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[Datasheet

Product[Features

Performance
—110/115/120/150 ns Initial Access Speed
—25 ns Asynchronous Page-Mode Reads
—32-Byte Write Buffer
—6.8 s per Byte Effective
Programming Time
Software
—Program and Erase suspend support
—Flash Data Integrator (FDI), Common
Flash Interface (CFI) Compatible
Security
—128-bit Protection Register
—64-bit Unique Device ldentifier
—64-bit User Programmable OTP Cells
— Absolute Protection with Vpgn = GND
— Individual Block Locking
—Block Erase/Program Lockout during

Architecture
—Multi-Level Cell Technology: High
Density at Low Cost
—High-Density Symmetrical 128-Kbyte
Blocks
—128 Mbit (128 Blocks)
—64 Mbit (64 Blocks)
—32 Mbit (32 Blocks)
Quality and Reliability
— Operating Temperature:
-40 °Cto +85 °C
— 100K Minimum Erase Cycles per Block
—0.18 um ETOX™ V11 Process (J3C)

—0.25 pm ETOX™ V1 Process (J3A)
Packaging and Voltage

—D56-Lead TSOP Package

—64-Ball Intel® Easy BGA Package
—48-Ball Intel®* VF BGA Package (32 and

Power Transitions 64 Mbit) (x16 only)

—Vee=27V-36V
_VCCQ =27V-36V

Capitalizing on Intel’s 0.25 and 0.18 micron, two-bit-per-cell technology, the 3 Volt Intel StrataFlash® Memory
(J3) device provides 2X the bits in 1X the space, with new features for mainstream performance. Offered in
128-Mbit (16-Mbyte), 64-Mbit, and 32-Mbit densities, the J3 device brings reliable, two-bit-per-cell storage
technology to the flash market segment. Benefits include: more density in less space, high-speed interface,
lowest cost-per-bit NOR device, support for code and data storage, and easy migration to future devices.

Using the same NOR-based ETOX™ technology as Intel’s one-bit-per-cell products, the J3 device takes
advantage of over one billion units of flash manufacturing experience since 1987. As a result, J3 components
are ideal for code and data applications where high density and low cost are required. Examples include
networking, telecommunications, digital set top boxes, audio recording, and digital imaging.

By applying FlashFile™ memory family pinouts, J3 memory components allow easy design migrations from
existing Word-Wide FlashFile memory (28F160S3 and 28F320S3), and first generation Intel StrataFlash®
memory (28F640J5 and 28F320J5) devices.

J3 memory components deliver a new generation of forward-compatible software support. By using the
Common Flash Interface (CFI) and the Scalable Command Set (SCS), customers can take advantage of densi%
upgrades and optimized write capabilities of future Intel StrataFlash® memory devices. Manufactured on Intel
0.18 micron ETOX™ VII (J3C) and 0.25 micron ETOX™ VI (J3A) process technology, the J3 memory device
provides the highest levels of quality and reliability.
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[28F128J3,[28F640J3,28F320J3

1.0 Introduction
1.1 Document[Purpose
This document contains information pertaining to the 3 Volt Intel StrataFlash® Memory device, J3.
The purpose of this document is to facilitate the use of this product and describe the features,
operations, and specifications of this device.
1.2 Nomenclature
AMIN: AMIN = A0 for x8
AMIN = A1l for x16
AMAX: 32 Mbit AMAX = A21
64 Mbit AMAX = A22
128 Mbit AMAX = A23
Block: A group of flash cells that share common erase circuitry and erase simultaneously
Clear: Indicates a logic zero (0)
CuUl: Command User Interface
MLC: Multi-Level Cell
OTP: One Time Programmable
PLR: Protection Lock Register
PR: Protection Register
PRD Protection Register Data
Program: To write data to the flash array
RCR: Read Configuration Register
RFU: Reserved for Future Use
Set: Indicates a logic one (1)
SR: Status Register
SRD Status Register Data
VPEN: Refers to a signal or package connection name
VpeN: Refers to timing or voltage levels
WSM: Write State Machine
XSR eXtended Status Register
1.3 Conventions

(Matasheet

Ox:
Ob:
k (noun):

M (noun):

Nibble
Byte:
Word:
Kword:
Kb:
KB:
Mb:
MB:

Brackets:

Hexadecimal prefix

Binary prefix

1,000

1,000,000

4 bits

8 bits

16 bits

1,024 words

1,024 bits

1,024 bytes

1,048,576 bits

1,048,576 bytes

Square brackets ([]) will be used to designate group membership or to define a
group of signals with similar function (i.e. A[21:1], SR[4,1] and D[15:0]).
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2.0

DevicelDescription

2.1

ProductOverview

The 3 \olt Intel StrataFlash® memory family contains high-density memories organized as 16
Mbytes or 8 Mwords (128-Mbit), 8 Mbytes or 4 Mwords (64-Mbit), and 4 Mbytes or 2 Mwords
(32-Mbit). These devices can be accessed as 8- or 16-bit words. The 128-Mbit device is organized
as one-hundred-twenty-eight 128-Kbyte (131,072 bytes) erase blocks. The 64-Mbit device is
organized as sixty-four 128-Kbyte erase blocks while the 32-Mbits device contains thirty-two 128-
Kbyte erase blocks. Blocks are selectively and individually lockable in-system. A 128-bit
protection register has multiple uses, including unique flash device identification.

The device’s optimized architecture and interface dramatically increases read performance by
supporting page-mode reads. This read mode is ideal for non-clock memory systems.

A Common Flash Interface (CFI) permits software algorithms to be used for entire families of
devices. This allows device-independent, JEDEC ID-independent, and forward- and backward-
compatible software support for the specified flash device families. Flash vendors can standardize
their existing interfaces for long-term compatibility.

Scalable Command Set (SCS) allows a single, simple software driver in all host systems to work
with all SCS-compliant flash memory devices, independent of system-level packaging (e.g.,
memory card, SIMM, or direct-to-board placement). Additionally, SCS provides the highest
system/device data transfer rates and minimizes device and system-level implementation costs.

A Command User Interface (CUI) serves as the interface between the system processor and
internal operation of the device. A valid command sequence written to the CUI initiates device
automation. An internal Write State Machine (WSM) automatically executes the algorithms and
timings necessary for block erase, program, and lock-bit configuration operations.

A block erase operation erases one of the device’s 128-Kbyte blocks typically within one second—
independent of other blocks. Each block can be independently erased 100,000 times. Block erase
suspend mode allows system software to suspend block erase to read or program data from any
other block. Similarly, program suspend allows system software to suspend programming (byte/
word program and write-to-buffer operations) to read data or execute code from any other block
that is not being suspended.

Each device incorporates a Write Buffer of 32 bytes (16 words) to allow optimum programming
performance. By using the Write Buffer, data is programmed in buffer increments. This feature can
improve system program performance more than 20 times over non-Write Buffer writes.

Individual block locking uses block lock-bits to lock and unlock blocks. Block lock-bits gate block
erase and program operations. Lock-bit configuration operations set and clear lock-bits (Set Block
Lock-Bit and Clear Block Lock-Bits commands).

The Status Register indicates when the WSM’s block erase, program, or lock-bit configuration
operation is finished.

The STS (STATUS) output gives an additional indicator of WSM activity by providing both a
hardware signal of status (versus software polling) and status masking (interrupt masking for
background block erase, for example). Status indication using STS minimizes both CPU overhead
and system power consumption. When configured in level mode (default mode), it acts as a RY/
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BY# signal. When low, STS indicates that the WSM is performing a block erase, program, or lock-
bit configuration. STS-high indicates that the WSM is ready for a new command, block erase is
suspended (and programming is inactive), program is suspended, or the device is in reset/power-
down mode. Additionally, the configuration command allows the STS signal to be configured to
pulse on completion of programming and/or block erases.

Three CE signals are used to enable and disable the device. A unique CE logic design (see Table 3,
“Chip Enable Truth Table” on page 16) reduces decoder logic typically required for multi-chip
designs. External logic is not required when designing a single chip, a dual chip, or a 4-chip
miniature card or SIMM module.

The BYTE# signal allows either x8 or x16 read/writes to the device. BY TE# at logic low selects 8-
bit mode; address AQ selects between the low byte and high byte. BYTE# at logic high enables 16-
bit operation; address Al becomes the lowest order address and address AO is not used (don’t care).
A device block diagram is shown in Figure 4 on page 14.

When the device is disabled (see Table 3 on page 16) and the RP# signal is at V¢, the standby
mode is enabled. When the RP# signal is at GND, a further power-down mode is enabled which
minimizes power consumption and provides write protection during reset. A reset time (tppgy) is
required from RP# switching high until outputs are valid. Likewise, the device has a wake time
(tppw) from RP#-high until writes to the CUI are recognized. With RP# at GND, the WSM is
reset and the Status Register is cleared.

BalloutDiagrams

Intel StrataFlash® Memory is available in three package types. Easy BGA in a 64-ball
configuration, along with 56-lead TSOP (Thin Small Outline Package), support all offered
densities. A 48-ball VF BGA package supporting the 32 and 64 Mbit device is also supported.
Figure 1, Figure 2, and Figure 3 show the pinouts.
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Figure[l.[BVoltntel ‘StrataFlash®MemoryEasy BGABallout

.
1 2 3 4 5 6 7 8 ‘

CGOCO0G00 || Q0000000
AL A6 A8 VPEN A3 VCC Als A22 A22 AL8 AL3 VPEN A8 A6 Al

COOO00000 || 00000000 -
‘\,l' \s,( \s,/, \. I3 - ‘\,(’ \s,f ‘\‘(
A2 VSS A9 CEO# Al4 RFU Al9 CE1# CE1# A19 RFU Al4 CEO# A9 VSS A2

e (OO0 1 O0000000)
A3 A7 Al0 Al2 Al5 RFU A20 A2l AZL A20 RFU AL5 Al2 AILO

ESISININISISIOI0 OOOOOOOOD
A4 A5 ALl RP# RFU RFU Al6 Al7 Al7 Al6 RFU RFU RP# All

HOIISISISIOIS OOOOOOO E
D8 DI D9 D3 D4 RFU DI5 STS STS D15 RFU D4 D3 D9 DL
/r-‘\ /,-\\ ',-\\ ,f'\\ ',-‘\ /r-‘\| I, \\I / ‘\|

B IISIISI0IS OOOOQOQOF
BYTE# DO D10 D11 D12 RFU RFU OE# OE# RFU RFU D12 DIl D10 DO BYTE#

cOCOGGHGT || 00000000 ¢
A23 A0 D2 vCCQ D5 D6 D14 WE# WE# D14 D6 D5 VCCQ D2 A0 A23
128M L e e e el e o 128M

CSO0o0000 || 00000000 -
CE2# RFU VCC VSS DIs VSS D7 Aza A24 D7 VSS D13 VSS VCC RFU CE2#

256M 256M
Easy[BGA EasyBGA
NOTES:

1. Address[A22(is[0nlyvalid[@nB4-Mbitldensitieslandlabove, @therwise,[itlis[@Moldonnect(NC).
2. Address[A23(is[@nlyalid[on[128-Mbitldensities[and@bove, Btherwise,[itlis[AMoldonnect{NC).
3. Address[A24[is[@nlyalidlon[256-Mbit[densities[@nd@bove, @therwise, itlis[@Moldonnect(NC).

Figure2.[BVoltlhtel StrataFlash®Memory B6-Lead TSOP{32/64/128Mbit)

3Woltintel 3Voltintel
StrataFlash StrataFlash
Memory Memory
28F160S3 | 28F32035 |  32/64/128M 32/64/128M 28F32005 | 28F160S3
N A, 1 56 1 A,G NC
CE CE, cE — 2 55 = We# WE# WE#
Ant A, O 3 54 == OE# OF# OF#
e Ay N— 53 = sTs sTS STS
I A = 2 (= oo, | Do, o0,
A A Ay = 6 51 = DO, DQ, bo*
A A P — 50 == DbQ, DQ;, 0Q.,
Ay A Ay, = 8 9 E= Do DO, :
= SE | h |
A D
™ ™ Ay, O 11 3Woltlntel % = DpQY oQ. DS;
™ ™ At 12 StrataFlash®Memory 5 F= Q) DQ;, 0g;,
A, A A, ] 13 56-Lead TSOP 44 F3 DQ, DQ,
cE CcE cE — u Standard(Pinout 3 = v, Ve
Voo Voo T 15 2 = o\ GiiB
RP# RP# RPF ] 16 14EmmR20Mmm 21 = b, DQ,, 0Q,,
Ay Ay A, T 17 40 = N DQ, 3
Ay Ay A, C 18 Top[View 39 3 DQ, DQ,, DQy,
A A A T 19 =N DQ, 0o!
Aq Ay A — 20 7 B2 v Voo
GND GND GND [ 21 36 — DQg DQ9 DQ,
A, A, A 22 33 F= g, D! 0o’
A A A — 23 3 = b, iR 0o!
Al A A — 2 33 = D DQ, 0o!
A, A, A = 25 2 = A, A,
A, A, A, ] 26 31 — BYTE# | BYTE# BYYEH
Al A A 27 30 =3 A0 NC N
Al A A — 28 20 = CE, CE, @
O Highlights PinoutGhanges

NOTES:

1. A22[existson64-,[128-[and256-Mbitldensities.[On[32-MbitldensitiesthisSignallis@mo-connect{NC).
2. A23[exists[On[128-Mbit[densities.[©On[32-[@and64-Mbitldensitiesthis(Signallis[@amo-connect{NC).

