comments
Operation
X Write Clear Block Data = 60H
Write 60H Lock-Bits Setup | Addr = X
* . Clear Block or Data = DOH
write Lock-Bits Confirm | Addr = X
Write DOH
* Read Status Register Data
Read Status Register [« Check SR.7
Standby 1= WSM Ready
0 = WSM Busy
0 Write FFH after the clear lock-bits operation to place device in read
array mode.
1
Full Status
Check if Desired
Clear Block Lock-Bits
Complete
FULL STATUS CHECK PROCEDURE
" Bus c d c t
Read Status Register Operation omman omments
Data (See Above)
Check SR.3
Standby 1 = Programming Voltage Error
Detect
Voltage Range Error Check SR.4, 5
Standby Both 1 = Command Sequence
Error
Command Sequence Check SR.5
Standby 1 = Clear Block Lock-Bits Error
SR.5, SR.4, and SR.3 are only cleared by the Clear Status Register
command.
Clear Block Lock-Bits
Error If an error is detected, clear the status register before attempting retry
or other error recovery.
Clear Block Lock-Bits
Successful
0606_12b
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Figur e 14. Protection Re gister Programming Flowc hart

Preliminar y

Write COH
(Protection Reg.
Program Setup)

)

Write Protect. Register
Address/Data

v

Read Status Register |«

No

Yes

Full Status
Check if Desired

Program Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data (See Above)

Bus Operation Command Comments
Write Protection Program Data = COH
Setup
Write Protection Program Data = Data to Program

Addr = Location to Program

Status Register Data Toggle
Read CE# or OE# to Update Status
Register Data

Check SR.7
1=WSM Ready
0 = WSM Busy

Standby

Protection Program operations can only be addressed within the protection
register address space. Addresses outside the defined space will return an
error.

Repeat for subsequent programming operations.

SR Full Status Check can be done after each program or after a sequence of
program operations.

Write FFH after the last program operation to reset device to read array mode.

o

Attempted Program to
Locked Register -
Aborted

Program Successful

Bus Operation Command Comments
Standby SR.1 SR.3 SR.4
0 1 1 Vp,low
Veen Range Error ) Standby 0 0 1 ProtReg
Prog. Error
db 1 0 1 Register
- - Standby Locked:
Protection Register Aborted
Programming Error

SR.3 MUST be cleared, if set during a program attempt, before further
attempts are allowed by the Write State Machine.

SR.1, SR.3 and SR.4 are only cleared by the Clear Staus Register Command,
in cases of multiple protection register program operations before full status is
checked.

If an error is detected, clear the status register before attempting retry or other
error recovery.
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5.0 Design Consideration s

5.1 Three-Lin e Output Contro |

The device will often be usedin large memory arrays. Intel provides fve control inputs (CEg, CE;,
CE,, OE# ard RP#) to accanmodate multiple menory connections. This control provides fa::

a. Lowest posshle memory power disspation.
b. Complete asurance that dta bis contentionwil | not occur,

To use theg catrol inputsefficiently, an adres decaler svoud erable thedevice geeTable 2)
while OE# $1oud be comected toall memoy devicesand tle gystenis READ# control line. This
asuresthat aly selected nemory deviceshave activeoutpus whil e de-elected memorgevices
are instardby mode. RP# should be connectedto the system POVERGOOD signal to prevert
uninterded writes diring system power trarsitions. POWERGOOD slould alsotoggle during
sygem rese.

5.2 STS and Block Er ase, Program, and L ock-Bit Con figurat ion
Polling

STS isan @endrainoutput that sioUd be conrected toV cqq by a pul-up resistor to provide a
hardvare methal of detectingblock era®, program, aml lock-bit configurationcomgpetion. Itis
recomnendedthat a 25k resster ke used tetween STS# and/cq. In default mode, it trarsitions
low after block emse praogram or lock-bit configuration canmand ard returnsto High Z when
the WSM has finished exeating the interral algorithm. For altermte cofigurations of the STS
pin, e he Corfiguraon mmmard.

STS @n be connectedo an irterrug input of the yystem CPU or contrller. It isacive at alltimes
STS, in defult modk, isalso High Z when the device isin block erag suspend (vith programmirg
inacive), pogram susperd, a in resé/power-down maode.

