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28F800C3,[28F160C3,[28F320C3,28F640C3[(x16)

Datasheet
Product[Features

= Flexible SmartVoltage Technology = 128-bit Protection Register

—2.7 V- 3.6 V Read/Program/Erase —64 bit Unique Device Identifier

—12 V for Fast Production Programming —64 bit User Programmable OTP Cells
s 1.65V-25Vor27V-3.6VI1/OOption = Extended Cycling Capability

High Perf = Software
- _|927 \?[ g_er\in;g ns Max Access Time — Intel® Flash Data Integrator (FDI)

. . — Supports Top or Bottom Boot Storage,
= Optimized Architecture for Code Plus : :
Data Storage Streaming Data (e.g., voice)

; —Intel Basic Command Set
—Eight 4 Kword Blocks, Top or Bottom
Parameter Boot —Common Flash Interface (CFI)

—Up to One Hundred-Twenty-Seven 32 = Standard Surface Mount Packaging

Kword Blocks —48-Ball uBGA*/VFBGA

—Fast Program Suspend Capability —64-Ball Easy BGA Packages

—Fast Erase Suspend Capability —48-Lead TSOP Package
= Flexible Block Locking = ETOX™ VIII (0.13 pm) Flash

—Lock/Unlock Any Block Technology

—Full Protection on Power-Up —16, 32 Mbit

—WP# Pin for Hardware Block Protection , ETOX™ V1] (0.18 pm) Flash Technology
= Low Power Consumption —16, 32, 64 Mbit

—9 mA Typical Read
—7 A Typical Standby with Automatic ETOX™ V1 (0.25 um) Flash Technology

Power Savings Feature (APS) —38, 16 and 32 Mbit

= Extended Temperature Operation
—-40°Cto +85°C

The Intel® Advanced+ Book Block Flash Memory (C3) device, manufactured on Intel’s latest
0.13 um and 0.18 um technologies, represents a feature-rich solution for low-power applications.
The C3 device incorporates low-voltage capability (3 V read, program, and erase) with high-
speed, low-power operation. Flexible block locking allows any block to be independently locked
or unlocked. Add to this the Intel® Flash Data Integrator (FDI) software and you have a cost-
effective, flexible, monolithic code plus data storage solution. Intel® Advanced+ Boot Block Flash
Memory (C3) products will be available in 48-lead TSOP, 48-ball CSP, and 64-ball Easy BGA
packages. Additional information on this product family can be obtained by accessing the Intel®
Flash website: http://www.intel.com/design/flash.

Notice:[This[Specificationlis[SubjectfblchangeWwithoutmotice.Verifywith[yourlbcallntelSales
officefhatyoulhavefhelatestdatasheetbeforefinalizing@ldesign.

OrderMumber:[290645-016
May(2003
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htel ®lAdvanced+BootMBlockFlashMemory{C3)

1.0 Introduction
1.1 Document[Purpose
This datasheet contains the specifications for the Intel® Advanced+ Boot Block Flash Memory
(C3) device family. These flash memories add features such as instant block locking and protection
registers that can be used to enhance the security of systems.
1.2 Nomenclature
0x Hexadecimal prefix
Ob Binary prefix
Byte 8 bits
Word 16 bits
Kword 1024 words
Mword 1,048,576 words
Kb 1024 bits
KB 1024 bytes
Mb 1,048,576 bits
MB 1,048,576 bytes
APS Automatic Power Savings
CuUl Command User Interface
OoTP One Time Programmable
PR Protection Register
PRD Protection Register Data
PLR Protection Lock Register
RFU Reserved for Future Use
SR Status Register
SRD Status Register Data
WSM Write State Machine
1.3 Conventions
The terms pin and signal are often used interchangeably to refer to the external signal connections
on the package. (ball is the term used for CSP).
Group Membership Brackets: 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])
Set: When referring to registers, the term set means the bit is a logical 1.
Clear: When referring to registers, the term clear means the bit is a logical 0.
Block: A group of bits (or words) that erase simultaneously with one block erase instruction.
Main Block: A block that contains 32 Kwords.
Parameter Block: A block that contains 4 Kwords.
[Datasheet 7
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u
Intel ®Advanced+BootBlockFlashMemory[{C3) Int9|®

2.0 DevicelDescription

This section provides an overview of the Intel® Advanced+ Boot Block Flash Memory (C3) device
features, packaging, signal naming, and device architecture.

2.1 ProductOverview

The C3 device provides high-performance asynchronous reads in package-compatible densities
with a 16 bit data bus. Individually-erasable memory blocks are optimally sized for code and data
storage. Eight 4 Kword parameter blocks are located in the boot block at either the top or bottom of
the device’s memory map. The rest of the memory array is grouped into 32 Kword main blocks.

The device supports read-array mode operations at various 1/0O voltages (1.8 V and 3 V) and erase
and program operations at 3 V or 12 VV VPP. With the 3 V 1/O option, VCC and VPP can be tied
together for a simple, ultra-low-power design. In addition to 1/0 voltage flexibility, the dedicated
VPP input provides complete data protection when Vpp < Vpp| -

The device features a 128-bit protection register enabling security techniques and data protection
schemes through a combination of factory-programmed and user-programmable OTP data
registers. Zero-latency locking/unlocking on any memory block provides instant and complete
protection for critical system code and data. Additional block lock-down capability provides
hardware protection where software commands alone cannot change the block’s protection status.

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

The device offers three low-power saving features: Automatic Power Savings (APS), standby
mode, and deep power-down mode. The device automatically enters APS mode following read
cycle completion. Standby mode begins when the system deselects the flash memory by
deasserting CE#. The deep power-down mode begins when RP# is asserted, which deselects the
memory and places the outputs in a high-impedance state, producing ultra-low power savings.
Combined, these three power-savings features significantly enhanced power consumption
flexibility.

2.2 BalloutDiagram

The C3 device is available in 48-lead TSOP, 48-ball VF BGA, 48-ball uBGA, and Easy BGA
packages. (Refer to Figure 1 on page 9, Figure 3 on page 11, and Figure 4 on page 12,
respectively.)

8 Datasheet
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In htel ®lAdvanced+BootMBlockFlashMemory{C3)

Figure[1.[48-Lead MTSOPPackage

Al — 1 48 F— A,
A, — 2 O 47 /3 Vee
A, — 3 46 F—3 | GN
AL — 4 45 —3 | DQ,
AL —] 5 44 E=—7 | DQ,
A, |— &6 43 /3 | pQ,
A, — 7 42 =7 | DQ,
A, — s 41 |— | DQy;

64 —» A, — 9 40 /7 | DQ,

2M—> A, | C—] 10 . 39 /7= | pQ,,
W = n R w = oo
RP# I —=—H 12 12[mmIX20[m 3= | Vee

e | E=— 13 36 |——= | DQ,

wpP# | C— 14 35 —— | DQ,

16M — A, | — 15 TOPWVIEW 34 == | DpQ,
A, | = 16 33 /7= | DQ,
A, — 17 32 /73 | pQ,
A, — 18 31 /7 | DQ,
A, — 19 30 /= | DQ,
A, — 20 29 /3 | DQ,
A, —] 22 28 |—— | OE#
A, — 22 27 =/ | GND
A, ——1 23 26 |— | CE#
A — 24 25 |/ | A

NOTES:
1. Forllower[densities, Wpper@ddressiShouldbeireatedasMC.[Foréxample,[@l16-MbitdevicelwillhaveNCOnO
Pins@@nd[10.
[Datasheet 9
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Intel ®Advanced+BootBlockFlashMemory[{C3)

Figure2.[MarkforPin-1hdicatorlon[48-LeadBMb,16MblAnd32MbTSOP

Current Mark:

LINE
EJ LINE
LINE

.E LINE

New Mark:

LINE
LINE

LINE
summ LINE

Note: The topside marking on 8 Mb, 16 Mb, and 32 Mb Intel® Advanced and Advanced + Boot Block
48L TSOP products will convert to a white ink triangle as a Pin 1 indicator. Products without the
white triangle will continue to use a dimple as a Pin 1 indicator. There are no other changes in
package size, materials, functionality, customer handling, or manufacturability. Product will
continue to meet Intel stringent quality requirements. Products affected are Intel Ordering Codes

shown in Table 1.

Table[l.00 48-Lead[TSOP

Extended[64Mbit Extended[32Mbit Extended[16Mbit ExtendedBMbit
TE28F640C3TC80 TE28F320C3TD70 TE28F160C3TD70 TE28F800C3TA900
TE28F640C3BC80 TE28F320C3BD70 TE28F160C3BD70 TE28F800C3BA90

TE28F320C3TC70 TE28F160C3TC80 TE28F800C3TA1100
TE28F320C3BC70 TE28F160C3BC80 TE28F800C3BA110
TE28F320C3TC90 TE28F160C3TA900
TE28F320C3BC90 TE28F160C3BA90
TE28F320C3TA1000 TE28F160C3TA1100
TE28F320C3BA100 TE28F160C3BA110
TE28F320C3TA1100
TE28F320C3BA110
10 Datasheet
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htel ®lAdvanced+BootMBlockFlashMemory{C3)
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NOTES:
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Intel ®Advanced+BootBlockFlashMemory{C3)

12

Figure(d.[64-Ball[Easy BGA[Package®?
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SignallDescriptions

Table 2 lists the active signals used and provides a brief description of each.

Table[2.00 SignalDescriptions

Symbol

Type

Name@ndFunction

AIMAX:0],

INPUT

ADDRESSIINPUTSforimemory@ddresses.[Address(arelinternallylatchedduringl@lprogramiorérase]
cycle.O

8Mbit:[(AMAX=[A18

16Mbit:[(AMAXE[AL19
32[Mbit:[AMAXZ[A20
64 Vbit:[AMAXZ[A21

DQ[15:0]

INPUT/
OUTPUT

DATAINPUTS/OUTPUTS: Inputsidatal@andiéommandsiduring@biiriteldycle;@utputsidatalduringfead]
cycles.Inputsi@ommands(ibifhe[CommandWserlIhterfaceWhen[CE#And WE#(are[Active.Datalis[]
internallylatched.Theldatalpinsfloatib(iri-state When[fhelchiplisde-selecteddriheldutputsiare
disabled.

CE#

INPUT

CHIPENABLE:Active-lowlihput.[Activates(fhelinternalldontrolllbgic, ihputBuffers,[decoders@ndSense]
amplifiers.[CE#[is[active low.[CE#highlde-selectsfhelhemorydevice@ndfeducespowerdonsumption]
tolStandbyllevels.

OE#

INPUT

OUTPUTIENABLE:[Active-lowlihput.[Enablestheldevice'sdutputsithroughfheldatabuffersiduring@al
Read[0peration.(]

RP#

INPUT

RESET/DEEPPOWER-DOWN: [Active-lowlihput.(J

When[RP#(is[atlbgiclow,Theldevicelislihfeset/deeplpower-downode,Whichldrivesthe @utputsio]
High-Z,MesetsfheWrite[$tateMachine,@ndhinimizes@urrentlevels{lccp).

When[RP#lis[atlbgichigh, theldevicelislihStandard@peration. When[RP#[fransitionsfrombgic-lowib ]
logic-high,theldevicefesets@llblocksiblbcked@nddefaultsibhe eadlarraynode.

WE#

INPUT

WRITEENABLE: [Active-lowlihput. WWE#[dontrolshiritesfbfheldevice.[Address@ndldatalarelatcheddn
thefrdisingédge0fthe WE#[pulse.

WP#

INPUT

WRITEPROTECT: [Active-lowlihput.

WhenWP#(is[albgiclow, thelbck-downhechanismlslenabledandblocksarkedlbck-downéannot[]
beldinlockedhroughlSoftware.

When[WP#(is[Ibgiclhigh,fhellbck-downhechanismisdisabled@ndblocks(previouslylbcked-down(are
now(lbcked[and(@anbeltinlocked@ndlbckedthroughSoftware.[AfterWP#goesIbw,@nyblocks
previouslyarkedIbck-down[fevertibfhelbck-down(State.

Seel$ection[5.0,SecurityModes”on[page 28for(detailsi@nblocklbcking.

VPP

INPUT/
POWER

PROGRAM/ERASEPOWERISUPPLY:[@perateslas@ninput@atliogiclevelsivldontrolidompleteldevice
protection.Suppliesipowerfor@cceleratedProgram@ndEraseOperationsin12 V2 [B%ange.ThispinO
cannotbe(leftfloating.

LowerVPPERIVPPLKdb[protect(allldontents@gainstiProgram@ndErase[@dommands.

SetlVPP = VCCilibrlih-system[Read,Program(@ndErase[dperations. Ihthis[donfiguration, VPPGan[
droplasbw(as[.65 V{iblallow{orfesistordridiodeldropfromiheSystemSupply.

ApplyVPPIbA2Y ®B%forfasterprogram@nd@raselihl@production@nvironment.Applying[12 VZB%O
tolWVPP[GanlonlyBeldoneforamaximum6f{1000@ycles(onthe hainblocks@nd2500¢yclesonfhel]
bootblocks. WPPhaybeldonnectedo12 Vioraibtaldf@B0OMoursinaximum.SeelSection.6{or0d
detailslonVPPoltageldonfigurations.

VCC

POWER

DEVICE[COREPOWERISUPPLY:Suppliespowerlfordeviceldperations.

vceQ

POWER

OUTPUTIPOWERSUPPLY: [@utput-driven[Sourceoltage.ThisBallldanbelfieddirectlyfoV ¢ F0
operatingWithinlVccfange.O

GND

POWER

GROUND: [For[@llihternallgircuitry.[All[groundlihputshustbedonnected.

DU

DON'TWSE: o(notWsethisball.ThisballShouldotbedonnectedolanypowerSupplies,SignalsorC]
other(balls,[andfhustbeleftfloating.

NC

NOICONNECT: [Pinhustbelleftfloating.

[Datasheet
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2.4

14
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2.5 MemoryMap

The C3 device is asymmetrically blocked, which enables system code and data integration within a
single flash device. The bulk of the array is divided into 32 Kword main blocks that can store code
or data, and 4 Kword boot blocks to facilitate storage of boot code or for frequently changing small
parameters. See Table 3, “Top Boot Memory Map” on page 15 and Table 4, “Bottom Boot Memory
Map” on page 16 for details.