3. A24[exists[On[256-Mbitldensities.[©On[32-,64-[And[128-Mbitldensitiesfhis[Signallis@o-connect{NC).
4. VccEBNVEA0% Forthe28F640J5/28F320J5.
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Figure3.[BVoltIntel StrataFlash®Memory VFBGABallout(32[@nd B4 Mbit)

. l
1 2 3 4 5 6 7 8
B N T L N N
Lo A T O T A A S N S A A
N Nt N AN MY N7 LN N
Al4 Al12 A9 VPEN VCC A20 A8 A5 A20 VCC VPEN Al12
[‘_\\ I’-‘\ /‘-\\ I’-\\ 4’-\\ /'_\\ /‘_\\ I’-‘
B ‘ 1 [ L A 1 [ v ] B
\\\_I' \\\—’I \\\_J' \\\—’J ‘\\,I' \\\_J' \\\—’I \\\—’I
Al5 All WE# RP# Al9 Al18 A6 A3 A18 Al9 RP# WE# All Al5
N e A T A S S
C ~ JI Is 7’ ~ " ‘s /I \s /’ ‘s /‘ \s /I ‘s /’ C
Al6 A13 Al0 A22 A21 A7 Ad A2 A21 A22 A10 Al13 Al6
O O O OO000
o A S D
A}7 D14 D5 D11 D_2 D8 CE# Al CE# D14 AL7
Selsielslelolsls eleleleleleloloX
VCCQ D15 D6  DI2 D3 D9 DO Vss D9 D12 D15 VCCQ
Selalolnislvisle OO0O00000 -
NV S R S A A N L U I G
VSs D7 D13 D4 VvCC D10 D1 OE# OE# D10 VCC D4 D13 D7 VsSs
[VFIBGABX8 [VFIBGABX8
ToplViewBallSideDown Bottom ViewdBall[Side[W
NOTES:
1. CE#lisleéquivalentb[CEO,@nd[CE1[@nd[CE2[arelihternallydrounded.
2. A22[éxists[onthe®4MbldensityOnly.[Onthe[32-Mbitl[density, fhis(Signallisamo-connect{NC).
3. STSInotSupportedionithisipackage.
4. x8MotSupporteddnthisipackage.
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2.3 SignallDescriptions

Table 1 lists the active signals used and provides a description of each.

Table.0 SignalDescriptions[(Sheet[1[0f(2)

Symbol

Type

Namef@ndFunction

AO

INPUT

BYTE-SELECTI[ADDRESS:[Selectsbetween(highlandlbw(byteWhentheldevicelis[
inX8Mode.[This[addresslislatchedlduringlax8program(dycle.MotMisedihX160]
mode({.e.,fhe[AOlhputbufferisfurneddffivhenBY TE#[is[high).

A[23:1]

INPUT

ADDRESSINPUTS: Inputsforladdresses(duringfead@andprogramoperations.
Addressesl(arelihternallylatched(during(alprogram(@ycle.

32-Mbit:[A[21:0]

64-Mbit:[A[22:0]

128-Mbit:[A[23:0]

D[7:0]

INPUT/
OUTPUT

LOW-BYTEMMATABUS: Mhputsidatalduringbufferiivrites[@ndprogramming,and
inputs[@ommands[during[CUIMrites.[@utputs(array, [query,identifier,[or(Statusidatall
inthe[appropriate feadnode. FloatedWhen(ihel¢hiplslde-selectedorihedutputs
areldisabled.[@utputs[D[6:0]@reldlsofloatedWhentheWSMIisBusy.[Check[SR7 o0
determine[WSM{Status.

D[15:8]

INPUT/
OUTPUT

HIGH-BYTEDATABUS: InhputsidatalduringX16 Mufferiwrites[@ndprogramming
operations.[@utputs(array,[query, @rlidentifier[datalihthe@ppropriate[feadfhode; ot
usedforStatusRegistereads. Floatediwhen(fheldhiplis[de-selected,thedutputs]
areldisabled,[@rfhe (WSMIis[Busy.

CEO,
CE1l,
CE2

INPUT

CHIPENABLES:Activates[theldevice's[@ontrollbgic,ihputbuffers,[decoders,[and
senselamplifiers.(When[fheldevicelis[de-selected[(seeTable3[0n[page 16),[power]
reduces(iolStandbylevels.

AllfimingSpecifications@refhe8ameforfheselihreelSignals.MevicelSelection
occurswiththeffirstiedge [0f[CEO,[CEL, Br[CE2{hat[@nablesfheldevice.Devicel
deselection@ccurswithfhelfirstiédge@f[CEO,[CE1, @r[CE2fhatldisablesiheldevice
(seelTable3Bnpage 16).00

RP#

INPUT

RESET/POWER-DOWN: [Resetslihternall@automation[andputsiheldevicelih[power-
down(thode.[RP#-high[@nableshormalloperation. [ExitfromfesetSetstheldevicefo]
read@rrayode.(Whenldrivenlbw,RP#[hhibitsirite[0perationsiivhichprovides[
datalprotection(during[powerlfransitions.

OE#

INPUT

OUTPUTIENABLE:Activatesltheldevice'sl@utputshroughliheldataBuffersiduring@l]
read(@ycle.[OE#[k[aActiveIbw.

WE#

INPUT

WRITEENABLE: [Controlsiwritesiofhe[CUI,theWrite[Buffer,@and@rrayblocks.
WE#lis[active lbw.[Addresses(@nddatalarelatchedlonfhelfisingédgelofithe WE#[
pulse.

STS

OPENDO
DRAINO
OUTPUT

STATUS: [Indicates(the(Status(6flthelihternal(State[hachine.[When[donfiguredih [l
levelhodel{defaulthode), it@Acts@s@RY/BY#(Signal.VhenBonfiguredihOne[ofits[]
pulseodes,(itl¢an[pulsefolindicate[program@nd/or@éraselcompletion.For[]
alternatel@onfigurations[oflthe[STATUSISignal,[Seelfhe[Configurations@ommand.O
Tie[STSHoVCCQMWith[Alpull-upesistor.

BYTE#

INPUT

BYTEENABLE:BYTE#Ibw(places(fheldevicelinX8node.[All[datalisfhenlihputord]
outputon[D[7:0],hileD[15:8]{loat.[Address[AO[Selectsbetweenthehighlandlbw
byte.BYTE#highplacestheldevicelihX16[hode,@nd{urnsfffhe[AOGhputbuffer.C]
Address[Alihenbecomeslthellbwestldrder@ddress.

VPEN

INPUT

ERASENIPROGRAMIIBLOCKILOCKENABLE:[Forlérasing@rrayDlocks,[
programming(data, [@rldonfiguringlbck-bits.

WithVpen RV penLk. emorydontents@annotbe@ltered.

VCC

SUPPLY

DEVICE[POWERSUPPLY:WithlV RV ko, @llMrite@ttemptsibiheflashihemory
are(ihhibited.

12
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Table[.0 SignalDescriptions{Sheet2[6f[2)

Symbol Type Namef@nd[Function
veeo POWER I/OPOWERSUPPLY: IYOutput-driverSource¥oltage.ThisballdanBefiedo
GND SUPPLY | GROUND:DomotfloatlanylgroundiSignals.
NC NOICONNECT: Ileadsmotlihternally[@onnected;itithayedriven(orfloated.
REU RESERVEDIorFUTUREUSE: BallsldesignatedasRFUG@releservedbyIntelfor
futureldevicefunctionality[@and[@nhancement.

2.4 Block[Diagram

Figured.[BWolthtel BtrataFlash®MWemoryBlockDiagram

D[15:0]

Output

VCC
Q Buffer

InputBuffer |«

[
«—
o | o [ %,
] _ 7 W Y
)3 e gy =k =
VIEE Register @ Command Logicly” eo
o=z £ User WEH
e - Status = Interface | Ob#
- Register " RP#
A2:0] 5o Multiplexer
A 4
Y-Decoder > Y-Gating | l——  »STS
A[MAX:MIN] InputBuffer R Write State 5 = VPEN
l > 32-Mbit:Thirty-two Machine V“TtgfamB f?;sﬁ
¢ 64-Mbit:[Sixty-four = 0 agi wite
Address * 8-Mbit:[One-hundr
X-Decoder M “ twenty-eight W vee
» “+— GND
Address > 128-KbyteBlocks
Counter Y
? ® &6 6 & 6 & 0 o o o
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2.5

Memory[Map

Figure.[(BVoltStrataFlash®Memory Map

14

MAIMAXEIMIN]

FFFFFF

128-KbyteBlock 127
FEO0000
)
)
)
TFFFFF
128-KbyteBlock 63
7E0000
)
)
°
3FFFFF
128-KbyteBlock 31
3E0000
)
)
°
03FFFF
128-KbyteBlock 1
S3Rees
128-KbyteBlock o
000000

Byte-Widel(x8)Mode

TAIMAXEIMIN]
7TFFFFF x
64-KwordBlock 127
7F0000
]
®
®
3FFFFF
64-KwordBlock 63
3F0000
L =
o =
] ©
N
1FFFFF Lo
64-KwordBlock 31 a
1F0000 =
° 3
° 3
. =
O01FFFF ™
64-KwordBlock 1
010000
O0FFFF 64-KwordBlock 0
000000 v

Word-Widel(x16)Mode
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3.0 DevicelOperations

This section provides an overview of device operations. The on-chip Write State Machine (WSM)
manages all block-erase and word-program algorithms. The system CPU provides control of all in-
system read, write, and erase operations of the device via the system bus.

Device commands are written to the CUI to control all of the flash memory device’s operations.

The CUI does not occupy an addressable memory location; it’s the mechanism through which the
flash device is controlled.

3.1 Bus[Operations

The local CPU reads and writes flash memory in-system. All bus cycles to or from the flash
memory conform to standard microprocessor bus cycles.

Table2.00 Bus[Operations

STSO
Mode RP# | CE0,1,2 | OE#® | WE#® | Address | VPEN Data® (defaultD| Notes
mode)
Read@Array ViuO| Enabled Vi Viy X X Dout Highz | 45,6
OutputDisable Viyd| Enabled Vi Vi X X Highz X
Standby ViyO| Disabled X X X X Highz X
Reset/Power-Down[] Vi, X X X X X HighZ Highz
Mode
Lo Seel . )
Readdentifier[Codes Viyd| Enabled i ViH X Note[d Highz
Table(3
ReadQuer V0| Enabled | Vv v Seel] |y Noter Highz™
y IH IL IH Table.4 9
Read@tatusmWSM@ff) V|HD Enabled V"_ V|H X X DOUT
D7 Doyt
Read[StatuslWSM[on) | V,u0| Enabled VL Vi X X D[15:8]MHighlz
D[6:0]=HighlZ
Write V|H Enabled V|H V”_ X VPENH D|N X 6,10,11
NOTES:
1. See[Table3Gnpage 16HorNalid[CE[donfigurations.
2. OE#[andWE#[ShouldmeverbelénabledSimultaneously.
3. Dlfefers(oD[7:0][fBY TE#isIowAndD[15:0]GfBY TE#[isHigh.
4. ReferlfoCI[Characteristics. WhenVpgnEVpen k. [hemoryldontentsGanbefead, Buthotlaltered.
5. X[@anbelV, [OrlVy{or@ontrollandaddress(sSignals,[AndVpgy kOrVpenyHorVpeyn.[BeeDClCharacteristics forVpgp @ndO

VpennYoltages.

. Inldefaultihode, 3 TS5V 5 Whenfhe[WSMIs[eéxecutinglihternalBlock@rase,[program, @rlbck-bitldonfigurationalgorithms. 00
islVonWhenfhe(WSMismotbusy,ihblockeéraseSuspendiinode{with[programminglihactive),[programSuspendhode, 0r0]
reset/power-downmode.

7. HighZWwillbeV oy With[aneéxternallpull-upiesistor.

8. Seel[Section4.2,ReaddentifierCodes”0n(page 19{orieadlidentifierldodeldata.

9. SeelSection4.4,"Read[Query/CFI"[0n[page 22[forlfead(querydata.

10.Commandirites(involvingBlocklérase,[program,drbck-bitidonfiguration(arefeliably[@xecutedwhenVpenENY penp@Nd Y O

islwithin(Specification.]

»
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Tablel3.00 ChipEnableTruthTable

3.1.1

3.1.2

3.1.3

16

CE2 CE1l CEO DEVICE
Vi Vi Vi Enabled
Vi Vi V4 Disabled
VL ViH Vi Disabled
VL ViH Vi Disabled
ViH Vi Vi Enabled
ViH Vi ViH Enabled
ViH ViH Vi Enabled
ViH ViH V4 Disabled

NOTE: ForlSingle-chip@pplications,[CE2[@ANndCE1 ganbe(StrappedibGND.

ReadMode

To perform a bus read operation, CE# (Please refer to Table 3 on page 16) and OE# must be
asserted. CE# is the device-select control; when active, it enables the flash memory device. OE# is
the data-output control; when active, the addressed flash memory data is driven onto the 1/O bus.
For all read states, WE# and RP# must be de-asserted. See Section 11.1, “Read Operations” on
page 37. Refer to Section 4.0, “Read Operations” on page 19 for details on reading from the flash
array, and refer to Section 8.0, “Special Modes” on page 30 for details regarding all other available
read states.

Write

Writing commands to the Command User Interface enables various modes of operation, including
the reading of device data, query, identifier codes, inspection and clearing of the Status Register,
and, when Vpgn = Vpenh, block erasure, program, and lock-bit configuration.

The Block Erase command requires appropriate command data and an address within the block to
be erased. The Byte/Word Program command requires the command and address of the location to
be written. Set Block Lock-Bit commands require the command and block within the device to be
locked. The Clear Block Lock-Bits command requires the command and address within the device.

The CUI does not occupy an addressable memory location. It is written when the device is enabled
and WE# is active. The address and data needed to execute a command are latched on the rising

edge of WE# or the first edge of CEOQ, CEL, or CE2 that disables the device (see Table 3 on
page 16). Standard microprocessor write timings are used.

Output[Disable

With OE# at a logic-high level (V,y), the device outputs are disabled. Output signals D[15:0] are
placed in a high-impedance state.

Datasheet
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3.1.4

3.1.5

3.2

Table@.O

[28F128J3,[28F640J3,28F320J3

Standby

CEOQ, CE1, and CE2 can disable the device (see Table 3 on page 16) and place it in standby mode
which substantially reduces device power consumption. D[15:0] outputs are placed in a high-
impedance state independent of OE#. If deselected during block erase, program, or lock-bit
configuration, the WSM continues functioning, and consuming active power until the operation
completes.

Reset/Power-Down

RP# at V||_initiates the reset/power-down mode.