5.3 Power Suppl y Decoup ling

Flath memay power switching characteriticsrequre careful deicedecouping. Sydem deggners
are interestedin three spply curert issues; sandby curert levels, active curent levels and
transen peaks poduced by faling and rsing edgesf CE,, CE;, CE,, ard OE# Transert curent
magntudesdepemn on the device aitputs' capacitve andinductive loadng. Two-line cantrol ard
proper decopling capacitor selection will suppress transent voltage peak Since IntelStrataHash
memoy devicesdrawtheir power from three V¢ pins (these devicesdonat include a Vpp pin), it
isrecanmerded that g/stemswithout separate paver andgrourd plaresattacha 01 pF ceranic
capacitor letween eactof the devce's three V¢ pins (this includes Vg) ard grourd. Thes
highfrequency low-inductance cagcitors should be paced asclose aspossible to pckagdeads
on eachintel StrataFash memory device. Eachdevice siodd have a0.1uF ceramic capacito
conrected betweeits V¢ ard GND. Theee high-frequency low inductarce cagcitars shoud be
placed azlos aspassble to packag leadsAdditionally, for everyeight dvices a 47 pF
electolytic capacitorshoud be paced letweenV-c ard GND at tle aray’s pover supply
conrection. The buk capacitor will overcome ltage $umps caugd by PCboardtrace
inductnce.
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54 Input Si gnal Transiti ons - Reducin g Overshoo ts and
Undershoots When Using Buffer s or Transcei vers

As fager, high-drive devicessuch astrarsceives or buffersdrive input signalsto flash memory
devices overdhods andunderhods cansometimescaug input signalsto exceedlash menory
specifications (Se€’ Absolute Maximum Ratings’ on page40.) Many buffer/transeiver vendas
now carrybusinterface deiceswith internal atput-damgng resistors or rediced-dive outputs.
Internal ouput-damping resstors diminish the nominal oufput drive curents, while ill leaving
sufficient drive camhility for most apolications. These itemal output-damping resistars help
reduce umecesary overdoas and indeshoots Transcevers or buffers with balanced-or light-
drive ouputsalsoredice owerdods ard underdioots by diminishing output-drive curens. When
corsidering abuffer/transeiver interface degn to flash, deviceswith interral outpit-damping
redstors a reduceddrive outputs should be sedto minimize oveshoots andundersoots. For
additional information, please efer to the AP-6475 \olt Intel SrataFlash™ Memay Desn
Guide.

55 Vcc, VPEN’ RP# Transitions

Block era®, pogram, andock-bit configuration are ot guaranteedf Vpg, or V¢ fals autside d
the pecified opegting ranges or RP# # V. If RP# transitionsto V,_ during block erag,
program, or lock-bit configuration, STS (n default mode) will remain low for a meximum time o
tpLpH * tpyRy urtil the reset operation is complete. Then the goeration will abort ard the device
will erter rest/power-down moce. Theaboted operaton may keawe dat patialy corupted after
progranming, or partially alteredafter anera® orlock-bit corfiguration. Therefae, Hock ease
andlock-hit corfiguration canmand mug be epeated dfr normal operationis restored. Devce
power-off or RP# =V, _ clearsthe satusregider.

TheCUI latchescommand issued ty system ftware aml isna altered by Vpgy, CEy, CEq, O
CE, trarsitions, or WSM acions. Its gate is eadaray mode uponpower-up, after ext from reset/
power-down modk, or after V¢ transitions below V| xo. Vcc mug be lept at @ abore Vpgy
during V¢ trarsitions.

After block erase, program,orlock-hit configuration, even afte’VVpg trarsitions down to Vpgy k»
the QJI must be placedin readarraymoce via the ReadArray commaud if subsequem acces to
the menory arrayis desred. Vpgy mug be lept ator below V¢ duiing Vpgy trarsitions.

5.6 Power-Up/Down Protection

Thedevice isdesgnedto dfer protectionagainsg accidemal Hock erasrre, rogrammirg, or lock-
bit configuration during power trarsitions. Intemal circuitry reses the CUI to readamray mode at
power-up.