Table[3.0 TopBootMemoryMap

8-MbitD 16-Mbit0 32-MbitD .
SizeO BIk Memory[O Size[ BIk MemoryO SizeO BIk MemoryO Sizel BIk 64A“gz'rtgsmormyu
(KW) Addressingd (KW) AddressingD (KW) AddressingO (KW) (HEX) 9
(HEX) (HEX) (HEX)
7F000- 1FFO00-
4 | 22 PRO00- 4 | 38 | FFOOO-FFFFF 4 | 70 1ER000- 4 | 134 | 3FF000-3FFFFE
7E000- 1FE000-
4 | 21 7EQ00- 4 | 37 | FEOOO-FEFFF 4 | 69 1FE000- 4 | 133 | 3FE000-3FEFFF
7D000- 1FD000-
4 | 20 7B000- 4 | 36 | FDOOO-FDFFF 4 | 68 1FD000- 4 | 132 | 3FD000-3FDFFF
7C000- 1FC000-
4 | 19 7e200- 4 | 35 | FCO00-FCFFF 4 | 67 Trcoa0- 4 | 131 | 3FC000-3FCFFF
7B000- 1FBO0O-
4 | 18 7B000- 4 | 34 | FBOOO-FBFFF 4 | e6 1FB000- 4 | 130 | 3FB00O-3FBFEF
7A000- 1FA000-
4 | 17 o000 4 | 33 | FAO0O-FAFFF 4 | e5 THA000- 4 | 129 | 3FA000-3FAFFF
4 | 16 | 79000-79FFF 4 | 32 | Fo000-F9FFF 4 | ea 1F9000- 4 | 128 | 3F9000-3FOFFF
- - 1FOFFF -
4 | 15 | 78000-78FFF 4 | 31 | F8000-F8FFF 4 | e3 1F8000- 4 | 127 | 3F8000-3F8FFF
- - 1F8FFF -
1F0000-
32 | 14 | 70000-77FFF 32 | 30 | FO000-F7FFF 32 | 62 1RO000- 32 | 126 | 3F0000-3F7FFF
32 | 13 | 68000-6FFFF 32 | 29 | E8000-EFFFF 32 | 61 1E8000- 32 | 125 | 3E8000-3EFFFF
1E0000-
32 | 12 | 60000-67FFF 32 | 28 | E0000-E7FFF 32 | 60 10000 32 | 124 | 3E0000-3E7FFF
32 | 11 | 58000-5FFFF 32 | 27 | D8000-DFFFF 32 | 59 108000 32 | 123 | 3DB000-3DFFFF
32 | 2 | 10000-17FFF 32 | 2 | 10000-17FFF 32 | 2 | 10000-17FFF 32 | 2 10000-17FFF
32 | 1 | 8000-OFFFF 32 | 1 | 08000-OFFFF 32 | 1 | 08000-OFFFF 32 | 1 08000-OFFFF
32 | 0 | 0000-07FFF 32 | 0 | 00000-07FFF 32 | 0 | 00000-07FFF 32 | o 00000-07FFF
[Datasheet 15
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Tablel4.00 Bottom[BootMemoryMap

Sizel BIk h/?émzlrt_)/tlm Sizel BIk I\%Ignl\{lc?rl;% Sizel BIk airnMcl))rl)t/DD Sizel BIk 64Al\{ljkéirtgus/lsirr?grDyD
(KW) AddressingO (KW) Addressing (KW) Addressing (KW) (HEX)
(HEX) (HEX) (HEX)
32 22 | 78000-7FFFF 32 38 F8000-FFFFF 32 70 1F8000-1FFFFF 32 134 3F8000-3FFFFF
32 21 | 70000-77FFF 32 37 FO000-F7FFF 32 69 | 1F0000-1F7FFF 32 133 | 3F0000-3F7FFF
32 20 | 68000-6FFFF 32 36 E8000-EFFFF 32 68 | 1E8000-1EFFFF 32 132 3E8000-3EFFFF
32 19 | 60000-67FFF 32 35 | EOO00-E7FFF 32 67 | 1E0000-1E7FFF 32 131 | 3E0000-3E7FFF
32 10 | 18000-1FFFF 32 10 18000-1FFFF 32 10 18000-1FFFF 32 10 18000-1FFFF
32 9 10000-17FFF 32 9 10000-17FFF 32 9 10000-17FFF 32 9 10000-17FFF
32 8 | 08000-0OFFFF 32 8 08000-0FFFF 32 8 08000-0FFFF 32 8 08000-0FFFF
4 7 07000-07FFF 4 7 07000-07FFF 4 7 07000-07FFF 4 7 07000-07FFF
4 6 | 06000-06FFF 4 6 06000-06FFF 4 6 06000-06FFF 4 6 06000-06FFF
4 5 | 05000-05FFF 4 5 05000-05FFF 4 5 05000-05FFF 4 5 05000-05FFF
4 4 | 04000-04FFF 4 4 | 04000-04FFF 4 4 04000-04FFF 4 4 04000-04FFF
4 3 03000-03FFF 4 3 03000-03FFF 4 3 03000-03FFF 4 3 03000-03FFF
4 2 | 02000-02FFF 4 2 02000-02FFF 4 2 02000-02FFF 4 2 02000-02FFF
4 1 01000-01FFF 4 1 01000-01FFF 4 1 01000-01FFF 4 1 01000-01FFF
4 0 | 00000-00FFF 4 0 00000-00FFF 4 0 00000-00FFF 4 0 00000-00FFF
16 Datasheet
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3.0 DevicelOperations

The C3 device uses a CUI and automated algorithms to simplify Program and Erase operations.
The CUI allows for 100% CMOS-level control inputs and fixed power supplies during erasure and
programming.

The internal WSM completely automates Program and Erase operations while the CUI signals the

start of an operation and the status register reports device status. The CUI handles the WE#
interface to the data and address latches, as well as system status requests during WSM operation.

3.1 Bus[Operations

The C3 device performs read, program, and erase operations in-system via the local CPU or
microcontroller. Four control pins (CE#, OE#, WE#, and RP#) manage the data flow in and out of
the flash device. Table 5 on page 17 summarizes these bus operations.

Table[5.00 Bus[Operations

Mode RP# CE# OE# WE# | DQ[15:0]
Read Vi ViL Vi Vin Dour
Write Vig ViL Vin Vi Din
OutputDisable Viy Vi ViH ViH High-Z
Standby Vi Vi X X High-Z
Reset Vi X X X High-Z

NOTE: XEMDon'tCarelV, OrlV )

3.1.1 Read

When performing a read cycle, CE# and OE# must be asserted; WE# and RP# must be deasserted.
CE# is the device selection control; when active low, it enables the flash memory device. OE# is
the data output control; when low, data is output on DQ[15:0]. See Figure 8, “Read Operation
Waveform” on page 43.

3.1.2 Write

A write cycle occurs when both CE# and WE# are low; RP# and OE# are high. Commands are
issued to the Command User Interface (CUI). The CUI does not occupy an addressable memory
location. Address and data are latched on the rising edge of the WE# or CE# pulse, whichever
occurs first. See Figure 9, “Write Operations Waveform” on page 48.

3.1.3 OutputDisable

With OE# at a logic-high level (V,4), the device outputs are disabled. DQ[15:0] are placed in a
high-impedance state.

[Datasheet 17
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3.1.4 Standby

Deselecting the device by bringing CE# to a logic-high level (V) places the device in standby
mode, which substantially reduces device power consumption without any latency for subsequent
read accesses. In standby, outputs are placed in a high-impedance state independent of OE#. If
deselected during a Program or Erase operation, the device continues to consume active power
until the Program or Erase operation is complete.

3.1.5 Reset

From read mode, RP# at V_for time tp| pyy deselects the memory, places output drivers in a high-
impedance state, and turns off all internal circuits. After return from reset, a time tpq\ is required
until the initial read-access outputs are valid. A delay (tpyw OF tpgy) IS required after return from
reset before a write cycle can be initiated. After this wake-up interval, normal operation is restored.
The CUI resets to read-array mode, the status register is set to 0x80, and all blocks are locked. See
Figure 10, “Reset Operations Waveforms” on page 49.

If RP# is taken low for time tp py 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 be partially erased or written. The abort process goes through
the following sequence:

1. When RP# goes low, the device shuts down the operation in progress, a process which takes time
tp ry tO COMplete.

2. After time tp g, the part will either reset to read-array mode (if RP# is asserted during tp giy) OF
enter reset mode (if RP# is deasserted after tp gy). See Figure 10, “Reset Operations Waveforms”
on page 49.

In both cases, after returning from an aborted operation, the relevant time tpyyqy OF topyi /tpHEL
must be observed before a Read or Write operation is initiated, as discussed in the previous
paragraph. However, in this case, these delays are referenced to the end of tp g rather than when
RP# goes high.

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

18 Datasheet
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4.0 Modeslof[Operation

4.1 ReadMode

The flash memory has four read modes (read array, read identifier, read status, and CFI query), and
two write modes (program and erase). Three additional modes (erase suspend to program, erase
suspend to read, and program suspend to read) are available only during suspended operations.
Table 7, “Command Bus Operations” on page 24 and Table 8, “Command Codes and
Descriptions” on page 25 summarize the commands used to reach these modes. Appendix A,
“Write State Machine States” on page 51 is a comprehensive chart showing the state transitions.

4.1.1 Read[Array

When RP# transitions from V,_(reset) to V,, the device defaults to read-array mode and will
respond to the read-control inputs (CE#, address inputs, and OE#) without any additional CUI
commands.

When the device is in read array mode, four control signals control data output.
* WE# must be logic high (V)
* CE# must be logic low (V)
* OE# must be logic low (V)
* RP# must be logic high (V)
In addition, the address of the desired location must be applied to the address pins. If the device is

not in read-array mode, as would be the case after a Program or Erase operation, the Read Array
command (0xFF) must be issued to the CUI before array reads can occur.

4.1.2 ReadIdentifier

The read-identifier mode outputs three types of information: the manufacturer/device identifier, the
block locking status, and the protection register. The device is switched to this mode by issuing the
Read Identifier command (0x90). Once in this mode, read cycles from addresses shown in Table 6
retrieve the specified information. To return to read-array mode, issue the Read Array command
(OXFF).

[Datasheet 19
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®
Table[®.00 Devicelldentification[Codes
Address?
Iltem Data Description
Base Offset
Manufacturer(ID Block 0x00 0x0089
0x88C0 8-MbitTopBootDevice
0x88C1 8-MbitBottomBootDevice
0x88C2 16-Mbit[TopBootDevice
0x88C3 16-MbitBottom[BootDevice
DevicellD Block 0x01
0x88C4 32-MbitTopBootDevice
0x88C5 32-MbitBottom[BootDevice
0x88CC 64-Mbit(TopBootDevice
0x88CD 64-MbitBottomBoot[Device
DQOEZMb0o Blockisnlocked
Blockock[Status? Block 0x02
DQOEFMDbl BlockIis[lbcked
DQ1[ZM0b0o Blocklismotlbcked-down
BlockLock-Down[$tatus? Block 0x02
DQ1EZM0bl Blocklislbckedldown
ProtectionRegister(lLock[Status Block 0x80 Lock[Data
Ox81E0 Multiple[feadsrequirediblread]
Protection[Register Block 0x88 Register[Data | thel@ntire[128-bit[Protection]
Register.

4.1.3

4.1.4

20

NOTES:

1. Theladdressls(donstructedfrom@basel@ddress(plus@nioffset.[Foréxample, fblfeadtheBlocklockStatus]
forBlockMumber38[in[@bottombootidevice, Setthe@ddressioMx0F8000plusihedffset(0x02),ile.O
0x0F8002.ThenléxamineDQOoffheldatafoldeterminelifltheblocklislbcked.

2. SeelS$ection5.2,"ReadingBlock-Lock[Status’@nlpage 29{orvalidibckiStatus.

CFI[Query

The CFI query mode outputs Common Flash Interface (CFI) data after issuing the Read Query
Command (0x98). The CFI data structure contains information such as block size, density,
command set, and electrical specifications. Once in this mode, read cycles from addresses shown in
Appendix C, “Common Flash Interface,” retrieve the specified information. To return to read-array
mode, issue the Read Array command (OxFF).

Read[StatusRegister

The status register indicates the status of device operations, and the success/failure of that
operation. The Read Status Register (0x70) command causes subsequent reads to output data from
the status register until another command is issued. To return to reading from the array, issue a
Read Array (0xFF) command.

The status-register bits are output on DQJ[7:0]. The upper byte, DQ[15:8], outputs 0x00 when a
Read Status Register command is issued.

Datasheet
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The contents of the status register are latched on the falling edge of OE# or CE# (whichever occurs
last) which prevents possible bus errors that might occur if Status Register contents change while
being read. CE# or OE# must be toggled with each subsequent status read, or the Status Register
will not indicate completion of a Program or Erase operation.

When the WSM is active, SR[7] will indicate the status of the WSM; the remaining bits in the
status register indicate whether the WSM was successful in performing the preferred operation (see
Table 9, “Status Register Bit Definition” on page 27).

4.1.4.1 Clear[$tatusRegister

The WSM can set Status Register bits 1 through 7 and can clear bits 2, 6, and 7; but, the WSM
cannot clear Status Register bits 1, 3, 4 or 5. Because bits 1, 3, 4, and 5 indicate various error
conditions, these bits can be cleared only through the Clear Status Register (0x50) command. By
allowing the system software to control the resetting of these bits, several operations may be
performed (such as cumulatively programming several addresses or erasing multiple blocks in
sequence) before reading the status register to determine if an error occurred during that series.
Clear the status register before beginning another command or sequence. The Read Array
command must be issued before data can be read from the memory array. Resetting the device also
clears the Status Register.

4.2 ProgramMode

Programming is executed using a two-write cycle sequence. The Program Setup command (0x40)
is issued to the CUI followed by a second write which specifies the address and data to be
programmed. The WSM will execute a sequence of internally timed events to program preferred
bits of the addressed location, then verify the bits are sufficiently programmed. Programming the
memory results in specific bits within an address location being changed to a “0.” If users attempt
to program “1”s, the memory cell contents do not change and no error occurs.

The Status Register indicates programming status. While the program sequence executes, status bit
7 is “0.” The status register can be polled by toggling either CE# or OE#. While programming, the
only valid commands are Read Status Register, Program Suspend, and Program Resume.

When programming is complete, the program-status bits should be checked. If the programming
operation was unsuccessful, bit SR[4] of the Status Register is set to indicate a program failure. If
SR[3] is set, then Vpp was not within acceptable limits, and the WSM did not execute the program
command. If SR[1] is set, a program operation was attempted on a locked block and the operation
was aborted.

The status register should be cleared before attempting the next operation. Any CUI instruction can
follow after programming is completed; however, to prevent inadvertent status-register reads, be
sure to reset the CUI to read-array mode.

4.2.1 12-Volt[ProductionProgramming

When Vpp is between 1.65 V and 3.6 V, all program and erase current is drawn through the VCC
pin. Note that if Vpp is driven by a logic signal, V;y min = 1.65 V. That is, Vpp must remain above
1.65 V to perform in-system flash modifications. When Vpp is connected to a 12 V power supply,
the device draws program and erase current directly from the VPP pin. This eliminates the need for
an external switching transistor to control Vpp. Figure 7 on page 32 shows examples of how the
flash power supplies can be configured for various usage models.
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The 12 V Vpp mode enhances programming performance during the short period of time typically
found in manufacturing processes; however, it is not intended for extended use. 12 V may be
applied to VPP during Program and Erase operations for a maximum of 1000 cycles on the main
blocks and 2500 cycles on the parameter blocks. VPP may be connected to 12 V for a total of 80
hours maximum. Stressing the device beyond these limits may cause permanent damage.

4.2.2 Suspending@ndResumingProgram

The Program Suspend command halts an in-progress program operation so that data can be read
from other locations of memory. Once the programming process starts, issuing the Program
Suspend command to the CUI requests that the WSM suspend the program sequence at
predetermined points in the program algorithm. The device continues to output status-register data
after the Program Suspend command is issued. Polling status-register bits SR[7] and SR[2] will
determine when the program operation has been suspended (both will be set to “1”). tynrH1/
teqrH1 Specify the program-suspend latency.

A Read-Array command can now be issued to the CUI to read data from blocks other than that
which is suspended. The only other valid commands while program is suspended are Read Status
Register, Read Identifier, CFl Query, and Program Resume.

After the Program Resume command is issued to the flash memory, the WSM will continue with
the programming process and status register bits SR[2] and SR[7] will automatically be cleared.
The device automatically outputs status register data when read (see Figure 14, “Program Suspend
/ Resume Flowchart” on page 54) after the Program Resume command is issued. Vpp must remain
at the same Vpp level used for program while in program-suspend mode. RP# must also remain at

4.3 EraseMode

To erase a block, issue the Erase Set-up and Erase Confirm commands to the CUI, along with an
address identifying the block to be erased. This address is latched internally when the Erase
Confirm command is issued. Block erasure results in all bits within the block being set to “1.” Only
one block can be erased at a time. The WSM will execute a sequence of internally timed events to
program all bits within the block to “0,” erase all bits within the block to “1,” then verify that all
bits within the block are sufficiently erased. While the erase executes, status bit 7 isa “0.”

