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Datasheet
Product[Features
= Performance = Architecture
—110/115/120 ns Initial Access Speed for — Multi-Level Cell Technology: High
64/128/256 Mbit Densities Density at Low Cost
—25 ns Asynchronous Page-Mode Reads, —Symmetrical 64 K-Word Blocks
8 Words Wide —256 Mbit (256 Blocks)
—13 ns Synchronous Burst-Mode Reads, —128 Mbit (128 Blocks)
8 or 16 Words Wide —64 Mbit (64 Blocks)
—32-Word Write Buffer — Ideal for “CODE + DATA” applications
—Buffered Enhanced Factory = Security
Programming —2-Kbit Protection Register
= Software — Unique 64-bit Device Identifier
—25 s (typ.) Program and Erase Suspend — Absolute Data Protection with Vpgy and
Latency Time WP#
—Flash Data Integrator (FDI), Common — Individual and Instantaneous Block
Flash Interface (CFI) Compatible - Locking, Unlocking and Lock-Down
—Programmable WAIT Signal Polarity Capability
= Quality and Reliability » Packaging and Voltage
—Operating Temperature: —64-Ball Intel® Easy BGA Package
—40°C10 +85°C —56-and 79-Ball Intel® VF BGA Package
—100K Minimum Erase Cycles per Block —Ve =270V -3.60V
—0.18 um ETOX™ V11 Process —Vceq=165-1.95V or 2.70 V-3.60 V

The 3 Volt Synchronous Intel StrataFlash® Memory product line adds a high performance burst-
mode interface and other additional features to Intel's StrataFlash® family of products. Just like
its J3 counterpart, the K3/K18 utilizes reliable and proven two-bit-per-cell technology to deliver
2x the memory in 1x the space, offering high density flash at low cost. This is Intel’s third
generation MLC technology, manufactured on 0.18 um lithography, making it the most widely
used and proven MLC product family on the market.

Synchronous Intel StrataFlash Memory is a 3 Volt device (V¢), but it has two I/O versions
based around a 3 Volt (K3) or 1.8 Volt (K18)Vco. These devices are ideal for mainstream
applications requiring large storage space for both code and data storage. Advanced system
designs will benefit from the high performance page and burst modes for direct execution from
the flash memory. Available in densities from 64 Mbit to 256 Mbit (32 Mbyte), Synchronous
Intel StrataFlash Memory is the highest density NOR-based flash component available today,
just as it was when Intel introduced the original device in 1997.
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1.0 Introduction

1.1 Document[Purpose

This document contains information pertaining to the 3 Volt Synchronous Intel StrataFlash®
Memory device, K3 and K18. The purpose of this document is to describe the features, operations
and specifications of this device.

1.2 Nomenclature

3Voltcore:  Vcrangeof 2.7V -3.6V
3 Volt 1/O: Vcegrange of 2.7V =36V
1.8Volt I/O:  V¢cgrangeof 1.65V -1.95V

AmIN: For Easy BGA packages: Ayn = Al
For VF BGA packages: Ay iy = A0
Amax: For Easy BGA packages:

64 Mbit AMAX = A22
128 Mbit Apgax = A23
256 Mbit Apgax = A24
For VF BGA packages:
256 Mbit Agax = A23

Block: A group of flash cells that share common erase circuitry and erase simultaneously
Program: To write data to the flash array

VPEN: Refers to a signal or package connection name
VpEN: Refers to timing or voltage levels

CUl: Command User Interface

OTP: One Time Programmable

PR: Protection Register

PLR: Protection Lock Register

RFU: Reserved for Future Use

SR: Status Register

RCR: Read Configuration Register

WSM: Write State Machine

MLC: Multi-Level Cell

Set: Indicates a logic one (1)

Clear: Indicates a logic zero (0)

Datasheet 1
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Conventions

Ox:
Ob:
k (noun):

M (noun):

Byte:
Word:
Kword:
Kb:

KB:

Mb:

MB:
Brackets:

Hexadecimal prefix
Binary prefix
1,000
1,000,000

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]).

Datasheet
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DevicelDescription

2.1

211

2.1.2

Datasheet

This section provides an overview of the 3 Volt Synchronous Intel StrataFlash® Memory features,
packaging information, signal names and device architecture.

Productl©verview

The 3 Volt Synchronous Intel StrataFlash Memory product line adds a high performance burst-
mode interface and other additional features to Intel's StrataFlash family of products. Just like its J3
counterpart, the K3/K18 utilizes reliable and proven two-bit-per-cell technology to deliver 2x the
memory in 1x the space, offering high density flash at low cost. This is the third generation of
Intel's multi-level cell (MLC) technology, manufactured on 0.18 um lithography, making it the
most widely used and proven MLC product family on the market.

Synchronous Intel StrataFlash Memory is a 3 Volt device (Vc), but it has two 1/O versions based
around a 3 Volt VCCQ (K3) or 1.8 VoIt VCCQ (K18). These devices are ideal for mainstream
applications requiring large storage space for both code and data storage. Advanced system designs
will benefit from the high performance page and burst modes for direct execution from the flash
memory. Available in densities from 64 Mb to 256 Mbit (32 Mbyte), Synchronous Intel StrataFlash
Memory is the highest density NOR-based flash component available today, just as it was when
Intel introduced the original device in 1997.

HighPerformance[Page/BurstModes

NOR-based flash is generally preferred over other architectures for its reliability and fast read
speeds. Fast reads allow the application to execute code directly out of flash, rather than
downloading to RAM for execution, saving the costs of redundant system memory and board
space. Synchronous Intel StrataFlash Memory sets the standard for fast read speeds by adding burst
mode and utilizing an 8 word page mode. Burst mode increases throughput up to 76MB}/s,
effectively five times faster than asynchronous reads on standard flash memory, and supports
performance up to 66 Mhz with zero wait states. Both page and burst modes also provide a high
performance glueless interface to the Intel® StrongARM* SA-1110 CPU (and future Intel® XScale
processors) and many other microprocessors.

SinglelChip$olution

In addition to code execution, many applications also have data storage needs. K3/K18 memory
provides a single-chip solution for combined code execution and data storage. A single-chip
solution is easy to implement by utilizing a unique hardware and software combination:
Synchronous Intel StrataFlash Memory and Intel® Persistent Storage Manager (PSM). PSM,
royalty free when used with Intel® Flash, is an installable file system and block device driver for
Microsoft Windows* CE OS version 2.1 and later.

The Intel PSM software is appropriate for any application using the Microsoft Windows CE
operating system, including PC Companions, Set-Top Boxes, and other connected appliances and
hand-held devices. Other operating system ports are also available. Intel PSM is optimized for the
Intel StrataFlash Memory product line.
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2.1.3

2.1.4

For wireless applications, Intel® Flash Data Integrator (FDI) Version 4 software provides the
ability to manage data and files in Intel StrataFlash Memory in an open architecture, including
support for downloaded Java* applets, Bluetooth* file transfers, and voice recognition tags.

Packaging[Options

Synchronous Intel StrataFlash Memory is available in multiple packages: Easy BGA and VF BGA,
and Intel® Stacked-CSP (stacking with SRAM or flash + flash). The 64-ball Easy BGA package
provides SOP reliability and long-term footprint compatibility and cost in a chip scale package
size. The VF BGA and Intel Stacked-CSP packages offer small footprints for wireless applications.

Manufactured on Intel's 0.18-micron process technology, Intel StrataFlash Memory offers
unprecedented value, performance and reliability, and is still the lowest cost-per-bit NOR flash
memory in the industry.

Product®ighlights

High performance read modes: 8 or 16-word synchronous burst, 8-word page
- 64Mb: 110/25/13ns (async/page/burst)
- 128Mb: 115/25/13ns

- 256Mb:120/25/13ns
* 2.7V -3.6V Vcc operation
* 64-ball Easy BGA
* VF BGA packages and Intel Stacked-CSP
* 1/0Vceqi27V =36V (K3);1.65V~-1.95V (K18)
* One-time-programmable protection registers (2Kbits)
* Program and Erase suspend capability
* Cost-effective multi-level cell architecture
* Royalty-free software support for most applications with Intel PSM, FDI Version 4, or VFM
¢ Full extended operating temperature: -40° C to +85° C
* Proven reliability: 100,000 cycles, up to 20 years data retention

Datasheet
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The 3 Volt Synchronous Intel StrataFlash Memory device is available in a 64-ball Easy BGA

28F640K3,28F640K18,28F128K3,[28F128K 18,[28F256K 3,[28F256K 18

PackagelDiagram

package for the 64-, 128-, and 256 Mbit densities. (See Figure 1.)

This device is also available in a 56-ball VF BGA package for the 64- and 128 Mbit densities and a

79-ball VF BGA package for the 256 Mbit density. (See Figure 3 on page 6.)
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2.3 SignalDescriptions

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

Table[1.0O SignalDescriptions

Sym Type Namef@ndFunction
AAAc A INPUT ADDRESS:[Deviceladdress.[Addresslinternallylatched(during(fead/write[0operations.[Seel]

MAX-TIMINIG nomenclature[Section1.2{orBAyax@ndAynyMalues.

INPUT/ DATA/O: Inputsidatalandl@ommands(duringrite[0perations, [@utputsidatalduringfeadl]

D[15:0] OUTPUT operations.[Floatiwhenthe[CE#[0r[OE#(arelde-asserted.Datalisihternallylatched{during Write[]
operations.

CE# INPUT CHIPENABLE: Active-low;[CE#-low(Selectstheldevice.[CE#-high[deselectsfheldevice,[places(i]
in[Standbyode,[and[places[datalandWAITButputsih@Migh-Z[State.

OE# INPUT OUTPUTIENABLE:[Active-low;[OE#-low[énables[theldevice'sdutputldatabuffersiduringfead
cycles.[OE#-high(places(theldataldutputs(ihaHigh-Z[State.

WE# INPUT WRITEENABLE:[Active-low;WE#[dontrolswritesibfheflashldevice.[Address[andldata@re]
latched@n(ihelfisinglédge [OfWE#.

RESET: [Active-low; fesets(ihternalldircuitry@ndlihhibitstwrite[@perations.This[provides[datall

RST# INPUT protection(during[power(fransitions.[RST#-highénablesormall@peration. ExitfromesetplacesO
theldevicelih@synchronous(read-arrayode.

WRITEPROTECT: [Active-low; WP#-low[énablesfhellbck-downhechanism.BlocksIbcked

WP# INPUT down[dannotBellinlockedwiththenlockldommand.WP#-highdverridesthelbck-downfunctiond
enablingblocksibbeérasedorprogrammedihroughl(Software.

ADV# INPUT ADDRESSIVALID:[Active-low;[during(Synchronous(fead(dperations,@ddresses(@rellatcheddn]
the[ldisingleédge0f[ADV#orlonthelfising{orfalling)[@dgedf[CLK,Whicheverloccurs(irst.

VPEN INPUT ERASE/PROGRAM/BLOCKILOCKENABLE: [Controlsideviceprotection.\WhenVpgyEO
VpenLk-dlashidontents(arelprotected@gainstiProgram(andErase.
CLOCK:[3ynchronizestheldevicelibfheSystem’sbusfrequencylihlS8ynchronous-readihode,

CLK INPUT andlihcrements(thelihternalladdress(denerator.[During[8ynchronous(fead(@perations,@ddresses]
arellatched@n[ADV#'s[iisingleédgelor(CLK s[Hsing{or{alling)[@dge, whicheverdccurs(irst.
OPENDO STATUS: Ihdicates(fhe[Status[dflthelinternallState[hachine.When[donfiguredlihIevelhodel
sSTS DRAIND (defaultnode),itlacts@sAMRY/BY#[pin.(When[donfiguredlih[@nedflits(pulsehodes, itléan]
OUTPUT indicate[program(@and/orérasel@ompletion.For[@lternatel@onfigurationsofthe [STATUS[pin, Seel
thelGonfiguration[éommands.[STS[sfoBefied OV cqWithalpull-uptesistor.

WAIT outpuT | WAIT.(hdicateslihvaliddatalih[Synchronous-read((burst)(hodes. WAIT lis[High-ZWhenever[CE#(]
islde-asserted.WAITi5Motdated By [DE#.
COREPOWERISUPPLY:[Corel(logic)Sourceoltage.Writesofheflash@rrayarelinhibited

VCC POWER whenlVccEV, ko.[Operations(atlihvalid[V-coltagesShouldmotbeattempted. Device
operations(atlinvalidVcoltagesShouldmotbe @ttempted.

VCCQp POWER I/O[POWERISUPPLY: IYO[@utput-driverSourceVoltage.[]

VSS POWER GROUND: [GroundTeferencefordevicedorepowerSupply.[Connectib8ystemground.

VSSQ POWER I/O[GROUND: MYO[Ground(feferencelforidevice YO powerSupply.[ConnectibSystem(ground.

DU ) DON'TWSE: o(notMsefhisball.(ThisballlShouldMotbeldonnectedfolanypowerSupplies,
signals(orldtherballs[andhustbe(leftfloating.
NC - NOICONNECT: Nolihternall@onnection;danbe[drivendrfloated.

RFU ) RESERVED[for[FUTUREUSE: Ballsldesignated@sRFUareeservedbyIhtelforfutureldevice

functionalitylandlénhancement.
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2.4 Block[Diagram

Figured.[BVoltBynchronousntel StrataFlash®MemoryBlock Diagram
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2.5 Memory[Map

The 3 Volt Synchronous Intel StrataFlash array is divided into equally-sized symmetrical blocks
that are 64-Kword in size. A 64 Mbit device contains 64 blocks, a 128 Mbit device contains 128
blocks and a 256 Mbit device contains 256 blocks. Flash cells within a block are organized by rows
and columns. A block contains 512 rows by 128 words. The words on a row are divided into 16

eight-word groups. (Refer to Figure 5.)
Figure3.[I3Wolt[3ynchronoushtel StrataFlash®Memory Map
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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 Command User Interface (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

Bus cycles to and from the device conform to standard microprocessor bus operations. Table 2
summarizes the bus operations and the voltage levels that must be applied to the device control
signals when operating within each device mode. Whenever CE# is asserted, the device is in an
active state; it is selected and its internal circuits are active. OE# and WE# determine whether
D[15:0] are outputs or inputs, respectively.

Table2.00 Bus[Operations

Mode RST# CE# OE#M | WE#D | ADV# | WAIT | Vpen Data (dszaSuIDt[ Notes

mode)

Synch[ArrayRead Vi Enabled VL A\ X Valid X Dout High-Z

Asynch.[Reads@ndl]

gﬁgﬁ;gﬁ‘&gzﬁiﬁ ol Vin | Enabled | vy Vi X Driven | X Dour | High-z | 2

Reads

Outputisable ViH Enabled Vi ViH X Driven X High-Z High-Z

Standby Vi Disabled X X X High-Z X High-Z High-Z

Reset V)L X X X X High-Z X High-Z | High-Z

o Command(l Vi, | Enabled | Vi Vi, X Driven | X Dy | High-z

ArrayWrites Vi Enabled Vi Vi X Driven VPENH VN Vi 3,4

NOTES:

1. OE#@ndWE#Shouldeverbe@ssertedSimultaneously.dfldone(So,[DE#[GverridesWE#.

2. ReferbDC[Characteristics.WhenVpenEVpen k. [Iemoryldontents(Ganbefead Butbot@ltered.O

3. XShouldbelV, 0rlV,yHorheldontrolpinsAndVpgn kOrYpenpHorVpey. [Fordutputs, XShouldbe Vo BriVoy.
4. Arraylwrites(@rel@ither(program(or(érasel@perations.

3.1.1

Datasheet

ReadMode

To perform a bus read operation, CE# 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 1/0 bus. For all read states, WE# and RST# must be
de-asserted. See Section 11.1, “Read Operations” on page 39. Refer to Section 4.0, “Read Modes”
on page 15 for details on reading from the flash array, and refer to Section 8.0, “Special Modes” on
page 32 for details regarding all other available read states.