A system designer rrust guard agains spuriouswritesfor V¢ voltagesabowe V| xo whenVpg, is
active.Since WE# nmust below ard the device erabled(seeTable 2) for a canmand write, driving
WE#1to V| or disablingthe devce will inhibit writes. The QJI's two-stepcommand gquence
archtectue povidesaddedprotectionagairst data alteration.

KeepingVpgy bebw Vpgy k preverts inadvertert data alteetion. In-system block lock ard
unlock capmhility protectsthe deviceagainst inadvertert programming. The deviceis disabled
while RP# =V, _ regardless @ its cantrol inputs.
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5.7 Power Dissip ation

Whendesgning poartable systems desgnes must consder batery power consimption not only
during device operaton, bu also for data retention duing systemidle time. Hashmemay’'s
nonvdatility increases sahle bettery life becawse dita is retaied whensystem pwer is remeoed.

6.0 Electrical Spe cification s
6.1 Absol ute Maximum Ratings
Parameter Maximu m Rating
Temperature under Bias Expanded -25°Cto +85°C
Storage Temperature —65°C to +125 °C
Voltage On Any Pin —2.0Vto +5.0 v
Output Short Circuit Current 100 mA®
NOTES:

1. All specified voltages are with respect to GND. Minimum DC voltage is —0.5 V on input/output pins and
—0.2 V on V¢ and Vpgy pins. During transitions, this level may undershoot to —2.0 V for periods <20 ns.
Maximum DC voltage on input/output pins, V¢, and Vpgy is Ve +0.5 V which, during transitions, may
overshoot to V¢ +2.0 V for periods <20 ns.

2. Output shorted for no more than one second. No more than one output shorted at a time.

NOTICE: This datasheet contains preliminary information on new products in production. The specifications are
subject to change without notice. Verify with your local Intel Sales office that you have the latest datasheet before
finalizing a design.

Warning: Stressng the device beyondhe “Absolute Maxmum Ratings’ may cawse permarent danage.
The® are fress ratings only. Operationbeyand the “ Operating Condtions’ is not recanmenad
and exendedexposure keyond the “Operating Condtions’ may affect cevice eliability .
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6.2

Operatin g Conditions

Table 22. Temperature and V¢ Operating Conditions

28F128J3A, 28F640J3A, 28F320J3A

Symbol Parameter Notes Min Max Unit Test Condition
Ta Operating Temperature -25 +85 °C Ambient Temperature
Veer Vce1 Supply Voltage (2.7 V-3.6 V) 2.70 3.60 \Y
Veeo Vceo Supply Voltage (3.0 V-3.6 V) 3.00 3.60 \%

Vcch Vcch Supply Voltage (27 V-3.6 V) 2.70 3.60 \Y
VCCQ2 VCCQ2 Supply Voltage (30 V-3.6 V) 3.00 3.60 \Y%
6.3 Capacitance
Tp =+25°C,f=1MHz
Symbol Parameter Typ Max Unit Condition
Cin Input Capacitance 6 8 pF ViNn=0.0V
Court Output Capacitance 8 12 pF Voyr=0.0V
NOTES:
1. Sampled, not 100% tested.
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6.4