When the status register indicates that erasure is complete, check the erase-status bit to verify that
the Erase operation was successful. If the Erase operation was unsuccessful, SR[5] of the status
register will be set to a “1,” indicating an erase failure. If Vpp was not within acceptable limits after
the Erase Confirm command was issued, the WSM will not execute the erase sequence; instead,
SR[5] of the status register is set to indicate an erase error, and SR[3] is set to a “1” to identify that
Vpp supply voltage was not within acceptable limits.

After an Erase operation, clear the status register (0x50) before attempting the next operation. Any

CUI instruction can follow after erasure is completed; however, to prevent inadvertent status-
register reads, it is advisable to place the flash in read-array mode after the erase is complete.
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Suspending@ndResuminglErase

Since an Erase operation requires on the order of seconds to complete, an Erase Suspend command
is provided to allow erase-sequence interruption in order to read data from—or program data to—
another block in memory. Once the erase sequence is started, issuing the Erase Suspend command
to the CUI suspends the erase sequence at a predetermined point in the erase algorithm. The status
register will indicate if/when the Erase operation has been suspended. Erase-suspend latency is

SDECiﬂed by tWHRHZ/tEHRHZ'

A Read Array or Program command can now be issued to the CUI to read/program data from/to
blocks other than that which is suspended. This nested Program command can subsequently be
suspended to read yet another location. The only valid commands while Erase is suspended are
Read Status Register, Read Identifier, CFI Query, Program Setup, Program Resume, Erase
Resume, Lock Block, Unlock Block, and Lock-Down Block. During erase-suspend mode, the chip
can be placed in a pseudo-standby mode by taking CE# to V4, which reduces active current
consumption.

Erase Resume continues the erase sequence when CE# = V. Similar to the end of a standard
Erase operation, the status register should be read and cleared before the next instruction is issued.
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Table[7.0 CommandBus[Operations

INial.

FirstBus[Cycle SecondBus[Cycle
Command Notes

Oper Addr Data Oper Addr Data
Read[Array 1,3 Write OxFF
ReadIdentifier 1,3 Write X 0x90 Read IA ID
CFl[Query 1,3 Write X 0x98 Read QA QD
Read[Status[Register 1,3 Write X 0x70 Read X SRD
Clear[Status[Register 1,3 Write X 0x50
Program 2,3 Write X %))(1%/ Write PA PD
BlockErase/Confirm 1,3 Write X 0x20 Write BA DOH
Program/Erase[$uspend 1,3 Write X 0xBO0
Program/Erase[Resume 1,3 Write X 0xDO
LockBlock 1,3 Write X 0x60 Write BA 0x01
UnlockBlock 1,3 Write X 0x60 Write BA 0xDO
Lock-Down[Block 1,3 Write X 0x60 Write BA 0x2F
ProtectionProgram 1,3 Write X 0xCO Write PA PD
X = "Don’'t[Care" PA = Prog[Addr BA = Block[Addr IA = IdentifierAddr. QA = Query[Addr.
ggtg = Status(Reg. PD = Prog([Data ID = Identifierata QD = QueryData
NOTES:

1. Followingfihe[ReaddentifierdrCFI[Queryldommands,fead@perationsoutputidevicelilentificationdatalor(]

CFllguerylihformation, fespectively.[SeelSection(4.1.2[@nd[Section(4.1.3.
2. Either@x40[6r0x10[dommandlisValid, Butfhelhtel[Standardis[0x40.

3. Whenlwritingldommands,fhepper(databus[DQ8-DQ15]8houldbe@ither[V, [OrV ,EoninimizeGurrentl]

draw.

Bus operations are defined in Table 5, “Bus Operations” on page 17.
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Table8.0 Command[Codesland[Descriptions

Codel . S
(HEX) DevicelMode Command[Description
FE ReadArray gmzmommandmlaces[ﬂ]elﬂewcemﬁmead—arraymnode,mvhlchEbutputs@rraylﬂata@n[thelﬂataD
This(lis[@fwo-cyclel@ommand.The(firstidyclelpreparesfhe[CUI{orlalprogram(@peration.Thel
second(gyclellatches@addresseslandldatalihformation(andlihitiatesthe WSMibléxecutethe]
40 Program[$et-Up | Programl@lgorithm.Theflash@utputs(Status-registerldatalivhen(CE#Or(OE#(isfbggled.[ARead]
Array[@ommandl(is[fequired@fterlprogrammingibfead@rray(data.[$eelSection4.2,[Program]
Mode”[@n[page 21.
Thislis[afwo-cyclel@ommand.Preparesihe[CUIforfheErase[Confirm@ommand.Iffhemext
20 EraseSet-U command(ismot@nEraseConfirmdommand,fhentheCUIWill[{(a)SetBoth[SR.4@nd[SR.5[6f0
P thelStatusregisterb@rii,”[(b)placefheldevicelintofhefead-status-registertode, @ndI(c) Wait]
for@notherl@ommand.$eelSection(4.3,EraseMode”[Bn[page 22.
Iffhelprevious[@ommandWas@nErasel$et-Upldommand, thenfheCUIWilldlosefheladdress[
EraseTonfirm and[datallatches(andbeginlérasingtheBlocklihdicateddnfhe@ddress(pins.Duringprogram/
erase,fheldeviceWilllfespondonlyfofheRead[$tatusRegister,[ProgramSuspend@ndErase]
Suspendl@ommands,[@ndWillButput(Status-registerldatalihen[CE#0r[OE#[is[{oggled.
DO Program/Erasel] | IflalProgram(@r[Erasel@perationiwaspreviouslySuspended, thisicommandivilllfesumethat(l
Resume operation.
Ifthepreviousl@ommandWwasBlockWnlockSet-Up, the[CUIWillTatchfhel@ddress@ndmnlock]
UnlockBlock | the[plockiindicated©Onhe@ddress pins. [ftheBlockhadBeenpreviously Setfblock-Down, EhisCl
operationwilllhavemoléffect.[[See[Section(5.1)
Issuingfhisl@ommandWillbeginfolSuspendiheldurrentlyléxecuting(Program/Erasel@peration.[]
ThelStatus(fegisterWillihdicateWhen(he@perationhasbeenSuccessfullylS8uspended by
B0 ProgramSuspendl] settingl@itherthelprogram-suspend3R[2]0Or@rase-suspend$R[6]@ndfhe WSMStatusbit]
Erase[$uspend SR[7]do[@AM"[(ready).[The(WSMwillidontinuefolidlelihthe[SUSPENDIState, [fegardless(ofthe]
state[of(allihput-control[pins(éxceptRP#,whichwillimmediatelyShutldownfhe (WSM[andthe
remainderoffhel¢hip[fRP#[5[drivenfolV) .[$eel$ections[3.2.5.1[@nd3.2.6.1.
Thisl@ommand(places(theldevicelintolfead-status-registeriode.Readingtheldevice will]
70 Read(Status outputlfheldontents(oflthe(Statusifegister,fegardless[ofithe[@ddresspresentedibtheldevice.O
Register Theldevice@utomatically@nters(thisihode(after[alProgram(orEraseldperationhasbeen]
initiated.[$eel$ection4.1.4,[Read[Status[Register’[@n[page 20.
ClearStatus The[WSMIdan(SettheBlock-lockisStatus(SR[1], Vpp[Status[SR[3],(program(sStatus[$R[4],[and
50 Reqi erase-status[BR[5]bits(ihfhelStatusegisterof1,”Butit[dannotdlearfhemib[0."Issuingfhis
egister . W
command(dlears(those bits{b0.
Read Puts[the(devicelintofhefead-identifierihhodelSolihatfeadingfheldeviceillldutputihe
90 Identifier manufacturer/device[@odes[orblock-lock[Status.[Seel$ection(4.1.2,"ReadIdentifier"[@on]
page 19.
BIB%IT&?(CEIEEL?(%(D Prepares(the[CUI{orblock-lockingl@hanges. IftheMextidommand(ismotBlockWnlock, Block
60 Lock-D o’wn Set- Lock, @rBlockMock-Down,thenfhe[CUlWwillSetothfhelprogram(@ndérase-status-register]
Up bitsblihdicate[dl[dommand-sequencelerror.[$See[Section[5.0,[SecurityModes”0n[page 28.
o1 Lock-Block Ifthepreviousl@ommandWas(llock[Set-Up,the[CUlWwillTatchfheladdress@ndlbcktheblock
indicated[dnthe[@ddress[pins.[{(See[Section(5.1)
oF Lock-Down Iffthelprevious[@ommandiwas(@llock-Down(Set-Upldommand,fhe[CUlWwillTatchfheladdress
andlbck-downiheBlocklihdicated@nihe@ddresspins.[(Seel$ection5.1)
08 CFI Puts(theldevicelihtolthe[CFI-QueryfhodeSolthatfeadingtheldeviceWillldutputiCommonFlash]
Query Interfacelihformation.[$eel$ection(4.1.3[@ndAppendix[CT,Common(Flashhterface”.
Thislis[@fwo-cyclel@ommand.The(firstidyclepreparesfheCUI{or(aprogram@perationfofhel
Protection protection(fegister.[The[Second(dyclellatchesladdresses[and(datalinformation@ndhitiatesfhel]
Cco (Program{] WSMIibleéxecutefhe[ProtectionProgramalgorithmhelprotectionregister.[Theflashoutputs(
Set-Up status-registerdatalwhen[CE#0r[OE#(is[foggled.[ARead[Array[@ommandlisfequired@fter]
programmingbfead@rray(data.[$ee(Section3.5.
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Table[8.00 Command[Codes[andDescriptions
Codel . .
(HEX) DeviceMode Command(Description
10 Alt.[Progl$Bet-Up | OperatesiheSame@sProgrami$et-upléommand.[(See0x40/Program[$et-Up)
00 Invalid/ Unassignedidommands(shouldmotbelsed. Ihtellfeserves(therightibedefinefhesel@odesfor
Reserved futurefunctions.
NOTE: SeelAppendix[A,Write[State[Machine[States” forlfhode fransitionlinformation.
Table®.0 StatusRegisterBitDefinition
WSMS ESS ES PS VPPS PSS BLS R
7 6 5 4 3 2 1
NOTES:
SR[7]IVRITESTATEMACHINESTATUS(WSMS) CheckWrite[StateMachineBitfirstfbdetermineWordProgram(]
1 = Readyl or[BlockEraseldompletion,Beforeld¢heckinglprogram(drlérase-]
[0 = Busy status(bits.
SR[6] = ERASE-SUSPENDISTATUSI(ESS) When(Erase[Suspend(islissued,lVSMIRaltséxecutionl@nd(Sets]
[ = Erase[Suspended bothiWSMS@AndESSBitsfb."[ESSBitremains(Setfb 1" UntilC]
[0 = EraselIn[Progress/Completed anErase[Resumel@ommand(islissued.
SR[5] = ERASE[STATUSI(ES) When(his[bitlis[Seto1,”[WSMhas@ppliedfhehax.mumber[
O = ErrorIhBlockErase offérasepulses(ibfheBlock@ndlisStillunablefoierify (]
[0 = SuccessfulBlockErase successfulBlock@rasure.
SR_[4] = PROGRAMBTATUS[UPS) When(thisbitlisSet{ol1,"WSMhas@ttemptedbutfailed o
0 = Errorih(Programming rogram@&word/byte
[ = SuccessfulProgramming prog yte.
ThelVppstatusbitldoesmotlprovideldontinuous(ihdication6fl]
Vppievel. TheWSMlhterrogates[Vpp(levelonly@fterthed
SR[3] = Vpp[STATUSVPPS) Program(or(Erase[@ommand(sequences(havebeenleéntered,]
0 = VppllowDetect,[perationAbort and(ihforms(the[SystemflVpphasotbeenSwitchedon.[The
0 = VppOK VpplislalsoléheckedBbeforelfhe@perationisMerified By the
WSM.ThelVppstatusBitlisMotguaranteedib@eportlaccurate]
feedbackbDetweenVpp @ndVppiMin.
SR[2] = PROGRAMSUSPENDI[STATUSI(PSS) When[Program[Suspendlislissued, WSMhaltséxecution@nd
[ = Program[Suspended setsBothWSMS[@ndPSSHitsib[™."[PSSBitremainsSetfo "]
@ = Program(ih[Progress/Completed untillaProgramResumeldommandlisissued.
SR[1] = BLOCKMLOCKIBTATUS If@ProgramlorEraseloperationlis@ttemptedivéneldflthed
A = Prog/Eraselattempted(@n(allbckedblock;Operation] lockedBlocks, thisbitlis[SetDythe WSM.[Theloperation[
aborted. specifiedlis[aborted@ndltheldeviceliseturnedibeadStatus]
© = Noloperationo(lbckedblocks mode.
_ ThisbitisMeservedforfuturese@nd3houldbehaskedBut
SR[0] = RESERVEDFORFUTUREENHANCEMENTS[(R) when(polling the Status(register.

NOTE: AlCommand-SequencelError(islihdicatedivhen(SR[4],[SR[5],[and[SR[7][@re(Set.
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5.0 Security[Modes

51 FlexibleBlock[locking

The C3 device offers an instant, individual block-locking scheme that allows any block to be
locked or unlocked with no latency, enabling instant code and data protection.

This locking scheme offers two levels of protection. The first level allows software-only control of
block locking (useful for data blocks that change frequently), while the second level requires
hardware interaction before locking can be changed (useful for code blocks that change
infrequently).

The following sections will discuss the operation of the locking system. The term “state [abc]” will
be used to specify locking states; e.g., “state [001],” where a = value of WP#, b = bit D1 of the
Block Lock status register, and ¢ = bit DO of the Block Lock status register. Figure 5, “Block
Locking State Diagram” on page 28 displays all of the possible locking states.

Figure3.[Blocklocking[StateDiagram

Hardware
Power-Up/Reset Locked b Locked®

[X01] [011]

Software
Unlocked Locked Unlocked

[X00] [111] [110]

- e e == SoftwareBlockLock[(0x60/0x01)0r(S oftware BlockUnlock({0x60/0xDO)

— > SoftwareBlockLock-Down[0x60/0x2F)

M WP#[hardwareGontrol

Notes:  1.[a,b,c]MepresentsWP#,[D1,D0]. IXEFMDon't[Care.
2.[D10hdicatesblocklock-down$tatus. D 10, MLlock-downhashotheenlissuedfo
[Mthis block.MD 1M, Mock-downhas beenlissuediofhis block.
3.[DO0Mhdicatesblockbck$tatus. MDOED’, blocklis Winlocked. MDOEM’, (blocks Ibcked.
4. ocked-downZFMHardwareF[Softwaredocked.
5.[0011](Stateslshouldberackedby3ystem[Softwarefoldetermineldifference
[MMbetweenHardwarelLocked@ndLocked-Down[states.
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51.1 Locking[@peration

The locking status of each block can be set to Locked, Unlocked, or Lock-Down, each of which
will be described in the following sections. See Figure 5, “Block Locking State Diagram” on
page 28 and Figure 17, “Locking Operations Flowchart” on page 57.

The following concisely summarizes the locking functionality.

51.1.1 Locked[State

The default state of all blocks upon power-up or reset is locked (states [001] or [101]). Locked
blocks are fully protected from alteration. Any Program or Erase operations attempted on a locked
block will return an error on bit SR[1] of the Status Register. The state of a locked block can be
changed to Unlocked or Lock Down using the appropriate software commands. An Unlocked
block can be locked by writing the Lock command sequence, 0x60 followed by 0x01.

5.1.1.2 Unlocked[State

Unlocked blocks (states [000], [100], [110]) can be programmed or erased. All unlocked blocks
return to the Locked state when the device is reset or powered down. The status of an unlocked
block can be changed to Locked or Locked Down using the appropriate software commands. A
Locked block can be unlocked by writing the Unlock command sequence, 0x60 followed by 0xDO.