11
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3.1.2

3.1.3

3.1.4

3.1.5

12

Note:

Write/Program

To perform a bus write operation, both CE# and WE# are asserted, and OE# is de-asserted. All
device write operations are asynchronous, with CLK being ignored. During a write operation,
address and data are latched on the rising edge of WE# or CE#, whichever occurs first. See Table 3,
“Command Bus Definitions” on page 13 for bus cycle commands. See Section 11.2, “Write
Operation” on page 46.

Write operations with invalid V¢ and/or Vpgy voltages can produce spurious results and should
not be attempted.

OutputDisable

Whenever OE# is de-asserted, device outputs, D[15:0], are disabled and placed in a high-
impedance state.

Standby

Anytime CE# is de-asserted, the device is deselected and placed in standby, substantially reducing
power consumption. In standby, the data outputs are placed in a high-impedance state independent
of the level placed on OE#. If the device is de-selected (CE# de-asserted) during a program or erase
operation, it will continue to consume active power until the program or erase operation is
completed. There is no additional latency for subsequent read operations.

Reset/Deep[Power-Down

After initial power-up or reset, the device defaults to Read Array mode and the device status
register is set to 0x80. If already in Read Array mode, asserting RST# de-energizes all internal
circuits, and places the output drivers in a high-impedance state. After returning from reset (RST#
de-asserted) a minimum amount of time is required before the initial read access outputs valid data.
Also, a minimum delay is required after a reset before a write cycle can be initiated. After this
wake-up interval has passed, normal operation is restored. See Section 11.1, “Read Operations” on
page 39 for reset timing details.

If RST# is asserted during a program or erase operation, the operation will be aborted and the
memory contents at the aborted location (for a program) or block (for an erase) are no longer valid,
since the data may have been only partially written or erased.

Once RST# is asserted, the device shuts down the operation in progress, a process which takes a
minimum amount of time to complete. When RST# has been de-asserted, the device will be reset to
read array mode.

If RST# remains asserted for a specified time, the device will enter deep power-down. If the system
is returning from an aborted program or erase operation, a minimum amount of time must be
satisfied before a read or write operation is initiated.

As with any automated device, it is important to assert RST# when the system is reset. When the
system comes out of reset, the system processor will attempt to read from the flash memory if it is
the system boot device. Automated flash memaories provide status information when read during
program or block erase operations. If a CPU reset occurs with no flash memory reset, improper
CPU initialization may occur because the flash memory may be providing status information rather

Datasheet
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than array data. Intel® Flash memories allow proper CPU initialization following a system reset
through the use of the RST# input. RST# should be controlled by the same low-true reset signal
that resets the system CPU.

Device[Commands

Device operations are initiated by writing specific device commands to the Command User
Interface (CUI). (See Table 3.)

Two commands are used to modify array data, Word Program and Block Erase. Writing either of

these commands to the CUI initiates a sequence of internally-timed functions that culminate in the
completion of the requested task. However, the operation can be aborted by either asserting RST#
or by issuing an appropriate Suspend command.

Table3.0 CommandBusDefinitions{Sheet1[0f[2)

FirstBus[Cycle

SecondBus[Cycle

Command nglzg
Type Addr Data Type Addr Data
Address[6f0]
Read[Array 21 Write Any[Address OxFF Read | memorylibBel]] ArrayData
read
o : Identifierd Identifierd
Readdentifier =2 Write Any[Address 0x90 Read CodelAddress CodelData
Read ReadQuery . Query[Codel| Query[Codel
(CFI) =2 Write Any[Address 0x98 Read Address Data
Read(Status : AddresswithinO Addresswith( Statusd
Register 2 Write Block 0x70 Read Block RegisterData
gl:;gsétftuslj 1 Write AnyAddress 0x50
AddressBfO 0x40 Addressofd | oo
Program 2 Write | memoryllbcation] or Write | memoryfibBel] roaramed
tobelprogramed 0x10 programed prog
Number( Number(ofl
Program " 4 ofBufferd] ] AddressWwithin{ . Address words[ibbe]
g WriteBuffer words#0 Write Block OxE8 Write within[Block written(fo[]
3 buffer
Address[o6f0
BufferedEFP > Write | memorylbcationd| 0x80 | Write | | Addresst) 0xDO
toelprogramed
. AddressWwithin( . AddressO
Erase Block[Erase 2 Write Block 0x20 Write withinBlock 0xDO
Suspend ELe;spee!rl:drogramD 1 Write Any[Address 0xBO
Resume Eree}ssueraPerogramD 1 Write Any[Address 0xDO
Datasheet 13
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Table[3.00 CommandBus[Definitions{Sheet2[0f[2)

INtal.

BusO FirstBus([Cycle SecondBus([Cycle
Command Cyglfes
Type Addr Data Type Addr Data
ReadO
ConfigurationOd 2 Write cb! 0x60 Write cpt 0x03
Register]
. AddressithinO : Address
o LockBlock 2 Write Block 0x60 Write withinBlock 0x01
[8]
o e
= " Address(WwithinJ : Address
= UnlockBlock 2 Write Block 0x60 Write withinBlock 0xDO
5% ithi
oo . : Address(WwithinJ ; Address
%g Lock-Down[Block 2 Write Block 0x60 Write withinBlock 0x2F
2 g STSD 2 Write | AnyAddress 0xB8 | Write | AnyRAddress cc?
22 DatalfoBel]
e ) programmed(]
§o | prowectiond 2 Write PAS 0xCO | Write PAS tolthel]
8o 9 ProtectionO
2 Register
2
o . LockO
9} : Lock[Protection] -
04 Lock[Protection[] " ] Protectiond
Program 2 Write Addresgi[EbrELZS— 0xCO Write Addressforl] OXFFFD
128-bit
Lock2KOTPO . Lock[Protection(] . 3
Protectiond 2 Write Address[ibr2K-bit 0xCO Write LPAL LPD
NOTES:
1. CDZ[Configurationfegister(datalpresenteddn(devicel@ddressesA[Aynt15:Apin] - A[Amax:Avint 16][@ddressbitsustbe

14

cleared.[$ee(Table 4, Read[ConfigurationRegister’dn(page 16{orRCRbitldescriptions.

2. CCIZ[3TSConfigurationdode0nD[7:0].
3.
4. ThelSecond[gycle6ffheWrite-to-Bufferl@ommandlisiheldountdfiwordsibIbadlihtofhebuffer, followedDydataStreamingipd

LPDEIockProtectionRegisterlData. Validralues[areetweenOxFFFE@And0x0000.

tolthe@ountialue.Then@[Confirm@ommand{0xDO)(islissuedib@xecutethelprogram@peration.ReferfbFigure22,Writefo
Buffer[Flowchart’[0n[page 59.

. PAZValid[Protection[Register(Address.
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ReadModes

4.1

Note:

Datasheet

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 13.) See Section 8.0, “Special Modes” on page 32 for details regarding read
status, read 1D, and CFI query modes.

The device supports two types of array read modes: asynchronous page mode and synchronous
burst mode. Asynchronous page mode is the default read mode after powered-up, or after a reset.
The RCR must be configured to enable Synchronous Burst reads of the flash memory array. (See
Section 4.3, “Read Configuration Register” on page 16.)

The Read Array command functions independent of Vpgy. The following sections describes read-
array mode operations in detail.

Asynchronous[Page-Mode[Read

Asynchronous page mode is the default read mode upon power-up or return from reset. However,
to perform array reads after any other device operation (e.g., a write operation), the Read Array
command must be issued in order to read from the flash memory. Asynchronous page-mode reads
are permitted in all blocks, and it is used to access device register information.

Asynchronous page mode reads can only be performed when RCR bit 15 is set. (See Section 4.3,
“Read Configuration Register” on page 16.)

To perform an asynchronous page-mode read, an address is driven onto A[Apax:Amin], and CE#
and OE# are asserted. WE# and RST# must be de-asserted. ADV# can be driven high to latch the
address, or it can be held low throughout the read cycle. CLK is not used for asynchronous page-
mode reads, and is ignored. If only asynchronous reads are to be performed, it is recommended that
CLK be tied to a valid V, level. Array data is driven out on D[15:0] after a minimum delay. (See
Section 11.1, “Read Operations” on page 39.)

In asynchronous page mode, one of 16 eight-word groups are “sensed” simultaneously from the
flash memory and loaded into an internal page buffer. After the initial access delay, the first word
out of the data buffer corresponds to the initial address, A[Apax:Amin]- Address bits
AlApmax:Amin T+ 3] are latched by the device. However, the lower address bits, A[Avin
+2:Apmind, are not latched.

Address bits A[Apnt2:Apnn] determine which word of the eight-word group is output from the
data buffer at any given time. 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[Apnt2:Apmin] 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[Auax:Amint3] change at any time, or if CE# is toggled, the device will sense and
load a new eight-word group from the flash memory into the page buffer.

By controlling certain signals, such as CE# and/or OE#, the device can be made to output less than

eight-words of data. Asynchronous page-mode read is used to access register information, but only
one word is loaded into the page buffer.

15
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4.2 SynchronousBurst-Mode[Read

Since asynchronous page mode is the default read mode following a device power-up or reset, the
appropriate bits in the RCR must be set before synchronous burst mode reads of the flash memory
can occur. See Section 4.3, “Read Configuration Register” on page 16 for details. Immediately
after configuring the RCR, it is not necessary to issue the Read Array command (OxFF) before
performing a synchronous burst-mode read. However, to perform a synchronous burst-mode read
after executing any other device operation (e.g., a write operation), it is necessary to issue the Read
Array command before performing a synchronous burst-mode read of the flash memory.

To perform synchronous burst-mode read, an address is driven onto A[Apax:Awvin], and CE# and
OE# are asserted. WE# and RST# must be de-asserted. ADV# is asserted, then de-asserted to latch
the address. Alternatively, ADV# can remain asserted throughout the burst access, in which case,
the address is latched on the next valid CLK edge.

In synchronous burst mode, one or two of the 16 eight-word groups are “sensed” simultaneously
from the flash memory and loaded into an internal page buffer. After the initial access delay, the
first word is output from the data buffer on the next valid CLK edge. Subsequent buffer data is
output on valid CLK edges. Synchronous burst-mode reads can only step through the data buffer
once, and can only do so in a sequential manner; starting from the address latched at the beginning
of the burst cycle (see Section 11.1, “Read Operations” on page 39).

The device supports 8- or 16- word bursts. However, by controlling certain control signals, such as
CE# and/or OE#, the device can output less than 8/16-words of synchronous data. A burst-mode
read can be used to access register information. When a burst-mode read is performed on a register,
only one word is loaded into the data buffer. In burst mode, the address is latched by either the
rising/falling edge of ADV# or the rising edge of CLK with ADV# low, whichever occurs first.

4.3 Read[Configuration[Register

The Read Configuration Register (RCR) is used to select the read mode (synchronous or
asynchronous), and it defines the synchronous burst characteristics of the device. To modify the
RCR settings, write the RCR command to the device (see Section 3.0, “Device Operations” on
page 11).

RCR contents can be examined by writing the Read Identifier command to the device. See Section

8.2, “Read Device Identifier” on page 33). The RCR Register is shown in Table 4. The following
sections describe each RCR bit in detail.

Table4.00 Read[Configuration[Register{Sheet1[6f[2)

Read[ConfigurationRegister((RCR) DefaultValueZ0xFFFF

15 14‘13|12‘11 10 9 8 7 6 5 4 3 2‘1|o

Read( LatencyTount P\Q{";HE 33}3 I\ggl\g Bsuggt[ ECdLgKeD RES | RES | RES BurstMength

RM LC[3:0] WP | DH | WD | BS | CE | R R R BL[2:0]

Bit Name Description

15 ReadModel(RM) O0F[$ynchronousburst-mode(fead
1E[Asynchronous(page-mode(fead({default)
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Tablel4.00 Read[Configuration[Register{Sheet2[6f[2)

43.1

4.3.2

Datasheet

14:11 | Latency[Count[{LC[3:0]) | 0000EZ[Code0.RFU
0001=F[Code.RFU
0010ZCodel2
0011=Code3
0100ZCodeld
0101=FCode®
0110=[Code®
0111=[Code¥
1000Z[CodelB
1001=[Code®
1010Z[Codel10
1011HEM1111F[Code1ECoded5.[AllTheseldodes@re[RFU

10 WaitPolarity [(WP) OFWAITSignallisactive low
1EWAITSignalis@ctivehigh{Default)

9 DatalMold[{DH) OFHolddataforiéneldlock
1EHolddataforfwvoldlocks{default)

8 WaitDelay(WD) 0EFWAIT(de-assertedWithValid[data
1EWAITde-asserteddneldlockbeforeNalid[data{default)

7 BurstSequencel(BS) OZFReserved
1EFLinear({default)

6 ClockEdge[{CE) OZ[fallingledge
1Zisingl@édge{default)

5:3 Reserved([(R) ReservedbitsShouldbeldleared{0)

2:0 Burstlength[{BLO-2) 001E=[RFU
010=8-wordburst
011[F16-wordDurst
111=FRFU

ReadMode

The read mode (RM) bit selects synchronous burst mode or asynchronous page mode operation of
the device. When the RM bit is set, asynchronous page mode is selected (default). When RM is
cleared, synchronous burst mode is selected.

Synchronous burst mode is used for array reads, whereas asynchronous page mode is used for
reading array data, Status Register information, Device 1D information, and CFI information. Note
that when operating in synchronous burst mode, Status, ID, and CFI information will be driven
onto the bus on the next valid clock edge following the initial synchronous access delay, and will
remain on the bus for the duration of the access cycle.

Latency[Count

The Latency Count bits, LC[3:0], tell the device how many clock cycles must elapse from the
rising edge of ADV# (or from the first valid clock edge after ADV# is asserted) until the first data
word is to be driven onto D[15:0]. The input clock frequency is used to determine this value. See
Table 4 on page 16 for latency values.
Use these equations to calculate first access latency count:

Eq. (1): {1/ Frequency} = CLK Period

Eq (2) n(CLK PeriOd) > tAVQV + tADD + tDATA
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The formula tayqy (nS) + tapp(Ns) + tpata (Ns) is known as initial system access time.
Eqg. (3): n-2 = First Access Latency Count (LC)
n: # of clock periods (rounded up to the next integer)

Parameters defined by CPU:

tapp = Clock to CE#, ADV#, or Address Valid whichever occurs last.
tpara = Data set up to clock (CPU specific)

Parameters defined by flash:
tavqv = Address to Output Delay

Example:

CPU Clock Speed = 66 MHz
tapp = 6 ns (typical speed from CPU) (max)
tpaTa = 4 ns (typical speed from CPU) (min)
tavoy = 110 ns (from AC Characteristic - Read Operations Table)
From Eg. (1): {1/66 (MHz)}1000 = 15 ns
From Eq. (2) n(15ns)>110ns+ 6 ns+4ns
n(15 ns) = 120 ns
n = 120/15 = 8 (Integer)
From Eg. (3) n-2=8-2=6

First Access Latency Count setting is Code 6. Figure 6 shows the data available and valid after six
latencies from ADV# going low.

Figurel6.[DataOutputwith[LC[Settinglat[Code(®

_’: 1CHQ\/ <_

-« taop

Address([A] .r A:dar“edss
CE#(E] : \

Code[6

ADV#V] / \ _;/
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Datal[D/Q]

®

Dataoplc.wmf
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WAIT[Polarity

The WAIT Polarity (WP) bit selects the asserted, or true, state of WAIT. When WP is set, WAIT is
an active-high signal (default). When WP is cleared, WAIT is an active-low signal.

DatalHold

For burst read operations, the Data Hold (DH) bit determines whether the data output remains valid
on D[15:0] for one or two clock cycles. When DH is set, output data is held for two clocks
(default). When DH is cleared, output data is held for one clock cycle. (See Figure 7.) The
processor’s data setup time and the flash memory’s clock-to-data output delay should be
considered in determining whether to hold output data for one or two clocks.