DC Characteristics

Symbol Parameter Notes Typ Max Unit Test Conditions
VCC = VCC Max; VCCQ = VCCQ Max
I Input and Vpgy Load Current 1 *1 HA Vin = Veeo of GND
VCC = VCC Max; VCCQ = VCCQ Max
Lo Output Leakage Current 1 +10 pA Vin = Veeo of GND
VCC = VCC Max; VCCQ = VCCQ Max
Lo Output Leakage Current 1 +10 pA Vin = Veeo of GND
CMOS |npUtS, VCC = VCC Max,
Device is enabled (see Table 2, “Chip
50 120 KA Enable Truth Table” on page 7),
lecs V¢ Standby Current 12,34 RP#=Vccq 0.2V
TTL |npUtS, VCC = VCC Max,
071 2 mA Device is enabled (see Table 2), RP# = V|4
lcep Vcc Power-Down Current 4 50 120 MA |RP#=GND* 0.2V, IgyT (STS) =0 mA
CMOS |npUtS, VCC = VCC Max, VCCQ =
Vceg Max using standard 4 word page
15 20 mA | mode reads.
Device is enabled (see Table 2)
f=5 MHz, IOUT =0mA
lccr Vcc Page Mode Read Current 13,4
CMOS |npUtS,VCC = VCC Max, VCCQ = VCCQ
Max using standard 4 word page mode
24 29 mA |reads.
Device is enabled (see Table 2)
f=33 MHz, IOUT =0mA
CMOS |npUtS, VCC = VCC Max, VCCQ =
Vceg Max using standard word/byte single
lccr Vcc Byte Mode Read Current 134 40 50 mA | reads
Device is enabled (see Table 2)
f=5 MHz, IOUT =0mA
| Ve Program or Set Lock-Bit 145 35 60 mA | CMOS Inputs, Vpey = Vee
cow Current "7 40 | 70 | mA | TTL Inputs, Veey = Vee
| Ve Block Erase or Clear Block |, , ¢ 35 70 mA | CMOS Inputs, Vpen = Ve
ceE Lock-Bits Current "7 a0 | 80 | mA |TTLInputs, Ve = Vee
lccws V¢ Program Suspend or Block o
leces Erase Suspend Current 1,4,6 10 mA | Device is disabled (see Table 2)
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DC Characteristics, Co ntinued
Symbol Parameter Notes Min Max Unit Test Conditions
VL Input Low Voltage 5 -0.5 0.8 \
Vi Input High Voltage 5 2.0 Veegt 0.5 \%
0.4 v | Veeq = Vecqas Min
IOL =2mA
VoL Output Low Voltage 2,5 -
0.2 v | VYecq = Vecqars Min
IOL =100 IJA
0.85 x v VCCQ = VCCQ Min
VCCQ IOH =-25mA
VoH Output High Voltage 2,5
VCCQ = VCCQ Min
Veeq- 0.2 V' oy = -100 pA
Vpgn Lockout during Program,
VPENLK | Erase and Lock-Bit Operations 5178 2.0 v
Vpgn during Block Erase,
VPENH Program, or Lock-Bit Operations 7.8 21 3.6 v
Viko V¢ Lockout Voltage 9 2.0 \

NOTES:

1. All currents are in RMS unless otherwise noted. These currents are valid for all product versions (packages
and speeds). Contact Intel's Application Support Hotline or your local sales office for information about typical

specifications.
. Includes STS.

. CMOS inputs are either Voc £ 0.2 V or GND £ 0.2 V. TTL inputs are either V_or V.

OO WN

. Current values are specified over the temperature range (0 °C to 70 °C) and may increase slightly at —25 °C.
. Sampled, not 100% tested.
. lccws and Iccgs are specified with the device de-selected. If the device is read or written while in erase

suspend mode, the device’s current draw is Iccg Of lccw-

. Block erases, programming, and lock-bit configurations are inhibited when Vpgy < VpgnLk, @and not

guaranteed in the range between Vpgy k (Max) and Vpgyy (Min), and above Vpgyy (Max).

. Typically, Vpgy is connected to Ve (2.7 V-3.6 V).
. Block erases, programming, and lock-bit configurations are inhibited when V¢ <V, ko, and not guaranteed

in the range between V| kg (min) and V¢ (min), and above V¢ (max).

Figur e 15. Transient Input /Output Reference Waveform for Vccg = 3.0 V-3.6 V or
VCCQ =2.7V-3.6V

L
Veeo 7)
Input Vo2 <4— TestPoints —» Veegl2  Output
«
0.0 5

NOTE: AC testinputs are driven at Vcc% for a Logic "1" and 0.0 V for a Logic "0." Input timing begins, and

Preliminar y

output timing ends, at Vccg/2 V (50% of Vecg). Input rise and fall times (10% to 90%) < 5 ns.
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Figur e 16. Transient Equiv alent Testing Loa d Circuit