5.1.1.3 Lock-Down[State

Blocks that are Locked-Down (state [011]) are protected from Program and Erase operations (just
like Locked blocks), but their protection status cannot be changed using software commands alone.
A Locked or Unlocked block can be Locked Down by writing the Lock-Down command sequence,
0x60 followed by Ox2F. Locked-Down blocks revert to the Locked state when the device is reset or
powered down.

The Lock-Down function depends on the WP# input pin. When WP# = 0, blocks in Lock Down
[011] are protected from program, erase, and lock status changes. When WP# = 1, the Lock-Down
function is disabled ([111]) and Locked-Down blocks can be individually unlocked by software
command to the [110] state, where they can be erased and programmed. These blocks can then be
relocked [111] and unlocked [110] as required while WP# remains high. When WP# goes low,
blocks that were previously Locked Down return to the Lock-Down state [011], regardless of any
changes made while WP# was high. Device reset or power-down resets all blocks, including those
in Lock-Down, to Locked state.

5.2 ReadingBlock-Lock[$tatus

The Lock status of each block can be read in read-identifier mode of the device by issuing the read-
identifier command (0x90). Subsequent reads at Block Address + 0x00002 will output the Lock
status of that block. The Lock status is represented by DQO and DQ1. DQO indicates the Block
Lock/Unlock status and is set by the Lock command and cleared by the Unlock command. It is also
automatically set when entering Lock Down. DQ1 indicates Lock-Down status, and is set by the
Lock-Down command. It cannot be cleared by software—only by device reset or power-down. See
Table 6, “Device Identification Codes” on page 20 for block-status information.
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Locking[@perationsiduringEraselSuspend

Changes to block-lock status can be performed during an erase-suspend by using the standard
locking command sequences to Unlock, Lock, or Lock Down a block. This is useful in the case
when another block needs to be updated while an Erase operation is in progress.

To change block locking during an Erase operation, first issue the Erase Suspend command (0xBO0),
then check the status register until it indicates that the Erase operation has been suspended. Next,
write the preferred Lock command sequence to a block and the Lock status will be changed. After
completing any preferred Lock, Read, or Program operations, resume the Erase operation with the
Erase Resume command (0xDO).

If a block is Locked or Locked Down during a Suspended Erase of the same block, the locking
status bits will be changed immediately. But when the Erase is resumed, the Erase operation will
complete.

Locking operations cannot be performed during a Program Suspend. Refer to Appendix A, “Write
State Machine States” on page 51 for detailed information on which commands are valid during
Erase Suspend.

Status[Register[Error[Checking

Using nested-locking or program-command sequences during Erase Suspend can introduce
ambiguity into status register results.

Since locking changes are performed using a two-cycle command sequence, e.g., 0x60 followed by
0x01 to lock a block, following the Block Lock, Block Unlock, or Block Lock-Down Setup
command (0x60) with an invalid command will produce a Lock-Command error (SR[4] and SR[5]
will be set to 1) in the Status Register. If a Lock-Command error occurs during an Erase Suspend,
SR[4] and SR[5] will be set to 1 and will remain at 1 after the Erase is resumed. When Erase is
complete, any possible error during the Erase cannot be detected via the status register because of
the previous Lock-Command error.

A similar situation happens if an error occurs during a Program-Operation error nested within an
Erase Suspend.

128-Bit[Protection[Register

The C3 device architecture includes a 128-bit protection register than can be used to increase the
security of a system design. For example, the number contained in the protection register can be
used to “match” the flash component with other system components, such as the CPU or ASIC,
preventing device substitution. The Intel application note, AP-657 Designing with the Advanced+
Boot Block Flash Memory Architecture, contains additional application information.

The 128 bits of the protection register are divided into two 64-bit segments. One of the segments is
programmed at the Intel factory with a unique 64-bit number, which is unchangeable. The other
segment is left blank for customer designs to program, as preferred. Once the customer segment is
programmed, it can be locked to prevent further programming.
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55.1 ReadinglihelProtection[Register

The protection register is read in the read-identifier mode. The device is switched to this mode by
issuing the Read Identifier command (0x90). Once in this mode, read cycles from addresses shown
in Figure 6, “Protection Register Mapping” retrieve the specified information. To return to read-
array mode, issue the Read Array command (OXFF).

5.5.2 Programminglihe[Protection[Register

The protection register bits are programmed using the two-cycle Protection Program command.
The 64-bit number is programmed 16 bits at a time. First, issue the Protection Program Setup
command, 0xCO. The next write to the device will latch in address and data, and program the
specified location. The allowable addresses are shown in Table 6, “Device Identification Codes” on
page 20. See Figure 18, “Protection Register Programming Flowchart” on page 58. Attempts to
address Protection Program commands outside the defined protection register address space should
not be attempted. Attempting to program to a previously locked protection register segment will
result in a Status Register error (Program Error bit SR[4] and Lock Error bit SR[1] will be set to 1).

5.5.3 LockingfheProtectionRegister

The user-programmable segment of the protection register is lockable by programming bit 1 of the
PR-LOCK location to 0. See Figure 6, “Protection Register Mapping” on page 31. Bit 0 of this
location is programmed to O at the Intel factory to protect the unique device number. This bit is set
using the Protection Program command to program OXFFFD to the PR-LOCK location. After these
bits have been programmed, no further changes can be made to the values stored in the protection
register. Protection Program commands to a locked section will result in a Status Register error
(Program Error bit SR[4] and Lock Error bit SR[1] will be set to 1). Protection register lockout
state is not reversible.

Figurel6.[Protection[RegisterMapping

0x88
64-bitlSegment P
(User-Programmable) b
0x85 128-Bit[ProtectionRegister[D
0x84
64-bitlSegment
(Intel [Factory-Programmed) f'//
0x81 lijg?®
PROLockRegister® 2,
0x80 [15]14]13[2[u]wo]o 8765 4 32 1]0] |||\I|ﬂ|{|ﬂ
5.6 VppProgramlandEraselVoltages

The C3 device provides in-system programming and erase in the 1.65 V-3.6 V range. For fast
production programming, 12 V programming can be used. Refer to Figure 7, “Example Power
Supply Configurations” on page 32.
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In addition to the flexible block locking, the Vpp programming voltage can be held low for absolute
hardware write protection of all blocks in the flash device. When Vpp is below or equal to Vpp| k,
any Program or Erase operation will result in an error, prompting the corresponding status-register

bit (SR[3]) to be set.

Figure@.LCExamplePowerSupply[Configurations

12[VSupply

10 KQ

e 12[V[FastProgramming

System(Supply —
Vee

® Absolute(Write[ProtectionWithlV [ BRIV,

System[Supply

Prot#
(Logic[Signal)

—_—V,

VCC

PP

® Low-Voltage[Programming

e Absolute[Write[Protectiontiallogic(Signal

System(Supply
(Note[1)

i

12V Supply

Vee
Vep

o Low[Voltagel@and12[V[FastProgramming

System[Supply

Vee
\%

PP

e Low-Voltage[Programming

NOTE:

0645_06

1. Altesistor(danbelised(ifltheV - [SupplyBan(Sink[adequatedurrentbasedOniesistorValue.[SeelAP-6570
DesigningWwiththe[Advanced+BootBlockFlashiMemory[Architectureforldetails.
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6.0 Power[Consumption

Intel Flash devices have a tiered approach to power savings that can significantly reduce overall
system power consumption. The Automatic Power Savings (APS) feature reduces power
consumption when the device is selected but idle. If CE# is deasserted, the flash enters its standby
mode, where current consumption is even lower. If RP# is deasserted, the flash enter deep power-
down mode for ultra-low current consumption. The combination of these features can minimize
memory power consumption, and therefore, overall system power consumption.

6.1 Active[Power[(Program/Erase/Read)

With CE# at a logic-low level and RP# at a logic-high level, the device is in the active mode. Refer
to the DC Characteristic tables for I current values. Active power is the largest contributor to
overall system power consumption. Minimizing the active current could have a profound effect on
system power consumption, especially for battery-operated devices.

6.2 Automatic[Power[$avings[(APS)

Automatic Power Savings provides low-power operation during read mode. After data is read from
the memory array and the address lines are idle, APS circuitry places the device in a mode where
typical current is comparable to Iccs. The flash stays in this static state with outputs valid until a
new location is read.

6.3 Standby[Power

When CE# is at a logic-high level (V,), the flash memory is in standby mode, which disables
much of the device’s circuitry and substantially reduces power consumption. Outputs are placed in
a high-impedance state independent of the status of the OE# signal. If CE# transitions to a logic-
high level during Erase or Program operations, the device will continue to perform the operation
and consume corresponding active power until the operation is completed.

System engineers should analyze the breakdown of standby time versus active time, and quantify

the respective power consumption in each mode for their specific application. This approach will
provide a more accurate measure of application-specific power and energy requirements.

6.4 Deep[Power-Down[Mode

The deep power-down mode is activated when RP# = V. During read modes, RP# going low de-
selects the memory and places the outputs in a high-impedance state. Recovery from deep power-
down requires @ minimum time of tp\/ for Read operations, and tpyy\y /tppyg for Write
operations.
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During program or erase modes, RP# transitioning low will abort the in-progress operation. The
memory contents of the address being programmed or the block being erased are no longer valid as
the data integrity has been compromised by the abort. During deep power-down, all internal
circuits are switched to a low-power savings mode (RP# transitioning to V|,_or turning off power
to the device clears the status register).

Powerland[Reset[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 VCC and VCCQ together. Conversely, VCC and VCCQ must power-
down together.

It is also recommended to power-up VPP with or after VCC has reached VCC,,. Conversely, VPP
must powerdown with or slightly before VCC.

If VCCQ and/or VPP are not connected to the VCC supply, then VCC should attain VCC,;y, before
applying VCCQ and VPP. Device inputs should not be driven before supply voltage reaches
VCCpin-

Power supply transitions should only occur when RP# is low.

RP#[Connectedo[System[Reset

The use of RP# during system reset is important with automated program/erase devices since the
system expects to read from the flash memory when it comes out of reset. If a CPU reset occurs
without a flash memory reset, proper CPU initialization will not occur because the flash memory
may be providing status information instead of array data. Intel recommends connecting RP# to the
system CPU RESET# signal to allow proper CPU/flash initialization following system reset.

System designers must guard against spurious writes when V¢ voltages are above V| . Because
both WE# and CE# must be low for a command write, driving either signal to V, will inhibit
writes to the device. The CUI architecture provides additional protection since alteration of
memory contents can only occur after successful completion of the two-step command sequences.
The device is also disabled until RP# is brought to V|, regardless of the state of its control inputs.
By holding the device in reset during power-up/down, invalid bus conditions during power-up can
be masked, providing yet another level of memory protection.

Ve, WpplandRP#Oransitions

The CUI latches commands as issued by system software and is not altered by Vpp or CE#
transitions or WSM actions. Its default state upon power-up, after exit from reset mode or after
Vc transitions above V| g (Lockout voltage), is read-array mode.

After any program or Block-Erase operation is complete (even after Vpp transitions down to

VppL k), the CUI must be reset to read-array mode via the Read Array command if access to the
flash-memory array is desired.
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6.6 PowerlSupplyDecoupling

Flash memory power-switching characteristics require careful device decoupling. System
designers should consider the following three supply current issues:

¢ Standby current levels (Iccs)
* Read current levels (Iccr)
¢ Transient peaks produced by falling and rising edges of CE#.

Transient current magnitudes depend on the device outputs’ capacitive and inductive loading. Two-
line control and proper decoupling capacitor selection will suppress these transient voltage peaks.
Each flash device should have a 0.1 puF ceramic capacitor connected between each V¢ and GND,
and between its Vpp and VSS. These high- frequency, inherently low-inductance capacitors should
be placed as close as possible to the package leads.

7.0 Thermall@nd[IDC[Characteristics

7.1 AbsoluteMaximumRatings

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.

NOTICE: [$pecifications(@reSubjectioldhangeWithoutmotice. Verify Withyourllbcalllhtel[Sales[6ffice fhatyouhave
thelatestldatasheetBeforeffinalizing@ldesign.

Parameter Maximum[Rating Notes

Extended(@perating(Temperature

DuringRead —40CCib+850C

DuringBlockErase@ndProgram —40CCipb#850MC

TemperatureinderBias —40CCib+850C
Storagedemperature —-650CHbH#1250C
Voltage[@n[Any[Pinl{exceptlVcc@ndVpp)With[Respectio[GND -0.5 Vib#3.7 V 1
VppVoltage(forBlockErase@andProgram)withRespect[BGND | 0.5 VibEF13.5V 1,2,3
Vec@ndVecq$upplyWoltageWithRespectfo[GND -0.2V[ibE3.6V
OutputShort[CTircuitlCurrent 100A 4
NOTES:

1. MinimumDColtagelis[20.5 VOnlihput/outputlpins.Duringfransitions, fhislevelhayO
undershootb=2.0 Vorperiods&20ms. MaximumIDCNoltage@nihput/outputpinsisVec0
+0.5 Vwhich,[during@ransitions, haydvershootfVc[+2.0 Vibr(periods&20ms.

2. MaximumDColtagednVppaylovershootib#14.0 Viorlperiods&20ms.

3. Vpp[Programoltagelismormally1.65 V-3.6 V.[Connectionibla1.4 V-12.6 VSupplyGanbell
doneffor@Maximumof(1000dycles[dniheainblocks[@nd2500[dycles@ntheparameterl]
blocks(duringlprogram/erase. VpplhayBbeldonnectedib12 Vioriaibtal[6fBOMHourshaximum.O

4. OutputiShortedforfioorethan@nelSecond.Molmorefhan@ne@dutputShorted@t@fime.
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In htel ®lAdvanced+BootMBlockFlashMemory{C3)

7.2 Operating[Conditions
Table10.CTemperaturelandWVoltage[@Operating[Conditions

Symbol Parameter Notes Min Max Units
Ta OperatingTemperature -40 +85 °C
Veer Vcc[BupplyWoltage 1,2 2.7 3.6 Volts
Vees 1,2 3.0 3.6
Veeor 1 2.7 3.6
Veeo2 I/O[BupplyVoltage 1.65 25 Volts
Veeos 18 25
Vpp1 SupplyVoltage 1 1.65 3.6 Volts
Vppo 1,3 11.4 12.6 Volts
Cycling Block[EraselCTycling 3 100,000 Cycles
NOTES:

1. VeclandVecustSharefheS8ameSupplywhenttheylarelihthelV 1 [fange.

2. VccMaxZ3.3V{br0.25pm32-Mbitldevices.

3. ApplyinglWpp = 11.4 V-12.6 VIduring(@lprogram/erase(@an(onlybeldoneforahaximum6f(1000dyclesion]
theainblocks[@nd25008ycles(onihelparameterBlocks. Vpplhaybeldonnectedib12 Vor(aibtal 60
80Mourshaximum.O

7.3 DCI[Current[Characteristics
Table11.[DCI[CurrentCharacteristics(Sheet[16f[3)
Vee | 27W-3.6V | 2.7v-2.85V | 2.7V-3.3V
. TestO
Sym Parameter Veeq | 2.7V-3.6V | 1.65V-2.5V | 1.8W-2.5V | Unit Conditions
Note | Typ | Max | Typ Max Typ Max
VecED
VchaX
| | VeeqED
L nputload[Current 1,2 +1 +1 +1 MA VecoMax
V|NEWCCQD
orlGND
VecEO
VchaX
Outputllleakagel VeeoEO
o Curtant o 1,2 +010 +010 +10 | pA VZESMax
VINENV gl
orlGND
[Datasheet 35
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Intel ®Advanced+BootBlockFlashMemory[{C3)

36

Table[11.[DC[Current[Characteristics[{Sheet2[af[3)