Figure[7.[DataMoldTiming

4.3.5

Datasheet
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WAIT[Delay

The WAIT Delay (WD) bit controls the WAIT signal’s delay behavior during synchronous burst
reads. WAIT can be asserted either during, or one clock cycle before, valid data is output on
D[15:0].When WD is set, WAIT is de-asserted one clock before valid data (default). When WD is
cleared, WAIT is de-asserted with valid data. The setting of WD is dependent on the system and
CPU data sampling requirements.
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4.3.6 Burstl$Sequence

intel.

The Burst Sequence (BR) bit selects linear-burst sequence (default). Only linear-burst sequence is
supported. Table 5 shows the synchronous burst sequence for all burst lengths, as well as the effect
of the Burst Wrap (BW) setting.

Table.0 Burst[SequenceWord[Ordering

Burst[Addressing[$equencel[(DEC)

Start

Addr.

(BEC) 8-WordBurst 16-WordBurst

(BL[2:0][Z[010) (BL[2:0]Z[011)
0 0-1-2-3-4-5-6-7 0-1-2-3-4...14-15
1 1-2-3-4-5-6-7-0 1-2-3-4-5...15-0
2 2-3-4-5-6-7-0-1 2-3-4-5-6...0-1
3 3-4-5-6-7-0-1-2 3-4-5-6-7...1-2
4 4-5-6-7-0-1-2-3 4-5-6-7-8...2-3
5 5-6-7-0-1-2-3-4 5-6-7-8-9...3-4
6 6-7-0-1-2-3-4-5 6-7-8-9-10...4-5
7 7-0-1-2-3-4-5-6 7-8-9-10-11...5-6
14 14-15-0-1-2...12-13
15 15-0-1-2-3...13-14
4.3.7 Clock[Edge

The Clock Edge (CE) bit selects either a rising (default) or falling clock edge for CLK. This is the
clock edge that is used at the start of a burst cycle to output synchronous data and to assert/de-

assert WAIT.

4.3.8 Burstlllength

BL[2:0] selects the linear burst length for all synchronous burst reads of the flash memory. The
burst length can be configured to be an 8-word or a 16-word burst. Once a burst cycle begins, the
device will output synchronous burst data until it reaches the end of the burstable address space.

20
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5.1

5.2

Datasheet

The device supports three different programming methods: word programming, write-buffer
programming, and Buffered Enhanced Factory Programming or Buffered-EFP. Successful
programming requires the addressed block to be unlocked. If the block is locked down, WP# must
be de-asserted and the block unlocked before attempting to program the array. An attempt to
program a locked block will result in the operation aborting, and SR[1] and SR[4] being set,
indicating a programming error. The following sections describe device programming in detail.

Word[Programming

Word programming is performed by executing the Word Program command. Word programming is
a non-buffered operation and programs one word to the flash array based on the initial program
address A[Apmax:Amin]: To determine the status of a word-program operation, poll the status
register and analyze the bits. If the flash device is put in standby mode during a program operation,
the device will continue to program the word until the operation is complete; then the device will
enter standby mode. Refer to Figure 23, “Word Programming Flowchart” on page 60 for a detailed
flow on how to implement a word program operation.

During programming, the Write State Machine executes a sequence of internally-timed events that
program the desired data bits and verifies that the bits are sufficiently programmed. Programming
the flash memory array changes “ones” to “zeros.” Memory array bits that are zeros can be
changed to ones only by erasing the block.

When programming has finished, Status Register bit SR4 set indicates a programming failure. If
SR3 is set, this indicates that the Write State Machine could not perform the word programming
operation because Vpgy Was outside of its acceptable limits. If SR1 is set, the word programming
operation had attempted to program a locked block, causing the operation to abort.

After examining the status register, it should be cleared using the Clear Status Register command
before issuing a new command. Any valid command can follow, once word programming has
completed.

Write-Buffer[Programming

The device features a 32-word Write Buffer to allow optimum programming performance. For
write-buffer programming, data is first written to an on-chip write buffer, then programmed into the
flash memory array in buffer-size increments. Optimal performance is realized when programming
is buffer-size aligned to the 32-word write-buffer boundary. The write-buffer is directly mapped to
the flash array through A[AyinT4:Apin]- Unaligned buffered writes will decrease program
performance. Buffered writes can improve system programming performance more than 20X over
non-write buffer programming.

To perform write-buffer programming, the Write-to-Buffer Setup command, OXES, is issued along
with the block address (see Section 3.2, “Device Commands” on page 13). Status Register
information is updated, and a read from the block address will return Status Register data showing
the write buffer’s availability. SR7 indicates the availability of the write buffer for loading data. If
SRY7 is set, the write buffer is available; if not set, the write buffer is not available. To retry, issue
the Write-to-Buffer Setup command again, and re-check SR7. When SRY7 is set, the write buffer is
available. See Figure 22, “Write to Buffer Flowchart” on page 59.
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Next, a word count is written to the device at the buffer address. This tells the device how many
data words will be written to the write buffer, up to the maximum size of the write buffer.

On the next write, a device start address is given along with the first data to be written to the flash
memory array. Subsequent writes provide additional device addresses and data. All data addresses
must lie within the start address plus the word count. Maximum programming performance and
lower power are obtained by aligning the starting address at the beginning of a 32 word boundary.
A misaligned starting address will result in a doubling of the total program time.

After the last data is written to the write buffer, the Write-to-Buffer Confirm command is issued.
The Write State Machine begins to copy the Write Buffer contents to the flash memory array. If a
command other than the Write-to-Buffer Confirm command is written to the device, a command
sequence error will occur and Status Register bits SR4, SR5 and SR7 will be set. If an error occurs
while writing to the array, the device will stop programming, and Status Register bit SR4 and SR7
will be set, indicating a programming failure.

Additional buffer writes can be initiated by issuing another Write-to-Buffer Setup command and
repeating the write-to-buffer sequence.

Anytime SR4 and SR5 are set, the device will not accept Write-to-Buffer commands. If an attempt
is made to program past a block boundary using the Write-to-Buffer command, the device will
abort the operation. This will generate a command sequence error, and Status Register bits SR4 and
SR5 will be set.

If Write-to-Buffer programming is attempted while Vpgy is below Vpgpy k. Status Register bits
SR3 and SR4 will be set. If any errors are detected that have set Status Register bits, the Status
Register should be cleared using the Clear Status Register command.

Program[Suspend

To execute a program suspend, execute the Program Suspend command. A suspend operation halts
any in-progress programming operation. The Suspend command can be written to any device
address. A Suspend command allows data to be accessed from any memory location other than
those suspended.

A program operation can be suspended to perform a device read. A program operation nested
within an erase suspend operation can be suspended to read the flash device. Once the program
process starts, a suspend operation can only occur at certain points in the program algorithm. Erase
suspend operations cannot resume until program operations initiated during the erase suspend are
complete. All device read functions are permitted during a suspend operation.

During a suspend, Vpgy must remain at a valid program level and WP# must not change. Also, a
minimum amount of time is required between issuing a Program or Erase command and then
issuing a Suspend command.

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
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Resume command is required to complete the block erase operation. The device supports a
maximum suspend/resume of two nested routines. See Figure 24, “Program Suspend/Resume
Flowchart” on page 61.

Buffered[Enhanced[FactoryProgramming(BEFP)

BEFP speeds up MLC flash programming for today’s beat-rate-sensitive manufacturing
environments. This enhanced algorithm eliminates traditional elements that drive up overhead in
off-board or on-board, off-line or in-line, manual or automated programmer systems. BEFP is
different than non-buffered EFP mode; it incorporates a write buffer to spread MLC program
performance across 32 data words. Additionally, verification occurs in the same phase as
programming, an inherent requirement of two-bit-per-cell technology to accurately program the
correct state.

A single two-cycle command sequence programs an entire block of data. This enhancement
eliminates three write cycles per buffer page, two commands and the word count per each set of 32
data words. Host programmer bus cycles fill the device write buffer, followed by a status check of
SR.0 to determine when the data from that page has completed programming into sequential flash
memory locations. Following the buffer-to-flash programming sequence, the WSM increments
internal addressing to automatically select the next 32-word array boundary. This aspect of BEFP
saves programming equipment address-bus setup overhead. In combination, these enhancements
allow programming equipment to stream data to the device.

With proper continuity testing, programming equipment can rely on the WSM internal verification
to assure the device has programmed properly. This capability eliminates the external post-program
verification and its associated overhead. BEFP consists of three phases: setup, program/verify, and
exit. Refer to Figure 25, “Buffered Enhanced Factory Programming Procedure Flowchart” on
page 62 for a graphical representation of BEFP.

BEFP[Requirementsl@and[Considerations

BEFP requirements:
¢ Ambient temperature: T =25 °C 5 °C
* V¢ within specified operating range
* Vpgp driven to Vpeny
¢ Target block unlocked before issuing the Setup and Confirm commands

* WA (first word address in block to be programmed) must be held constant from setup phase
through all data streaming in the target block, until transition to the exit phase is desired

* WA, must align with the start of an array buffer boundary®

BEFP considerations:
* For optimum performance, limit cycling below 100 erase cycles per block?
 BEFP programs one block at a time, all buffer data must fall within a single block®
¢ BEFP cannot be suspended
* Programming to flash can only occur when the buffer is full*
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Warning:

Note:

1Buffer boundary in array is determined by A[Apn+4:Apn] (00h through 1Fh). Alignment start point is
A[AMINTAAMINIZO.

2Some degradation in performance may occur if this limit is exceeded, but the internal algorithm will continue
to work properly.

31f the internal address counter increments beyond the block’s maximum address, addressing will wrap around
to the beginning of the block.

41f the number of words is less than 32, as in the case of the last page program sequence for a block, remaining
locations must be filled with FFFFh. The responsibility to manage this falls within the programming
equipment, not the customer data file.

See Figure 25, “Buffered Enhanced Factory Programming Procedure Flowchart” on page 62, for a
detailed flowchart of the Buffered BEFP operation.

BEFP[Setup[Phase

After receiving the BEFP Setup (80h) and Confirm (DOh) command sequence, device SR.7
transitions from a ‘1’ to a ‘0,” indicating that the WSM is busy with BEFP algorithm startup. A
delay before checking SR.7 is required to allow the WSM time to perform all of its setups and
checks (block lock status and Vpgy level). If an error is detected, SR.4 is set and BEFP operation
terminates. If the block was found locked, SR.1 is also set. SR.3 is set if the error occurred due to
the Vpgy level being incorrect.

BEFP[Program(andVerify[Phase

After setup completion, the host programming system must check SR.0 to determine “data-stream
ready” status. SR.0=0 indicates that the BEFP program/verify phase is activated and the write
buffer is available.

Two basic sequences repeat in this phase: loading the write buffer, followed by buffer data
programming to the array. For BEFP, the count value for buffer loading is always the maximum
buffer size of 32 words. During the page loading sequence, data received is stored to sequential
buffer locations starting at address 00h. Programming of that page to the flash array starts
immediately when the buffer is full.

The buffer must be completely full for programming to occur. Supplying an address outside the
current block’s range during a buffer fill sequence will cause the operation to lockup.

If the number of words is less than 32, as in the case of the last page program sequence for a block,
remaining locations must be filled with FFFFh. The responsibility to manage this falls within the
programming equipment, not the customer data file.

Data words from the write buffer are directed to sequential memory locations in the array,
programming takes up where the last page sequence left off. The host programming system must
poll SR.0 to determine when the page program sequence completes. SR.0=0 indicates that all
buffer data has been transferred to the flash array, SR.0=1 indicates that the WSM is still busy. The
host system may check full status for errors at any time, but it is only necessary on a block basis,
after BEFP exit.
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The host programming system continues the BEFP algorithm by providing the next set of data
words to the buffer. Alternatively, it can terminate this phase by changing the block address.The
program/verify phase concludes when the interfacing programmer writes to a different block
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address; data supplied must be FFFFh. Upon program/verify phase completion, the device enters
the BEFP exit phase.

BEFP[EXxit[Phase

SR.7=1 indicates that the device has returned to normal operating conditions. A full status check
should be performed at this time to ensure the entire block programmed successfully. After BEFP

exit, any valid CUI command can be issued. The BEFP SR.7 and SR.0 Truth table is shown in
Table 6.

Table®.00 BEFPBR.7[@nd[SR.0Oruthfable

Datasheet

SR.7 SR.0 Condition
1 0 Bufferlis[@vailable,[devicelisfeady.
0 1 BufferisMOT@vailable,devicelsbusy.
0 0 Buffer(is[@vailable,[devicelis[Busy.
1 1 Invalid(State.
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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[Erase

Block Erase operations are initiated by writing the Block Erase command to the address of the
block to be erased (refer to Section 3.2, “Device Commands” on page 13). This is followed by the
Block Erase Confirm command written to the address of the block to be erased. If the device is
placed in standby (CE# de-asserted) or reset (RST# de-asserted) during an erase operation, the
device will continue to erase the block until the erase operation is completed before entering
standby or reset.Vpgyn must be above Vpgy k and the block must be unlocked (see Figure 26,
“Block Erase Flowchart” on page 63). Also, Vpgn must remain at a valid level, and WP# must
remain unchanged while in erase suspend.

During a block erase, the Write State Machine executes a sequence of internally-timed events that
conditions, erases, and verifies all bits within the block are erased. Erasing the flash memory
changes array data from “zeros” to “ones.”

Status Register bit SR7 indicates block erase status while the sequence executes. When erasing has
finished, if Status Register bit SR5 is set, this indicates an erase failure. If SR3 is set, this indicates
that the Write State Machine could not perform the erase operation because Vpgy Was outside of its
acceptable limits. If SR1 is set, the erase operation had attempted to erase a locked block, causing
the operation to abort. CE# or OE# must be toggled to update Status Register contents.

After examining the status register, it should be cleared using the Clear Status Register command
before issuing a new command. Any valid command can follow, once the block erase operation has
completed.

EraselSuspend

Issuing the Erase Suspend command while erasing suspends the block erase operation. This allows
data to be accessed from memory locations other than the one being erased. The Erase Suspend
command can be issued to any device address within the block. A block erase operation can be
suspended to perform either a word program or a read operation within any block, except the block
that is in an erase suspend state (see Figure 27, “Erase Suspend/Resume Flowchart” on page 64).

When a block erase operation is executing, issuing the Erase Suspend command requests the Write
State Machine to suspend the erase algorithm at predetermined points. An erase operation cannot
be nested within another erase suspend operation. Block erase is suspended when Status Register
bits SR[7,6] are set. Suspend latency is specified in Section 11.3, “Block Erase and Program
Operation Performance” on page 49.
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Block erase cannot resume until program operations initiated during erase suspend complete. Read
Array, Read Status Register, Read Identifier, CFl Query, and Program Resume are valid commands
during Erase Suspend. Additionally, Clear Status Register, Program, Program Suspend, Erase
Resume, Block Lock, Block Unlock, and Block Lock-Down are valid commands during Erase
Suspend.

Erase[Resume

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 26, “Block Erase Flowchart” on page 63.
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7.0

Security[Modes

7.1

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

Block[Locking@perations

Individual instant block locking is used to protect user code and/or data within the flash memory
array. All blocks power up locked to protect array data from being altered during power transitions.
Any block can be locked or unlocked without latency. Locked blocks cannot be programmed or
erased; they can only be read.

Software-controlled security is implemented with the Block Lock and Block Unlock commands.
Hardware-controlled security can be implemented with the Block Lock-Down command and WP#.

Refer to Figure 8 for a state diagram of the flash security features. Also see Figure 29, “Block Lock
Operations Flowchart” on page 66.