1.3V
1N914
R =3.3kQ
Device
Under Test N O out
DS
NOTE: C, Includes Jig Capacitance
Test Configuration CL (pF)
VCCQ = VCC =3.0V-3.6V 30
VCCQ = VCC =27V-3.6V 30
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6.5 AC Characteristics— Read-Only Oper ations (::2)
_ ® . ®3)
Versions Vee 3.0V-3.6V 2.7V-3.6V
(All units in ns unless otherwise noted) Veco 30V_36YV® 27v_3.6YV®
# Sym Parameter Notes Min Max Min Max
32 Mbit 110 110
R1 tavav Read/Write Cycle Time 64 Mbit 120 120
128 Mbit 150 150
32 Mbit 110 110
R2 tavov Address to Output Delay 64 Mbit 120 120
128 Mbit 150 150
32 Mbit 2 110 110
R3 teLov CEX to Output Delay 64 Mbit 2 120 120
128 Mbit 2 150 150
R4 toLov OE# to Non-Array Output Delay 2,4 50 50
32 Mbit 150 150
R5 tpHoV RP# High to Output Delay 64 Mbit 180 180
128 Mbit 210 210
R6 tELQX CEx to OUtpUt inLow Z 5 0 0
R7 toLox OE# to Output in Low Z 5 0 0
R8 teHoz CEXx High to Output in High Z 5 55 55
R9 teHoz OE# High to Output in High Z 5 15 15
Output Hold from Address, CEx, or OE# Change,
R10 | ton Whichever Occurs First 5 0 0
R11 tELFL/tELFH CEx Low to BYTE# ngh or Low 5 10 10
R12 tFLQV/tFHQV BYTE# to Output Delay 1000 1000
R13 | troz BYTE# to Output in High Z 5 1000 1000
R14 tEHEL CEx High to CEx Low 5 0 0
R15 | tapa Page Address Access Time 56 25 30
R16 teLov OE# to Array Output Delay 4 25 30
NOTES:
CEy low is defined as the first edge of CE, CE4, or CE, that enables the device. CEy high is defined at the first edge of CEg,
CE1, or CEy that disables the device (see Table 2).
1. See AC Input/Output Reference Waveforms for the maximum allowable input slew rate.
2. OE# may be delayed up to tg) g\t v after the first edge of CEg, CE,, or CE; that enables the device (see
Table 2) without impact on tg gy
3. See Figures 14-16, Transient Input/Output Reference Waveform for Vecg =3.0V -3.6 Vor Vecg =27V -
3.6 V, and Transient Equivalent Testing Load Circuit for testing characteristics.
4. When reading the flash array a faster tg| qv (R16) applies. Non-array reads refer to status register reads,
guery reads, or device identifier reads.
5. Sampled, not 100% tested.
6. For devices configured to standard word/byte read mode, R15 (tapa) will equal R2 (tavqv)-
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Figure 17. AC Waveform for Both Page-Mode and Standard Word/Byte Read Operations
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NOTE: CEy low is defined as the first edge of CEy, CE4, or CE, that enables the device. CEy high is defined at
the first edge of CEq, CE,, or CE; that disables the device (see Table 2).
For standard word/byte read operations, R15 (tapa) Will equal R2 (tayqv)-
When reading the flash array a faster tg gy (R16) applies. Non-array reads refer to status register
reads, query reads, or device identifier reads.
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6.6 AC Characteristics— Write Operations (12)
Versions Vagg;gé:”
Unit
# Symb ol Parameter Notes Min Max
W1 | tppwi (tPHEL) RP# High Recovery to WE# (CEy) Going Low 3 1 us
W2 | tepwe (twied) CEyx (WE#) Low to WE# (CEy) Going Low 4 0 ns
W3 | twp Write Pulse Width 4 70 ns
W4 | toywn (toven) Data Setup to WE# (CEy) Going High 5 50 ns
W5 | tavwH (taven) Address Setup to WE# (CEy) Going High 5 55 ns
W6 | twHen (tEHwR) CEyx (WE#) Hold from WE# (CEy) High 10 ns
W7 | twhpx (tenpx) Data Hold from WE# (CEy) High 0 ns
W8 | twhax (tenax) Address Hold from WE# (CEy) High 0 ns
W9 | twpH Write Pulse Width High 6 30 ns
W11 | typwH (tvpeH) Vpen Setup to WE# (CEy) Going High 3 0 ns
W12 | twheL (tercl) Write Recovery before Read 7 35 ns
W13 | twhrL (tenrL) WE# (CEy) High to STS Going Low 8 500 ns
W15 | towwr Vpgn Hold from Valid SRD, STS Going High 3,8,9 0 ns
NOTES:

CEy low is defined as the first edge of CEg, CE1, or CE5 that enables the device. CEy high is defined at the first edge of CEy,
CE,, or CE, that disables the device (see Table 2).