Vee 2.7v-3.6V | 2.7¥-2.85lV | 2.7V-3.3V
s . TestO
ym Parameter Veeg | 27V-3.6V | 1.65V-2.5V | 1.8¥-2.5V | Unit Conditions
Note Typ | Max | Typ Max Typ Max
Vee$tandby[Current VccEO
for(0.13[@nd([0.180 1 7 15 20 50 150 | 250 | pA | VccMax
MicronProduct CE#ERP#0
=Veeo
orlduringd
lccs Program/C]
Vce$tandbyCurrent Erasel
for[0.25Micrond 1 10 25 20 50 150 250 WA | Suspend
Product WP#EZ[0
VCCerD
GND
Ve Power-Downld VecEO
Current(for(0.13[@nd0O 1.2 7 15 7 20 7 20 HA | VocMax
0.18Micron[Product VeeoED
lccp VeegMax
VccPower-Down(l VinEVecQl
Current(for(0.25(] 12 | 7 | 25| 7 | 25 | 7 | 25 | pa |OCND
Product fgé%BNDD
VecRead[Currentfor(d VecEO
0.13[@nd[0.18Micron] | 1,2,3 9 18 8 15 9 15 mA | VccMax
Product VeeoBED
VccQMaX
| OE#ZV,0
CCR Read(C o CE#EV,_
Vc[Read[Currentlford fEBMHz,O
0.25Micron[Product 1,23 10 18 8 15 9 15 mA louT=00nA
InputsEV, 00
OrN/|H
RP#EGNDO
lbpp | PPDEEPPOWer- 1 02 | 5 | 02 5 | 02| 5 | pA |zD2
Down[Current
VepsVec
VppEVpp: g
18 55 18 55 18 55 mA | Programlih(]
Progress
lccwn | VecProgram(Currentd| 1,4 VppEVppan
8 22 10 30 10 30 mA Srzc‘)’)gmr amih0
Progress
VppEFVppy,
16 45 21 45 21 45 mA | Eraselih(
Progress
ICCE VCCIErase[(DurrentD 1,4 VPPENPPZD
12v)[)
8 15 16 45 16 45 | mA (@200 o
Progress
Vcc[Erase[Suspendd
Current(for©0.13[@andO 7 15 50 200 50 200 A | CE#EY
I / | 0.18Micron[Product Erasel] IO
CCES 1,4,5
lccws | Ve EraselSuspendn Suspend(intJ
Current(for(0.250 10 | 25 50 200 | 50 | 200 | pa |Progress
MicronProduct
Datasheet
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In ® htel ®lAdvanced+BootMBlockFlashMemory{C3)

Table11.[DC[Current[Characteristics[{Sheet[36f[3)

Vee | 27V-8.6V | 2.7V-2.85V | 2.7V-3.3V

TestO

Sym Parameter Veeg | 2.7V-3.6V | 1.65V-2.5V | 1.80/-2.5V | Unit Conditions

Note Typ | Max | Typ Max Typ Max

2 | #150 2 | +150( 2 | #150( pA | VppsVec
50 | 200 | 50 | 200 | 50 | 200 | WA |VppzNVcc

Ippr Vpp[Read[Current 1.4

VppEFVep1 o
0.05 | 0.1 0.05 0.1 0.05 0.1 mA | Programih[

Progress

lppwo | Vpp[Program[Currentd | 1,4 VepFVppon

8 22 8 22 8 22 mA Slg(\)/gml’am%D

Progress

VppEVppy,
0.05 | 0.1 | 0.05 0.1 0.05 0.1 mA | Eraselihd
Progress

VppEVpp2n

(12v)0)
8 22 16 45 16 45 mA Eraselih0]

Progress

VppEVppy,
Program(or(
0.2 5 0.2 5 0.2 5 UA | Eraseld
Suspendih(]
Progress

lppE VppEraselCurrent 14

Ippes/ | VccEraselSuspendd
lppws | Current

14 VepEVppan

12v)0)

rogram[orQ]
50 200 50 200 50 200 MA Erasel]

Suspend(ih(]
Progress

NOTES:

1. Allldurrentsfarelih(RMS[unless[dtherwiseMoted.TypicalNalues@tmominal V¢, [T = +250C.

2. TheltestléonditionsVccMax, [V ccoMax, WeeMin, [andV e cqoMintieferfoltheaximumi@rinimum Ve ord
Vccgvoltagefllistediatthefopofeéach@olumn. [V ccMaxZ3. 3V Hor0.25um32-Mbitldevices.

3. AutomaticPower[$avings{APS)educesIcrib@pproximatelyStandbylevelslih(Staticloperation [CMOST
inputs).

4. Sampled,fot[100%[{ested.

5. lccesOrTecwsisBpecifiedwith[devicelde-selected. Ifldeviceisfead Whilelin[@raseSuspend, [Gurrentldraw(]
isBumoflyces@ndlicr. MfiheldeviceliseadWwhileih(program(Suspend,BurrentdrawlisfheSumOf - cys O
andecr.
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7.4 DClVoltagelCharacteristics

Table[12.[DCVoltage[Characteristics

Vee 2.7V-3.6V 2.7V-2.85V 2.7V-3.3V
Sym Parameter |V 2.7V-3.6V 1.65V-2.5V 1.8V-2.5V Unit | Test[Conditions
ccQ
Note Min Max Min Max Min Max
Input@ow( VecBO
Vi Voltage 04 | 555 -0.4 0.4 -0.4 0.4 v
v Input[EilghEI 20 cho[m VCCQ[IE- chQm:l VCCQDE WCCQD:D v
IH Voltage ' +0.3V 0.4V +0.3V 0.4V +0.3V0
Vcc[}chMinD
Vo, | Outputowd ol | o1 0.1 01 01 01 | V |VecoEWecoMin
Voltage loL E100A
. Ve EVecMin
OUtpUtlE“ghD VCCQ[[I VCCQ[IE- VCCQDB cC cC .
Vou | voltage 0.4V o 0.1V . 01V 0oV chégﬁ’)g%&'\’"“
OH
Vpplllock- Complete(Write
VepLK OutVoltage 1 1.0 . 1.0 . 1.0 V' | Protection
Vpp1 | VppMuringd | 1 1.65 36 1.65 36 1.65 36 %
Program(/l]
Vpp, | Erased 12 | 114 126 1.4 12.6 11.4 12.6 Vv
Operations
Veedprog/
Erase
Viko | LockD 15 O 15 O 1.5 O v
Voltage
VceqiProg/
Vikoz E{)iiem 12 u| 12 u| 1.2 u| v
Voltage
NOTES:

1. Erasel@ndProgram(@relihhibitediwhenVpp&Vpp| [@ndDotlduaranteeddutsidefheMalid[VppangesBfVpp, [AndVpp,.
2. ApplyinglWpp = 11.4 V-12.6 VIduring[program/erase(@an(onlybedonefor@aximumaf1000dyclesionthehainBblocks@nd
25000¢yclesi@nfheparameterBlocks. Vpplhaybeldonnectedfo12 VHor(aibtal (6fBOHoursaximum.O
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In htel ®lAdvanced+BootMBlockFlashMemory{C3)

8.0 AC[Characteristics

8.1 AC[Read[Characteristics

Table13.[Read[@Operations—8MbitDensity

Density 8Mbit
Product 90Mms 110Mms
# Sym Parameter Unit
Vee 3.0VE3.6V 2.7VEB.6V 3.0VE3.6V 2.7VE3.6V
Note Min Max Min Max Min Max Min Max
R1 tavay | Read[CycleTime 3,40] 80 90 100 o 110 0 ns
R2 tavgy | Addresso@utputelay | 3,40 80 90 0 100 0 110 ns
R3 teLqv | CE#IbOutputiDelay 1,3,4 80 90 O 100 O 110 ns
R4 teLov | OE#ToOutputelay 1,34 30 30 O 30 O 30 ns
R5 tprov | RP#IoOutputDelay 3,40 150 150 O 150 O 150 ns
R6 teox | CE#foOutputlinow(Z 2,34 0 0 0 O 0 O ns
R7 toLox | OE#{IoOutputlindlowZ | 2,34 0 0 0 O 0 0 ns
R8 tengz | CE#foutputlin®ighz | 2,34 20 20 0 20 0 20 ns
R9 tehoz | OE#IoOutputlihHightZ 2,34 20 20 O 20 O 20 ns
OutputHoldFromO
R10 | toy éﬂgrnzs;'écvﬁféﬂ:g%#m 234 | o 0 0 0 0 o] ns
Occurs[First
NOTES:

1. OE#lhaybe(delayedWpiol, oy_tg gvafterthelfallinglédgedf[CE#NithoutimpactOn( oy

2. Sampled,ButBot100%[fested.

3. SeelFigure8,"ReadOperationWaveform”on[page 43.

4. SeelFigure[11,MACInput/OutputReferenceWaveform”dn(page 50Foriimingheasurements@ndaximum@llowablelihput[]
slew(rate.
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Intel ®Advanced+BootBlockFlashMemory[{C3) In ®
Table14.[Read[@perations—16MbitDensity
Density 16Mbit
para- | Product 70ms 80[ns 90Ms 110Mms
# Sym | mete Unit | Notes
r Vee 2.7V-3.6lV | 2.7V-3.6[V | 3.0v-3.6[V | 2.7WV-3.6V | 3.0V-3.6V | 2.7V-3.6V
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
R1 | tayay | Read[CycleTime | 70 80 80 90 100 0 | 110 O ns 34
t Address(ib
R2 A\\;Q OutputDelay 70 80 80 90 0 | 100 0O | 110 ns 3,4
R3 | 'Eo | CEAMOOUpUL] 70 80 80 90 0]100| O|110 | ns | 134
v elay
Ra | 'etq | OEAIIDuIpUT] 20 20 30 30 0|3 | O30 |ns | 134
v elay
Rs | fPro | REAMODutpUL] 150 150 150 150 150 150 | ns | 34
v elay
t CE#[bOutputlih
R6 E;Q CowZ 0 0 0 0 0 0 ns 2,34
t OE#[Ib[@utputlih(
R7 GXLQ LowZ 0 0 0 0 0 0 ns | 2,34
Rg | teno | CEHIDOUtpULInG 20 20 20 20 20 20 | ns | 234
z ighz
t OE#{b[Outputlih0
R9 G;Q HighZ 20 20 20 20 20 20 ns 2,34
OutputHoldfrom0]
Address,[CE#,Gr0J
R10 ton | OE#Change,O 0 0 0 0 0 0 ns 2,34
Whichever(
Occurs[First

NOTES:

1. OE#[ay(Beldelayedtipblik oyt qvAfterhefallingledgeBfICE#Withoutimpactlon ov-

2. Sampled,Butnot[100%{ested.

3. SeelFigure8,[Read@perationWaveform”dnpage 43.

4. SeelFigure[11,MACIhput/OutputReferenceWaveform”onpage 50forfimingheasurements(andhaximum(@llowablelihput(
slew(rate.
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In htel ®lAdvanced+BootMBlockFlashMemory{C3)

Table[15.[Read[@perations—32[MbitDensity

Density 32Vbit
Product 70Ms 90Mms 100[ns 110[ms
# Sym r?wzrtg} Unit | Notes
Vee 2.7V-3.6lV | 2.7V-3.6[V | 3.0V-3.3V | 2.7V-3.3[V | 3.00v-3.3V | 2.7[V-3.3V¥
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
R1 | tavav | Read[CTycleTime 70 90 90 100 100 0 | 110 O ns 3,4
R2 | tavo | AddressTbOutputd 70 90 90 100 | O |100| O |10 | ns | 34
v elay
R3 | 'ELo | CEAOIOUtpULD 70 90 90 100 | O |100| O |10 | ns | 134
\Y y
Ra | ‘et | OEATOUIpULT 20 20 30 30 o | 30 O] 30 | ns | 134
v elay
R5 | tPro | RPAMOIOUIpULD 150 150 150 150 150 150 | ns | 34
Y y
t CE#{fo[Dutputihd
R6 E)'ZQ CowZ 0 0 0 0 0 0 ns | 23,4
t OE#{fo[Outputih(]
R7 G)'(—Q LowZ 0 0 0 0 0 0 ns 2,3,4
Re | teno | CEADOUtputnG 20 20 20 20 20 20 | ns | 234
z ighlz
Ro | fero | OE#DOUtputlinG 20 20 20 20 20 20 | ns | 234
z ghlZ
OutputHoldfromO
Address,[CE#,0r(]
R10 | toy | OE#[Change,O 0 0 0 0 0 0 ns 2,3,4
Whichever[
OccurslFirst

NOTES:

1. OE#haybeldelayedpiol ov_tg gvAfterihelfallingledgeldf[CE#Mithoutimpacton(k oy

2. Sampled,ButBot100%[fested.

3. SeelFigure8,ReadOperationWaveform”@n[page 43.

4. SeelFigure[11,@AC[Ihput/OutputReferenceWaveform”@n[page 50forimingheasurements(andfaximum(@llowable[]
input(Slewrate.
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®
Table6.[Read@perations—B4MbitDensity
Density 64Mbit
Product 700s 80Mms
# Sym Parameter Unit
Vee 27V-36 | 2.7v-3.6V
Note Min Max Min Max
R1 tavay | Read[CycleTime 3,40 70 80 ns
R2 tavgv | Addresslfo[@utputiDelay 34 70 80 ns
R3 tg qv | CE#ToOutputDelay 1,34 70 80 ns
R4 | tgqv | OE#IbOutputDelay 1,34 20 20 ns
R5 | tphov | RP#IoOutputDelay 34 150 150 ns
R6 | tgox | CE#IoOutputin@ow(Z 2,34 0 0 ns
R7 | tgLox | OE#[IbOutputihlowlZ 2,34 0 0 ns
R8 | tgnoz | CE#(oOutputliniBighlZ 2,34 20 20 ns
R9 | tgHgz | OE#bOutputlihHighlZ 2,34 20 20 ns
OutputMoldfrom[Address, [CE#, BrlOE#0
R10 | fon Change,[Whichever[Occurs[First 23,4 0 0 ns
NOTES:
1. OE#[aybeldelayedUipib iy oyt qvafterthefallinglédgeBfICE#Withoutimpactlony oy
2. Sampled, Butot100%dested.
3. SeelFigure(8,Read@peration(Waveform”0n(page 43.
4. SeelFigure1,[ACInhput/OutputReferenceWaveform”@n[page 50for{imingeasurementsiandd]
maximum@llowablelihputSlewrate.
Figure[8.[Read[@Operation(Waveform
R1 »
R2 ﬁ
AddressTA] K
R3 «—R8—»|
CE#[[E] N
—R4—» R9 &
OE#([G]
WE#W]
» «R7
< R6 +» «R10
Datal[D/Q] L
« R5
RST#IP] /
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htel ®lAdvanced+BootMBlockFlashMemory{C3)

8.2 AC[Write[Characteristics
Table17.[1Write[Operations—8MbitDensity
Density 8Mbit
Product 90[ns 110Mms
# Sym Parameter 3.0VE3.6V 80 100 Unit
Vee
2.7V3E3.6IV 90 110
Note Min Min Min Min
w1 EE:;VLL”] RP#HighRecoveryfoWE#[[CE#)Goingllow | 4,5 150 150 150 150 ns
w2 EELWLm CE#WE#)SetupfoWE#{ICE#)[Going Tlow 45 0 0 0 0 ns
WLEL
w3 EWLWHED WE#[{ICE#)[PulseWidth 45 50 60 70 70 ns
ELEH
w4 ng\év:m DatalSetupfoWE#CE#)[GoingMigh 2,45 50 50 60 60 ns
W5 EAVWHm AddressSetupfoWE#{CE#)[GoingMigh 2,45 50 60 70 70 ns
-AVEH
w6 EWHEHED CE#{(WE#)HoldTimefrom WE#(CE#)[High | 4,5 0 0 0 0 ns
EHWH
W7 E\év:;;m DataMoldTimefromWE#{CE#)Bligh 2,45 0 0 0 0 ns
w8 EWHAXHD Address®HoldTimefromWE#{CE#)®igh 2,45 0 0 0 0 ns
EHAX
w9 EWHWLM WE#[{ICE#)[PulseWidthHigh 2,45 30 30 30 30 ns
EHEL
w10 :ﬁ‘é\’:m VppSetupfoWE#{ICE#)[GoingHigh 34,5 200 200 200 200 ns
W1l tQVVL Vppﬁold[ﬂ’omlﬂ/alldBRD 3,4 0 0 0 0 ns
W12 EBHWHED WP#SetupMoWE#{CE#)GoingHigh 3,4 0 0 0 0 ns
BHEH
W13 toveL WP#{HoldfromValid[$RD 3,4 0 0 0 0 ns
W14 twHGL WE#HighTo[DE#[Goingdlow 3,4 30 30 30 30 ns
NOTES:

1. Write[pulseidth((typ)isdefined from[CE#OrAVE#Goinglbw(whicheverlgoes(lbwllast) to [CE#OrWWE#(going High((wvhicheverd
goeslhighfirst).Mence,Byp = twiwH = teLEH = twiLen = teLwn-[Bimilarly, Write[pulseWidthhigh [ty py) G5 [defined from[CE#0r0]

WEH#[goinghigh{iwhichever(goeshigh(irst) to[CE#OrWE#[goingbw(whicheverlgoesbwllast).[Hence,O

twrH = twHwL = tEHEL = twHEL = tEHWL-

AwWN

slew(rate.
5. SeelFigure®,™Write[@perationsWaveform”@n[page 48.