FigurelB.[Block@ocking[StateDiagram

Power-Up/Reset
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Locked®
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Locked
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WP#HardwarelControl
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—— > SoftwareBlockLock-Down{0x60/0x2F)
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2.[D1lihdicatesBlocklock-down(Status.D1ZD’,[Lock-down[hasbotbeenlissuedfo
[MTthisBlock.MD1Z1’,[Lock-downhasbeenlissuediolthisblock.
3.[DOlihdicatesBlockllbck[Status.MOELD’,Blocklisnlocked.MOEN’, Block(islbcked.
4.Mocked-downZFMardware#[Softwarellbcked.
5.[011]StatesShouldbelfrackedBySystem(Softwarefoldetermineldifferencebetween
[MMHardware(llocked@ndlocked-Down(States.
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Block@ock

All blocks default to the locked state after initial power-up or reset. An unlocked block can be
locked by issuing the Block Lock command sequence. This sets the block lock status bit and fully
protects the block from program or erase. Attempted program or erase operations to a locked block
will return an error in SR1.

Block@Wnlock

A locked block can be unlocked by issuing the Block Unlock command. All unlocked blocks return
to the locked state when the device is reset or powered-down. Unlocked blocks may be
programmed or erased.

Block@ock-Down

The Lock-Down Block command adds an additional level of security to the device. Issuing the
Lock-Down Block command sets the lock-down status bit and locks the block. The Lock-Down
Block command can be used if the block’s current state is either locked or unlocked. Once this bit
is set, WP# is enabled as a hardware lock control for that particular block. If a block is locked-
down and WP# is de-asserted, the user may issue the Unlock Block command to allow program or
erase operations on that block.

Only device reset or power-down can clear the lock-down status bit.

BlocklockDuringEraselBuspend

Blocks may be locked, unlocked, or locked down during an erase suspend operation. To do this,
first write the Erase Suspend command to the device. After checking SR7 and SR6 to determine
that the erase operation has suspended, write the desired lock command sequence to a block. The
lock status bit(s) will change immediately. If the block being locked or locked-down is the same
block that is suspended, the lock status bit(s) will still change immediately, but the erase operation
will complete when resumed. After completing lock, unlock, read, or program operations, resume
the erase operation with the Erase Resume command.

A Block Lock Setup command followed by any command other than Block Lock, Block Unlock,
or Block Lock-Down will produce a command sequence error and set Status Register bits SR4 and
SR5. If this error occurs while an erase is suspended, SR4 and SR5 will remain set after the erase
operation is resumed unless the Status Register is cleared first using the Clear Status Register
command. Otherwise, possible erase errors may become masked by the command sequence error.

Locking operations cannot occur during program suspend. Appendix A, “Write State Machine
(WSM)” on page 52 shows valid commands during erase suspend.

WP#ILock-Down[Control

If the lock-down status bit is set for a particular block, the WP# signal is then enabled as a master
lock/unlock override for that particular block. When WP# is asserted, all blocks that have the lock-
down status bit set are automatically put into the lock-down state and cannot be unlocked with the
Unlock Block command.

Once WP# is de-asserted, the block reverts back to a locked state; only then can it be unlocked via
software.
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Protection[Registers

In

tel.

The Product Name includes 17 128-bit Protection Registers, PR16 through PRO, which can be used
to increase system security or to provide identification capabilities.

PRO[63:0] are permanently programmed by Intel with a unique number for each flash device.
PRO[127:64] and PR1 through PR16 are one-time programmable (OTP) and available for the
customer to program. Once programmed, the user-programmable registers can be locked to prevent

further programming.

Note: User-programmable bits are OTP and may be programed individually. However, once the
protection register is locked, the entire user segment is locked and no more user bits may be

programmed.

Figure@.[ProtectionRegisterMemoryMap
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Readinglihe[Protection[Registers

To read Protection Register data, issue the Read Identifier command along with the address
corresponding to the desired word of register data. (See Figure 9 on page 30.) Protection Register
data is read 16 bits at a time.

Programminglihe[ProtectionRegisters

To program a Protection Register, issue the Protection Program command, plus a desired
Protection Register offset. See Figure 9 on page 30 for appropriate address offsets of the Protection
Register. Only one word may be programmed to the user segment at a time. Issuing the Protection
Program command outside the register’s address space results in a status register error (SR4=1).

Lockinglihe[ProtectionRegisters

To lock a Protection Register, program the corresponding bit in the PR Lock Register by issuing the
Program PR Lock Register command followed by the desired PR Lock Register data.

Bit 0 of PR Lock Register 0 is already programmed at the Intel factory and locks PRO[63:0]. Bit 1
of PR Lock Register 0 can be programmed by the user to lock the user-programmable portion of
Protection Register 0, namely PRO[128:64]. The rest of the bits in PR Lock Register 0 are not used.

PR Lock Register 1 controls the locking of the remaining 128-bit Protection Registers. Each of the
16 bits of PR Lock Register 1 corresponds to one of the 16 128-bit Protection Registers. For
example, to lock PR6, program bit 5 in PR Lock Register 1.

After PR Lock Register bit 1 is programmed (locked), the user segment of the Protection Register
cannot be changed. Protection Program commands written to a locked section result in a status
register error (SR[5:4]=0b11).

Array[Protection

The Vpgy signal is a hardware mechanism to prohibit array alteration. When the Vpgy voltage is
below the Vpgy g Voltage, array contents cannot be altered. To ensure a proper erase or program
operation, Vpgn 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.
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8.0

intel.

SpeciallModes

8.1

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

Read[Status[Register

The status of the device can be determined by reading the Status Register. To read the Status
Register, issue the Read Status Register command. Status Register data is automatically made
available following a Word Program, Block Erase, or Block Lock command sequence. Subsequent
reads from the device after any of these command sequences will output that the device’s status
until another valid command is written to the device (e.g. Read Array).

The Status Register is read using single asynchronous- and single synchronous-reads only; page- or
burst-mode reads cannot be used to read the Status Register. Status Register data is output on
D[7:0], while 0x00 is output on D[15:8]. The falling edge of OE# or CE# (which ever occurs first)
updates and latches the Status Register contents. The Ready bit (SR7) provides overall status of the
device. Status register bits SR[6:1] present status and error information about the Program, Erase,
Suspend, Vpgy, and Block-Locked operation.

Care should be taken to avoid Status Register ambiguity when issuing valid 2-cycle commands
during Erase Suspend. If a command sequence error occurs during an erase-suspend state, the
Status Register will contain the command sequence error status (SR[7,5:4] set). When the erase
operation resumes and finishes, possible errors during the erase operation cannot be detected via
the Status Register because it will contain the previous error status. To avoid this situation, always
clear the Status Register prior to resuming erase operations.

Table[.0 StatusRegisterDescription{Sheet1[6f[2)

32

Status[Register[(SR) DefaultValueZ0x80
Read Erasel] EraselError ProgramO VPEN Program( I_%glgléém BEFPU
y Suspend Error Suspend Error Status
RDY ES EE PE VE PS LE PS
7 6 5 4 3 2 1 0
Bit Name Description

O0FMDevicelisbusy;programdriéraseldyclelih(progress;[$R[0]alid.

7 Ready((RDY) 1B Devicelisfeady; [SR[6:1]AreWalid.
OF(Erasel8uspendnotlih[éffect.

6 Erase[Suspend((ES) 1FEraselSuspendlih(effect.
O [EraselSuccessful.

5 Erase(Error({EE) 1= Eraselfaillor(Program$equenceErroriwhenSetWith[$R[7,4].
OF[Program(successful.

4 Program(Error(PE) 1EMProgram(faillor(Program$equenceErroriwhen(SetWwith(SR[7,5]
OEFIVPENWMvithin[@cceptablelimits[duringprogram(or@érasel@peration.

3 Vpen[ErmorVE) 1ZVPENRXIVPENLKIduringprogramor@raseldperation.
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Table[7.O Status[RegisterDescription{Sheet2[6f[2)

8.1.1

8.2

Status[Register[(SR) DefaultValueZ0x80
O0FProgram(Suspendmotlihleffect.
2 Program(Suspend 1=F[Program(Suspendlihleffect.
1 Block-Locked Error{LE) O0EBlockmotdbckedduringprogramioriérase.

1=MBlockbckedduringprogram(oriérase;0peration[aborted.

AfterBEFPdatalis(badedlihtofheBuffer:
0 BEFP[Status[(PS) O0FBufferedEFPdomplete.
1=Buffered[EFPOh[progress.

Clear[Status([Register

The Clear Status Register command clears the status register and functions independent of Vpgy.
The Write State Machine sets and clears status bits (SR[7:6,2,0]), but it only sets error bits
(SR[5:4,3,1]). The Status Register should be cleared before starting a command sequence to avoid
any ambiguity. A device reset also clears the Status Register.

Read[Deviceldentifier

The Read Device Identifier command instructs the device to output Manufacturer/ Device
Identifier codes, block-lock status, Protection Register data, and Configuration Register data when
read. (See Section 3.2, “Device Commands” on page 13 for details on issuing the Read Device
Identifier command.)

Table®.0O Deviceddentifier[Codes

Datasheet

Item Address Data®
ManufacturerCode 0x0 0x89
K3B4Mbmevice[Code 0x1 0x8801
K3[128MblDeviceTode 0x1 0x8802
K3256MbDeviceCode 0x1 0x8803
K1864MblDeviceCode 0x1 0x8805
K18M128MbMDevicelCode 0x1 0x8806
K18256bMevicelCode 0x1 0x8807
BlocklisWnlocked DQyZ0
BlocklsOlocked DQy=0

Block[Address#0x2
BlocklismotMocked-Down DQ.=Z0
BlockisIlocked-Down DQ,E0
ConfigurationRegister] 0x5 ConfigurationRegister[Content
Protection[Registerlock 0x80 ProtectionRegisterlock
2K-OTPmock 0x89 OTPMock
Protection[Register 0x81[[0x88 Protection[Register[Content
2K[OTP3pace Ox8AL[Dx109 OTP[Content

NOTE: Datalis[@lways@vailable®nD[7:0].0D[15:8]1s[0x00.
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8.3

8.4

Read[Query/CFlI

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 13 for details on issuing the CFI Query command. Refer to
Appendix B, “Common Flash Interface” on page 53 for a detailed explanation of the CFI register.
Information contained in this register can only be accessed by executing a single-word read.

STSIConfiguration(EasyBGA[packagelONLY)

To configure the STS signal, execute the Configuration command. The STS signal can be
configured for level or pulse mode. Once configured to a particular mode, it remains in that mode
until the device is powered down, reset or another Configuration command is issued to change the
mode. After power-up or reset, the default configuration is level mode. Level mode works similar
to a Ready/Busy signal (RY/BY#), indicating the status of the Write State Machine (WSM) during
a program or erase operation. The STS Configuration command may only be given when the
device is not busy or suspended. The possible STS configurations and usage are described in Table
9.

Table9.0 STS[Configuration[Coding[Definitions

34

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO
PulselonO| PulsednO
Reserved Program( Erasell
Completeld] Completel]
@ @
DQ1_DQqF[3TS[ConfigurationCodes Notes

00Z[default,evellihode;
devicelfieadylihdication]

Used(ib[gontrolHOLDIb@hemoryléontrolleriblpreventlaccessing @l
flashthemorySubsystemWhile@nyflashldevice'sIWSMIisBusy.

Used(blgenerate@8ystemlinterruptpulseWhenl@nyflashldevicelh[
anf@rrayhas@ompleted(ablockl@rase.HelpfulforeformattingBlocks]
afterffile[System(freeSpaceeclamationoricleanup.”

01Z[pulseldn[Erase[Complete

Used(iblgenerate@alSystemlhterruptpulsewhen(anyflashldevicelih[]
anfarrayhas@ompleted@lprogrami@peration.Provideshighest[
performanceffor(Servicingldontinuousbufferiwriteldperations.

10Z[pulseOnProgramComplete

Used(blgenerateSystemlihterruptsibiriggerServicingdfiflash@rrays]
when[@ither[@rase[or(program(0perations(are[dompleted,Whenal]
commonlihterruptServiceMoutinelisdesired.

11ZF[pulselon(ErasedrProgram]
Complete

NOTES:
1. When[gonfiguredlih[dneldfithepulselhodes,[STS[pulseslbwwith(afypical(pulsewidth[6f250ms.
2. Anlihvalid@onfiguration[@ode WillFesultlihoth[Statusfegisterbits(SR.4[And[$R.5beingSet.
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Powerl@and[Reset

9.1

9.2

9.3

Datasheet

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 V¢ and Vg together. It is also recommended to
power-up Vpgyn With or slightly after Voc. Conversely, Vpgy must power down with or slightly
before V.

Power[SupplyDecoupling

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 uF ceramic capacitor is required across each
Vee/Vss and VeeofVssq 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
V¢ and Vgg at the power supply connection. This 4.7 pF capacitor should help overcome voltage
slumps caused by PCB (print 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 RST# 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 RST#
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 19, “Reset
Operation Waveforms” on page 50 for detailed information regarding reset timings.
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10.0 Electrical[Bpecifications

10.1 AbsoluteMaximum[Ratings

The absolute maximum ratings are shown in Table 10.

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

Table10.[AbsoluteMaximumRatings

Parameter Maximum [Rating Notes
Temperaturender(bias —400CHbH850C
Storagelfemperature —-650CHbH1250C
Voltagelonlany(Signal{exceptlWCC@ndVCCQ) -0.5 VibHE3.8V 1,2
VCClvoltage —-0.2V[{b#3.60V 1
VCCQ1Noltage —0.2V[{ib#3.60V 1
VCCQ2Noltage -0.2V[{b#2.45V 1
Output(Short@ircuit[@urrent 100A 3
NOTES:

1. SpecifiedoltagesareiithfespectibVgg. MinimumIDColtageis30.5 Vidnlihput/outputSignals@ndO
—0.2 VOnlV cclandVccq.[Muringliransitions, thislevelhayindershootfo32.0 Vioriperiods[$200s.
MaximumDColtagednV 5V 0.5 V,ihich, [duringransitions, faydvershootfo V- 32.0 Viord
periods[¥20[ms.MaximumIDColtagel@nlihput/outputSignalslandlVccqislV ccg 0.5 V,ihich, [duringd
transitions, ay(dvershootfoV 2.0 Vior(periodsF20M@s.