In read modes, RP#-low deselects the memory, places output drivers in a high-impedance state, and
turns off numerous internal circuits. RP# must be held low for a minimum of tp) pyy. Time tpqy is
required after return from reset mode until initial memory access outputs are valid. After this wake-
up interval, normal operation is restored. The CUI is reset to read array mode and Status Register is
set to 0x80.

During block erase, program, or lock-bit configuration modes, RP#-low will abort the operation. In
default mode, STS transitions low and remains low for a maximum time of tp| pyy + tpyrp uNtil the
reset operation is complete. Memory contents being altered are no longer valid; the data may be
partially corrupted after a program or partially altered after an erase or lock-bit configuration. Time
topw IS required after RP# goes to logic-high (V) before another command can be written.

As with any automated device, it is important to assert RP# during system reset. When the system
comes out of reset, it expects to read from the flash memory. Automated flash memories provide
status information when accessed during block erase, program, or lock-bit configuration modes. If
a CPU reset occurs with no flash memory reset, proper initialization may not occur because the
flash memory may be providing status information instead of array data. Intel® Flash memories
allow proper initialization following a system reset through the use of the RP# input. In this
application, RP# is controlled by the same RESET# signal that resets the system CPU.

Device[Commands

When the Vpgy voltage < Vg, Only read operations from the Status Register, query, identifier
codes, or blocks are enabled. Placing Vpgny 0N Vpgy additionally enables block erase, program,
and lock-bit configuration operations. Device operations are selected by writing specific
commands into the CUI. Table 4, “Intel StrataFlash® Memory Command Set Definitions” on
page 17 defines these commands.

IntelStrataFlash®Memory[Command S$etDefinitions{Sheet16f[2)

Command

Scalableldr(]
Basicl
CommandO

Set@

BusO
Cyclesl FirstBus[CTycle SecondBus[Cycle Notes
Req'd.

oper® | Addr® | Data®® | Oper® | Addr® | Data®®

Read[Array

SCS/BCS 1 Write X OxFF 1

Readdentifier[C

odes SCS/BCS =22 Write X 0X90 Read 1A ID 1,7

Read[@Query

SCS 22 Write X 0x98 Read QA QD 1

[Datasheet
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Table.0 IntelStrataFlash®Memory[Command $etDefinitions[([Sheet 20 f2)
seaaieart] gy
Command Cycles(] FirstBus[Cycle SecondBus(CTycle Notes
Command@ d
Set® Req'd.
oper® | Addr® | pata®® | Oper® | Addr® | Data®®
Read[S$tatusRegister SCS/BCS 2 Write X 0x70 Read X SRD 1,8
Clear[Status[Register SCS/BCS 1 Write X 0x50 1
. . . 1,9,0,0
WritefbBuffer SCS/BCS >[2 Write BA OxE8 Write BA N 11
Word/ByteProgram SCS/BCS 2 Write X Oéﬁgm Write PA PD | 1,12,13
Block[Erase SCS/BCS 2 Write BA 0x20 Write BA 0xDO 1,11,12
Block(Erase, [Programi| - gogpcg 1 Write X 0xBO 1,12,14
Suspend
Block(Erase,[Programi| - gogpcg 1 Write X 0xDO 1,12
Resume
Configuration SCS 2 Write X 0xB8 Write X CcC 1
SetBlockock-Bit SCS 2 Write X 0x60 Write BA 0x01 1
ClearBlock(ock-Bits SCS 2 Write X 0x60 Write X 0xDO 1,15
Protection[Program 2 Write X 0xCO0 Write PA PD 1
NOTES:

1. Commands[dtherfhanihosel8hown@bove@refeservedbyintelforfuturedevicelimplementations@ndShouldhotbedsed.
2. TheBasiclCommand[$et[(BCS)listhe[Samelasthe28F008SACommand$etdrihtel[Standard[Command[$et.[The[$Scalable[]
Command$et{SCS)lis@lsolreferredibl@asthelntel Extended[Command$et.
3. Busloperations(@areldefinedlih(Table[2.
4, XFAnyNalidiaddressiwithinfheldevice.
BAE[Addresswithintheblock.
IAEIdentifierlCode[Address:[See(Table(5.
QAZ[Queryldatabase[Address.
PAZ[Address[ofithemorybcationobeprogrammed.
RCDEDatalibberittenfbthe [feadldonfigurationfegister.This[datalis[presentedfofheldevice@n[A[16:1];@ll[0ther@ddress]
inputs(arelignored.
5. IDEDatalfeadfromIdentifier[Codes.
QDZDataMeadfromQueryldatabase.
SRDZ[Datalfeadfrom(Status[Register.[SeelTable®forlaldescription[dfithe [StatusRegisterbits.
PDEDatalfobelprogrammed@tibcationPA.Datalislatcheddnihelfising@dgedfWE#.
CC[Z[Configuration[Code.
6. ThelpperbyteldfitheldatabBusiD[15:8])[duringldommandiwrites(is@MDon’t[Care”lihX160peration.
7. Followingthe[ReadIdentifierlCodesl@éommand,feadldperations[access[hanufacturer,devicelandblockIbckldodes.[Seell
Section(4.2{orfeadlidentifier[@odeldata.
8. Ifthe(WSMIlisunning,@nlyD7lsMalid;D[15:8]@ndD[6:0]{Hloat,vhich[placesfhemlih@high-impedance(state.
9. AfterfheWritefoBufferl@ommandlsiissueddheckihe XSRIbnake Surelabufferis(available foriwriting.
10.Theumberdfbytes/wordsiobe WrittenfofheWrite BufferEFMNE 1, Where M Zbyte/word@ountlargument.[Countangeson]
thisldeviceforDytenode@reMNEZEOOHIoMEAFH@RndForiWordhodelare M Z0Mx00 o N ZEOxOF.[Thelfhirdi@ndl@onsecutive
busldycles,@sldetermined by, @reforiiriting[datalintofhe WriteBuffer.[The[Confirmdommand[{0xDO)(is[éxpected@fter]
exactlyN=[ritel@ycles;@nyldtherl@ommand@tihatipointlihfhelSequence@bortsiheliritefoBufferidoperation.[$eelFigure]
12,WritefoBuffer[Flowchart’dn[page 52{orladditionallihformation
11. Thelwrite[fDufferlorlérase@perationdoesmotbeginntilAConfirmGommand{0xDO)(isissued.
12.Attempts(iolissuelablockéraselorprogramio@lbckedblock.
13.Either[0x40[0r0x10[@reecognizedbyiheWSMI(asihebyte/wordprogramiSetup.
14.Program(suspends(danbelissued@fter(eitherthe Write-to-Bufferlor(Word/Byte-Program(dperation(islihitiated.
15.TheldlearDlockObck-bitsidperationSimultaneouslydlears@llblockIbck-bits.
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Read[Dperations

4.1

4.1.1

4.2

(Matasheet

The device supports four types of read modes: read array, read identifier, read status or read query.
Upon power-up or return from reset, the device defaults to read array mode. To change the device’s
read mode, the appropriate Read command must be written to the device. (See Section 3.2, “Device
Commands” on page 17.) See Section 8.0, “Special Modes” on page 30 for details regarding read
status, read 1D, and CFI query modes.

Upon initial device power-up or after exit from reset/power-down mode, the device automatically
resets to read array mode. Otherwise, write the appropriate read mode command (Read Array, Read
Query, Read Identifier Codes, or Read Status Register) to the CUI. Six control signals dictate the
data flow in and out of the component: CEO, CE1, CE2, OE#, WE#, and RP#. The device must be
enabled (see Table 3, “Chip Enable Truth Table” on page 16), and OE# must be driven active to
obtain data at the outputs. CEO, CE1, and CE2 are the device selection controls and, when enabled
(see Table 3), select the memory device. OE# is the data output (D[15:0]) control and, when active,
drives the selected memory data onto the 1/0 bus. WE# must be at V.

Read[Array[]

Upon initial device power-up and after exit from reset/power-down mode, the device defaults to
read array mode. The read configuration register defaults to asynchronous read page mode. The
Read Array command also causes the device to enter read array mode. The device remains enabled
for reads until another command is written. If the internal WSM has started a block erase, program,
or lock-bit configuration, the device will not recognize the Read Array command until the WSM
completes its operation unless the WSM is suspended via an Erase or Program Suspend command.
The Read Array command functions independently of the Vpgy voltage.

Asynchronous(Page-Mode[Read

Asynchronous Page Mode is the default read mode on power-up or reset. To perform a page mode
read after any other operation, the Read Array command must be issued to read from the flash
array. Asynchronous page mode reads are permitted in all blocks and is used to access register
information, but only one word is loaded into the page buffer during register access. In
asynchronous page mode, array data is sensed and loaded into a page buffer. After the initial delay,
the first word out of the page buffer corresponds to the initial address.

Address bits A[2:0] determine which word is output from the page buffer. Subsequent reads from
the device come from the page buffer, and are output on D[15:0] after a minimum delay as long as
address bits A[2:0] are the only address bits that change. Data can be read from the page buffer
multiple times, and in any order. If address bits A[MAX:3] change at any time, or if CE# is
toggled, the device will sense and load new data into the page buffer.

Readldentifier[Codes

The Read identifier codes operation outputs the manufacturer code, device-code, and the block
lock configuration codes for each block (See Figure 3.2 on page 17 for details on issuing the Read
Device Identifier command). Page-mode reads are not supported in this read mode. To terminate
the operation, write another valid command. Like the Read Array command, the Read Identifier
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Codes command functions independently of the Vpgy voltage. This command is valid only when
the WSM is off or the device is suspended. Following the Read Identifier Codes command, the
following information can be read

Table’.0 Identifier[Codes

4.3

20

Code Address® Data
Manufacture[Code 00000 (00)B9
Devicel[Code 32-Mbit 00001 (oo)aa6

64-Mbit 00001 0o)a7

128-Mbit 00001 (oo)as
BlockMock[Configuration X0002®
BlockIsWnlocked DOE[D
»Block(IsMlocked DOEO
*[ReservedforFutureWse D[7:1]

NOTES:

1. AOlsmotusedlh@itherx8[arx16odesWhen(@btainingtheldentifierd
codes.[Thellbwestlorderaddress(linelisAl.Datalisalwayspresented]
on(thelbwbytelihX16ode[{upperbyteldontains@0h).

2. XiSelectsihelSpecificblock’sbckldonfigurationdode.]

Read[Status[Register[]

The Status Register may be read to determine when a block erase, program, or lock-bit
configuration is complete and whether the operation completed successfully. It may be read at any
time by writing the Read Status Register command. After writing this command, all subsequent
read operations output data from the Status Register until another valid command is written. Page-
mode reads are not supported in this read mode. The Status Register contents are latched on the
falling edge of OE# or the first edge of CEO, CEL, or CE2 that enables the device (see Table 3,
“Chip Enable Truth Table” on page 16). OE# must toggle to V, or the device must be disabled
before further reads to update the Status Register latch. The Read Status Register command
functions independently of the Vpgy voltage.

During a program, block erase, set lock-bit, or clear lock-bit command sequence, only SR7 is valid
until the Write State Machine completes or suspends the operation. Device 1/O signals D[6:0] and
D[15:8] are placed in a high-impedance state. When the operation completes or suspends (check
SRY7), all contents of the Status Register are valid when read.
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Table[6.00 Status[RegisterDefinitions

[28F128J3,[28F640J3,28F320J3

WSMS ESS ECLBS PSLBS VPENS PSS DPS R
bit[7 bit® bit® bitld bit(3 bit2 bitl bit0
HighzO

WhenO StatusRegisterBits Notes

Busy?

No SR7EMWRITESTATEMMACHINESTATUS Check[3TS[Ori$R7ibldetermineBlockérase,
1=[Ready program,[@rbck-bitldonfigurationl@ompletion.O]
0FBusy SR[6:0]@AremotdrivenWhile(3R7=[0.”

Yes SR6EFERASESUSPENDISTATUS
1=BlockEraselBuspended
OZBlock(Eraselin[Progress/Completed

Ves SR5EZFRASERNDICLEARIOCK-BITSSTATUS IIfIIbOth_[SSRSQnd[$_R4BreEl"s@fter@[block@raseler
1EZErrorihBlockErasuredriClearllock-BitsO ock-bit(eonfiguration(attempt, [@nlimproperL]
0=ZBuccessfulBlockEraseBrClearlock-Bits commandiSequencelwas(entered.

Yes SR4EPROGRAMANDISETLLOCK-BITSTATUS
1ZErrorlih[Bettingock-Bitd
0F[BuccessfulZetBlockLockBit ) . )

Yes SR3EPROGRAMMINGVOLTAGEBTATUS SR3@oesmotmr_ovw_ieIﬁlﬂontmuousmrogrammng

A . voltage(levellihdication.[The(WSMI(ihterrogates@nd(l
1=LowlProgrammingVoltage(Detected,[Operation indicates(theprogrammingoltagelevel@nlyafterO]
Aborted BlockErase, [Program, SetBlocklLock-Bit, BrCleard]
Ves 0E[ProgrammingVoltage(OK BlockLock-Bits@ommandSequences.
SR2EFMPROGRAMISUSPENDISTATUS
(MM (& Program(Suspended
(D& [Programlin[progress/completed

Yes SR1EZMDEVICEPROTECTBTATUS SRlEloesl__rhpt@rovideIﬁlﬁontinuousﬁhdication@fD
1EBlockMock-BitMetected, DperationAbort blockilbck-bitialues. (The[WSMiihterrogatesthel]
O=Mnlock blockbck-bits@nly@fterBlockErase,Program,6r]

Lock-Bitldonfigurationl@ommand(Sequences.[It[]
informs(ihel8ystem,[dependingl@nihe@ttempted
operation,[iftheBlockbck-bitlis[Set. [Readfhedlock]
lockldonfigurationl@odeslisingfheReadIdentifierd
Codesldommand(fbldetermineBlocklbck-bit(Status.
Yes SRO(iseservedforfuturese@ndshouldbe
SROEFRESERVEDFORFUTUREMENHANCEMENTS maskedWhen(pollingthe StatusRegister.

Table[7.O eXtended[Status[RegisterDefinitions

ENHANCEMENTS

WBS Reserved
bit@ bits[6—0
HighzO
WhenO Status[RegisterBits Notes
Busy?