1.

© 00~

Preliminar y

Read timing characteristics during block erase, program, and lock-bit configuration operations are the same
as during read-only operations. Refer to AC Characteristics—Read-Only Operations.

2. A write operation can be initiated and terminated with either CEy or WE#.
3.
4. Write pulse width (typ) is defined from CEy or WE# going low (whichever goes low first) to CEy or WE# going

Sampled, not 100% tested.

high (whichever goes high first). Hence, typ = twiown = teLen = twien = teown: If CEy is driven low 10 ns
before WE# going low, WE# pulse width requirement decreases to typ - 10 ns.

. Refer to Table 4 for valid Ay and D) for block erase, program, or lock-bit configuration.
. Write pulse width high (typp) is defined from CEy or WE# going high (whichever goes high first) to CEy or

WE# going low (whichever goes low first). Hence, tywpn = twhwL = teHeL = twHEL = tEHWL-

. For array access, tayqy is required in addition to tyyg for any accesses after a write.
. STS timings are based on STS configured in its RY/BY# default mode.
. Vpen should be held at Vpgyy until determination of block erase, program, or lock-bit configuration success

(SR.1/3/4/5 = 0).
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6.7 Block Erase, Program, and Lock-Bit Configura tion
1,2,3
Performance!
# Sym Parameter Notes Typ Max Unit
Write Buffer Byte Program Time
w16 (Time to Program 32 bytes/16 words) 4567 218 654 HS
twhova | Byte Program Time (Using Word/Byte Program
W16 tEroV3 Command) 4 210 630 ps
Block Program Time (Using Write to Buffer Command) 4 0.8 2.4 sec
W16 :WHQV“ Block Erase Time 4 1.0 5.0 sec
EHQV4
W16 :WHQVS Set Lock-Bit Time 4 64 75 us
EHQV5
W16 :WHQVG Clear Block Lock-Bits Time 4 05 | 070 | sec
EHQV6
W16 :WHRHl Program Suspend Latency Time to Read 25 75 us
EHRH1
W16 :WHRH Erase Suspend Latency Time to Read 26 35 us
EHRH
NOTES:

1. Typical values measured at T = +25 °C and nominal voltages. Assumes corresponding lock-bits are not set.
Subject to change based on device characterization.

. These performance numbers are valid for all speed versions.

. Sampled but not 100% tested.

. Excludes system-level overhead.

. These values are valid when the buffer is full, and the start address is aligned on a 32-byte boundary.

. Effective per-byte program time (twHgv1, tenovi) is 6.8 ps/byte (typical)

. Effective per-word program time (twnqv2, teHgv2) is 13.6 ps/word (typical)

. Max values are measured at worst case temperature and V¢ corner after 100k cycles

O~NO O~ WN
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Figure 18. AC Waveform for Writ e Operations

A B C D E F

M) (N W) (T AT

ADDRESSES [A] V': XU X X NNONMNMNM
Disabled (V) ! @ 7]
(WE#é)ngEb(l\é\{j)](V ) /_\ . —W
v SO iy
OE# [G] v, /
Disabled (V,,;) @

WE#, (CE,) [W(E
AW ]M) /

\

DATA [D/Q] vI: Azl o, D <_Djw_>—<€ o >>> < O >
. 13>

V,
STS[R] VOH /

oL

Vin
RP# [P] v j
IL

\%

PENH

ENLK
Veen [VT

H

0606_17

NOTES:
CEy low is defined as the first edge of CEg, CE1, or CE5 that enables the device. CEy high is defined at the first edge of CEy,
CE,, or CE, that disables the device (see Table 2).
STS is shown in its default mode (RY/BY#).

a. Ve power-up and standby.

b. Write block erase, write buffer, or program setup.

c. Write block erase or write buffer confirm, or valid address and data.

d. Automated erase delay.

e. Read status register or query data.