2. Program/eraselNoltagelishormally2.7V-3.6[V.O

3. OutputlShortedfornolmorefhan@nelSecond.MolorefhandnedutputiShortedlat@fime.

10.2 Operating[Conditions

Symbol Parameter Min Max Units
Ta Operating[Temperature —-40 +85 °C
Vel VcclCoreoltage 2.70 3.60 \
Vcez Vcc2[Coreoltage 2.70 3.30 \
Vecor I/OBupplyVoltage 270 3.60 v
Vecaoz 1.65 1.95 \
BlockErase[Cycles |AllBlocks,VccEBV 100,000 Cycles
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10.3 DCI[Current[Characteristics
Table1.[DC[Current[Characteristics
Vee 27VEB.3V | 2.7VE3E.6V
Veeo 1.65V-1.95[V | 2.7V 3.6V
Sym Parameter® Note | Typ | Max | Typ | Max | Unit Test[Condition
VecENVeemax:O
I Inputload[Current 1 +1 +1 HA | VecoEFVecomax,n
V|NEWCCQ@I'[GND
VecENcemax.O
Lo Outputdleakage[Current 1 +10 +10 HA VCCQ@WCCQMAX,D
V|N@wccoﬁr@ND
64Mbit, CMOSIhputs,
128Mbit 30 55 30 55 HA VeerVeemax
Veel 1,2,0 VeeqFVecqmax:
lecsn Standby _ 33 DevicelisDisabled
256Mbit 45 80 45 80 HA RSTH#ENV ccqt0.2V/
GND+0.2V
. 8[WordRead,O
Singler] 34 | 43 | 24 | 33 | mA | VeerVeemaxd
WordRead
taccETavovl!
Asynchro- 80 ;I-AC(E_EEEH gr\]’gv’ .
nous[Pagel 20 25 10 15 mA | WordO \?PA_D '
Averagel | Mode 13.0 Read VCCE"
lccr | VecdReadOD 45 CCMAX
Current ' Burstl | fZ66MHz,
25 30 15 20 mA | lengthl] VeeFO
Synchl’o- =38 VCCMAX
nous[CLKO CE#EW,.O0
=[B6MHz Burstl | OE#=EV,,0
25 35 20 25 mA Iength[ |nput3§leD
=06 | orv,
1,4,0 CMOShputs,O
| V rogram[Current gl 50 80 40 70 mA '
cew | Veeirog 6.7 Veen=Vec
1,4,0 CMOShputs,O
| VccBlockEraselCurrent gl 50 80 40 70 mA '
cce | Vee 6.7 VeentVec
VecfProgramSuspend(or
IICCWS’E BlockEraseSuspendd t%m 20 10 mA | Devicelis@nabled
CCES | Current '
NOTES:
1. Allidurrentsfare®RMSnlessoted.TypicalNalues@tlVcEFBv,T5ZFHF25°C.
2. Includes[3TS.
3. CMOSlihputs/outputsiareleitherlVecE 0.2V0OrVgg® 0.20V.
4. Currentlvalues(are(Specified@veralSpecificfemperaturefange(-40°Clib#85°C).
5. Sampled,ot100%(ested.
6. Icces, dccwsiareSpecifiedwithdevicedeselected. (fidevice(isMeadWhilelih[@raseSuspend/program

suspend,GurrentiScesPluslicr@rTecwsPluslcr.

~

ranges.

Datasheet

. VpenEVpenLk Ihhibitsblockérase, [program(andbck-bitldperations.Don’'tiise Vpgn@utsideitsalid O
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10.4 DCIVoltagelCharacteristics
Table12.[DCVoltagelCharacteristics
Vee 27VEB3Y | 2.7VE3E.6IV
Veeo 1.65V31.95V | 2.7VE3.6V
Sym Parameter® Note | Min Max | Min | Max | Unit | Test[Condition
Vi wg&owm cMos | 8 0 04 | o | 04 | v
Input®ighO \% V
Viy V(?Itageg CcMOS 8 _%?f Veeo _%i? Veco |V
VecENVcemn
OutputdowO
Vou Vgltgg]e W= | cmos | 2 0.2 0.2 V| VeeqBENVccoming
lonF
. VecEY,
OutputBighO \Y \Y CC=_"CCMIN:
Von Volage | CMOS | 2@ | TG0 ey V' | VecqEVecom,
: : lop==Z1000A
VpenMlock-OutlduringO
VPENLK | normall@perations 35,6 10 10 v
Vpen@uringBlock
VpENH Erase,[Program(orlock- | 3,05 1.65 1.95 2.7 3.6 \Y
Bitl@perationsd
Vi ko VccdrockoutVoltage 3,0 1.8 18 \%
VCCQLKO VCCQ@.OCkoutWOItage 3 1.0 1.0 \Y
NOTES:
1. Allidurrents@relRMS[inlessboted. TypicalNalues@tiypical V¢, M5 FHF25°C.

2. Includes[$TS.

3. Sampled,not100%fested.

4. lcces, fccwsiareSpecifiediwith[deviceldeselected. Ofidevicelis[feadWhilelihléraseSuspend/program]
suspend,BurrentiSlcesPluslecr@rlecwsBluslecr-

. VpenENVpenkIhhibitsblockerase, [program(andibck-bitldperations. Don'tluse Vpgy@utsideiisvalid O
ranges.

. Typically, Vpgy[isdonnected V.

. Blocklérases, [programming@ndlbck-bitldonfigurations(arelihhibitedihenV <V, ko,[@ndMDotlguaranteed
inthelfangebetweenV| omin@ENAY copmins[@nd@boveVecpax-

8. V| [Banndershootb=0.4V@andV|yéanl@vershootfoVccqt0.4Vioridurations6fl20Ms[orless.

(4]

~N o
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AC[Characteristics

11.1

Read[Dperations

Table[13.[AC[Read[Characteristics[(Vcco1F2.7 V-[3.6 V)[[Sheet1[6f(2)

Datasheet

SpeedBin 1
Num Sym Parameter® Unit
Density | Note Min Max Min Max
Asynchronous[S$pecifications
64Mbit 110 120 ns
R1 tavav Read[gyclefime 128Mbit 115 125 ns
256Mbit 120 130 ns
64Mbit 110 120 ns
R2 tavov Address(ibutputldelay 128Mbit 6 115 125 ns
256Mbit 120 130 ns
64Mbit 110 120 ns
R3 teLQv CE#bw(bButputldelay 128Mbit 3 115 125 ns
256Mbit 120 130 ns
R4 toLov OE#(lbw(ib0utputldelay 3 25 25 ns
64Mbit 180 180 ns
R5 tpHov RST#[highioutputldelay 128Mbit 210 210 ns
256Mbit 210 210 ns
R6 teLox CE#Ibw(ibButputihlow-Z 0 0 ns
R7 teLox OE#bwibButputlihlow-Z 3 0 ns
R8 teHoz CE#lhighibOutputlihHigh-Z 5 25 25 ns
R9 toHgz | OE#Mhigh@bButputinBigh-Z 5 25 25 ns
Outputholdfrom(irstd
R10 ton occurringladdress,[CE#6r0 5 0 0 ns
OE#[dhange
R11 tepel | CE#Mighfo[CE#Tow 1 0 0 ns
R12 tectun | CE#IbwbWAIT dbw 25 25 ns
R13 teyrz | CE#highfoWAITHigh-Z 25 25 ns
Latching[$pecifications
R101 | tayvH Address(Setupfo[ADV#[high 7 7 ns
R102 |tgyn | CE#IbwbADV#high 7 7 ns
64Mbit 110 120 ns
R103 | tyLqv ADV#IbwibButputdelay 128mibit 115 125 ns
256Mbit 120 130 ns
R104 | tyvH ADV#[pulseidthIbw 10 10 ns
R105 | typvL ADV#[pulseidthhigh 10 10 ns
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®
Table[13.LAC[Read[Characteristics{(Vcco1F2.7 V-[3.6 V)[[Sheet2(0f(2)
SpeedBin 1 2
Num Sym Parameter® Unit
Density | Note | Min Max Min Max

R106 | typax ﬁ%ﬂress[ﬂlold[ﬂom%DV#D 4 8 8 ns

R108 | tapa Pageladdressfaccess 6 25 25 ns

Clock[3pecifications

R200 | foik CLKrequency 66 66 MHz

R201 | tck CLKIperiod 7 15 15 ns

R202 | tchL CLKigh/lowime 7 4.5 4.5 ns

R203 | tchcL CLKMall/risefime 7 3 3 ns

Synchronous[$pecifications

R301 | taycH AddressValidSetupb[CLK 7 7 ns

R302 tyLcH ADV#llbw(Setupdb[CLK 7 7 ns

R303 | tg cH CE#{Ibw(Setup{o[CLK 7 7 ns

R304 | tchov CLKIbOutputldelay 7 13 16 ns

R305 | tchox | OutputholdfromCLK 3 3 ns

R306 | tchax AddressfholdfromCLK 4 8 8 ns

R307 | tcytun | CLKEDOVAIT delay 7,8 13 16 ns

NOTES:

1. CE#highbetween[SynchronousieadsZ[150s. DataBusieadMoltageBEN o

2. SeelFigure20,ACOhput/OutputReferenceWaveform”onpage 51Hordimingheasurements@ndl

maximum(allowablelihputSlew(tate.

3. OE#[aybeldelayedpioil) o\t gvafter[CE#IbwikithoutlimpactOni oy

4. AddressholdihSynchronousburst-modeisf-pyax0rf,yax. WhicheverfimingSpecificationlisSatisfiedfirst.

5. Sampled,Bot100%ested.

6. Forldevices[donfiguredpStandardiwordfeadthode, [R108(tapp) Willlequal R2(tavqv)-

7. Theldlockduty[@ycleShouldbe30%I[{app.).

8. AppliesionlyfblSubsequent8ynchronous(reads.

Table(14.[AC[Read[Characteristics(VccgaF1.65 VIF1.95 V)[(Sheet16f(3)
SpeedBin 1 2
Num Sym Parameter® Density | Notes | Min | Max | Min | Max | Unit
64Mbit 110 130 ns

R1 tavav Read[@yclefime 128Mbit 115 135 ns
256Mbit 120 140 ns
64MMbit 110 130 ns

Address[iboutputO .

R2 tAVQV delay 128Mbit 6 115 135 ns
256Mbit 120 140 ns
64Mbit 110 130 ns

CE#lbw(ibButput -

R3 teLov delay 128Mbit 3 115 135 ns

256Mbit 120 140 ns
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SpeedBin 1 2
Num Sym Parameter® Density | Notes | Min | Max | Min | Max | Unit
OE#Ibw(ioButputd
R4 tGLQV delay 3 30 30 ns
64Mbit 190 190
RST#[highfobutput -
R5 tpHOV delay 128mMbit 220 220
256 Mbit 220 220 ns
CE#bw(ibButputih
R6 tELQX Low-Z p 0 0 ns
R7 teLox (L)oEVi[IZbW[fb[fhutputme 3 0 0 ns
CE#[high{boutputih(
R8 tEHQZ H|gh-Z 5 25 25 ns
OE#highipoutputihd
R9 tHQzZ High-Z 5 25 25 ns
Qutputholdfromirst]
R10 ton occurringladdress, 5 0 0 ns
CE#[or[OE#[change
R12 teLTL CE#[ILow{oWAIT Ilow 30 30 ns
CE#highfoWAITO
R13 etz | i gh_zg 30 30 ns
Latching[$pecifications
Address(Setupib
R102 teLvH CE#[lbwl(ib[ADV#[high 9 9 ns
64Mbit 110 140 ns
ADV#IbwlibButput .
R103 tyiov delay 128Mbit 115 145 ns
256Mbit 120 150 ns
R104 tyLvH ADV#[pulseidthIow 12 12 ns
R105 tyHvL ADV#[pulseidthhigh 12 12 ns
Address(holdfrom
R106 tVHAX ADV#[ﬂ“gh 4 10 10 ns
R108 taPA Pagefaddress[access 6 30 30 ns
Clock[$pecifications
R200 foik CLKfrequency 50 50 MHz
R201 toik CLKIperiod 7 20 20 ns
R202 tchL CLKhigh/low(fime 7 7 7 ns
R203 tcHeoL CLKMall/riselfime 7 3 3 ns
Synchronous[$pecifications
R301 taven éﬁ?(resslﬂalid@etup[fbD 9 9 ns
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Table[14.[AC[Read[Characteristics{(VccqoF[1.65 VIF1.95 V)I(Sheet[3[0f(3)

SpeedBin 1 2

Num Sym Parameter® Density | Notes | Min | Max | Min | Max | Unit
R302 |tycn | @Dy Fiowisetupiiol 9 9 ns
R303 tELCH CE#bw(Setupdb[CLK 9 9 ns
R304 tcHov CLKIboutputldelay 7 15 19 ns
R305 tecHox Outputholdfrom[CLK 3 3 ns
R306 tomax éEdKressEBuoldD}omD 4 10 10 ns
R307 | teyrum | CLKEOWAIT@elay 7.8 15 19 | ns
NOTES:

1. CE#Mbighbetween[Synchronousieads>=[20[bs. DatabusieadoltageisEVccqo.

2. SeelFigurel20,MACIhput/OutputReferenceWaveform”Bnipage 51forimingheasurements@andmaximum
allowablelihput(Slew(tate.

. OE#(hayBeldelayedpidli) o\-tegvafter@E# Ibwikithoutimpactonk oy

. Addresshold[ih[SynchronousBurstihodeis{cpyax0rfE,Hax. WhicheverfimingSpecificationis [Satisfiedirst.

. Sampled,mot100%(fested.

. Forldevices[gonfiguredfoStandardiwordfeadihode, [R108(tapa) Wil EquallR2(tavqv)-

. TheldlockdutyldycleShouldbeB0%[{app.).

. AppliesionlybSubsequentSynchronousfeads

O~NO O~ W

Figure10.[SingleMWord[Asynchronous[ReadWaveform
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Figurel.[$ingleWord@latched[Asynchronous[ReadWaveform

<+« R2

AddressiA]

ALOTA

R106
4—#&51
R105

+«——R3———> R8>

CEAIE}
«—R4—» R9 «
OEH[G] j |

WAITIT] —— -

DatallD/Q) L

Figure[12.[PageModelReadWaveform

“ “ R106 ’
AlMax:3]A] S |

«R101-» .
Az:0] [ Xj& .
o fR105 g
ADV#V] 3)
ﬁ—m;» FR8+
CE#[E] ﬂ N
%—R4—> R9-—»
OE#([G] {f o
R13
WAITT] J ” |
R7
«—R6 <—ﬂR108 »Rlosﬁ
Data([D/Q] @ 0 @ ol @ o @ o
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Figure3.[SingleWordBurst[Read Waveform

1 gy 1 1
| R30L |« | | | |
| <« R306—> | | | |
KO N/ S/ N/ \_/ \
1 S N |
Address[»] [ ‘ Y
| RI01—>| RI06 f« |
| RI05 | | |
| —RI104—> ! o 1
AV f o)) |
| » R | |
| «~—RI102—> | |
1 R3 >Rl
CEAE]| \ _ /T
l «——R7—> > RO |
e=lic} \ S /T
| > R2 | > R07 [« »<RI3 |
v ———— I { S/ S
| l T R4 & <> R05

NOTE: WAIT[{shown[activellbw)@anbel¢onfiguredib@ssertl@ither[during,@rdneldlockbefore,Nalid[data.
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Figure14.MBWordBurstReadWaveform

: L‘atencyE(Do i i i i
| |
| | «R304 | ! !
I I ﬂ «R305 ﬂ l«R305 ﬂ «R305
| |
oLk /N /T \_noter {§ ST
| | | Lad |
| : : R1 N
R ]
AddressA] . {¥ ==
| o ler106! |
. = RI101 1 1
o wRws| N |
ADV#‘ | T T
A » |
kR 8
CE#[E] | A 0 |
| | LR | v |
| S L RS
oesqel | §f f 1
| | | | R13
| ¥ [«RI2 ! |
WAITT] —— (1 |
m— ﬁl : ) :
| | R7) |
. «—R6 : «{»R304 <[> R304 |
DATAIDIQ] 4§ @ Q0 Q6
NOTES:
1. Section[4.9.13,[First[Access(llatency[Count[([CR.11-13)"[@n[page 38[describeshowblihsertdlockidycles]
duringhelhitiallaccess.

2. WAIT[shown(active[high)@anbeldonfiguredb@ssertleitherlduringlordneldlockbeforevalid(data.

Figure5.[ClockOhput[ACWaveform

VIH
CLKIC] | /

IL

CLKINPUT.WMF
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11.2 Write[@Operation

Table[15.0WritelCharacteristics[(VccgF2.7VI33.61V)

Num Sym Parameter [t Density Notes Min Unit
64Mbit 180 ns
w1 T~ |I?SVT#[IEhighmecoveryDEbNVE#I:J 128Vbit 210 ns
256Mbit 2 210 ns
w2 teLwi CE#[SetupfoWE#Ibw 0 ns
W3 twLwH WE#Write[pulseWidthbw 3 60 ns
w4 tovwH DatalSetupoWE#Mhigh 60 ns
W5 tavwhO Address(SetupoWE#high 55 ns
W6 twHeEnD CE#holdfromWE#[high 0 ns
W7 twhoxd | DatalboldfromWE#{high 0 ns
w8 twhHaxC Address(holdfromIWE#high 0 ns
W9 twawe O | WE#[pulseWidthhigh 4,5 30 ns
L g o | ns
W e | SER T aSRO s7 | o
w12 toveL WP#[holdfrom[$tatustead 2,3,6 0 ns
w13 tguwnD | WP#SetupfoWE#{high 2 200 ns
w14 twhel D Write[fecoverybeforelfead 35 ns
W16 | twaov | WE#Mighfo@atavalid 2 t{m%v ns
NOTES:
1. Readfiming[@haracteristics[duringBlock@rase,program(@andllbck-bitldperations(arefheSame@s

2
3.
4

duringfead-only@perations.Referfo[AC[Characteristics[dRead-Only[Operations.