No XSR7EZWRITEBUFFERBTATUS After[aBuffer-Write[@ommand, XSR7Z[1lihdicates
1EZWrite[Muffer@vailable thatla(Write Bufferlis[@vailable.
OIEOWriteBufferotlavailable SR[6:0]@reTeservedoriuture@se@AndBhouldbel

Yes XSR6—XSROEMRESERVEDFORFUTURED maskedWhen[pollingfhelStatus[Register.
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4.4

5.0

Read[Query/CFl

The query register contains an assortment of flash product information such as block size, density,
allowable command sets, electrical specifications and other product information. The data
contained in this register conforms to the Common Flash Interface (CFI) protocol. To obtain any
information from the query register, execute the Read Query Register command. See Section 3.2,
“Device Commands” on page 17 for details on issuing the CFI Query command. Refer to
Appendix B, “Query Structure Overview” on page 46 for a detailed explanation of the CFI register.
Information contained in this register can only be accessed by executing a single-word read.

Programming[Operations

5.1

5.2

22

The device supports two different programming methods: word programming, and write-buffer
programming. Successful programming requires the addressed block to be unlocked. An attempt to
program a locked block will result in the operation aborting, and SR1 and SR4 being set, indicating
a programming error. The following sections describe device programming in detail.

Byte/WordProgram(]

Byte/Word program is executed by a two-cycle command sequence. Byte/Word program setup
(standard 0x40 or alternate 0x10) is written followed by a second write that specifies the address
and data (latched on the rising edge of WE#). The WSM then takes over, controlling the program
and program verify algorithms internally. After the program sequence is written, the device
automatically outputs SRD when read (see Figure 14, “Byte/Word Program Flowchart” on

page 54). The CPU can detect the completion of the program event by analyzing the STS signal or
SR7.

When program is complete, SR4 should be checked. If a program error is detected, the Status
Register should be cleared. The internal WSM verify only detects errors for “1”s that do not
successfully program to “0”s. The CUI remains in Read Status Register mode until it receives
another command.

Reliable byte/word programming can only occur when V¢ and Vpgy are valid. If a byte/word
program is attempted while Vpgyn < VpenLk: SR4 and SR3 will be set. Successful byte/word
programs require that the corresponding block lock-bit be cleared. If a byte/word program is
attempted when the corresponding block lock-bit is set, SR1 and SR4 will be set.

WritefloBuffer[

To program the flash device, a Write to Buffer command sequence is initiated. A variable number
of bytes, up to the buffer size, can be loaded into the buffer and written to the flash device. First, the
Write to Buffer Setup command is issued along with the Block Address (see Figure 12, “Write to
Buffer Flowchart” on page 52). At this point, the eXtended Status Register (XSR, see Table 7)
information is loaded and XSR7 reverts to “buffer available” status. If XSR7 = 0, the write buffer is
not available. To retry, continue monitoring XSR7 by issuing the Write to Buffer setup command
with the Block Address until XSR7 = 1. When XSR7 transitions to a “1,” the buffer is ready for
loading.
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Next, a word/byte count is given to the part with the Block Address. On the next write, a device
start address is given along with the write buffer data. Subsequent writes provide additional device
addresses and data, depending on the count. All subsequent addresses must lie within the start
address plus the count.

Internally, this device programs many flash cells in parallel. Because of this parallel programming,
maximum programming performance and lower power are obtained by aligning the start address at
the beginning of a write buffer boundary (i.e., A[4:0] of the start address = 0).

After the final buffer data is given, a Write Confirm command is issued. This initiates the WSM
(Write State Machine) to begin copying the buffer data to the flash array. If a command other than
Write Confirm is written to the device, an “Invalid Command/Sequence” error will be generated
and SR5 and SR4 will be set. For additional buffer writes, issue another Write to Buffer Setup
command and check XSR7.

If an error occurs while writing, the device will stop writing, and SR4 will be set to indicate a
program failure. The internal WSM verify only detects errors for “1”s that do not successfully
program to “0”s. If a program error is detected, the Status Register should be cleared. Any time
SR4 and/or SR5 is set (e.g., a media failure occurs during a program or an erase), the device will
not accept any more Write to Buffer commands. Additionally, if the user attempts to program past
an erase block boundary with a Write to Buffer command, the device will abort the write to buffer
operation. This will generate an “Invalid Command/Sequence” error and SR5 and SR4 will be set.

Reliable buffered writes can only occur when Vpgyn = Vpenn- IT @ buffered write is attempted
while Vpen £ VpenLk: SR4 and SR3 will be set. Buffered write attempts with invalid V¢ and
Vpey Voltages produce spurious results and should not be attempted. Finally, successful
programming requires that the corresponding block lock-bit be reset. If a buffered write is
attempted when the corresponding block lock-bit is set, SR1 and SR4 will be set.

Program[Suspend

The Program Suspend command allows program interruption to read data in other flash memory
locations. Once the programming process starts (either by initiating a write to buffer or byte/word
program operation), writing the Program Suspend command requests that the WSM suspend the
program sequence at a predetermined point in the algorithm. The device continues to output SRD
when read after the Program Suspend command is written. Polling SR7 can determine when the
programming operation has been suspended. When SR7 = 1, SR2 should also be set, indicating that
the device is in the program suspend mode. STS in level RY/BY# mode will also transition to Vgp.
Specification tyyryq defines the program suspend latency.

At this point, a Read Array command can be written to read data from locations other than that
which is suspended. The only other valid commands while programming is suspended are Read
Query, Read Status Register, Clear Status Register, Configure, and Program Resume. After a
Program Resume command is written, the WSM will continue the programming process. SR2 and
SR7 will automatically clear and STS in RY/BY# mode will return to Vg, . After the Program
Resume command is written, the device automatically outputs SRD when read. Vpgy must remain
at Vpgnp and Ve must remain at valid V¢ levels (the same Vpgy and V¢ levels used for
programming) while in program suspend mode. Refer to Figure 15, “Program Suspend/Resume
Flowchart” on page 55.
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5.4

6.0

Program[Resume

To resume (i.e., continue) a program suspend operation, execute the Program Resume command.
The Resume command can be written to any device address. When a program operation is nested
within an erase suspend operation and the Program Suspend command is issued, the device will
suspend the program operation. When the Resume command is issued, the device will resume and
complete the program operation. Once the nested program operation is completed, an additional
Resume command is required to complete the block erase operation. The device supports a
maximum suspend/resume of two nested routines. See Figure 15, “Program Suspend/Resume
Flowchart” on page 55).

EraselOperations

6.1

6.2
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Flash erasing is performed on a block basis; therefore, only one block can be erased at a time. Once
a block is erased, all bits within that block will read as a logic level one. To determine the status of
a block erase, poll the Status Register and analyze the bits. This following section describes block
erase operations in detail.

Block[Erasell

Erase is executed one block at a time and initiated by a two-cycle command. A block erase setup is
first written, followed by an block erase confirm. This command sequence requires an appropriate
address within the block to be erased (erase changes all block data to FFH). Block preconditioning,
erase, and verify are handled internally by the WSM (invisible to the system). After the two-cycle
block erase sequence is written, the device automatically outputs SRD when read (see Figure 16,

“Block Erase Flowchart” on page 56). The CPU can detect block erase completion by analyzing

the output of the STS signal or SR7. Toggle OE#, CEO, CEL, or CE2 to update the Status Register.

When the block erase is complete, SR5 should be checked. If a block erase error is detected, the
Status Register should be cleared before system software attempts corrective actions. The CUI
remains in Read Status Register mode until a new command is issued.

This two-step command sequence of setup followed by execution ensures that block contents are
not accidentally erased. An invalid Block Erase command sequence will result in both SR4 and
SR5 being set. Also, reliable block erasure can only occur when V¢ is valid and Vpgyn = Vpenh-
If block erase is attempted while Vpgn < VpenLk: SR3 and SRS will be set. Successful block erase
requires that the corresponding block lock-bit be cleared. If block erase is attempted when the
corresponding block lock-bit is set, SR1 and SR5 will be set.

Block[EraselSuspend

The Block Erase Suspend command allows block-erase interruption to read or program data in
another block of memory. Once the block erase process starts, writing the Block Erase Suspend
command requests that the WSM suspend the block erase sequence at a predetermined point in the
algorithm. The device outputs SRD when read after the Block Erase Suspend command is written.
Polling SR7 then SR6 can determine when the block erase operation has been suspended (both will
be set). In default mode, STS will also transition to V. Specification tyyyry defines the block
erase suspend latency.
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At this point, a Read Array command can be written to read data from blocks other than that which
is suspended. A program command sequence can also be issued during erase suspend to program
data in other blocks. During a program operation with block erase suspended, SR7 will return to
“0” and STS output (in default mode) will transition to Vo, . However, SR6 will remain “1” to
indicate block erase suspend status. Using the Program Suspend command, a program operation
can also be suspended. Resuming a suspended programming operation by issuing the Program
Resume command allows continuing of the suspended programming operation. To resume the
suspended erase, the user must wait for the programming operation to complete before issuing the
Block Erase Resume command.

The only other valid commands while block erase is suspended are Read Query, Read Status
Register, Clear Status Register, Configure, and Block Erase Resume. After a Block Erase Resume
command is written to the flash memory, the WSM will continue the block erase process. SR6 and
SR7 will automatically clear and STS (in default mode) will return to V. After the Erase Resume
command is written, the device automatically outputs SRD when read (see Figure 17, “Block Erase
Suspend/Resume Flowchart” on page 57). Vpgy must remain at Vpgyy (the same Vpgy level used
for block erase) while block erase is suspended. Block erase cannot resume until program
operations initiated during block erase suspend have completed.

EraselResume

To resume (i.e., continue) an erase suspend operation, execute the Erase Resume command. The
Resume command can be written to any device address. When a program operation is nested
within an erase suspend operation and the Program Suspend command is issued, the device will
suspend the program operation. When the Resume command is issued, the device will resume the
program operations first. Once the nested program operation is completed, an additional Resume
command is required to complete the block erase operation. The device supports a maximum
suspend/resume of two nested routines. See Figure 16, “Block Erase Flowchart” on page 56.
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7.0

Security[Modes

7.1

7.2
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This device offers both hardware and software security features. Block lock operations, PRs, and
VPEN allow the user to implement various levels of data protection. The following section
describes security features in detail.

SetBlockIock-Bit

A flexible block locking scheme is enabled via block lock-bits. The block lock-bits gate program
and erase operations. Individual block lock-bits can be set using the Set Block Lock-Bit command.
This command is invalid while the WSM is running or the device is suspended.

Set block lock-bit commands are executed by a two-cycle sequence. The set block setup along with
appropriate block address is followed by either the set block lock-bit confirm (and an address
within the block to be locked). The WSM then controls the set lock-bit algorithm. After the
sequence is written, the device automatically outputs Status Register data when read (see Figure 18
on page 58). The CPU can detect the completion of the set lock-bit event by analyzing the STS
signal output or SR7.

When the set lock-bit operation is complete, SR4 should be checked. If an error is detected, the
Status Register should be cleared. The CUI will remain in Read Status Register mode until a new
command is issued.

This two-step sequence of setup followed by execution ensures that lock-bits are not accidentally
set. An invalid Set Block Lock-Bit command will result in SR4 and SR5 being set. Also, reliable
operations occur only when V¢ and Vpgy are valid. With Vpey < VpenLk, l0ck-bit contents are
protected against alteration.

ClearBlocklock-Bits[]

All set block lock-bits are cleared in parallel via the Clear Block Lock-Bits command. Block lock-
bits can be cleared using only the Clear Block Lock-Bits command. This command is invalid while
the WSM is running or the device is suspended.

Clear block lock-bits command is executed by a two-cycle sequence. A clear block lock-bits setup
is first written. The device automatically outputs Status Register data when read (see Figure 19 on
page 59). The CPU can detect completion of the clear block lock-bits event by analyzing the STS
signal output or SR7.

When the operation is complete, SR5 should be checked. If a clear block lock-bit error is detected,
the Status Register should be cleared. The CUI will remain in Read Status Register mode until
another command is issued.

This two-step sequence of setup followed by execution ensures that block lock-bits are not
accidentally cleared. An invalid Clear Block Lock-Bits command sequence will result in SR4 and
SR5 being set. Also, a reliable clear block lock-bits operation can only occur when V¢ and Vpgyn
are valid. If a clear block lock-bits operation is attempted while Vpgy < Vpenk: SR3 and SR5 will
be set.
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If a clear block lock-bits operation is aborted due to Vpgy Or V¢ transitioning out of valid range,
block lock-bit values are left in an undetermined state. A repeat of clear block lock-bits is required
to initialize block lock-bit contents to known values.

Protection[RegisterProgram(]

The 3 Volt Intel StrataFlash® memory includes a 128-bit Protection Register that can be used to
increase the security of a system design. For example, the number contained in the PR can be used
to “mate” the flash component with other system components such as the CPU or ASIC, preventing
device substitution.

The 128-bits of the PR are divided into two 64-bit segments. One of the segments is programmed at
the Intel factory with a unique 64-bit number, which is unalterable. The other segment is left blank
for customer designers to program as desired. Once the customer segment is programmed, it can be
locked to prevent further programming.

Readinghe[ProtectionRegister

The Protection Register is read in the identification read mode. The device is switched to this mode
by issuing the Read Identifier command (0x90). Once in this mode, read cycles from addresses
shown in Table 8 or Table 9 retrieve the specified information. To return to read array mode, write
the Read Array command (OxFF).

Programminglihe[ProtectionRegister

Protection Register bits are programmed using the two-cycle Protection Program command. The
64-bit number is programmed 16 bits at a time for word-wide configuration and eight bits at a time
for byte-wide configuration. First write the Protection Program Setup command, 0xCO0. The next
write to the device will latch in address and data and program the specified location. The allowable
addresses are shown in Table 8 or Table 9. See Figure 20, “Protection Register Programming
Flowchart” on page 60

Any attempt to address Protection Program commands outside the defined PR address space will
result in a Status Register error (SR4 will be set). Attempting to program a locked PR segment will
result in a Status Register error (SR4 and SR1 will be set).