[Datasheet

. Refer(ibTable 7,[ICommandBus[Operations”onpage 24 ForValid[Ay0rIDy.
. Sampled, ButBot100%[fested.
. See(Figure1,MACOhput/OutputReference Waveform”@npage 50forfimingeasurementsi@andmaximum(allowableihput(
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Table[18.0Write[Operations—16MbitDensity

Density 16Mbit
Product 70ns | 80Mms 90ms 110ms
# Sym Parameter 3.0V=23.6vV 80 100 Unit
Vee
2.7VE3.61V 70 80 90 110
Note | Min Min Min | Min Min Min
W1 tppwL | RP#HighRecoveryfoWE#{CE#)[GoingD 45 150 150 150 | 150 | 150 | 150 ns
tpHEL Low
W2 :ELW'-D] CE#[(WEH#)[Setup@oWE#{ICE#)[Goinglow | 4,5 0 0 0 0 0 0 ns
WLEL
w3 :WLWHED WE#ICE#) [Pulse[Width 1,45| 45 50 50 | 60 70 70 ns
ELEH
w4 :DVWHED Datal$etupoWE#CE#)GoingMigh 245 40 40 50 | 50 60 60 ns
DVEH
W5 :AVWHD] Address[SetupfoWE#{ICE#)[GoingBigh 245| 50 50 50 60 70 70 ns
AVEH
W6 twhenD | CE#[QWE#) HoldTime fromWE#[(CE#)U 45 0 0 0 0 0 0 ns
tEHwH High
w7 :WHDXED DataBoldTimefromWE#[CE#)High 2,45 0 0 0 0 0 0 ns
EHDX
w8 :WHAXED AddressHoldTimefromWE#{ICE#)High | 2,4,5 0 0 0 0 0 0 ns
EHAX
w9 :WHWLUJ WE#I(CE#)[PulseWidth[High 145| 25 30 30 | 30 30 30 ns
EHEL
W10 :ﬁ\év:m VppSetupfoMWWE#ICE#)[GoingMigh 3,4,5| 200 200 | 200 | 200 | 200 | 200 | ns
WIL | towe VppifoldiromValid[SRD 3,4 0 0 0 0 0 0 ns
W12 IBHWHED WP#SetupoWE#[CE#)[GoingMigh 34 0 0 0 0 0 0 ns
BHEH
W13 | toveL WP#oldfromValid(SRD 3,4 0 0 0 0 0 0 ns
W14 | twheL WE#HighTo[DE#[Goingdlow 3,4 30 30 30 | 30 30 30 ns
NOTES:

1. WritelpulseWidth({t,yp)i5[definedfrom[CE#0rWE#[GoingIbwl{(whichever(goesIbw(last) to[CE#OrWE#[goinghighO

(whicheverlgoeshighfirst).[Hence,fyp = twiwh = teLen = twien = terwn-Bimilarly, Write [pulseWidthbigh(typ) i5[definedO

from[CE#[orOWE#(goinghigh{whichever(goeshighirst) to[CE#0rWE#[goinglow{whichever(doeslbwlast).[Hence,O

twprH = twhwe = EEHEL = twHEL = TEHWL:

A WN

slew(tate.
5. SeelFigure,[“Write[Operations(Waveform”@n[page 48.

44

. Referlib[Table 7,[%CommandBus[Operations”Bn[page 24{orNalidAyOrD,y.
. Sampled,Butmot[100%fested.
. SeelFigure[11,ACInput/OutputReferenceWaveform”on[page 50foriimingheasurements[andfhaximum(@llowablelihput(
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Table19.0Write[Operations—32[MbitDensity

Density 32[Mbit
Product 70Mms | 90ms 100ms 1100ms
# Sym Parameter 3.0v33.60v8 90 100 Unit
Vee
2.7VE3.6V 70 90 100 110
Note Min Min Min Min Min Min
w1 | lprwll | RP#HighRecoveryWEAICEND | 45 | 150 | 150 | 150 | 150 | 150 | 150 | ns
tPHEL GoingTlow
wo | tewlD | CE#IWE#)Setup foWE#(CE#)D 45 o 0 0 0 0 0 ns
twier | Goinglow
twiwnH _
w3 | /0 WE#[(CE#)[PulseWidth 1,45 45 60 60 70 70 70 ns
teLen
W4 :DVWH[E Datal$etup@oWE#[ICE#)[Going®igh | 2,4,5 40 40 50 60 60 60 ns
DVEH
W5 tavwhZ Address[ﬂ&etup[thVE#E(I:E#)[(BongI 245 50 60 60 70 70 70 ns
taven | High
twhen CE#[QWE#)Hold@imefromWE#DO
W6 tewn | (CE#)High 4,5 0 0 0 0 0 0 ns
W7 twhpx[l] DatalHoldTimefromWE#(CE#)D 245 0 0 0 0 0 0 ns
teqpx | High
w8 twhax L] AddressHoldTimefromWE#[(CE#)0 245 0 0 0 0 0 0 ns
tepax | High
w9 :WHWLM WE#{ICE#)[PulseWidth[High 1,45 25 30 30 30 30 30 ns
EHEL
W10 :VPWHm VppBetup@WE#(CE#)[GoingHigh | 3,45 200 200 200 200 200 200 ns
VPEH
W11 | toywe | VepdrioldfromValid(SRD 3,4 0 0 0 0 0 0 ns
W12 tgpwrIl] WP#SetupIoWE#{(CE#)[Going[] 34 0 0 0 0 0 0 ns
tgpen | High
W13 | toyp. | WP#dHoldfromValid[SRD 3,4 0 0 0 0 0 0 ns
W14 | twhoL | WE#HighOo[OE#[GoingMlow 3,4 30 30 30 30 30 30 ns
NOTES:

1. Write[pulseWwidth[(typ)isdefinedfromCE#OrAVE#[going Ibw({(whichever(goes(lbwilast) to[CE#OrMVE#[Goinghigh(whichever[
goes[high[ﬂrst).[ﬁ-lence,[f{,vp = twiwH = tELEH = twiLEH = tELWH.[$imiIarIy, Write[pulsewidthlhigh EUthH)ESefined[fromE(DE#lﬁrD
WE#([goinghighiwhichever[goeshigh(first) to[CE#BrMWE#[goingbw(whichever[goeslbwIast).[Hence,[

twpH = twHwL = teHEL = twHEL = tEHWL

ArWON

slew(rate.
5. SeelFigure,™Write[Operations(Waveform”[@n[page 48.
6. VccMax(=3.3[Vfbr32-Mbit0.25Micronproduct.O

[Datasheet

. Referibable 7,[FCommandBus[Operations”onlpage 24{orvalidAOrD,y.
. Sampled,Buthot100%fested.
. See(Figure1,FACOhput/OutputReference Waveform”@npage 50{br{imingheasurementsi@andmaximumlallowableihputd
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Intel ®Advanced+BootBlockFlashMemory[{C3)

Table20.0Write[Operations—64MbitDensity

INial.

Density 64Mbit
# Sym Parameter Product 80[ms Unit
Vee | 27VEB.6IV | Note | Min
Wi :g:‘é":—m RP#HighRecovery IoWE#[[CE#)[GoingTow 4,5 150 ns
W2 E\i/'—LVI‘étm CE#[(WE#)[Setupfo[WE#{CE#)[GoingIow 4,5 0 ns
W3 :thg'Hm WEH{CE#)PulseWidth 145 | 60 ns
W4 :gx‘é":m:’ Data[$etupfo[WE#[ICE#)GoingBigh 2,45 40 ns
W5 :x‘é":m Address[SetupoWE#[CE#)GoingBligh 2,45 60 ns
W6 ::/:Vi:mj CE#IWEH)HoldTimefromWEH#{CE#)HBigh 45 0 ns
w7 ::':[?;m DatalBoldTime fromSWEAICE#)High 245 0 ns
w8 :‘é";‘:;(mj AddressHoldTimefromWE#{CE#)Bligh 2,45 0 ns
e ::/:gtm WEH#IICE#)PulseWidthHigh 145 | 30 ns
W10 :xg\g:m Vpp SetupEoWE#{CE#) GoingHigh 345 | 200 | ns
W11 | toww VppHoldfromValid[SRD 3,4 0 ns
w12 :g:\é\ﬁm WP#[SetupfoWE#{CE#)[GoingHigh 3,4 0 ns
W13 | toveL WP#HoldfromValid[3RD 3,4 0 ns
W14 | twheL | WE#Highib[OE#Goingdlow 3,4 30 ns
NOTES:

1. Write[pulseWidth({(typ)isldefinedfromCE#OrAVE#(goingIbw(whichever(goeslbwlast) o [CE#[6r(]
WE#II_il]OlngEﬁlgh Mhichever@oes[ﬂligh[ﬂrst).EE-Ience,Ef{Np = twLwH = teLEH = tWLEH = tELWH'D
Similarly,write [pulse Widthhigh[{typp) i5[defined from[CE#BriWE#[goinghigh{{iwhichever[goes
high(irst) to[CE#0r[WE#[going Dbw({whichever(goesbwllast).[Hence,O

twpH = twHwi = teHEL = twHEL = TERWL-

AwWN

maximum/[allowablelihput(Slew(fate.
5. SeelFigure9,“Write[Operations(Waveform”[@n[page 48.

46

. Referlib[Table 7,[%CommandBus@perations”On(page 24{orNalidA,\OrD,y.
. Sampled,Butot100%(fested.
. SeelFigure11,MACOhput/OutputReference Waveform”@npage 50fordimingtheasurements@and]
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Figure®.[Write[OperationsWaveform

le
« \/\/5—+7W84ﬁ
Addressa] I .
<7W64ﬁ
CE#(E]
W3
W2 R
WE#(W]
OE#[G]
%7\/\/44’«\/\”%
DatallD/Q]
> WL [«
RP#(P]
%—W10—>
VppV]
8.3 Erasel@nd[Program[Timings
Table21.[Erasel@nd[Programdimings
Vpp 1.65[V-3.61V 11.4V-12.6[V
Symbol Parameter Unit
Note Typ Max Typ Max
4-KWParameterBlock
tewpB WordProgramTime 1,2,3 0.10 0.30 0.03 0.12 s
32-KWMainBlockO
tBwmB WordProgram(Time 123 0.8 2.4 024 L s
WordProgram(Timefor0.130]
y and[0.18MicronProduct 123 12 200 8 185 HS
t iz
WHQVIETEHQVL WordProgramTimel(for0.250] 123 29 200 8 185 s
MicronProduct - H
4-KW[ParameterBlock
tWHQVZE[ﬂEHQVZ EraseTime 1,|2,|:3 0.5 4 0.4 4 S
32-KWMainBlock
tWHQV3[IIIEHQV3 EraseTime 1,2,83 1 5 0.6 5 S
twhrH1MIERRH1 | Program[3Buspenddlatency 1,3 5 10 5 10 ps
twhrH2 MIEnRH2 | Erase[Buspend(latency 1,3 5 20 5 20 ps

NOTES:

1. TypicalValuesheasured@tT = +25FC[@AndMominaloltages.
2. Excludes[éxternallSystem-levell@verhead.

3. Sampled,Butbot100%{ested.

[Datasheet
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8.4 Reset[$pecifications

Table22.[Reset[$Specifications

VecR.7VERB.6V
Symbol Parameter Notes Unit
Min Max
RP#ILowl(ibResetlduringRead
tpLPH (IfRP#05Hed b ¢, thisiSpecificationishot 1,2 100 ns
applicable)
tpLRH1 RP#ILowlib[ResetlduringBlockErase 3 22 ps
tpLRH2 RP#LLowlib[Resetlduring(Program 3 12 ps
NOTES:

1. Iflip pyi5[00msiheldevicehay(stillHesetbutihisisMotlguaranteed.

2. IfRP#lis[@ssertedwhile@BlockErasedr\Word[Program@perationlisot@xecuting, fhefesetwil[Gomplete[
within[100[@ms.

3. Sampled, Buthot100%ested.

Figure[10.[ResetOperationsWaveforms

Vi I
RPHIP)0 ¢
4 teHov
A oL
torpy T PHEL

PLPH

(A)Resetlduring[ReadMode
Abort t
Compmml tE:gX
tPLRH <+t ppEL
re#P)D ™ T\
Vi .

(B)ResetduringProgramorBlockErase, HHIFHIE tPLRH

RP#P)DH T\

tprLpH

Abort
Complete

le——tpLRH —

Deep
Power-| tPHQV

Down  fe- {PHWL
tpHEL

Vi

teipH

(C)ResetProgram@rBlockErase, TEIRE [T pLrH
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8.5 AC/O[Test[Conditions

Figuredl.[AChput/OutputReferenceWaveform

Veeo 4
Input VCCQ/2><<—Test[E>oints —>><VCCQ/2 Output
ov %%

NOTE: InputimingBegins,andbutputfiming(énds, @tV cco/2. Mnputliiseland fallfimes{10%{o[80%) = B0s. O
WorstldaselSpeed(donditions(arewhenVccENccMin.

Figurel2.OransientEquivalentTestinglload[Circuit

CCQ

Device

Under(Test l O Out
C, R,

NOTE: SeelTable17{orl@omponentitalues.

Table23.[Mrest[Configuration[ComponentValuesforWorstCasel$Speed[Conditions

Test[Configuration C_ {pF) R, [(kQ) R,kQ)

VecgMiniStandardTest 50 25 25
NOTE: C_lihcludesligldapacitance.

8.6 DevicelCapacitance
Tp=25°C, f=1MHz
Symbol Parameter® Typ Max Unit Condition
Cin Input[Capacitance 6 8 pF ViNED.OV
Cout Output[Capacitance 8 12 pF VoutED.0V

$Sampled, Bot[100%(fested.