. Allrrite[@peration[@éanBelihitiated[OrferminatedWwith[@ither[CE#OrWE#.

Sampled,not100%fested.

. Write[pulsewidthTow{tyy wh) (B [defined fromCE#OrWE#(FoingIow({whichever(goesIbw(last) ]
to[CE#[0rWE#[goingBigh{whichever(goeshighfirst). Hence, By whE i en E Ry enEEE L wH-

. Write[pulsewidthBigh [ty ) i5definedfrom[CE#BrWE#[goinghighwhicheverlgoeshighO
first) I [CE#OrWE#[goinglbw({whichever(goesbwllast).Hence, Bypyw Eiene ERyne EO
tErwL

. For@arraylaccess, @y qyibequiredlih@dditiondolyyg forany@ccessesafter@irite.

. STSlimings[arebased0n3TSEonfiguredih(its[RY/BY#[defaultihode.

Table[16.DWrite[Characteristics[(VccgF1.65V=1.95V)([Sheet[1[0f(2)

Num Sym Parameter(tP Notes Min Unit
64 Mbit 190 ns
w1 il | opniighirecoverylfo 128Mbit 220 ns
256Mbit 220 ns
w2 tELwL CE#[SetupfoWE#{Ibw 0 ns
W3 twLwH WE#Write[pulseWidthTow 3 60 ns

46
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Num Sym Parameter[tt) Notes Min Unit
w4 tovwH DatalSetupfoWE#Mhigh 50 ns
W5 tavwhO Address(SetupoWE#high 55 ns
W6 twhHenD CE#[holdfromWE#high 0 ns
w7 twHox DataholdfromWE#igh 0 ns
w8 twraxD] Q(écrj]ress[hold fromWE#O 0 ns
W9 tWHWLD WE#@ulseMIIdth[hlgh 4,[6 35 ns

tvpwH VPENSetupfoMWE#(CE#)O
W10 | typgr) | GoinglHigh 0 ns
VPENHoldfromValidO
WIL v SRD,[STS[Going[High 3u 0 ns
w12 toveL WP#[holdfromStatustead 2,3, 0 ns
W13 tgpwnD | WP#SetupdoWE#Bigh 2 200 ns
w14 twhelD Writeecoverybefore(fead 35 ns
W16 twiov | WE#highodatavalid 26 | vt ns
NOTES:

1. Readimingléharacteristics[duringBlockl@rase, [program@ndIbck-bitldoperations@refhelSamel

aslduringfead-only[@perations.Referfo[AC[Characteristics-[Read-Only[@perations.

. Alwrite[@perationdanMelhitiated[0rferminated With[@ither [CE#[OrIWE#.

2
3. Sampled,not100%fested.
4

. Write[pulse WidthDow({t ) i5definedFromCE#OrWE#[goingIbw{whichever[goeslowlast)[
to[CE#BriWE#[goingMighwhicheverlgoes(highfirst). Hence, By wh E e gq E Ry enEE whH. O
5. Write[pulseWidthigh{typw ) i5definedfrom[CE#0rIWE#[goinghighwhicheverlgoeshigh

first) I [CE#0rWE#[goingIbw({whicheverlgoesbw(last).[MHence, By Elpe EBype EF0

tEHWL

6. Forlarraylaccess, Ty qylisfequiredin@dditiondb iy forlny@ccesses(@fter@irite.

7. STSlimings[areased0On$TSGonfiguredihiis(RY/BY#defaultihode.
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Figure16.WritefloWriteWaveform

intel.

HW54%W8+P7W54%W8%
AddressA] K Y |
W2 » W6 ﬁ >W2e » W6 ﬁ
CE#(E}
«——W3——ple—WI— e W3——»f
WE# W] \
OE#(G]
» W7 » W7
W4 W4
DatalpQ] ———— <~~~ ——{(
ﬂ W1l <«
RST#/RP#P]
Figure@7.[AsynchronousRead{foWriteWaveform
«—RI1
<7R24ﬂ <7W54%W8ﬁ
AddressA] K -
«—R3—> R8>
CE#[E}
«—R4—»> > R9 4
OE#(G]
W3——»
w2 » W6
WE#W]
R7 » W7
«—R N RIOF FW4—>
DataD/Q] Q) (D )
«—R5—
RST#IP]
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Figure8.[AsynchronousWritelflo[Read Waveform

Fiw54+—W8—>47R14ﬁ
AddressTA] I K 4
ﬂW2¢ ¢W6ﬁ > ﬁRlO
CE#[E}
—W3—— >« W18—»
WE#W]
<—Wl4—ﬁ
OE#([G]
LR4
» W7 —R2 R9
%—W4—> «—R3 +R8
Datal[D/Q] D Q -
ﬂ W1l |«
RST#P]
11.3 BlockEraselandProgram[@peration[Performance

Table17.[BlockEraseland[Program[@peration[Performance

# Sym Parameter Notes | Min Typ Max Unit
twHov BEHovL WriteBufferProgramTime[Time{olprogramB4bytes/32Words) 4,3,6 320 960 us
twHov2: TEHov2 WordProgram(Time[(UsinglWordProgramCommand) 4 150 450 us
twHova: TEHovs BlockProgram(Time[(UsingWrite-to-BufferlCommand) 4 0.7 21 sec

teBWB Buffered[EFP BufferWrite[Time 1,3,4 288 864 us

WO tsws Buffered[EFP BlockWriteTime 1,3,3 0.58 1.7 sec

tBEFP-SETUP BufferedEFPS$et-uplTime 1,3,4 N/A 5.0 us
twHova TEHov4 BlockEraseTime 4 1.0 4.0 sec
twHRHL, TEHRHL Program[Suspend(latencyTimelfoRead 20 25 us
twHRH:TEHRH Erase[Suspend(latencyTimelibRead 20 25 us
wy tsts STS[PulseWidthIlow(Time 4 2500 ns
NOTES:
1. Typicalvaluesiheasured(@tT,=F25°Clanddominaloltages.[Assumes(dorrespondingllbck-bitsareMot(Set. [Subjectlfblchangebaseddnidevice
2. %T1aegfgé;%g:;gghceMumbers@re@alid[fbr@llBpeedmersions.
3. Sampledbutmot100%fested.
4. Excludes[8ystem(levell@verhead.
(53. TheseMaluesfareNalidiwhen(the Bufferlisfull,[andfhelStartdddressis@ligneddn[32-bitoundary.

. EffectiveWord[programfime tynqv1, fenov1) B5C10.0ks/word({typ).
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11.4 Reset[Operation

Figure19.[Reset[@OperationWaveforms

(A) Resetlduring Vi ——\
readhode

RST#[P]

®

Abort

(B) Resetlduring v, Complete
program@rblock@rase RsT#P] "\
P1<P2 Vie
< (o2 Abort
(C) Resetlduring v, \_/ Complete’|
program@rblock@rase RSTH#(P] N\
P12 P2 0

(D) VCCPower-uplio v Vee
RST#[Righ ce ov -/

RESET.WMF

Table18.[Reset[$pecifications

'\rI# Syn|1b0 Parameter Notes Min Max Unit
Pl | tp pH RST#[pulseWidthTow 1234 100 ns
- RST#(Ibw(ibldevicelfesetlduring@érase 1,3,4,7 20
tpLRH - -
RST#Ibw(ibldevicelfesetlduringprogram 1,3,4,7 10 us
P3 | tyccpn | VecPowerValidibRST#[de-assertionlthigh) | 1,4,5,6 60
NOTES:
1. TheselSpecificationslarevalidfor(alliproducti¥ersions({packages@ndSpeeds).
2. Theldeviceaytesetlfip| pyi5Etp pyMIN,Dutfhisishotlguaranteed.
3. Not@pplicable[f[RST#s{iedibVcc.
4. Sampled,Dutnot100%[{ested.
5. IfIRST#is(fiedfoiheVc[Supply, [deviceWillotbe MeadyMintild,ccppy@fterVec 2V cMhin.O
6

until ch§wcc(min).

~

50

. IfRST#(fiedEolanySupply/signal WithlVccq yoltagelevels, the[RST#Ihputioltage hustnotléxceed Ve

. Resetléompletesiwithinlip pyfRST#[s[AssertedWhileoleéraseldrlprogram@perationliséxecuting.

Datasheet



[ |
| ntel . 28F640K 3, 28F640K 18,28F128K 3, 28F 128K 18, 28F256K 3, (28F 256K 18

11.5 AC[Test[Conditions

Figure20.[AClhput/OutputReferenceWaveform

Veeo 5 4
Inputm/CCQIZ X<7Testﬂ?oint54> VCCQIZEG)utput
oV 4 4
10_REF.WMF

NOTE: AClstlihputsi@reldriven@tlVecqforilogicll " @ndD.0 Vibrilogic."Ihput/outputfimingBeginsOrEnds
atlVccof2. putliselandfallfimes{10%{o[90%) X B Mbs. WorstidaselSpeeddccurs @tV o c EV comin-

Figure21.OransientEquivalentTesting@oad[CTircuit

VCCQ
Rl
Device
Under(Test l OOUt
I CL RZ

LOAD_CKT.WMF

NOTE: C, lihcludedfigl@apacitance.

Table[9.[Mest[Configuration[ComponentValueforWorstCaselSpeed[Conditions

Test[Configuration C_ [{pF) Rip R,

VCCQN”N [StandardTest 30 25K 25K
NOTE: C,lihcludesligldapacitance.

11.6 Capacitance
Table[20.[Capacitance
Sym Parameter® Typ Max Unit Condition
Cin Input[Capacitance 6 8 pF ViNnED.OV
Cout Output[Capacitance 8 12 pF VoutED.0V
NOTES:

1. T\EEF25°C, A=A MHz.
2. Sampled,mot100%(fested.
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Appendix[AIWritelStatelMachine[(WSM)

Al TBD
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AppendixBICommon(Flashllnterface

B.2

Query[StructurelOverview

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. For further details see AP-646 Common Flash Interface (CFI) and Command Sets (Order
No 292204) for a full description of CFI.

Table21.[QueryStructure®

Offset Sub-SectionName Description
00000h 0089 Manufacturer[Code
00001h Device[Code
(BA+2)h® Block[Status[Register Block-specificlinformation
Reservedori¥endor-specific]
000(04[Z0F)h Reserved information
00010h CFIQuerydentification[3tring gf?srgrandIBet[[DBndmendorlﬂataD
0001Bh System(Ihterfacehformation Devicelfiming[&Mroltagelinformation
00027h Device[Geometryefinition Flashldevicelayout
) . Vendor-definedf@dditionallihformation
p® ?erlﬁlweary[lhtel-SpemflcEExtended[(DueryD specificbfhePrimaryVendor(
Algorithm
NOTES:

1. Referlibfhe@QueryStructure@utputSection@nddffsetl28hfortheldetaileddefinition0fBffset@ddress(@s@functionofdevice]

buswidth@ndihode.

2. BA = TheBeginningIbcationBfl@Block[Address((e.g.,[010000h s fheBeginningbcationBfBlock1WhenfheBlockSizeis 640

Kword).

3. Offset15[defines[P"WhichpointsiofhePrimary(Intel-specificlExtendedQueryTable.

B.3

Datasheet

CFlQuerydentification[$tring

The 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).
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®
Table22.[CFIdentification
Offset Length Description Addr. CHOedxeD Value

10h 3 Query-uniquelASCIIStringHQRY* 10 --51 “Q”

11: --52 “R”

12: --59 “Y”
13h 2 Primary¥endorléommand(Set@anddontrollihterfaceID[Gode. 13: --01
16-bitIDGodeforvendor-specified@lgorithms 14: --00
15h 2 Extended[QueryTableprimary@lgorithm@ddresstd 15: --31
16: --00
17h 2 Alternate[¥endorléommand(Setfand(dontrollinterfaceD[¢ode 17: --00
0000h[meansmolSecondlendor-specified@lgorithmlexists 18: --00
19h 2 Secondary@lgorithmExtendedQueryTable@address. 19: --00
0000hheansMoneléxists 1A: --00

B.4 Systemlhterfacellnformation

The following tables give information on the power supplies and the program and erase time
details as output by the device when the system software requests System Interface Information.
The values stored are available from an offset address of 1Bh.

Table23.[Bystemlhterfacelnformation

HexO

Code Value

Offset Length Description Addr.

VclbgicSupplyminimumlprogram/eraseNoltage
1Bh 1 [Mhits[0-3BCDA00MV 1B: --27 2.7V
(Mbits[4—7MBCDNolts

VcclbgicBupplyhaximumlprogram/eraseloltage
1Ch 1 [Mbits[0-3MBCDA00MmMV 1C: --36 3.6V
[bits[4—7BCDNolts

Vppl[programming]Supplyinimumiprogram/eraseNoltage
1Dh 1 ([Bits[0-3BCDI00MV 1D: --00 0.0V
(Mbits[4—7MHEXMolts

Vpp([programming]Supplyaximum(program/eraseloltage

1Eh 1 Mhits[0-3MBCDA00HYV 1E: --00 0.0v
[MBits[A—7HEXNolts
1Fh 1 “n"BuchfhatypicalSingleWordprogramiime-outF2"[s 1F: --08 256(is
20h 1 “n”[BuchhatfypicalBuffertiritefime-outFR2"[sO 20: --09 512[s
21h 1 “n"BuchfihatypicalBlock@rasefime-out=F2" s 21: --0A 138
22h 1 “n”Buchfhatypicalfull@hip@rasedime-outZF2"s 22: --00 n/a
23h 1 “n"Buchihataximumivordprogramfime-outZ2"fimesHypical 23: --01 5120us
24h 1 “n”"Buchfhataximumbufferirite fime-outFR2"fimesypical 24: --01 10240s
25h 1 “n"Buchihataximumblock@érasefime-outZFR2"dimesHypical 25: --02 4[3
26h 1 “n"BuchfhataximumiBhiplérasefime-outF2"fimes[ypical 26: --00 NA
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DevicelGeometryDefinition

28F640K3,28F640K18,28F128K3,[28F128K 18,[28F256K 3,[28F256K 18

The following tables give critical details provided by CFI when the software requests flash device
geometry information such as the size of the device, types of read interfaces, program buffer size

etc.,

Table[24.[DevicelGeometry[Definition

Offset Length Description Address | HexValue Meaning
W n H H n
27h 1 n Buch%at%eevg:yetfézegm thBumberdfd 27: SeeTableBelow
FlashDevicelhterface[Code@ssignments:
O
28h 2 28: ~ol 16
—T T T T @[x]e]| o 00 X
15 14 13 12 11 10 9 8
[ [ [ T -T T T
“n? i 2A: --06
2AR 2 n Buch[thatﬁha_)(lmummEmnber@fEbytesmqD 640
writeBuffer=2 2B: --00
Number@fEraseBlocksWithintheDevice:
1.X=0lheansholéraseblocking;fheldevice
eraseshbulk”
2Ch 1 Z.QBpecif_iesDEhemumberfe_vicer@artitionl:l 01 1
regionswith[onelororeldontiguousSame-
size[@rase[blocks
3.[Array(SizeZ[{totalBlocks)X{individual O
blocks(Size)
EraseBlockRegiondhformation 2D:
. . . See[TableBelow
bits0-15=y,y+1ZFMumberoflidentical-size 2E:
2Dh 4 eraselBlocks
bits[16-31=z,[fegion[éraseDlock(s)Sizelarez( 2F: 00
x(256Dytes 30: 02
Tablel46a.Moof[Erasedlocks@ndEraseblockegionlihformation
Address 64Mbit 128Mbit 256bit)
27 17h 18h 19h
2DH 3Fh 7Fh FFh
2EM 00h 00h 00h

Datasheet
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In

B.6 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.