LockingiheProtectionRegister

The user-programmable segment of the Protection Register is lockable by programming Bit 1 of
the PLR to 0. Bit 0 of this location is programmed to O at the Intel factory to protect the unique
device number. Bit 1 is set using the Protection Program command to program “OxFFFD” to the
PLR. After these bits have been programmed, no further changes can be made to the values stored
in the protection register. Protection Program commands to a locked section will result in a Status
Register error (SR4 and SR1 will be set). PR lockout state is not reversible.
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Figurel®.[ProtectionRegisterMemoryMap

Word
Address

0x88

0x85
0x84

0x81

A[23:1]:(128Mbit
A[22:1]:B4Mbit
A[21:1]:[32Mbit

64-bitlSegment
(User-Programmable)

128-Bit[Protection[Register0

64-bitiSegment
(Factory-Programmed) f" 2

Lock[Register[@

x80 EEEEREEEEEEREEE] i

NOTE: AOlsMotisedihX16hodeWhen@ccessingihelprotectionfegisterhap{SeeTableB{orX160
addressing).[ForX8hode[AOlsWised(See(Table ®forX8[addressing).]
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[28F128J3,[28F640J3,28F320J3

Word

Use

A8

A7

AB

>
o

>
S

>
w

>
N

>
=

LOCK

Both

Factory

Factory

Factory

Factory

User

User

ol | W N| L] O

User

o|lo|lOoO|O|O|O|O| O

o|lo|loOo|lO|O|O|O| O

o|lo|loOo|lO|O|O|O| O

o|lo|lOoO|lO|O|O|O| O

Rl FRP|FP|[FRP|[O|lO| O| O

| P O|lO|FR|F| O] O

| O|Fr,|[O|lFR|O| ]| O

User

Rlr|lr|r| Rk R~

0

0

0

1

0

0

0

NOTE: Allladdressl(inesotSpecifiedihthe@bovefablenustbe DWhen@ccessingfheProtectionRegister(]
(i.e.,[A[MAX:9]Z0.)

Table®.0 Byte-Widel[ProtectionRegister[Addressing

[Datasheet

Byte Use A8 A7 A6 A5 A4 A3 A2 Al A0
LOCK Both 1 0 0 0 0 0 0 0 0
LOCK Both 1 0 0 0 0 0 0 0 1

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

NOTE: Allladdressl(lines[hot(Specifiedihfhelaboveliablemustbe@When@ccessingfheProtectionRegister, Il
i.e.,[AIMAX:9]Z00.
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7.4 Array[Protection

The Vpgy signal is a hardware mechanism to prohibit array alteration. When the Vpgy voltage is
below the Vpgn K Voltage, array contents cannot be altered. To ensure a proper erase or program
operation, Vpgy Must be set to a valid voltage level. To determine the status of an erase or program
operation, poll the Status Register and analyze the bits.

8.0 SpeciallModes

This section describes how to read the status, ID, and CFI registers. This section also details how to
configure the STS signal.

8.1 Set[Read[Configuration[]

This command is not supported on this product. This device will default to the asynchronous page
mode. If this command is given to the device, it will not affect the operation of the device.

8.1.1 Read[Configuration

The device will support both asynchronous page mode and standard word/byte reads. No
configuration is required.

Status Register and identifier only support standard word/byte single read operations.

Table[10.[Read[ConfigurationRegisterDefinition

‘ RM ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R
16[(A16) 15 14 13 12 11 10 9
‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R
8 1
Notes
RCR.16 ZIREADMODEIRM) Readhodeldonfiguration(éffectsfeadsfrom(heflash@rray.0]
0=[$tandardWord/Byte[Reads[Enabled{Default) Status[Register,[query,[@nd(itlentifier[feadsSupportStandard ]
1=[Page-ModeReadsEnabled word/bytefeadlgdycles.O
RCR.15-1ZRESERVEDFORFUTUREENHANCEMENTSR) | Thesebitslaremeservedforfuturese.Setthesebitsb[0.”

8.2 STSU

The Status (STS) signal can be configured to different states using the Configuration command.
Once the STS signal has been configured, it remains in that configuration until another
configuration command is issued or RP# is asserted low. Initially, the STS signal defaults to RY/
BY# operation where RY/BY# low indicates that the WSM is busy. RY/BY# high indicates that the
state machine is ready for a new operation or suspended. Table 11, “STS Configuration Coding
Definitions” on page 31 displays the possible STS configurations.
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To reconfigure the Status (STS) signal to other modes, the Configuration command is given
followed by the desired configuration code. The three alternate configurations are all pulse mode
for use as a system interrupt as described below. For these configurations, bit 0 controls Erase
Complete interrupt pulse, and bit 1 controls Program Complete interrupt pulse. Supplying the 0x00
configuration code with the Configuration command resets the STS signal to the default RY/BY#
level mode. The possible configurations and their usage are described in Table 11, “STS
Configuration Coding Definitions” on page 31. The Configuration command may only be given
when the device is not busy or suspended. Check SR7 for device status. An invalid configuration
code will result in both SR4 and SR5 being set. When configured in one of the pulse modes, the
STS signal pulses low with a typical pulse width of 250 ns.

Table11.0STSIConfiguration[Codingefinitions

[Datasheet

D7 D6 D5 D4 D3 D2 D1 DO
Pulseldon| Pulse@nO
Reserved ProgramO Erasell
Completell| Completel
@ @

D[1:0] 7[3TS[ConfigurationCodes Notes

00[Z[default,levelode;
devicelfeadylihdicationd

Used(ibl@ontrolHOLD(Ibalmemoryldontrolleroprevent@ccessing@l]
flashihemorySubsystemWhile@nyflashdevice'sIVSMIkDusy.

Usedliblgenerate@8ystemlihterruptipulseWhenlanyflashldevicelih[
an@rraybas@ompleted(ablockerase.HelpfulforeformattingBlocks
afterffileSystem[reelSpaceeclamationorcleanup.”

01EZ[pulseldnEraseComplete

Used(iblgenerate@l8ystemlinterruptipulseiwhenlanyflashldevicelih
an@rrayhas@ompleted@program@peration.Provideshighest
performancefor(ServicingldontinuousBufferiwrite [Operations.

10FpulseOnProgramComplete

Used(iblgenerate(SystemlnterruptsbliriggerServicing6fiflashl@arraysl]

11zpulselon(EraselorPrograml] when(@itherléraseldr[program@perations(are(dompleted,when[al]

Complete

commonl(hterrupt(Servicefoutinelis[desired.

NOTES:
1. When[donfiguredihldne6ffhelpulselinodes, 3 TSpulsesIbwwith[afypical(pulseWidth0f250(0s.
2. Anlhvalid@onfiguration(@ode WwillfesultihBoth[3R4@nd[$R5being(Set.
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9.0

Power@andReset

9.1

9.2

9.3
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This section provides an overview of some system level considerations in regards to the flash
device. This section provides a brief description of power-up, power-down, decoupling and reset
design considerations.

Power-Up/Down[Characteristics

In order to prevent any condition that may result in a spurious write or erase operation, it is
recommended to power-up and power-down VCC and VCCQ together. It is also recommended to
power-up VPEN with or slightly after VCC. Conversely, VPEN must power down with or slightly
before VCC.

PowerlSupplyDecoupling

When the device is enabled, many internal conditions change. Circuits are energized, charge pumps
are switched on, and internal voltage nodes are ramped. All of this internal activities produce
transient signals. The magnitude of the transient signals depends on the device and system loading.
To minimize the effect of these transient signals, a 0.1 yF ceramic capacitor is required across each
VCC/VSS and VCCQ signal. Capacitors should be placed as close as possible to device
connections.

Additionally, for every eight flash devices, a 4.7 uF electrolytic capacitor should be placed between
VCC and VSS at the power supply connection. This 4.7 uF capacitor should help overcome
voltage slumps caused by PCB (printed circuit board) trace inductance.

Reset[Characteristics

By holding the flash device in reset during power-up and power-down transitions, invalid bus
conditions may be masked. The flash device enters reset mode when RP# is driven low. In reset,
internal flash circuitry is disabled and outputs are placed in a high-impedance state. After return
from reset, a certain amount of time is required before the flash device is able to perform normal
operations. After return from reset, the flash device defaults to asynchronous page mode. If RP# is
driven low during a program or erase operation, the program or erase operation will be aborted and
the memory contents at the aborted block or address are no longer valid. See Figure 9, “AC
Waveform for Reset Operation” on page 42 for detailed information regarding reset timings.
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10.1

Warning:

AbsoluteMaximum[Ratings

This datasheet contains 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. Absolute maximum ratings are shown in Table 12.

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

Table12.[AbsoluteMaximumRatings

[Datasheet

Parameter Maximum[Rating
TemperaturellinderBias[Extended —400Cb#+85MC
StorageTemperature —650CHb[#1250C
Voltage[®n[AnySignal —2.0VHoF5.0vY
OutputiShort[TircuitlCurrent 100MA®

NOTES:

1. AliSpecifiedioltages@arewithespectio[GND.MinimumIDCholtagelis[30.5V@nlihput/outputiSignalsiand
—0.2 VIonlVcc@ndVpgy[Signals. During[fransitions, fthisfevelhaytindershootio3-2.0V forperiods 200
ns.MaximumDColtage@nlhput/outputSignals, Ve e, AndVpen 5V o cF0.5VWhich, [duringfransitions, 0

may[BvershootioVccF2.0V for[periods<20ms.

2. OutputlShortedfornolnorefhan@neSecond.MolhorethanoneldutputShorted(atafime.
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10.2 Operating[Conditions
Table3.0remperaturel@andV.c[Operating[Conditions
Symbol Parameter Min Max Unit Test[Condition
Ta Operating(Temperature -40 +85 °C Ambient[Temperature
Vee V1 BupplyVoltage (2. 70V-3.6 V) 2.70 3.60 \%
Veeo VeegBupplyWoltagel(2.7(V-3.6V) 2.70 3.60 \

34
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10.3

DCI[Current[Characteristics

Table14.[DC[Current[Characteristics

[28F128J3,[28F640J3,28F320J3

Syor?b Parameter Typ Max Unit Test[Conditions Notes
VccngcmﬂaX;WCCQEWCCQWaX
I Inputl@ndVpgnload[Current +1 HA VINEV ceoBrGND 1
VCCZWCCwaX;NccQEWCcoWaX
Lo Outputdleakage[Current +10 HA VINEYGeoOrGND 1
CMOSthutS,WCCEWCC[MaX,
50 120 A Devicelisdisabled((seeTable 3,[ChipO
H Enable[Truth[Table’Onlpage 16),0
lccs Vc[StandbyCurrent RP#ENVccoR0.2V 1,23
0.71 5 mA TTLOhputs, VecENVccMax,
' Devicelis(disabled[(seeTable[3), RP#EV4
lcep VecPower-Down[Current 50 120 HA RP#EGNDRD.2V, 0yt {STS) E0MA
CMOS[[hputs,WCCEWCC[MaX,ISVCCQED
VecoMaxUsingStandardi4wordpagel
15 20 mA | modelfeads.
Devicelis[@énabled({see(Table[3)
fEBMHz, 0ot E0MHA
lccr VccPageModeRead[Current 1,3
CMOS[Dﬁputs,VCCEISVCC[MaX,WCCQED
VecoMaxUsingStandardi4wordpagel
24 29 mA | modelfeads.
Devicelis[@nabled({see(Table[3)
fZB3MHz, I, EDMA
| VcProgramiori$Setllock-Bit] 35 60 mA | CMOSHhputs, VpenEVce 14
ccw )
Current 40 70 mA | TTLOhputs, VpenE Ve
loce VeBlockiErasedrClearBlock 35 70 mA | CMOSHhputs, VpenEVce 14
Lock-Bits[Current 40 80 | mA | TTLOnputs,VpenEVee '
:CCWSD \E/CC[E’rogram[$uspend|Ibr[BIockI:| 10 mA | Devicelislénabled{seeTable(3) 1,5
CCES rase[Buspend[Current
NOTES:

1. Allldurrents[arelihlRMSunless[dtherwiseoted.TheseGurrents(are Nalidfor@ll[productiersions{packages@nd]
speeds).[Contact(Intel's[Application[SupportHotlinedryourllbcalSales(dffice forlihformation@boutfypicall
specifications.

abhwiN

. Includes[3TS.

. CMOSlihputs(areleitherlVec20.2[VGrGNDR0.2V.O0TLhputs@rel@itherV, OrV,y.0

. Sampled,not100%{ested.

. lccws@ndcgs@reSpecifiedwithfhedeviceSelected. Iflthe(devicelisfeadOrWrittenWhileih[@raseSuspendmode, 0
theldevice’sBurrentldrawlis T cr@NdTecws.

[Datasheet
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10.4 DClVoltagelCharacteristics

Table[15.[DC[Voltage[Characteristics

Symbol Parameter Typ Max Unit Test[Conditions Notes
\ InputlowVoltage -0.5 0.8 \Y 2
i Veeon
Viy Input®BighVoltage 2.0 +[0.g \% 2
0.4 Vv VCC_QEWCCQDM"‘]
loLFR2MA
VoL Outputdlow[Voltage - 1,2
0.2 Vv Vcc_QEWCCQ[MIn
loLFA00A
0.85X0] v VccngccQWin
. VCCQ |OHET-|3-25m"|A
Vou OutputHighVoltage - 1,2
Veeon v | VecoBEVecoMin
-0.2 lonFE100HA
VpenLockoutduring®Program,
VPENLK Erase@ndLock-BitlDperations 22 v 234
VpenduringBlockErase,
VPENH Program,@rlock-Bitperations 27 36 v 3.4
Viko VcclockoutVoltage 2.2 \ 5
NOTES:

1. Includes[3TS.
2. Sampled,mot100%(fested.

3. Block[erases,[programming,[@nd(bck-bitldonfigurations(arelihhibitedWhenVpenENVpenLk, O
andot[guaranteed(ihfheMangebetweenVpgn kifmax)AndYpeyydmin),[And@bove VpenHo

(max).