[Datasheet 49
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Intel ®Advanced+BootBlockFlashMemory[{C3) In ®
This table shows the command state transitions based on incoming commands.
CommandInhput{and Mext[State)
Datall Program(] Erasel] Erasel] Prog/Ers] Prog/Ersl] a Clear]
Current[State SR.7 When( Ree(lga_'r)rayE Setup((10/ Setupl ConfirmO Suspendd Resumel] Rea(t;'t_'e;tusD Statusl]
Read 40H) (20H) (DOH) (BOH) (DO) (50H)
Read[Array “r Array Read(Array Prog.[Setup Ers.[Setup Read[Array Read[S$ts. Read[Array
Read[Status “1r Status ReadArray Prog.[Setup Ers.[Setup Read[Array Read[Sts. Read[Array
Read[Config. ‘1 Config Read[Array Prog.[Setup Ers.[Setup Read[Array Read[Sts. Read[Array
Read[Query “r CFI Read(Array Prog.[Setup Ers.[Setup Read[Array Read[S$ts. Read[Array
wpn LockO LockO
Lock[Setup 1 Status Lock[CommandError Lock{Done) Cmd.Error (Done) Lock[Cmd.Error
Lock[Cmd.[Error “1" Status Read[Array Prog.[Setup Ers.[Setup Read[Array Read[Sts. Read[Array
Lock@per.[(Done) “1" Status Read[Array Prog.[Setup Ers.[Setup Read[Array Read[Sts. Read[Array
Prot.[Prog.[Setup “1” Status Protection(Register(Program
Prot.[Prog. “0” Status ProtectionRegister[Program(NotDone)
(Notone) 9 g
Prot.[Prog.[(Done) “r Status Read(Array Prog.[Setup Ers.[Setup Read[Array Read[S$ts. Read[Array
Prog.[Setup “1r Status Program
Program[{NotDone) “0” Status Program[{Not[Done) Prg?éffgs'm Program({NotDone)
wqn Prog.[Bus.O Program3uspendd Prog.[(NotO | Prog.Bus.Rd.0O ProgramO Prog.[Bus.O Prog.[Sus.O
Prog.[Susp. (tatus 1 Status Read(Array Read[Array Done) Array (Not(Done) Status Rd.[Array
Prog.[Busp.[Readl agn Arra Prog.[Bus.O Program3Buspend Prog.[(NotO | Prog.Bus.Rd.O] Program0 Prog.[Bus.0 | Prog.[Sus.O0
Array Yy ReadArray Read[Array Done) Array (Not[Done) Status Rd.[Array
Prog.[Susp.[Readl agn Confi Prog.[Sus.O) Program[Suspend Prog.[(NotO | Prog.Sus.Rd.0] Program0 Prog.[Sus.0 | Prog.[Sus.00
Config 9 ReadArray Read[Array Done) Array (Not[Done) Status Rd.[Array
Prog.[Susp.Read “qn CFI Prog.[Bus.O Program[Suspendd Prog.[(Not0 | Prog.Bus.Rd.0] Program0 Prog.[Sus.0 | Prog.[Sus.0
Query Read(Array Read[Array Done) Array (Not(Done) Status Rd.[Array
[Program[{Done) “1r Status ReadArray Prog.[Setup | Ers.[Setup Read[Array Read(Status Read[Array
wqn Erase Erase[Cmd.[] Erase
Erase[Setup 1 Status Erase[CommandError (NotDone) Eo (NotDone) Erase[CommandError
Erase[Cmd.Error “1" Status Read[Array Prog.[Setup | Ers.[Setup Read[Array Read[Status Read[Array
Erase[(Not[Done) “0” Status Erasel((Not(Done) Erg?;[fs“s' o Erase((Not(Done)
wqn Erase[$us.0 Ers.[Bus.00 Ers.[Sus.[Rd.O0 Erase[Sus.O Ers.[Sus.O0
Ers.[Susp.[Status 1 Status ReadBrray Prog.[Setup Rd.Array Erase Array Erase Status Rd.Array
wpn Erase[$us.0 Ers.[Bus.0 Ers.[Sus.Rd.O Erase[Sus.O Ers.[Sus.0
Erase[Susp.[Array 1 Array ReadAray Prog.[$etup Rd. Array Erase Array Erase Status Rd.Array
Ers.[Busp.Readl] wqn 3 EraselSus.0 Ers.[$us.0 Ers.[Sus.[Rd.0 Erase(Sus.O Ers.[Sus.O
Config 1 Config ReadArray Prog.[Setup Rd.[Array Erase Array Erase Status Rd.[Array
Ers.[Busp.[Read[] wqn Erase($us.00 Ers.[$us.00 Ers.[Sus.[Rd.00 Erase(Sus.O Ers.[Sus.O
Query 1 CFl Read(Array Prog.[Setup Rd.[Array Erase Array Erase Status Rd.[Array
Erase{Done) “1r Status ReadArray Prog.[Setup Ers.[Setup Read[Array Read[Sts. Read[Array
50 Datasheet
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htel ®lAdvanced+BootMBlockFlashMemory{C3)

Command Input{andNext[State)

Current(State Read[Config ReadQuery[l Lo?égf_%mp Prot.[Prog.00 Lock[ConfirmO L%%knﬂﬁ?%vnﬂ UnlockConfirm
(90H) (98H) Setup[(COH) (01H) (2FH) (DOH)
Read[Array Read[Config. Read[Query Lock[$etup Prot.[Prog.[Setup Read[Array
Read[Status Read[Config. Read[Query Lock[Setup Prot.[Prog.[Setup Read[Array
Read[Config. Read[Config. ReadQuery Lock[Setup Prot.[Prog.[Setup Read[Array
Read[Query Read[Config. Read[Query Lock($etup Prot.[Prog.[Setup Read[Array
Lock[Setup LockinglCommandError Lock@peration{Done)
Lock[Cmd.[Error Read[Config. Read[Query Lock[Setup Prot.[Prog.[Setup Read[Array
Lo(([:)kOE(r?g)enD Read[Config. Read[Query Lock[Setup Prot.[Prog.[Setup Read[Array
Prot.[Prog.[Setup ProtectionRegisterProgram
Prot.[Prog. q .
(NotDone) ProtectionRegister[Program(Not[Done)
Pr{)ljtb[ﬁgg.m Read[Config. Read[Query Lock[Setup Prot.[Prog.[Setup Read[Array
Prog.[Setup Program
Program
(NotDone) Program({(Not[one)
Prog.[Susp.0 Prog.[Susp.0 Prog.[Susp.0 Program0J
Status Read[Config. ReadQuery RrogamisiispendiReadiariay (NotDone)
Prog.[Susp.O) Prog.[Susp.0 Prog.[Susp.0 Program(J
Read[Array Read[Config. ReadQuery Program(SuspendRead[Array (NotDone)
Prog.[Susp.O Prog.[Susp.O Prog.[Susp.0 Program[J
Read[Config. Read[Config. Read[Query Program[SuspendRead[Array (Not[Done)
Prog.[Susp.[ Prog.[Susp.0 Prog.[Susp.0) Program(J
Read[Query. Read[Config. Read[Query ProgramSuspend(Read(Array (Not(Done)
igg;’:r)n Read[Config. Read[Query Lock($etup Prot.[Prog.[Setup Read[Array
Erase Erasel
Setup Erase[Command(Error (NotDone)
Eraéf%rmd.D Read[Config. Read[Query Lock[Setup Prot.[Prog.[Setup ReadArray
E O
(Notrtﬁ)sc?ne) Erase[(NotDone)
Erase(Susp.O Ers.[Susp.[Readl Erase[Suspendd Erase
Status Config. ReadQuery Lock[$etup Erase[SuspendReadArray (NotDone)
Erase[Suspend Ers.[Susp.[Readl Erase(Suspendl Erase
Array Config. Read@uery Lock[Setup Erase[SuspendReadArray (NotDone)
Eras(Sus.[Readl] Erase[Suspend[] Erase(Suspend(] Erase
Config Read[Config. Read[Query LockiSetup Erase(SuspendReadArray (NotDone)
Eras[Sus.[Readl] Erase[Suspendl] Erase[Suspendd Erase
Query ReadIConfig. ReadQuery Lock($etup Erase[Suspend[ReadArray (NotDone)
Ers.(Done) Read[Config. Read[Query Lock($etup Prot.[Prog.[Setup Read[Array
[Matasheet 51
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AppendixBIFlow[Charts

52

Figure13.Word[Program[Flowchart

Write[0x40,
Word[Address
Write[Data,
Word[Address
Read[Status
Register

{Setup)

[{Confirm)

FullStatus
Check
(if[desired)

Program
Complete

Read(Status
Register

Device

0
Program
Successful

WORD[PR

RAMPR EDURE
Bus 1o d c t
Operation omman omments
Write Program |DataZ 0x40

Setup |Addr(Z Location(iblprogram

DataZ Datalfolprogram

Protect(Error

Write Data | Addr@ Locationfolprogram
Statusl(register [data:[TogglelCE#0Or

Read None OE#{fblupdate[Status[Register
Check(SR[7]

Idle None [1E WSMReady
0E WSM(Busy

Repeat(for [SubsequentWor dProgram [@perations.

FullStatusRegister [Bheck(@anbeldonelafter [@achlprogram, Or
after [@[Sequenceldfiprogram [Operations.

Write[OxFF [Efter thellastOperationfo(SetfoheReadArray
state.

FULLSTATUS[CHECK[PROCEDURE

Bus
Operation Command Comments

Check[3R[3]:

Ide None 1V, [Error
Check[3R[4]:

ldle None 1= DatalProgramError

e None Check[3R[1]:
1= Block(Ibcked;dperationiaborted

SR[3]IMUST BeldlearedBeforetheWrite[StateMMachineWill
allowfurther [program @ttempts.

If@an@rror is[detected,dlear fhe[Status[Register [Before
continuinglOperations=anlythelClear [StausRegister
command(@lears(the[$tatusRegister Error Bits.
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Figure4.[Program[SuspendIResumeFlowchart

(Matasheet

htel ®lAdvanced+BootMBlockFlashMemory{C3)

Write[OxBO
Any[Address

y

Write[0x70
Any[Address

y

Read[Status

PROGRAMISUSPENDIIRESUME IPROCEDURE

[(Program[$uspend)

[(Read[Status)

Register

A

Program
Completed

Write[OxFF (ReadArray)
v v
ReadArray : (Read
Data Write[OxFF Array)
ReadArray
Data

Write[OxDO

(Program[Resume)

Any[Address

Program
Resumed

Bus

Operation Command| Comments
Write Read |Data= 0x70
Status [AddrZ Anyl@ddress
Wit Program |DataZ 0xBO
rie Suspend |AddrZ Anyl@ddress
Status(fiegister[data
Read None Toggle[ﬂ:E#r [OE#{Iblupdate(Status
register
Addr# Any[&ddress
Check[SR[7]:
Idle None |1EF WSMIready
0 WSMDBusy
Check[SR[2]:
Idle None |1Z Program(Suspended
0= ProgramiGompleted
Write Read |Data= OXFF
Array |AddrZ Anyl@ddress
Read N Read(@rray[datalfrom Blockdther Than
e O€ | theGneDei nglprogrammed
Write Program |Data= 0xDO
Resume |AddrZ [Any@ddress

53

wwwe.DataSheetdl.com



Intel ®Advanced+BootBlockFlashMemory[{C3)

Figure15.[EraseBuspendIResumelFlowchart

54

ERASE PENDITRESUME [PROCEDURE
Bus
Operation Command Comments
Write Read |Data= 0x70
i Status [ Addr= Anyladdress
Xx;lgigz;igs rase[Suspend) Y
¢ Wit Erase |Data OxBO
- rie Suspend |AddrZ Any@ddress
Writel0x70,
AnylAddress (ReadStatus)
Status[Register [data.TogglelT E#{or
Read None | OE#{iblupdate[Status fegister;
ReadStatus | 4 Addr= Any[Address
Register ~
Check[SR[7]:
Idle None |1E WSMIdeady
0F WSMbBusy
Check[3R[6]:
Idle None |1 EraselSuspended
OF Eraseldompleted
Write ReadArray | DatalZ OxFF[Or [0x40
or[Program| Addr = Any@address
Write[OxFF Read(dr N ReadI@rray(dr [program [datafftrom/to
¢ Write O | plock@ther [thanltheldneBeinglérased
ReadArray | . Program |[DataZ 0xDO
(Read(Array) Data - Wite | zesume |Addrz Any[Address
A 4
Writel0xDO, .
(Erase[Resume) AnyAddress Write[OxFF (Read(Array)
Resumed Data
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Figure16.Block[EraseFlowchart

(Matasheet

htel ®lAdvanced+BootMBlockFlashMemory{C3)

BLOCK[ERASEPROCEDURE
Start Opgr:tsion Command Comments
Write EI[(;(;I; Datalz 0x20
Write[0x20, AddrZ Blockiobelerased(BA)

Block[Address (BlockErase)

y

Writel0xDO,
Block[Address

y

(Erase[Confirm)

Setup

Erase [DataZ 0xDO

ReadStatus |
Register

Suspend
Erase

Loop

No

uspend
Erase

FullErase

Status[Check
(ifidesired)

FULLERASESTATUS[CHECKIPROCEDURE

A

Write Confirm |AddrZ Blockfobelerased(BA)
Status(Register[data.[Toggle[T E#dr

Read None OE#{fblUpdate(Status(fiegister [data
Check3BR[7]:

Idle None [1E WSMIdeady
0= WSMBusy

Repeat(for[SubsequentBlock@rasures.

Full($tatus(fegister[check@anBeldonelafter @achBlock@rase
or(after [A[Sequenceldfblock(@rasures.

Write[OxFF [@fter thellast@per ation(foénter [Mead(@rraymode.

Command
SequencelError
BlockErase

Error

Block@ocked
Error

0
BlockErase
Successful

Bus

Operation Comments

Command

Check[3R[3]:

Idie None 1= Vpp[RangelError

Check[3R[4,5]:

ide None Both[1Z[Command$equenceError

Check[3R[5]:

Ide None 1E Block(Erase [Error

Check[BR[1]:
1 Attemptedi@raseldfllbckedBlock;
erasel@borted.

Idle None

SR[1,3]mhustbeldlearedbeforefhelVrite[StateM achinelwil
allow(further [@raseldattempts.

OnlyfthelClear [Status[Register[Gommand(dlears($R[1,(3,4,3].

If@n@rrorlis[detected,Glear fhe[Statusfegister Before
attemptingl@n(@raseldetry[0r [Other [rror [fecovery.
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Figurel7.Mocking@perationsFlowchart
LOCKING[OPERATIONSPROCEDURE
Bus
Operation Command Comments
Write[0x60, ; Lock Data= 0x60
Block[Address [ockSetup) Write Setup |AddrZ Any[Address
: ¢ Lock, DataZ 0x01{(Blocklock)
Writel@ither
0x0L/0XDO/OX2F, | (LockTonfirm) Write Unlock,@r 0xDO[{BlockWnlock)
BlockAddress Lock-Dpwn O0x2F[Lock-DownBlock)
i Confirm |AddrZ BlockdblIbck/unlock/lock-down
. ) Write Read |DataZ 0x90
WritelDx90 (ReadiDevicellD) (Optional) | DevicelD [Addr@ Any[Address
= Read |Blockdlock | BlockMock(Status[data
o ReadBlock -
c
S Lock Status (Optional) | Status |AddrZ Block@ddress[#Offset2
Q.
© Idl
e ) .
(Optional) None |Confirmibckingl@hange©nD[1,0] .
Write Read |DataZ OxFF
Array |AddrZ Anyladdress
WriteOxFF
Any[Address (Readiray)
Lock[Change
Complete
Datasheet
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Figure[d18.[ProtectionRegister(Programming®Flowchart

[Datasheet

PROTECTIONMREGISTERPPROGRAMMING (PROCEDURE

Write[0xCO,
PR[Address

[(Program(S$etup)

WritePR
Address[&MData

Read[S$tatus
Register

>

1

[MConfirmData)

Full[Status
Check
(ifldesired)

Program
Complete

Read[S$tatus
RegisterData

EULLISTAT

Ve o[RangelError

SR[3],BRMA|E

SR[3],BR[4]Z Program [Error

SR[3],BRM4|E

RegisterMocked;
Program [Aborted

0

Program
Successful

Bus
Operation Command| Comments
Write Program |DatalZ[0xCO
PR[Setup |AddrZ[FirstLocationfbProgram
Wit Protection |Data(Z [DatafbProgram
rie Program |Addr= MocationfbProgram

Status[RegisterData.ToggleCE#Or

Read None OE#{IblUpdate[Status[Register Mata
Check3R[7]:

Idle None [1EWSM(Ready

0EWSMBusy

Program[Protection(R egister [@per ation@ddressesmustbe
withinthe[Protection[Register [@ddress(Space.Addresses
outsidelthis[Spacelill eturni@niérror.