Table25.[PrimaryVendor[$pecificlExtended[Query[Table

Offset® Description HexO
P=31h Length (OptionalFlashFeatures@ndCommands) Add Code Value
(P+0)h 31: --50 “pr
Primary[Extended@Query[TableWniquelASCIIO B — on
(P+1)h 3 String™PRI" 32: 52 R
(P+2)h 33: --49 “I”
(P+3)h 1 Majorilersionimumber,[ASCII 34: --31 “1”
+ inorllersionMumber, : -
P+4)h 1 MinorQrersionumber,[ASCII 35 31 “1”
36: --E6
. 37: --01
Optionalfeature[@andl@ommandSupport(1=yes,O
0=no)bits[11-31arefeserved;lindefinedbits@re]] 38: --00
“0”.IfIt310s[1 " Then@nother31 Mitfield 0f0] -
optionalfeaturesfollowsAtthe@ndOfthe30-bitd | 39" -00
field. bt No
bitMECThipEraselSupported -
) bitEFA Yes
(P+5)h bit(1 FBuspendEraseBupported
(P+6)h bit2[ESuspendProgramBupported bit2Z01 Yes
(P+7)h 4 bit[3EIegacylbck/unlock[Supported bit3[20 No
(P+8)h bit[d[EQueuedEraseSupported bitB =0 No
bitBHhstanthdividualBlockdlocking[$upported -
. . . bit(5=1 Yes
bit[6EProtectionBits[Supported
bitZdPage-modefeadSupported bit®=[1 Yes
bitBEPBynchronousReadBupported bit7=01 Yes
bit@ESFimultaneous[@Operations[Supported bitBE1 Yes
bitllOHFeatureSpacelSupported -
bit@ED No
bit 00 No
SupportedFunctionsfAfter[Suspend:[(Read[Array, | 3A: --01 01
Status,[Query
(P+9)h 1 OtherSBupported@perations(are: _
bits[1-7 Peserved;Mindefined Bits[@are0” bit0=1 Yes
bitMProgram(Supported(afterléraseSuspend

56
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Table25.[Primary[WVendor[SpecificlExtended[Query[Table

Offset® Description HexO

P=31h Length (OptionalFlash[Featuresland[Commands) Add Code value
Block[$tatusRegisterMask 3B: --07

(P+A)h bits(3E15@refeserved;indefinedbits@re 0" 3C: --00

2 bitl0MBlock(Ilock-bitStatus(fegisterbit@ctive -

(P+B)h . . . bit0EF0 Yes
bit(l Mlocklockdownbit[StatusActive
bit2Wnlock@ownbit bt [ Yes
VccOogicOsupplyChighestCperformanceCprogram/
eraselloltage

+ . : --

(Bl ! bits[0-3BCDaluedh100mV 3D 33 33
bits[4-7BCDMaluelihVolts
Vppptimum(program/eraseSupplyloltage

(P+D)h 1 bits[0-3BCDNaluelh100mV 3E: --00 --0.0v
bits[4-7HexNaluelihVolts

Table[26.[ProtectionRegisterInformation
Offset® Description(Optional Flash[Features@ndO HexO
P=31h Length Commands) Add Code Value
Number@fProtectionlfegisterfieldsih[JEDECIDISpace.[] .

(P+E)h 1 “00h”,lihdicates(that256[protectionfields[are[available 3F: ~02 02
Protection(field1:[Protectionldescription
ThisfieldOdescribesCuser-availableCOneOTimeProgram-
mable(OTP)UprotectionOregisterfbytes.JSomeDarepre-
programmedCivith[device-uniquelserialChumbers.[Others
are[Liser-programmable.[Bits[0-15point[iolthe[protection 40: --80 80h

(P+F)h,O0 registerfocklbyte,theBection’s[irstCbyte.Thefollowing )

(P+10)h,0 2 bytesOareOfactoryOpre-programmedCandCuser-program- 41 --00 00h
(P+11)h,0 mable 42: --03 8[bytes

(P+12)h bits[0-7ZMock/bytesJEDEC-plane[physicallowaddress 43: -03 8ibytes
bits[B-15FLock/byteslJEDEC-planelphysicalthighaddress
bits[16-23Zn"Buch(that2"Zfactorypre-programmed]
bytes
bits24-31Fn"Buchihat2"ZWser-programmablebytes
Protection(field[2:[Protectionldescription )
Bits[D-31[pointoheprotectiontegister(physicallLock- a4: -89 89h

(P+13)h,00 word@ddresslihfheJedec-plane. 45: --00 00h
gg:iggﬂg FollowingBytes[arelfactoryorliiser-programmable 46: --00 00h
(P+16)h:D Bits[32-39Z"n"-factory(pgm’d(groups(low(byte) AT: --00 00h
(P+17)h,0 10 Bits[40-47="n"-[factory[pgm’'d(groups(highbyte) 48: --00 0
(P+18)h,00 bits[#8-55%"n"suchlthat[2"=factory[programmablelbytes 49: --00 0
aimn perigroup 4n: -00 0
(P+1B)h:E| bits$6-63="n"-userpgm’digroups(lowbyte) 4B: --10 16
(P+1C)h bits84-71="n"-userlpgm’digroups(highByte) AC: --00 0
bits[72-79="n"suchhat(2"=[lserCprogrammablelbytes/ AD: --04 16
group

NOTE: ThelvariableP[is@lpointeriwhichlisldefines@t(CFIoffset[15h.
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Table27.[1Burst/Page[ReadInformation

Offset®
P=31h

Length

Description(Optional [Flash Features(and(]
Commands)

Add

Hex[
Code

Value

(P+1D)h

PageModeRead[TCapability

bits[0-7="n"3uchdhat2"HEX Waluelfepresentsihe
numberUofdreadOpagebytes. OSeeoffset028hfor
devicelvordOwidth(To(determine[page[mode[data
outputiwidth.[@0h(hdicatesolfeadpage buffer.

4E:

--04

16Mytes

(P+1E)h

NumberCofsynchronousCmode[readconfiguration
fieldshat{ollow.[@0hlihdicatesmoBurstidapability

4F:

--02

(P+1F)h

Synchronous[ModeRead[Capability[Configuration1
Bits[3-7=[Reserved

bits[0-2Z[n"Buchfhat2"* HEX Malue(fepresents]
thehaximumDumberdfldontinuous8ynchronousd
burstfeadswhenlheldevicelis[donfiguredforlitsC]
maximumordwidth.[ANalueldfl07hlhdicatesthatC]
theldevicelis[@apable©fidontinuous(linearBurstsntil(]
thatwillldutputdataldintilfheihternalBurstidounterd
reaches(the(@ndofltheldevice’'s[Burstableladdress]
space.(This(ield’s[3-bitialuedanbelirittendirectly
tolthe[Read[ConfigurationRegisterBits[0-2[ifthe
devicelis[@onfiguredorlitsaximumordWidth.O
Seeldffset28h{forwordWidthbldeterminefheBurst
datal@utputiwidth.

50:

--02

(P+20)h

SynchronousModeRead[Capability[Configuration2

51:

--03

16
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Appendix[CIFlowcharts

Figure22.WritefoBuffer Flowchart

Bus
Start Operation Command Comments
Write Writelfo Data=[0xE8

Buffer AddrZBlock[Address

Device "
UselSingle(Word XSR.7EWValid
Sup\’;\?:lttsé[f;lff(i'r Programming Read AddrZBlock[Address
ites?

CheckXSR.7
Standby 1EZWrite[Buffer@vailable
0E=MNoWriteBuffer[available
Write DataZNEWord[Count
(Notes[L,2) NE=[DGorresponds(iodountZ1
' AddrZBlock[Address
Write DataZWriteBufferData
(Notes[3,[4) AddrZ[Start[Address
— Write DataZWrite[BufferData
IssueWritelfoBuffer (Notes[3,) AddrZBlock[Address
CommandOxE8[and
BlockAddress N Write DatalZ[0xD0
write Confirm AddrZBlock[Address
Status EgIS erData
ReadEExten_ded Rear TransitionfolV , Of @itherCE#Br
Status[Register OE#[ipdates[SR
(at[BIockmddress) Addr=Block[Address
Check[SR.7
Standby 1EWSMReady
OZWSMBusy

Available? orlCount

Expired?

1.Word(gountValues[onDQ.-DQ Arellbaded(ihtoltheCount
register.[Countfanges(forthisdevice@reNZ0x00Ho0x1F.
2.[TheldeviceldutputsfhelStatus(fegisterivhenfead ((XSRIsMHo
longer(available).

3.WriteBufferdontentswillBe(programmed atltheldevice Start
address[oridestinationflashiaddress.
4.[AligntheStart@ddressOn@Write Bufferboundaryfor
maximum(programming(performancel((i.e.,[A,-A, bf(the(start
address(Z(0).

Write(Word[Count,
Block[Address

WriteBufferData, 5.Theldevice@bortstheW ritefoBuffer@ommandfitheGurrent
StartiAddress ' XEXEO address(is[0utsidelthe(@riginalblock@address.
6.[The(Status(registerlindicates(@nllimproperiGommand
% f sequence"(ifithe(Write[fo[Bufferiéommandiis[aborted.Follow
X=0 WriteBufferata, thisiwith[@[ClearStatusRegisterGommand.
Block[Address

FullStatus[¢heckdanbeldonelafterallerase@ndiirite
sequences[¢omplete. W rite[OxFF(afterfhellastldperation(foreset
theldevice[folfead(@rraythode.

AbortWrite
toBuffer?

Write[Confirm©xD0 Writefol@another
andBlock[Address Block[Address

Another[Write WritefoBufferAborted

toBuffer?

No

Read[StatusRegister !I
SR.7ED2

1

Full($tatus
Check[if[Desired

Issue[Read[Status
RegisterCommand

Programming
Complete
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Figure23.Word[Programming[Flowchart

WORDPROGRAMIPROCEDURE

Write[0x40,
[Address
WriteDataland

Address

* Suspend

Read[StatusRegister [« Program

Loop
X
Yes

Full$tatus
ChecklifDesired

FULLISTATUSICHECKPROCEDURE

Read[Status[Register
Datal(SeelAbove)

VpenRangelError

DevicelProtectError

Program[Successful

Bus[O@peration Command Comments
Write WordProgram | DataZ[0x40
Setup AddrZlocation{oProgram
. DatalZ[Datafb@Program
Write Data AddrZ(Location(fo[Program
[Status[RegisterData.Toggle
Read CE#[or[OE#[fb[Wpdate[Status
RegisterData
Check($R.7
Standby 1EZW SMReady
OFW SMIBusy

Repeat(for(Subsequentlprogramming@perations.

SR{ullStatuséheck@anbedonelafteri@éachprogramor(afteri@
sequencelof(program(@perations.

Write[OxFF@fterhelastiprogram@perationfbMead@rrayode.

Bus[O@peration Command Comments

Check($R.3

Standby 15V, ErrorDetect
Check3R.4

Standby 1Z[DatalProgram(Error
Checki3R.1
1Z[AttemptedProgram(fo

Standby LockedBlock[=[Program
aborted

SR.3MUST [BeldlearedBeforefurther@ttempts(are@llowedbythe
Write[StateMachine(lfSet[duringlalprogram(@ttempt

SR.4,[3R.3@ndS$R.1@rednlyldlearedBytheClear[StausRegister
commandlih(@aseswherelmultiple(Ibcations(arelprogrammedbefore
fullStatus(is¢hecked.

Iff@an(errorlis(detected,dlear(the(Status(fegisterbeforelattemptingretry
or[dther(error(fecovery.

60
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Figure24.[Program[Suspend/ResumeFlowchart

Bus
( Start > Operation Command Comments

Program DataZ[0xB0O
Suspend AddrZFX

* Write

Write[0xBO
Status[RegisterData;Toggle
* CE#[0r[OE#foWpdatelStatus
Read .
RegisterData
AddrEX

A

Read[Status[Register

Check[3R.7
Standby 1EWSMReady
O0EFMWSMBusy

Check[3R.2
Standby 1E[Program[Buspended
OF[Program[Completed

. DatalZ[0xFF
ProgramCompleted ) Write ReadAmay | \garzx

Read(@rraydatafromBlock
Read otherthanhelonelbeing
programmed.
Write OxFF
Write Program Data(Z[0xD0
+ Resume AddrZX
ReadlArraylData |«

A 4

Write[0xDO Write[OXFF
(Program [Resumed> Read[ArrayData
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Figure25.BufferedEnhanced[Factory[ProgrammingProcedureFlowchart

BEFP[Setup |

Write[80h
AddressZWA,
Write[DOh
AddressZWA,

BEFP[Setuplfime
Read
Status[Register

BEFP[Setup

Check(V, [&ock

errors[(SR.3,[$R.1)

I BEFP[Program(& Verify I

Read
Status[Register

Initialize[Gount
XED

BR.0=0=Y

BR.0=0=Y

[ BEFPI[Exit |

Read
Status[Register

BEFP
Exited?
R.7=1=Y

FullStatus[Check
Procedure
Program
Complete

Write[FFFFh
Addr [Gther
block
BEFP[Setup BEFP[Program(&Verify BEFPIEXit
;;tse Comments S?[;tse Comments Bus[State Comments
" Unlock StatusRegister tatus(Register
Write Block Unlockblock Read AddressEIVA, Read gddressggmv%
Write | BEFP | DataZBoh Data [ Check[SR.0
(noter) | Setup | AddressEwA, Standby | Stream | 0ZReady(forldata EEEEheckSRJ
Ready? | 1=[Notfeadyfordata Standby |DEExitMhotCompleted
write | BEFP | Data=Doh nitialize T ExitCompleted
Confirm | AddressEWA, Standby Count X0
Read StatusRegister - [(Repeat(forSubsequentblocks.
(notel2) AddressEWA, Write DatalZWordfolprogram )
Py I —— (notel3) AddressEIWA, [TAfter BEFP@xit, AFullStatus[Check(dan
Standby | Setup | OFBEFPIeady Standby Clgsm XEX+1 [[Metermineliflanyprogram(érrordccurred.
Done? | 1EBEFPMotiteady X[Z32? [(SeefheFullBtatusCheckprocedureihihe
error | MBR7ED: Standby i‘:mir Iflyes, Fead(SR.0 (W ordProgramflowchart.
Standby |Condition| CheckSR.3,[SR.1 | Ifmo,lbadmextdataivord )
SR.3ZAEFV,_, [@rror - [WVrite[FFhdb@nteread@rrayode.
Check SR 19El§[lb'::EkNedmlock Read Buffer | StatusRegister
= Full? | AddressZIVA,
NOTES: Program Check[$R.0
1.0WA Z(firstvord(@ddress(olbe Standby Done? OF[Programidone
programmed (ivithin(thefargetblock. (WA, | 1=Programlih(progress
must@lignon(awriteBuffer(boundary. No[Z[FillBuffer@gain
2.[ThelStatus(fegister(isUipdatedWhen(@ Standby Last YesEExitthelProgrami&
systemiread(fogglesOE#Iow-high-low. Data? Verify[phase
3.WriteBuffer@ontents(@reprogrammed =
sequentiallyfbfhe(flash(@rray(Starting[at Program X[=[32?
WA,,.[The(W SMilinhternallylihncrements Write &N/?erify Ifiyes, fead$R.0
addressing. Phase Ifo,Ibadnext(dataword
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Figure(26.Block[EraseFlowchart

Write[0x20
Block[Address

v

Write[OxD0@nd
Block[Address

v

Bus[@peration Command Comments
DatalZ[0x20
Write Erase[Setup AddrZWithinBlock(tbBe
Erased
Data(Z[0xD0
Write Erase[Confirm | AddrZWithinBlockibBe
Erased

Suspend

Read[Status[Register

Full(Status
CheckliflDesired

0
Block[Erase
Successful

A

Erase(lloop

Status[Register[DatalToggle
Read CE#0r[OE#[fo[Wpdate[Status
RegisterData

A

Yes

SuspendErase

Check3R.7
1EIVSMReady
OFW SMBusy

Standby

Repeat(forisubsequentblockleérasures.