4. Typically,Vpgns@onnected bV [(2.70V-3.6 V).

5. Block[@rases,[programming,@andbck-bitldonfigurations@reihhibitedhenV eV ko, [AndO

notlguaranteed(ihfhefangeBetweenV, oimin)@ndVccmin),[and@bove Vo fmax).

36
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11.0 AC[Characteristics

11.1 Read[Operations

Table[16.[Read[@perations{Sheet1[0f[2)

VersionsO VecER.7V-3.6V®
(AllmnitsihmsUnless@therwiseMoted) VccQﬁm-7W—3-6Wme‘) Notes
# Sym Parameter Density Min Max
32Mbit 110 1,2
R1 tavAv Read/Write[Cycle[Time 64Mbit 115/120 1,2
128Mbit | 120/150 1,2
32[MMbit 110 1,2
R2 tavov Addressio[@utputelay 64Mbit 115/120 12
128Mbit 120/150 1,2
32Mbit 110 1,2
R3 teLov CEx[fo[@utputDelay 64Mbit 115/120 1,2
128Mbit 120/150 1,2
R4 tLov OE#{ibMon-Array@utputDelay 50 12,4
32Mbit 150 1,2
R5 thHQV RP#[HighfoOutputelay 64Mbit 180 1,2
128Mbit 210 1,2
R6 teLox CEx[{o[@utputlihllowZ 0 125
R7 toLox OE#[{ib[OutputihllowZ 0 125
R8 teHoz CExHighfoutputihMighZ 35 1,25
R9 tGHOzZ OE#Bighfo@utputihHighZ 15 1,2,5
Qupaio o Address CECOOET | o
R11 | tecrutelen CEx[Low[fbBY TE#High©rllow 10 1,2,5
R12 | trLouitrHoy BYTE#{b[DutputDelay 1000 1,2
R13 |[tr oz BYTE#{b@utputlih(HighZ 1000 1,2,5
R14 | tepeL CExHighIb[CEXMowD 0 1,2,5

[Datasheet 37
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Table[16.[Read[@Operations(Sheet2[0f[2)

_ ®)
Versionsd VecEFR.7V-3.6V
(Allnitslinmsunlessdtherwisemoted) VCCQE?DZ.?EV—S.GWEB) Notes
# Sym Parameter Density Min Max
R15 tapa PagelAddress[AccessTime 25 5,6
R16 toLov OE#[{ib[Array[@utputDelay 25 4

NOTES:

CExlbwiisdefined@slihefirstiedge6f[CEQ,[CE1, Or[CE2{hat@nablesltheldevice.[CEx highlisdefinedatithefirst0

edgeldf[CEO,[CE1, [@r(CE2fhatldisablestheldevicel(seeTable(3).

1. SeelAChput/OutputReferenceWaveformsiorihehaximum(allowablelihputSlew(fate.

2. OE#nayDeldelayedDp o o\ te qviafterthelirstiedgeldflCEO, [CEL, [BrCE2fhatienabless
theldevicel(seeTable[3)Withoutimpacton gy

3. SeelFigure10,[Transienthput/Output(ReferenceWaveformfor(VCCQER2.7V-3.6[V"0n
page 42[andFigure11,[TransientEquivalentTestinglload[CTircuit’on[page 43[oriestingd]
characteristics.

4. Whenlieadingtheflash[@rray@fasterliy| oy(R16)@pplies.Mon-arrayfeads[teferfo[Statust]
Register(feads, [queryfeads,0rldeviceltlentifierfeads.

5. Sampled,Hot100%({ested.

6. Forldevices[@onfiguredfo[Standardivord/bytefeadhode, [R15[{tpa) WilllequalR2[{tavqy)-

Figure[@.CACWaveformforBoth[Page-Modeland[StandardWord/Byte[Read[@Operations

Vin I v
poRessESTA AL ' KOO DRXQGXX

4
K
< (R1)
H W‘ Valid >Z‘ Valid \/ Vald X 'V'éli'd”:><><><><><><><><
ADDRESSESmAz'Ao] V. +* Address YAddres ddres Address _ /1
) — @O

Disabled(V ) — 1
CE,[E]

EnabledV, )
Vv,

[o]=211c) IS

@
00

IH
WEHW] / CRaorRIS - \_
Vi \R5/ —> —» R10
V,

DATAID/Q] Vo Highz (RS T Vald\f Valid\/ Vald x T Valid T RNy HighZ
DQ,-DQ,, v T\ Outpuy/X Output/\ Output/\ _ Output  £/////7F
) - o

<
S
-

cc

< <

RP#([P] R11

< < =
I
A
A
A
Pyl
[
N

®

BYTEH#(F]

<

T
<
S

=

0606_16
NOTE: CExlbwisdefined@shefirstiédgedflCEO,[CEL,[Or[CE2fhat@nablesltheldevice.[CEyMighlsdefinedatd
theffirstiedgeBf(CEO,[CE1, BrlCE2fhatldisablesiheldevicel(seeTable(3).
For(Standardiword/bytelteadOperations, [R15[{tppa) Willl@qualR2[{tayov)-
Whenlteadingtheflash(@rray@fasterfy _qy[(R16)@pplies.Mon-arraylteads(teferfolStatusRegisterl]
reads, [querydeads,@rldeviceldentifierfeads.
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11.2 Write[Operations

Table17.0Write[Operations

Versions Vagggﬂgézklltl _

Unit Notes
# Symbol Parameter Min Max
W1 | tepwiiteHEL) RP#High(Recovery fbWE#(CEy)[GoingTlow 1 us 123
W2 | tepw i eD) CEx[(WE#)IlowibWE#{ICE)Goingdlow 0 ns 1,24
W3 | twp Write[PulseWidth 70 ns 1,24
W40 | toywhittoven) Data$etupbMWE#[(CEy)[GoingHigh 50 ns 125
W50 | taywHitaveR) Address[SetupWE#{CEy)[GoingHigh 55 ns 1,25
W60 | twhenMenwh) CEyx[(WE#)HoldfromWE#[{CEy)High 0 ns 1,2,
W70 | twhpox@enpx) Data(HoldfromWE#{CEy)High 0 ns 1,2,
W80 | tywhaxdteHax) Address[HoldfromWE#{CEy)High 0 ns 1,2,
WO | twpn Write[Pulse[WidthHigh 30 ns 12,6
W110| typwHltypen) VpenBetupfbMWEHICEy) [GoingHigh 0 ns 123
W120| twheLdtencl) Write[RecoveryBefore[Read 35 ns 1,2,7
W130| tywHrLdtEHRL) WE#[{CEy) Highfo[3TSGoingMlow 500 ns 1,2,8
W150| towwin VpenHoldfromValidiSRD, [$TSGoingHigh 0 ns 1,2,3,8,9

NOTES:
CExl[lbwlis[defined@sihefirstiédgedf[CEO,[CE1, Br(CE2{hatlénables(iheldevice.[CExMighls[definedatihelfirstiedgedf[CEOQ,[CEL,0
or[CE2{hat(disablesheldevicel(seeTable[3).
1. Readlimingldharacteristicsduringblock@rase, [program,@ndlbck-bitldonfigurationdperations(areftheSame@s]
duringfead-only[@perations.[Referfo[AC[Characteristics—Read-Only[@perations.
2. Alwritel@peration[@anbelihitiated[@nd@erminatedWith[@ither[CEy [0rWE#.
3. Sampled,not100%[ested.
4. Write[pulseidth[{typ)isdefinedfrom[CE x [0riWE#[goinglow{whichever[goeslowlast)fo[CEy 0rMWVE#[goingd
highwhicheverlgoes(highirst).[Hence, Byp E By whE T en E By en EEeLwh-
5. Refer(bTable[4{oralid[Ay@ndID,\forblockerase,program,@rlbck-bitldonfiguration.
6. Write[pulseWwidthBigh{tyypn) is[defined from[CEy 0rfWE#[goingBigh{whicheverlgoes(highfirst) fo[CEx[0rWE#0
goingbw{whichever[goes(lowfirst).MHence, fypnERynw Elene EBvhe EEeqwe -
. Forfarraylaccess, fyyqy(isequiredlinfaddition oy forlanyaccesses@after@iwrite.
. STSimings(@reased@n[$TS[donfiguredlihlits(RY/BY#[defaulthode.
. VpenBhouldbeleld@tVpeyyOntilldeterminationdfblockleérase, [program, Orlbck-bitldonfigurationSuccess
(SR[1,3,4:5]Z00).

© 00~

[Datasheet
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11.3

INial.

Block[Erase,[Program,l@andllock-Bit[Configuration[]

Performance

Table[18.[TConfigurationPerformance

# Sym Parameter Typ Max® | unit Notes
WriteBufferByte[Program(Time
wie (Timelfo[Program(32bytes/16vords) 218 654 HS 1234567
W16 :WHQV3 Byte[ProgramTime[UsingWord/Byte[ProgramCommand) | 210 630 us 1,2,34
EHQV3
Block®Program(Time[UsingWritefoBufferfCommand) 0.8 2.4 sec 1,2,3,4
W16 :WHQV“ BlockEraselTime 1.0 5.0 sec 1,2,3,4
EHQV4
W16 | WHQVS | setock-BitTime 64 | 75185 | us 12349
teHQVs
W16 :WHSV: ClearBlockIock-BitsTime 0.5 | 0.70/1.4 | sec 1,2,3,4,10
EHQV
W16 :WHRHl Program[BuspendatencyTimefbRead 25 75/90 us 1,2,39
EHRH1
W16 :WHRH Erase[SuspendlatencyTimedoRead 26 35/40 us 1,2,3,9
EHRH
NOTES:

1. TypicaliValuesiheasured(@tT FEF250C@ndMominaloltages.[Assumes(dorrespondingllbck-bits(are]

not(Set.[Subjectfbldhangebasedldn(deviceldcharacterization.

O~NOUTAWN

noted).
9. MaxValueslare(@xpressed@at[225MC/-40C.
10.Max[talues(areléxpressed@t250C/-40C.

40

. Theselperformance@umbers(@realidforlallSpeedersions.
. SampledButmot100%fested.

. Excludes(System-levell@verhead.

. Thesealues(areNalidiwhen(theBuffer(isfull,[andihelstartladdresslis[Aligned@nA32-byteBoundary.
. Effectivelper-byte(programfime {twHqv1, TEHov1)[156.8[s/bytel{typical).
. Effectivelper-wordprogram@ime [(tyqv2, TeHgv2) i513.6 [is/word{typical).

. Max[lalues[areeasured@atiworstléasefemperature(@ndV ¢ [Gorner(after[100k(dycles{except@as
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FigurelB.CACWaveform{or[Write[Operations
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=
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STSIR] v /]

VIH .
RPHIP] | Y
L

VPENH

Veenik
VPENM v
IL

Valid
SRD

Do )—

A

NOTES:
CEx[lbwlis[defined@sihefirstiédgeo0f[CEO,[CE1, BriCE2{hatlénables(iheldevice.[CEx highlis[defined(atthefirstiédge6f[CEO,I

CEL1,0r[CE2[fhatldisablesfhe(devicel{seeTable(3).
STSisBhownlhlisidefaultihode(RY/BY#).

S

~ooo0

Vccpower-upl@andistandby.

Writelocklérase, Write Duffer,[@riprogram(Setup.

WriteDlockleéraseldriwriteBufferl@onfirm,@rivalid[address@ndldata.

Automated(@rase(delay.

Read[StatusRegister@rlqueryldata.

Write[Read[Array[@ommand.

0606_17
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®
11.4 Reset[Operation
Figure@.OACWaveformfor[Reset[@peration
STst)DV'” /
v,
RP#EP)D " Y
=
0606_18
NOTE: STSlsBhownlhlitsldefaultihode(RY/BY#).
Table19.[Reset[$pecifications
# Sym Parameter Min Max Unit Notes
RP#[Pulsellow[Timel
P1 | tpLpH (IfRP#5fieddo [V, fhisSpecificationisMot 35 us 1,2
applicable)

P2 |t RP#[Highlib[ResetlduringBlockErase, Program,0or[]
PHRH Lock-Bit[TConfiguration

NOTES:

1. TheselSpecifications@realidforlalllproductiersions{packages@ndSpeeds).

2. IflRP#lis[assertedWwhilelablockleérase,[program,0rbck-bitldonfiguration(dperation(ismot]
executingfhenheinimumequired RP#[PulsellowTimeis[100[ms.

3. Altesetllime, fbyqv (sHequiredfromthelatterBfiSTSInRY/BY#ode) OriRP#goingBighmintild
outputs@reyalid.

100 ns 1,3

11.5 ACI[Test[Conditions

Figure(10.[ransientIhput/OutputReferenceWaveformfor Vg F2.7V-3.6[V

L
VCCQ 7
INputV .. ,/2 <4— TestPoints —» Veegl2  Output
&4
0.0 S

NOTE: AC(estlihputs(are@driven(atlVccolforfailogicMl"@nd0.0V {or@llogicM0."InputiimingBegins,[@nd 0
outputdiming[énds, @tV cco/2V (0% 0V o). Mhputliseandfallfimes{10%Io[P0%) X 5 Mbs.

42 Datasheet



[28F128J3,[28F640J3,28F320J3

Figurel.TransientEquivalentTestinglload[CTircuit

1.3V

1IN914
R E3.3RQ
O out

Device
Under(Test 1
D °
NOTE: C, [InhcludeslJig[Capacitance
Test[Configuration C.pF)
VecqEWVecER.7V-3.61V 30
11.6 Capacitance
Tpo=+425°C,f=1MHz
Symbol Parameter® Type Max Unit Condition

Cin Input[Capacitance 6 8 pF V|NED.OV
Cout Output[Capacitance 8 12 pF VoutED.0V
NOTES:

1. Sampled,fot[100%I(fested.

[Datasheet
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Appendix[AIWritelStateMachinel{(WSM)

Al TBD

44
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AppendixBITommonFlashnhterface

B.1

(Matasheet

The Common Flash Interface(CFl) specification outlines device and host system software
interrogation handshake which allows specific vendor-specified software algorithms to be used for
entire families of devices. This allows device independent, JEDEC ID-independent, and forward-
and backward-compatible software support for the specified flash device families. It allows flash
vendors to standardize their existing interfaces for long-term compatibility.