f. Write Read Array command.
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®
Figure 19. AC Waveform for Reset Operation
STS (R) Vin J
\Y
RPE(P) Y
R
0606_18
NOTE: STS is shown in its default mode (RY/BY#).
Reset Specifications?
# Sym Parameter Notes Min Max Unit
RP# Pulse Low Time
P1 | tpLpH (If RP# is tied to V¢, this specification is not 2 35 ps
applicable)
RP# High to Reset during Block Erase, Program, or
P2 | toHRrH Lock-Bit Configuration 3 100 ns
NOTES:

1. These specifications are valid for all product versions (packages and speeds).
2. If RP# is asserted while a block erase, program, or lock-bit configuration operation is not executing then the
minimum required RP# Pulse Low Time is 100 ns.
3. Areset time, tpqv, is required from the latter of STS (in RY/BY# mode) or RP# going high until outputs are
valid.
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INlal.

7.0 Ordering Information

28F128J3A, 28F640J3A, 28F320J3A

1/5/0

Package
E = 56-Lead TSOP —
RC = 64-Ball Easy BGA

Product line designator
for all Intel® Flash
products

Device Density
128 = x8/x16 (128 Mbit)

L1

[Access Speed (ns)*
128 Mbit = 150

64 Mbit = 120
32 Mbit = 110

[Intel® 0.25 micron
ETOX™ VI Process
| Technology

[Vol tage (Veo/Veen)

(
[3=3Vi3V

_Product Family

640 = x8/x16 (64 Mbit)
320 = x8/x16 (32 Mbit)

J = Intel® StrataFlash™ memory,
L 2 bits-per-cell

NOTE:

1. These speeds are for either the standard asynchronous read access times or for the first access of a page-

mode read sequence.

VALID COMBINATIONS

56-Lead TSOP

64-Ball Easy BGA

E28F128J3A-150

RC28F128J3A-150

E28F640J3A-120

RC28F640J3A-120

E28F320J3A-110

RC28F320J3A-110
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8.0 Addition al Inform ation
Order Number Document/Tool
298130 3 Vol@ !ntgl® StrataFlash™ Memory 28F128J3A, 28F640J3A, 320J3A
Specification Update
290668 Intel® Persistent Storage Manager datasheet
292237 AP-689 Using Intel® Persistent Storage Manager
Note 3 AP-707 3 Volt Intel® StrataFlash™ Memory CPU Interface Design Guide
290606 5 Volt Intel® StrataFlash™ Memoryl28F320J5 and 28F640J5 datasheet
290608 3 Volt FlashFile™ Memory; 28F160S3 and 28F320S3 datasheet
290609 5 Volt FlashFile™ Memory; 28F160S5 and 28F320S5 datasheet
290429 5 Volt FlashFile™ Memory; 28F008SA datasheet
290598 3 Volt FlashFile™ Memory; 28F004S3, 28F008S3, 28F016S3 datasheet
290597 5 Volt FlashFile™ Memory; 28F004S5, 28F008S5, 28F016S5 datasheet
297859 AP-677 Intel® StrataFlash™ Memory Technology
292222 AP-664 Designing Intel® StrataFlash™ Memory into Intel® Architecture
292221 AP-663 Using the Intel® StrataFlash™ Memory Write Buffer
292218 AP-660 Migration Guide to 3 Volt Intel® StrataFlash™ Memory
292205 AP-647 5 Volt Intel® StrataFlash™ Memory Design Guide
292204 AP-646 Common Flash Interface (CFI) and Command Sets
292202 AP-644 Migration Guide to 5 Volt Intel® StrataFlash™ Memory
298161 Intel® Flash Memory Chip Scale Package User’s Guide
Note 4 Preliminary Mechanical Specification for Easy BGA Package

NOTE:

1. Please call the Intel Literature Center at (800) 548-4725 to request Intel documentation. International
customers should contact their local Intel or distribution sales office.

2. Visit Intel's World Wide Web home page at http://www.intel.com for technical documentation and tools.

3. For the most current information on Intel StrataFlash memory, visit our website at http://developer.intel.com/
design/flash/isf.

4. This document is available on the web at http://developer.intel.com/design/flcomp/packdata/298049.htm.
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