Full$tatus[Check(dan(beldonel(afteréach(blockléraselor(after(a
sequenceldf(Block(@rasures.

Write[FFH(afterthellastwrite[doperation(ib(feset(devicelfbfead@rray
mode.

Bus[Operation Command Comments

Check3R.3

Standby 1=V, [LowDetect
Check3R.4,5

Standby Both[1Z[Command[$equence
Error
Check3R.5

Standby 1ZBlockEraselError
Check3R.1

Standby 1= [Attempted(Eraselofllocked
BlockErase[Aborted

SR.1@NdBMUST beldleared, [fSetlduring@niéraselattempt, before
further(attempts(are(allowedBytheWrite[StateMachine.

SR.1,[3,3,B@renlydlearedbytheClear[StausRegisterlCommand,ih
casesWherelhultipleblocks(are(@rasedbefore(fullStatus(is[Ghecked.

Ifi@anterrorlis(detected, [dlear(the(Status(registerbeforelattempting(retrylor
other(@rror(fecovery.
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Figure27.[Erase[Suspend/ResumeFlowchart

Data

ERASESUSPEND/RESUMEPROCEDURE

Write[DxBO

v

Write[@x70

v

Read[Status[Register [«

1
Read Read[or
Write?
Read[Array Program
No

Erase[Completed

Bus
Operation Command Comments
. Datal=[0xB0
write Brase(Suspend | )4 zBlockfoiSuspend(BA)
Status[RegisterMataToggle
CE#(0r(OE#(bWpdate(Status
Read .
Register[Data
AddrZ[SuspendedBlock(BA)
Check(3R.7
Standby 1E=FWSMReady
OEFWSMBuUsy
Check[3R.6
Standby 1= [EraselSuspended
OF[Erase[Completed
Write Read[Array DatalZ[Read[0r(Write
orlProgram AddrEWritelorRead[Address
Read(array(or[program(data
Reaq for from/tolBlock(dtherthan(the
Write N
onelBeinglérased.
Write Erase[Resume Data=0xDo

AddrZ[SuspendedBlock(BA)

Loop

A 4

Write[®xDO Write[OxFF
( Erase[Resumed > Read[ArrayData

64
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Figurel28.[Protection[RegisterProgrammingFlowchart]

28F640K3,28F640K18,28F128K3,[28F128K 18,[28F256K 3,[28F256K 18

Start

{

Write[@DxCO
(Protection[Reg.
ProgramiSetup)

v

Write[Protect.[Register
Address/Data

v

Read[StatusRegister |«

No

Yes

Full$tatus
CheckifDesired

Program[Complete

FULLBTATUSICHECKPROCEDURE

Read[Status[Register
Datal(SeelAbove)

SR.3,BRAE

Vpen[RangelError

Protection[Register
ProgramminglError

Locked-Register
Program[Attempt
Aborted

SR.1,BRAE

SR.1,[B3RA4Z

Program[Successful

Bus[@peration Command Comments
Write Protection[Program DataZD0xCO
Setup
. . DatalZ[Datalfo(Program
Write Protection[Program Addr=MocationoM@rogram

Status[RegisterDataToggle
Read CE#[or[OE#[Ib[Wpdate[Status
RegisterData

Check[$R.7
1EW SMReady
OZW SMIBusy

Standby

ProtectionProgram[@perationsiéanionlybe@ddressedithinthelprotection
register[address(Space.AddressesdutsideltheldefinedSpaceWillfeturnan
error.

Repeat(foriSubsequentiprogrammingdperations.

SRIFullStatus[Check@anbeldone@fter@achiprogramor@fter@aisequence6f
program(operations.

Write[FFH(afterthellastlprogramperation(foresetldevice(bfead(@rrayliode.

Bus(Operation Command Comments
SR.1 SR.3 SR.4
Standby 0 1 1 Vp,low
0 0 1 Prot.[Reg.
Standby Prog.[Error
Register
Standby 1 0 1 Locked:
Aborted

SR.3MUST beldleared,lfSet[duringalprogramattempt, Before further
attempts(are@llowedBytheWrite[StateMachine.

SR.1,[3R.3@ndS$R.4@re0dnlyldlearedBytheClear[StausRegisterlCommand,
inlGases(of(multipleprotection(tegister(program@perationsbeforefullStatus(is
checked.

If@nlerrorlisdetected, @learfhelStatusHegisterbeforeattempting Metryordther
error(fecovery.
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Figure29.Blocklock@perations[Flowchart[

Optional

[Lock§iSetup

Write[60h
Block[Address

mﬂﬂ[ﬂook[&monfirm

Write[01,D0,2Fh
Block[Address

—— Read*[lD[E’lane

Write[@0h

ReadBlock@lock

Status

Read[§TArray

Write[FFh
Partition[Address

Lock[Thange
Complete

LOCKINGIOPERATIONSIPROCEDURE

Bus‘ Command Comments
Operation
Write Lock DatalZ 60h
Setup | Addr Blockolbck/unlock/lock-down{(BA)
Lock, [DataZ 01h[{Lockblock)
Write Unlock,[or DOh[{UnlockDlock)
Lockdown 2Fh[{LockdownBlock)
Confirm [AddrZ BlockiiblIbck/unlock/lock-down{BA)
Write ReadlD |DatalZ 90h
(Optional) Plane |AddrZ Block@ddressoffset#2[(BA+2)
Read [BlockMock | Block[Lock[Status[data
(Optional) | Status |AddrZ Blockladdress[offsetF2[(BA+2)
Standby Conﬂrm[[bcklng@hange@n[ﬂ)Q ;'FIDQO'
(Optional) (SeeBlockdocking[State[TransitionsTable
P forialididombinations.)
Write Read Datal FFh
Array |AddrZ Blockladdress(BA)

LOCK_OP.WMF
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AppendixDIMechanical[Packagelhformation

Figure30.[EasyBGAPackagelDrawing

BalllAl BalllAl
Corner Corner
D
o = ~ | <h|/
' 4 N 4
1 2 3 4 5 6 7 8 8 7 6 5 4 3 2 1 S2
~ -~ - -~ - - A J
Ao OO0 ~AO000000
B OO0 O00 e Q0000000
c OO OOOOO0 cOO0OO0O0O000O0 |
- - -~ -~ - - ~ -~
NGOG EOROHOEGRORS HOLONOXOOXOXOG X O NN I
E - T - -
E OO0 OO0 eQOOQ00000 |
FOOOOoOCo FOOOOOO0OOO |
¢ OO0 HONONONONOXORONO
- - - - - - - - e
W OOOOOOo OO0OO0OO0OO0O O__f_
ToplView[BallSide[down Bottom WView[HBall[Side[W
* | Al ‘
A2 ¢
Seating
AW A WA WA WA WA W A Y
T f Plane
Note:Drawing(motiblScale
Table28.[Easy[BGA[PackagelDimensions(Table
Millimeters Inches
Symbol Min Nom Max Notes Min Nom Max
Package[Height A 1.200 0.472
BallHeight Al 0.250 0.0098
PackageBody(Thickness A2 0.780 0.0307
Balll[{Lead)Width b 0.330 0.430 0.530 0.0130 0.0169 0.0209
PackageBodyWidth[{64Mb,[128Mb,[256b) D 9.900 10.000 10.100 1 0.3898 0.3937 0.3976
PackageBodyIlength[{64 b, 128Mb) 12.900 13.000 13.100 1 0.5079 0.5118 0.5157
PackageBodyllength[(256Mb) E 14.900 15.000 15.100 1 0.5866 0.5906 0.5945
Pitch le] 1.000 0.0394
Balll[{Lead)[Count N 64 64
Seating[Plane[Coplanarity Y 0.100 0.0039
CornerivBalllAlDistancelAlongD[(64/128/256b) | S1 1.400 1.500 1.600 1 0.0551 0.0591 0.0630
CornerlfoBall(AlDistancelAlongE[(64/128b) S2 2.900 3.000 3.100 1 0.1142 0.1181 0.1220
CornerlfoBall(AlDistancelAlongE(256Mb) S2 3.900 4.000 4.100 1 0.1535 0.1575 0.1614
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Figure31.WFBGAPackagelfor64Mb@nd[128MbDrawing

BalllAl
Corner

BalllAl
Corner

s,
|

M -
.

N A

A
1 2 3 4 5 6 8 8 7 6 5 4 3 2 i S,
-~ S '~ -~ -~ -~ -~ ,~ ‘r
A OO OOO OO0 A O0000O0O0O
B OO C OO0 58 O00O0O000O0
c OO OOO c O0OO0O0OO0O0O0O0
-~ -~ 7~ - -~ ”~ -~ -~
E o OOOCOOOOO 0 OO0OO0OO0OO0OO0O0O0
”~ s~ 7~ 7~ -~ L) I~ -~
E OO OO OO0 E OO0OO0OO0OO0O0O0O C)—L
”~ s~ 7~ 7~ -~ L) I~ -~
PO OOoOOO FOOOOO0OO0O0O O—r
e OO OOOO G ONOXOXONOXON®)
v b |—
ToplViewEBumplSidedDown Bottom View[[Ball[Side[W
‘ | Al
A2 ¢
Seating
A w8 W e S - 1Y
1 T Plane
Note:[DrawingmotioScale
Table29.[LVFBGA[Packagel(64Mb[@and128Mb)Dimensions(Table
Millimeters Inches
Symbol Min Nom Max Notes Min Nom Max
Package®eight A 1.000 0.0394
BallHeight Al 0.150 0.0059
PackageBody(Thickness A2 0.665 0.0262
Ball[{Lead)Width b 0.325 0.375 0.425 0.0128 0.0148 0.0167
PackageBodyWidth[(64Mb) D 7.600 7.700 7.800 1 0.2992 0.3031 0.3071
PackageBody[Width[(128Mb) 10.900 11.000 11.100 1 0.4291 0.4331 0.4370
PackageBodyIlength[(64Mb,[128Mb) E 8.900 9.000 9.100 1 0.3504 0.3543 0.3583
Pitch [e] 0.750 0.0295
Ball[{Lead)[Count N 56 56
Seating[Plane[Coplanarity Y 0.100 0.0039
CornerlfoBall(AlDistancelAlongD{(641Vb) S1 1.125 1.225 1.325 1 0.0443 0.0482 0.0522
CornerlioBalllAlDistancelAlongE[{128Mb) S1 2.775 2.875 2.975 1 0.1093 0.1132 0.1171
CornerlfoBall(AlDistancelAlongE[(64Mb,[128Mb) | S2 2.150 2.250 2.350 1 0.0846 0.0886 0.0925
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Figure32.WVFIBGAPackage256MbDrawing

Pin®0 )
Indicator Pin®Q
D S Corner
a ‘ <5y |
o [}
1 2 3 4 5 6 7 8 9 10 11 12 13 13121110 9 8 7 6 5 4 3 21 SZ
A SOCCo A O0O0O00O0OO0O0O0O0O0O0
B OGO B OO0O0000O000O0000
c COO c 00000000
E D o D 000000000
E o E 00000000
F OO F O0000O0000000O0
c OO c OO0O O000O0

Bottom[View[IBumplSidelup

|
k)k)y)k)k RN | A Seating Y
T T T Plan
SideView
Note:[DrawingmotiblScale
Table30.LVFBGA(R56Mb)DimensionsTable
Millimeters Inches
Symbol Min Nom Max Notes Min Nom Max
PackageHeight A 1.000 0.0394
BallHeight Al 0.150 0.0059
PackageBody(Thickness A2 0.665 0.0262
Balll[{Lead)Width b 0.325 0.375 0.425 0.0128 0.0148 0.0167
PackageBodyWidth D 14.900 14.500 14.600 1 0.5669 0.5709 0.5748
PackageBodyIlength E 8.900 9.000 9.100 1 0.3504 0.3543 0.3583
Pitch [e] 0.750 0.0295
Ball[{Lead)[Count N 79 79
Seating[Plane[Coplanarity Y 0.100 0.0039
CornerlfoBall(AlDistancelAlongD S1 2.650 2.750 2.850 1 0.1043 0.1083 0.1122
CornerlibBall(AlDistancelAlongE S2 2.150 2.250 2.350 1 0.0846 0.0886 0.0925
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Appendix[EMAdditionallhformation

OrderMumber Document(Tool
208636 SWoItEIhteIE$ynchronousE$trataFIash®EIE/lemory956-,El28-,E64-MbitE$pecificationD
Update
298136 InteI®EE>ersistentE$torageEN/IanagerI]JJser’s[(Buide
292237 AP-689Wsing []htel®[E’ersistent[$torage[Manager
297859 AP-677[IhteIE$trataFIash®m/lemoryEI'echnoIogy
292222 AP—644[IDesigning[]hteI[StrataFIash®[Memory[Ihto[lhteI®Bkrchitecture
292221 AP-663Wsing Ethe[lhtelE$trataFIash®EN/IemoryNVriteEBuffer
292204 AP-646[Common[Flashhterface[{CFl)[And[Command[S$ets
292202 AP-644[Migration [(Buide[fo[SWoIt[lhtelE$trataFIash®EIE/lemoryD
298161 Intel®Flash Memory[Chip[ScalePackageWser'sGuide
NOTES:

1. Pleaseldallthe(Intelliterature[Center@t((800)548-4725{bfequesthtelldocumentation. International
customers[shoulddontact(theirbcallntel@rdistribution(Salesdffice.

2. VisitlIntel'sWorld[WideWebhomepage[athttp://www.intel.comforechnicalldocumentationf@andibols.

3. Forlthemostldurrentinformation@nhtelStrataFlashthemory, MisitlourWebsiteathttp://
developer.intel.com/design/flash/isf.

70 Datasheet



intel.
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28F640K3,28F640K18,28F128K3,[28F128K 18,[28F256K 3,[28F256K 18

RC |28F|128 18 110
(PackageDesignator, (Access[Speed(ns)
([(ExtendedTemperature B4 MbitF110,120,[130
([-40C[fo [#85C) 28Mbit(Z(115,[125,135
(GEEZD0.75MmVFBGA [56Mbit=120,[130,140
(RCE[EasyBGA
[[Process(Identifier
[(Productlineldesignator [CZ[0.18um
[Tfor @Al Ihtel®Flashproducts
- ([Woltageldentifer(V .V cq)
(Density FR2.7E3.6VIR.7H3.6V
([B40=B4Mbit[(8-MBIX16) M8=(2.7E3.6VI1.65-1.95V
M 28 128Mbit[(116-MBX16)
56E256Mbit[(32-MBX16)
((ProductFamily
[F[Synchronous(ihtel
StrataFlash®Memory
Table[31.[Valid[Combinations
Density VFBGA EasyBGA
GE28F640K3C110 RC28F640K3C110
64Mbit GE28F640K3C120 RC28F640K3C120
GE28F640K18C110 RC28F640K18C110
GE28F640K18C130 RC28F640K18C130
GE28F128K3C115 RC28F128K3C115
128Mbit GE28F128K3C125 RC28F128K3C125
GE28F128K18C115 RC28F128K18C115
GE28F128K18C135 RC28F128K18C135
GE28F256K3C120 RC28F256K3C120
256Mbit GE28F256K3C130 RC28F256K3C130
GE28F256K18C120 RC28F256K18C120
GE28F256K18C140 RC28F256K18C140
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