This appendix defines the data structure or “database” returned by the Common Flash Interface
(CFI) Query command. System software should parse this structure to gain critical information
such as block size, density, x8/x16, and electrical specifications. Once this information has been
obtained, the software will know which command sets to use to enable flash writes, block erases,
and otherwise control the flash component. The Query is part of an overall specification for
multiple command set and control interface descriptions called Common Flash Interface, or CFI.

Query[Structurel@Output

The Query “database” allows system software to gain information for controlling the flash
component. This section describes the device’s CFI-compliant interface that allows the host system
to access Query data.

Query data are always presented on the lowest-order data outputs (D[7:0]) only. The numerical
offset value is the address relative to the maximum bus width supported by the device. On this
family of devices, the Query table device starting address is a 10h, which is a word address for x16
devices.

For a word-wide (x16) device, the first two bytes of the Query structure, “Q” and “R” in ASCII,
appear on the low byte at word addresses 10h and 11h. This CFl-compliant device outputs 00H
data on upper bytes. Thus, the device outputs ASCII “Q” in the low byte (D[7:0]) and 00h in the
high byte (D[15:8]).

At Query addresses containing two or more bytes of information, the least significant data byte is
presented at the lower address, and the most significant data byte is presented at the higher address.

In all of the following tables, addresses and data are represented in hexadecimal notation, so the
“h” suffix has been dropped. In addition, since the upper byte of word-wide devices is always
“00h,” the leading “00” has been dropped from the table notation and only the lower byte value is
shown. Any x16 device outputs can be assumed to have 00h on the upper byte in this mode.
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®
Table20.[BummaryffQuery[Structure@utput@s@FunctionofDevicelandMode
Devicel] Query@tart[bc_anonih[l Querydataiwithmaximum{O Querydatawithbyte
Type/ max_lmummiewce[busD devicebusWidth@ddressing addressing
Mode width(addresses
HexO HexO ASCIIO HexO HexO ASCIIO
Offset Code Value Offset Code Value
x16[device 10h 10: 0051 Q" 20: 51 Q"
x16[thode 11: 0052 ‘R” 21: 00 “Null”
12: 0059 Y 22: 52 ‘R”
x16[device 20: 51 Q"
x8hode N/A® N/AD 21: 51 “Q”
22: 52 “‘R”
NOTE:

1. ThelSystem[tustdrivefhelbwestdrderl@ddresses(ib@ccess/alltheldevice's[@rrayldatalwhentheldevicelis[]
configured(ihX8ode.Therefore,Wordladdressing,Wherelfheselbwerladdresses(arehotioggledbyfhe
system, lis["Not[Applicable"forX8-configuredldevices.

Table21.CExample@fQueryStructure@utputlofl@aX16-@AndX8-CapableDevice

Word[Addressing

B.2

46

Byte[Addressing

Offset Hex[Code Value Offset Hex[Code Value
A15—Aon D15-Dg A7-Aon D7-Dg
0010h 0051 “‘Q” 20h 51 “Q"
0011h 0052 “‘R” 21h 51 “Q"
0012h 0059 yr 22h 52 “R”
0013h P_ID o PrVendor 23h 52 “R”
0014h P_IDy, IDE# 24h 59 “y”
0015h PLo PrVendor 25h 59 “y”
0016h P ThblAdr 26h P_ID o PrVendor
0017h A_ID o AltVendor 27h P_ID op ID#
0018h A_IDy, IDE 28h P_IDy ID#
. ml. . ml.

Query[Structurel@verview

The Query command causes the flash component to display the Common Flash Interface (CFI)
Query structure or “database.” The structure sub-sections and address locations are summarized
below. See AP-646 Common Flash Interface (CFI) and Command Sets (order number 292204) for
a full description of CFI.

The following sections describe the Query structure sub-sections in detail.
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Table22.[Query[Structure

B.3

[28F128J3,[28F640J3,28F320J3

Offset Sub-SectionName Description Notes
00h Manufacturer[Code 1
0lh DevicelCode 1

(BA+2)h@ | Block[Status[Register Block-SpecificInformation 1,2

04-0Fh Reserved ReservedforVendor-Specifichformation 1
10h CFIQuerydentification[3tring Reserved{orWendor-Specificdhformation 1
1Bh System(Ihterfacehformation Command[$etID@ndYendorDatalDffset 1
27h Device[GeometryDefinition FlashDevicelllayout 1
PE) Primaryntel-SpecificlExtended O Vend_o_r—Defined Bi_\dditional[lhformatic_)nD 13

Query(Table SpecificfbthePrimaryVendor[Algorithm ’
NOTES:

1. Referbfhe@QueryStructure@utputSectionand6ffset28hforiheldetaileddefinition6f6ffset]
address[as[afunction(ofldeviceBuswidth[andnode.
2. BAEBIlock[AddressbeginningIbcation({i.e.,[02000hisBlock2'sBeginningIbcationWhenthe
block(Sizeli5[128Kbyte).
3. Offsetl15defines™P"Which(pointsibihePrimary(Ihtel-SpecificlExtendedQueryTable.

Block[Status[Register

Table23.[Block[Status[Register

B.4

The block status register indicates whether an erase operation completed successfully or whether a
given block is locked or can be accessed for flash program/erase operations.

Offset Length Description Address Value
(BA+2)h™ 1 Blockock[Status[Register BA+2: --00[0r=-01
BSR.0Blocklock[Status
[MDEWnlocked BA+2: (bit[0):@0rA
M ZFMockedO
BSRM-7:[ReservedforFutureWse BA+2: (bit1-7):[0
NOTE:

1. BAZ[ThelBeginninglbcationdf@BlockAddress((.e.,[008000h(isBlock1's[(64-KBBlock) Beginninglbcation

inlwordode).

CFIlQuerydentification[$tring

The CFI Query Identification String provides verification that the component supports the
Common Flash Interface specification. It also indicates the specification version and supported
vendor-specified command set(s).

Table24.[CFldentification[(Sheet[1[6f(2)

[Datasheet

Offset | Length Description Add. CHoedXeD Value
10 --51 “‘Q"
10h Query-uniquelASCIIString[IQRY” 11: --52 “‘R”
12: --59 “y”
13h Primaryrendorl@ommand(3et@nddontrollinterfaceID[Gode. 13: --01
16-bitIDGodedorNendor-specified@lgorithms 14: --00
15h Extended@QueryTablelprimarylalgorithmaddressO 15: --31
16: --00
17h Alternate¥endorléommand(Setl@and(dontrollinterfaceID(¢ode. 17: --00
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®
Table24.[CFIddentification[{Sheet2[0f[2)
- HexO
Offset | Length Description Add. Code Value
0000h[MmeansmoSecond¥endor-specified@lgorithmlexists] 18: --00
19h 2 Secondary(algorithmExtended[QueryTable@ddress. 19: --00
0000hMeans[moneléxists 1A: --00
B.5 Systemlhterfacellhformation
The following device information can optimize system interface software.
Table[25.[Bystem(nterfacellnformation
Offset | Length Description Add HexO Value
g p ' Code
VclbgicBupplyinimumprogram/eraseiloltage
1Bh 1 [Mbits[0-3MBCDI00MYV 1B: --27 2.7V
[Mbits[4—7IBCDWNolts
VclbgicBupplyhaximumlprogram/eraseiloltage
1Ch 1 [Mbits[0-3MBCDI00MYV 1C: --36 3.6V
[Mbits[4—7IBCDWNolts
Vpp[programming]Supplyinimumprogram/eraseloltage
1Dh 1 [Mbits[0-3MBCDI00MYV 1D: --00 0.0v
[Mbits[4—7MHEXMolts
Vppllprogramming]Supplyhaximum(program/eraseloltage
1Eh 1 [Mbits[0-3MBCDI00MYV 1E: --00 0.0V
[Mbits4—7MHEXNolts
1Fh 1 “n"BuchihatiypicallSingleWwordprogramfime-outZ2jis 1F: --07 | 1280ys
20h 1 “n"Buchihatfypicalfhax. Bufferirite fime-outEF 2 s 20: --07 | 1280us
21h 1 “n"BuchihatypicalBlock@rasefime-outF2 s 21: --0A 18
22h 1 “n"Buchihatiypicalfulli@hipérasefime-outF2"hs 22: --00 NA
23h 1 Q;Eglch%atwaxmumMordﬁhrogramEﬂme—out@[Z"[ﬂmesEl 23: 04 2lins
24h 1 “n"BuchfhatmaximumbBufferfivritefime-out =2 "fimes(iypical 24: --04 2[s
25h 1 “n"BuchfhathaximumBlockl@rasefime-outZF2"fimesypical 25: --04 1608
26h 1 “n"Buchihatdnaximumichipérasefime-outZ2"fimes(iypical 26: --00 NA
B.6 DevicelGeometryDefinition

This field provides critical details of the flash device geometry.

Table(26.[DevicelGeometryDefinition([Sheet[1[0f[2)

o CodelSeelTableld
Offset | Length Description Below
27h 1 “n"[SuchthatldeviceSize Z2ih[humberofbytes 27:
28h 2 Flash[devicelihterface:X8[@syncT16@syncllTk8/x16@sync 28: --02 ))((fé
(T2 8:00,29:00028:01,29:0028:02,29:00 29: --00
2Ah 2 “n"Buchihatfhaximumbumberofbyteslintwrite BufferZ2" 2A: --05 32
2B: --00
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[28F128J3,[28F640J3,28F320J3

A Codel[$eelTabled
Offset | Length Description Below
Number(ofléraseBlockmegionsiwithinldevice:
1.XF0meansmoleraseBlocking;theldevicelérasesihbulk’[]
2ch 1 2.X[Specifiestheumber(ofldeviceldr(partition(fegionsiwith[@ne6r(] oc | o1 1
moreléontiguous(Same-sizeléraselblocks ’
3.3ymmetricallyblockedpartitions(havedneblocking(fegion
4.[Partition(SizeZ[{totalBlocks) X[{individual block(Size)
EraseBlockRegion[AInformation] 2D:
2Dh 4 bits[0-15EF(y, [y+1ZFMumberoflidentical-sizeléraseblocks 2E:
bits[16—-31=(2,[fegionéraseBlock(s)SizelareZX[(256bytes 2F:
30:

DevicelGeometryDefinition

Address 32Mbit 64Mbit 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

B.7 Primary-Vendor[$SpecificlExtended[Query(Table

Certain flash features and commands are optional. The Primary Vendor-Specific Extended Query
table specifies this and other similar information.

Table27.[PrimaryWendor-SpecificlExtended[Query[{Sheet[1[0f[2)

@ ioti
gfésg;h Length (Optional[E:IashltjE:eeSaCtUP:sognd [Commands) Add. (£_|0edxeD Value
(P+0)h 3 Primary[éxtended(queryfable] 31: --50 “p”
(P+1)h Unique[ASCIIStringCPRI” 32 --52 ‘R”
(P+2)h 33: --49 “I”
(P+3)h 1 Majorversionumber,[ASCII 34: --31 “1”
(P+4)h 1 Minoriersionmumber,[ASCII 35: --31 “1”
[Datasheet 49
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Table27.[PrimaryWendor-SpecificlExtendedQuery[{[Sheet2[0f[2)
1) inti

ggslzgtlh Length (OptionalEFIash?Fe:actrulEégogndmommands) Add. (:Hoedxe[| value
Optionallfeature(@and@ommand(Support{1=yes,[0=no) 36: --0A
bits@-31[arefeserved;ndefined Bits@re™0.” [FBit[31 450 37: --00
“1"fhen@nother31bitfield0fOptionalfeaturesfollows@t] 38: --00
the@ndoffhebit-30field. 39: --00
bitMIThipléraseSupported bit0EFM0 No

(P+5)h bit[1 MBuspendleraselSupported bit F0 Yes

82:%2 4 bit2MBuspendprogram(Supported bit2F0 Yes

(P+8)h bitBMLegacybck/unlockBupported bitB3za® Yes®
bit[4[MueuedeéraselSupported bit[dZ0 No
bit[BIhstantIhdividualBlockIbckingSupported bit[BE0 No
bit[6[Protectionbits[Supported bit® 1 Yes
bit[7[Page-modelfeadSupported bit7ZF0 Yes
bitBBynchronous(feadSupported bitBE0 No
Supportedfunctions@fterSuspend:feadArray,[Status,]
Query . 3A: 01

(P+9)h 1 [IDtherSupported@perations(are:
[Ibits(1-7 [deserved;dndefined bits[are0”
bit0IProgramSupportediafterléraseSuspend bit0EF0 Yes
Block[Status(registerask 3B: --01

(P+A)h 2 bits2—-15@reReserved;Mindefinedbitsare[0” 3C: --00

(P+B)h bitMlockllock-Bit$tatusegisteractive bit0EA Yes
bit[1[BlockMlock-Down[Bit[$tatus@ctive bitZ0 No
VclbgicBupplyhighestperformancelprogram/erasel]
voltage

(P+C)h 1| Dbits0-3mBCDmalueMI00mY 3D =33 | 33
[bits[4—7BCDNaluelihvolts
Vpploptimum(program/eraseSupplyMoltage

(P+D)h 1 [Mbits[0-3MBCDNalueih100HV 3E: --00 0.0v
Ibits[4—7HEXNaluelihhlolts

NOTE:
1. Futureldevices[haymotSupporttheldescribedfLegacyllock/Unlock”function.Thusbit3Wouldhave @O
value[0ff0.”
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Table28.[ProtectionRegisterInformation

Offset® Lenath Description add. | PO aie

PE31h 9 (OptionalFlash[Featuresland[Commands) " | Code
Number(aflProtection(fegister[fieldsih[JEDECIDI[Space. .

(P+B)h 1 “00h,"lihdicatesfhat256protectionbytes@re@vailable 3F: ~01 01
Protection[Field[1:[Protection[Description
Thisfielddescribes(user-available[OnelTime[Programmable]
(OTP)[protection(fegisterbytes.[Somelarepre-programmed]
with[device-uniquelSerialmumbers.@thers(areliser-

(P+F)h programmable.Bits0-15[pointibheprotectionfegisterlbck]

(P+10)h 4 byte,fhelSection’s(irstbyte.[Thelfollowingbyteslarefactoryl | 40: --00 00h

ég:ign pre-programmed@ndiser-programmable.
bits[0-7 =M ock/bytes[JEDEC-planelphysicallow@ddress
bits[8-15ZMlock/bytes[JEDEC-planephysicallhighladdress
bits[16-23Fn"Buchfhat2"Z{actorypre-programmedbytes
bits(24-31Zn"Buchfhat2"ZMser-programmablebytes

NOTE:
1. TheNariablePis@pointeriwhichisdefined@t(CFIoffset15h.
Table29.[Burst[Readhformation

Offset® Description HexO

PEZ31h Length (OptionalFlash[Featuresland[Commands) Add. Code Value
PageModeReadGapability
bits[0-7=Zn"Suchihat2"MHEXMaluefepresentsithemumberl

(P+13)h 1 offead-page(Bytes.Seebffset28hfborideviceordWidthfod | 44: | --03 | 8(byte
determinelpage-mode(datal@utputiwidth.[@Ohlihdicatesmol
read(page(Buffer.

Numberl@fSynchronousimodelfead¢onfigurationfieldsthat(] . _
(P+14)h 1 follow.[@Ohlihdicatesmoburstléapability. 45 00 0
(P+15)h Reservedforfutureise 46:
NOTE:

1. ThelNariablePi5[alpointerwhich(isdefined@t(CFI0ffset15h.
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Appendix[CIFlow[Charts
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Figure12.WritefoBuffer[Flowchart
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Figure3.[Status[Register[Flowchart

[T 0o mmand[Cycle
-ssuelStatus[RegisterlCommand
-[AddressZFany [dev iceladdress
-MataZF0x70

DatalCycle
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Figure14.Byte/Word[ProgramFlowchart
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orlother(@rroriiecovery.
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Figure5.[Program[Suspend/ResumeFlowchart
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Figure6.BlockEraseFlowchart
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Figure17.BlockEraseSuspend/ResumelFlowchart
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Figured8.[$etBlocklock-BitFlowchart
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Figure9.[ClearMock-BitFlowchart
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Figure[20.[Protection[RegisterProgrammingFlowchart
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Datasheet



intel.

Appendix[DIMechanicalhformation
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Figurel21.36-Lead MTSOPPackagel@rawing@nd$pecifications

z

See Notes 1 and 3 — See Note 2 A2 > |<_
Pinl—> O; 5 = :tEI
A
E “5‘1 See Detail B
= =il
O —>0 .E
| D1 | | —>| < AL
I D | | Seating
Plane
/— See Detail A
e +
[ | A
\ '=[J( /
Detail A
Detail B
ef b —>| l«—
<L
[231369-90]
A5569-01
Table30.[66-Lead MTSOPMDimensionTable
Millimeters Inches
Sym Min Nom Max Notes Min Nom Max Notes
Package®eight A 1.200 0.047
Standoff A 0.050 0.002
PackageBody(Thickness A, 0.965 0.995 1.025 0.038 0.039 0.040
LeadWidth b 0.100 0.150 0.200 0.004 0.006 0.008
Lead[Thickness c 0.100 0.150 0.200 0.004 0.006 0.008
Package[Body(length D, 18.200 18.400 18.600 4 0.717 0.724 0.732 4
PackageBodyWidth E 13.800 14.000 14.200 4 0.543 0.551 0.559 4
Lead[Pitch e 0.500 0.0197
Terminalimension D 19.800 20.00 20.200 0.780 0.787 0.795
Lead(Tip(length L 0.500 0.600 0.700 0.020 0.024 0.028
Lead[Count N 56 56
Lead[Tip[Angle 0 0° 3° 5° 0° 3° 5°
Seating[Plane[Coplanarity Y 0.100 0.004
Leadlib[Package[Dffset z 0.150 0.250 0.350 0.006 0.010 0.014
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n

Figure22.3VoltOhtel StrataFlash®Memory EasyBGAMechanical Specifications

BallAl
Corner BallAl
D s1 Corner
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I M v
A2
A Seating
WA AW AWAWAW AW AN SR
i T LY
SidelView
Note:[Drawinghot Scale
Dimensions(Tablel
Millimeters Inches
Symbol Min Nom Max |Notes| Min Nom Max
Package Height A 1.200 0.0472
Ball Height Al 0.250 0.0098
Package Body Thickness A2 0.780 0.0307
Ball (Lead) Width b 0.330 0430 0.530 0.0130 0.0169 0.0209
Package Body Width D 9.900 10.000 | 10.100 1 0.3898 0.3937 0.3976
Package Body Length E 12.900 | 13.000 [ 13.100 1 0.5079 05118 0.5157
Pitch [e] 1.000 0.039%4
Ball (Lead) Count N 64 64
Seating Plane Coplanarity Y 0.100 0.0039
Corner to Ball Al Distance Along D S1 1.400 1500 1.600 1 0.0551 0.0591 0.0630
Corner to Ball Al Distance Along E S2 2.900 3.000 3.100 1 0.1142 0.1181 0.1220

Note: (1) Package dimensions are for reference only. These dimensions are estimates based on die size,

and are subjectto change.

NOTES:

1. For[Daisy[Chain[EvaluationWnitlihformationrefertofhelhtel[FlashMemoryPackagingTechnologyWeb[]
page@t; www.intel.com/design/packtech/index.htm

2. For[Packaging[Shipping[Medialihnformationfeferfbfhellhtel[FlashMemory[PackagingTechnologyWeblpagel

at;vww.intel.com/design/packtech/index.htm
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Figure23.3VoltOhtelSBtrataFlash®Memory VFBGAMechanical Bpecifications
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Dimensions Table
Millimeters Inches
Symbol [ Min Nom Max |Notes| Min Nom Max
Package Height A 1.000 0.0394
Ball Height Al 0.150 0.0059
Package Body Thickness A2 0.665 0.0262
Ball (Lead) Width b 0.325 0375 0.425 0.0128 0.0148 0.0167
D 7.186 7.286 7.386 1 0.2829 0.2868 0.2908
Package Body Length E 10.750 | 10.850 10.950 1 0.4232 04272 0.4311
Pitch [e] 0.750 0.0295
Ball (Lead) Count N 48 48
Seating Plane Coplanarity Y 0.100 0.0039
Corner to Ball Al Distance Along D S1 0.918 1018 1118 1 0.0361 0.0401 0.0440
Corner to Ball Al Distance Along E S2 3.450 3.550 3.650 1 0.1358 0.1398 0.1437

Note: (1) Package dimensions are for reference only. These dimensions are estimates based on die size,
and are subjectto change.

NOTES:

1. ForDaisy[ChainEvaluationWnitlihformationfeferiobthelhtelFlashlemory[Packaging TechnologyWeb[
page(@at;www.intel.com/design/packtech/index.htm

2. ForPackaging[$hippingMedialihnformation(referibthelhtel FlashMemoryPackagingTechnologyWeb[page
at;www.intel.com/design/packtech/index.htm
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Appendix[EDesignlConsiderations

E.1l Three-Line[@OutputlControl

The device will often be used in large memory arrays. Intel provides five control inputs (CEO, CE1,
CE2, OE#, and RP#) to accommodate multiple memory connections. This control provides for:

a. Lowest possible memory power dissipation.
b. Complete assurance that data bus contention will not occur.

To use these control inputs efficiently, an address decoder should enable the device (see Table 3)
while OE# should be connected to all memory devices and the system’s READ# control line. This
assures that only selected memory devices have active outputs while de-selected memory devices
are in standby mode. RP# should be connected to the system POWERGOOD signal to prevent
unintended writes during system power transitions. POWERGOOD should also toggle during
system reset.

E.2 STS@AndBlock[Erase,[Program,@ndllock-BitlConfiguration(]
Polling

STS is an open drain output that should be connected to VCCQ by a pull-up resistor to provide a
hardware method of detecting block erase, program, and lock-bit configuration completion. It is
recommended that a 2.5k resister be used between STS# and VCCQ. In default mode, it transitions
low after block erase, program, or lock-bit configuration commands and returns to High Z when
the WSM has finished executing the internal algorithm. For alternate configurations of the STS
signal, see the Configuration command.

STS can be connected to an interrupt input of the system CPU or controller. It is active at all times.
STS, in default mode, is also High Z when the device is in block erase suspend (with programming
inactive), program suspend, or in reset/power-down mode.

E.3 InputlSignaldransitions—ReducinglOvershoots@ndrl
UndershootsWhenWsingBufferslordransceivers

As faster, high-drive devices such as transceivers or buffers drive input signals to flash memory
devices, overshoots and undershoots can sometimes cause input signals to exceed flash memory
specifications. (See “Absolute Maximum Ratings” on page 33.) Many buffer/transceiver vendors
now carry bus-interface devices with internal output-damping resistors or reduced-drive outputs.
Internal output-damping resistors diminish the nominal output drive currents, while still leaving
sufficient drive capability for most applications. These internal output-damping resistors help
reduce unnecessary overshoots and undershoots. Transceivers or buffers with balanced- or light-
drive outputs also reduce overshoots and undershoots by diminishing output-drive currents. When
considering a buffer/transceiver interface design to flash, devices with internal output-damping
resistors or reduced-drive outputs should be used to minimize overshoots and undershoots. For
additional information, please refer to AP-647, 5 \olt Intel StrataFlash® Memory Design Guide
(Order Number: 292205).
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Vee, Wpen, [RP#Oransitions

Block erase, program, and lock-bit configuration are not guaranteed if Vpgy or V¢ falls outside of
the specified operating ranges, or RP# # V. If RP# transitions to V|_during block erase,
program, or lock-bit configuration, STS (in default mode) will remain low for a maximum time of
toLpH * tprrp UNtil the reset operation is complete. Then, the operation will abort and the device
will enter reset/power-down mode. The aborted operation may leave data partially corrupted after
programming, or partially altered after an erase or lock-bit configuration. Therefore, block erase
and lock-bit configuration commands must be repeated after normal operation is restored. Device
power-off or RP# =V, _clears the Status Register.

The CUI latches commands issued by system software and is not altered by Vpgy, CEq, CE4, or
CE, transitions, or WSM actions. Its state is read array mode upon power-up, after exit from reset/
power-down mode, or after V¢ transitions below V| kq. Vcc must be kept at or above Vpgy
during V¢ transitions.

After block erase, program, or lock-bit configuration, even after Vpgy transitions down to Vg k.

the CUI must be placed in read array mode via the Read Array command if subsequent access to
the memory array is desired. Vpgn must be kept at or below V¢ during Vpgy transitions.

Power[Dissipation

When designing portable systems, designers must consider battery power consumption not only
during device operation, but also for data retention during system idle time. Flash memory’s
nonvolatility increases usable battery life because data is retained when system power is removed.
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Appendix[FIAdditionalhformation

OrderMumber Document/Tool

298130 3W0IF[!]1te_I®[$trataFIashTM Memory[28F128J3,28F640J3,28F320J30
SpecificationWpdate

298136 Intel®PersistentStorageManager{IPSM)Wser’'s[Guide [Software Manual

297833 Intel®[FlashDatalntegrator[{FDI)Wser's[Guide [$oftwareManual

290737 3Voltl$ynchronous(ntelStrataFlash®MMemory28F640K3,[28F640K 18,01
28F128K3,28F128K18,[28F256K3,[28F256K18

292280 AP-7323Volthtel[$trataFlash®m™emoryJ3{o[K3/K18Migration[Guide

292237 AP-689WsingIntel®PersistentStorageManager

290606 5Volthtel®StrataFlash™ Memoryl28F320J5[@nd28F640J5[datasheet

297859 AP-677[Intel®[$trataFlash™ Memory[Technology

292222 AP-664[DesigningIhtel®[StrataFlash™ MemoryihtoIhtel®[Architecture

292221 AP-663WsingfhelIntel®[StrataFlash™ Memory[WriteBuffer

292218 AP-660Migration[GuidefoBVolthtel®[StrataFlash ™ Memory

292204 AP-646[Common(Flashhterface[{CFl)[And[CommandBets

298161 Intel®FlashiMemory[ChipScalePackageWser'sGuide

1. Pleaselcallfhe(IntelLiterature[Center[@t{800)[B48-4725ofequesthtell[documentation. Thternationall
customers[should@ontactfheirllbcallntel@rdistribution(3ales(dffice.

2. VisitlIntel'stWorld[Wide Webhomepagelathttp://www.intel.comforfechnicalldocumentation@ndfools.

3. Forlthemostldurrentlihnformation(dnhtelStrataFlashthemory,isitlourWebsite@thttp:/
developer.intel.com/design/flash/isf.
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1/5|0

Package
E=56-LeadTSOP
TE[ZB6-LeadTSOP
RCZB4-BalllEasyBGA
GE[Z[48-BallVFBGA —
[ —
Productlineldesignator

.2

for@llntel®Flash
products

DevicelDensity

_Access[$peed [(ns)*
128MbitF[1200r150

B4MbitZ1156r120
MB2MbitF110

_ProcessErechnology
AED.25[um
L CZ0.18[im

VoltagelV ./Vpgy)
3EFBV/3Y

128[=[X8/x16[(128Mbit) _ProductEE:amin
640=X8/x16[(64Mbit) J=ntel®StrataFlash™@emory,
320=F[X8/x16[(32Mbit) LR (Bits-per-cell

NOTE:

1. TheselSpeeds(areforleitherfhelStandard@synchronousfeadlaccessfimeslorforithefirstiaccessofalpage-

modelfeadlSequence.

VALIDICOMBINATIONS

56-LeadTSOP

64-Ball[EasyBGA

48-BallVFIBGA

E28F320J3A-110

RC28F320J3A-110

GE28F320J3A-110

E28F640J3A-120

RC28F640J3A-120

GE28F320J3C-110

E28F128J3A-150

RC28F128J3A-150

GE28F640J3C-115

TE28F320J3C-110

RC28F320J3C-110

GE28F640J3C-120

TE28F640J3C-115

RC28F640J3C-115

TE28F640J3C-120

RC28F640J3C-120

TE28F128J3C-120

RC28F128J3C-120

TE28F128J3C-150

RC28F128J3C-150
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