Repeat(for[Subsequent[programmingdperations.

FullStatus[Register[6heck[Ganbeldonelafter [@achlprogram,dr
after [@lSequenceldfprogram [Operations.

Write[OxFF @fter thellastOperationibSet(ReadArray State.

HECKPROCEDURE

Bus
Operation Command| Comments
Check[3R[1],SR[3],[SR[4]:
Idie None 0,1,1F V, [RangelError
Check[3R[1],[3R[3],[SR[4]:
\dle None 0,0,1F Programming(Error
dl N Check(3R[1],[SR[3],[SR[4]:
e one 1,0,1= Block(Ibcked;@peration@borted

SR[3]hustbeldlearedBbeforetheWrite[StateachineMill
allow further[program@ttempts.

Only(the(Clear [StausRegister [@Gommand(clears[SR[1,[3,[4].

If@nérror [is[detected,[dlear ThelStatus(Tegister Before
attempting[@(program [etry(Or [Gther [€rror [fecovery.
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intel.

Appendix[CICommon(Flashnhterface

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

C.1 Query[Structurel@utput

The Query database allows system software to obtain information for controlling the flash device.
This section describes the device’s CFl-compliant interface that allows access to Query data.

Query data are presented on the lowest-order data outputs (DQO0-DQ7) only. The numerical offset
value is the address relative to the maximum bus width supported by the device. On this family of
devices, the Query table device starting address is a 0x10, which is a word address for x16 devices.

For a word-wide (x16) device, the first two Query-structure bytes, ASCII “Q” and “R,” appear on
the low byte at word addresses 0x10 and 0x11. This CFI-compliant device outputs 0x00 data on
upper bytes. The device outputs ASCII “Q” in the low byte (DQO0-DQ7) and 0x00 in the high byte
(DQ8-DQ15).

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

In all of the following tables, addresses and data are represented in hexadecimal notation, so the
“h” suffix has been dropped. In addition, since the upper byte of word-wide devices is always
“0x00,” the leading “00” has been dropped from the table notation and only the lower byte value is
shown. Any x16 device outputs can be assumed to have 0x00 on the upper byte in this mode.

Table24.[Bummary@f[QueryFtructure@utput@s@FunctionofDevice@ndMode

Device Hex[Dffset Hex[Code ASClIValue
00010: 51 "Q"
DevicelAddresses 00011: 52 "R"
00012: 59 "y

Table25.[Example@fQueryStructure@utputldfXx16Devices(Sheet1[0f[2)

58

Word[Addressing:[
Offset Hex[Code Value
A[X-0] DQI[16:0]
0x00010 0051 "Q"
0x00011 0052 "R"
0x00012 0059 "y
0x00013 P_IDLO PrVendor

wwwe.DataSheetdl.com
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Table25.[CExamplel@f(QueryStructure@utputldofX16Devices(Sheet2[0f(2)

0x00014 P_IDHI IDE#
0x00015 PLO PrVendor
0x00016 PHI ThblAdr
0x00017 A_IDLO AltVendor
0x00018 A_IDHI ID#
m. .
C.2 QueryStructurel@verview

The Query command causes the flash component to display the Common Flash Interface (CFI)
Query structure or “database.” The structure sub-sections and address locations are summarized
below.

Table26.[Query[Structure

Offset Sub-SectionName Description?
0x00000 Manufacturer[Code
0x00001 DevicelCode
Ox(BA+2)? Block[Status(register Block-specificlinformation
0x00004-0xF Reserved Reservedorirendor-specificlihformation
0x00010 Stlr:iln[gueryidentification[] Command(SetID[@ndendor(dataloffset
0x0001B %’g:ﬁgtﬁig :]erfaceD Devicelfiming&toltagelinformation
0x00027 Devicelgeometryldefinition Flashldevicellayout
p3 Primaryhtel-specificO Vendor-definedladditionallihformation(SpecificlibthePrimary(]

Extended@QueryTable Vendor[Algorithm

NOTES:

1. Referbthe@QueryStructure@utputSection@ndBffset0x28[forfheldetaileddefinition0f Offsetl@ddress(as(a
function[ofldeviceBusWwidth[andhode.

2. BAEBlock[Addressbeginning(Ibcation({i.e.,[0x08000[sBlock’'sMeginningdbcationhenfheBlockSize 150
32K-word).

3. Offsetl15[definesP"WhichpointsibihePrimaryhtel-specific(Extended[QueryTable.

C.3 Block[Status[Register

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

Block Erase Status (BSR[1]) allows system software to determine the success of the last block

erase operation. BSR[1] can be used just after power-up to verify that the VCC supply was not
accidentally removed during an erase operation.
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®
Table27.[Block[S$tatusRegister
Offset Length Description Add. Value
Block@lock[$tatusRegister BA+2 | --00[0r[z-01
BSR[0]Blockbck(Status
[IDEWnlocked BA+2 | (bit0):[06r1
M =MockedO
Ox(BA+2)* 1
BSR[1]Block(Ibck-down(Status
[IDEMNotlbckeddown BA+2 | (bit():[06r1
(M ZMockeddown
BSR[7:2]:.[Reservediforfuture(iise BA+2 | (bit(2-7):[0
NOTES:
1. BAEBIlock[Addressbeginninglbcation[{i.e.,[0x08000(s block'sbeginninglbcationiheniheblockSize s
32K-word).
C4 CFIQueryldentification[$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).
Table[28.CCFIddentification
Offset Length Description Add. Hex[Code Value
10: --51 “‘Q”
0x10 3 Query-uniquelASCIIString[IQRY* 11: --52 “R”
12: --59 Y
ox13 2 Primaryrendorléommand(Set(@nd(c¢ontrollinterfaceID[dode 13: --03
16-bitDdodeforiNendor-specified@lgorithms 14: --00
0x15 2 Extended@uery(Tableprimary@lgorithm@AddressO 12 (3)3
ox17 2 Alternatetendorl@ommand(Setland(@ontrollihterfaceID[Gode 17: --00
0x0000[meansmolsecondendor-specified@lgorithmlexists[] 18: --00
ox19 2 Secondary(@lgorithmExtended QueryTable[@ddress 19: --00
0x0000[Mheansmonel@xists 1A: --00
Table29.[Bystemhterfacelnformation
Offset Length Description Add. Hex[Code Value
VclbgicBupplyinimumprogram/eraseMoltage
0x1B 1 [Mbits0-3MCDA00IYV 1B: --27 2.7V
[bits[4—7BCDNolts
VclbgicBupplymaximumlprogram/eraselloltage
0x1C 1 [bits[0-3BCDI00YV 1C: --36 3.6V
[Mbits[4—7BCDNolts
Vpplprogramming]Supplyinimumprogram/erasevoltage
0x1D 1 [Mbits[0-3BCDI00MV 1D: --B4 114V
[Mbits[4—7HEXNolts
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®
Offset Length Description Add. Hex[Code Value
Vpp([programming]Supplyaximum(program/eraseNoltage
Ox1E 1 [Mbits[0-3MBCDA00MHYV 1E: --C6 12.6V
[Mbits[4—7MHEXMolts
Ox1F 1 “n”[Buchhatypical8ingleivordprogramiime-outZ2"[is 1F: --05 32[fis
0x20 1 “n"Buchihatypicalhax. Bufferwrite fime-outZR2"[sO 20: --00 NA
0x21 1 “n"BuchhatiypicalBlock@raseime-outZF2" s 21: --0A 18
0x22 1 “n"Buchfhatiypicalfull@hiperasefime-out=FR2"Ms 22: --00 NA
0x23 1 “n"SuchfhatfaximumWordprogramfime-outZR2"fimesypical 23: --04 512ps
0x24 1 “n"BuchfhatMaximumbufferirite fime-outFR2"fimesypical 24: --00 NA
0x25 1 “n"BuchfhatMaximumblock@rasefime-outZFR2"fimesypical 25: --03 8s
0x26 1 “n"Buchihathaximumgdhiplérasefime-out=2"fimes(ypical 26: --00 NA
C.5 DevicelGeometryDefinition
Table[30.[DevicelGeometryDefinition
S HexO
Offset Length Description Add. Code Value
0x27 1 “n”[BuchhatdeviceSizeZR2"ih(humber6fbytes 27 See[Table(31
X8@sync Xi6f@Async  x8/x16[@sync 28: --01
0x28 2 Flash[devicelinterface: x16
28:00,29:00 28:01,29:00 28:02,29:00 29: --00
. . 2A: --00
O0x2A 2 “n"BuchihataximumbumberOfibyteslihfrite BufferZ2" 28 00 0
Number(ofléraseBlockegionsWithinldevice:
[M.xZDOMmeansmholeraseBlocking;theldeviceléraseslinbulk’0
2. X[Specifiesthemumber(ofldeviceorpartitionregions
0x2C 1 ) - ) 2C: --02 2
[MImuithfoneodroreldontiguous(Same-sizeléraseblocks.
[MB.[SymmetricallyBlockedpartitionshavedneblocking[fegion
(M. [Partition(SizeZ[{totalblocks)X[{individualblock(Size)
EraseBlock[Region[1{Ihformation] 2D:
bits0-15EFy, y+1EZmMumberofidentical-sizel@éraseBlocks 2E:
0x2D 4 ) ) ) See(Table[31
bits[16—-31[Z(Z,fegion(éraseBlock(s)Sizel@areZX[256 (bytes 2F:
30:
EraseBlock[Region2Ihformation 31:
bits[0-15Z0y, y+1ZFMumberldflidentical-sizeléraseBlocks 32:
0x2D 14 . ) ) SeelTable(31
bits[16—-31[Z(z,fegion[éraseBlock(s)Sizel@areZX[256 (Bytes 33:
34:
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Table31.[DevicelGeometry[Details

C.6

16Mbit 32Mbit 64Mbit
Address
-B T -B T B T
0x27 --15 -15 --16 -16 --17 --17
0x28 --01 --01 --01 --01 --01 -01
0x29 --00 --00 --00 -00 -00 -00
0x2A --00 --00 --00 -00 -00 -00
0x2B --00 --00 --00 -00 -00 -00
0x2C --02 --02 --02 --02 --02 --02
0x2D --07 --1E --07 --3E --07 -7E
O0x2E --00 --00 --00 -00 -00 -00
0x2F --20 --00 --20 -00 --20 --00
0x30 --00 --01 --00 --01 --00 -01
0x31 --1E --07 --3E --07 --7E --07
0x32 --00 --00 --00 -00 -00 -00
0x33 --00 --20 --00 --20 --00 --20
0x34 --00 --01 --00 --01 --00 -01

Intel-SpecificlExtended[Query[Table

Certain flash features and commands are optional. The Intel-Specific Extended Query table
specifies this and other similar types of information.

Table32.[Primary-Vendor[$pecific[ExtendedQuery[(Sheet[1[0f[2)

Offset? DescriptionO
PEDOx15 Length (OptionalFlashFeatures(and[Commands) Address Hex[Code value
O0x(P+0) Primaryl@xtendedquery(fable 355 50 “P,,
Ox(P+1) 3 UniqueASCIIString[PRI” 36: ~52 R
0x(P+2) 37: --49 “I”
0x(P+3) 1 Majori¥ersionmumber,[ASCII 38: -31 “1”
0x(P+4) 1 MinoriNersionmumber,[ASCII 39: --30 “0”
Optionalfeaturel@andl@ommandSupport(1=yes,( 3A: 66
0=no) B -
bits@-31@reMeserved;undefinedBits@re™.” [fHit] gC: :88
310sM"then@nother31bitfielddfldptional 0 3D: 00
features(bllows(atfheéndlofheDit-30(ield. '
0x(P+5) bitDThip@raseBupported bitDIED No
0x(P+6) 4 bit[1[Suspend@raseSupported bt ME Yes
0x(P+7) bit[2[Suspendprogram(Supported bit2ITEA Yes
0x(P+8) bitB3Megacy(bck/unlockSupported bitBIED No
bit[4[QueuedléraselSupported bit4TE0 No
bit(3InstantlihdividualBlock(IbckingSupported bitBIEA Yes
bit[6[Protectionbits[Supported bitBIEA Yes
bit(7[Page(modelread(Supported bit7 &0 No
bit[@B[Synchronous(feadSupported bitBIED No
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Table32.[Primary-Vendor[SpecificlExtended [Query[{(Sheet2[0f[2)

Offset! Description

PEDOx15 Length (OptionalFlashFeatures@ndCommands) Address Hex[Code value

Supportedfunctions(afterlSuspend:[Read[Array,]
Status, [Query
Ox(P+9) 1 [I]ID_therBupported Ejoperati(_)nsmrg:

(Ibits(1—-7 eserved;indefinedbits[are[0”

bitDIProgramSupported@fterléraseSuspend bitMIEA Yes
3F: --03

3E: --01

Block(Status(fegisterask[]
bits2—-15@reReserved;indefinedbits@re™0” 40: -00
bit(0[Block(Lock-Bit[Status[Register(active bitMIE Yes
bitlBlockIlock-DownBit[Status@ctive

Ox(P+A)
Ox(P+B)

bit EA Yes

VcclbgicSupplyhighestperformanceprogram/
eraselloltage

([Ibits[0-3MBCDNaluelh[100hV
[Mbits[4—7IBCDNaluelihivolts

0x(P+C) 1 41: --33 3.3V

Vpp@ptimumprogram/eraseSupplyitoltage
0x(P+D) 1 [MBits0-3MBCDNalueih100MYV 42: --CO 12.00v
(Ibits[4—7IHEXMaluelihi¥olts

NOTES:
1. ThelNariablePis@pointeriwhichlisdefinedat(CFI0ffset0x15.

Table33.[ProtectionRegisternformation

Offset? Lenath Description[] Address Hex[ Value
PEOx35 9 (OptionalFlashFeatures@ndCommands) Code
Number[ofProtection(tegister(fieldsih[JEDECID(Space. .
Ox(P+E) L “00h,"lihdicatesfhat256protectionDytes@re@vailable 43 -01 01
Ox(P+F) 44: --80 80h
0x(P+10) 45; --00 00h
(0xP+11) ) . . - 46: --03 8lbyte
Protection[Field[1:[Protection[Description
This(field[describes(User-available[@neTimeProgrammable(OTP)[
Protection(fiegisterbytes.[Somelarepre-programmediwith(device-
4 unigue(SerialMumbers.[Others(arelliser[programmable.Bits[0-150
pointbhe[ProtectioniegisterllockByte, theSection’s[irstbyte.[]
0x(P+12) ThelfollowingBytes(arefactorypre-programmed@ndiser- 47 03 8ibyte
programmable.
bits[0-7Z ML ock/byteslJEDEC-planephysicalllbw@ddress
bits(8—15Flock/byteslJEDEC[Eplanelphysicallhigh[address
bits16—-23=N"[Buchfhat2"Z{actorypre-programmedbytes
bits[24-31=Fn"[Buchfhat2"ZMser(programmableBytes
0x(P+13) Reservediorfuturellse 48:
NOTES:
1. ThelariableP [is[Apointerwhichisdefined@t(CFI0ffset0x15.
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AppendixDIMechanical$pecifications

Figure19.qUBGA*[and WVFBGA[PackageDrawing[&Dimensions

nu

BalllA1 D BalllA1
Corner | ﬁ‘ S1 jorner
4o N T
1 23 4 5 6 7 8 8 7 6 5 4 3 21 Sf
Nelolelelelelele) ~»00000000—F—
e QQQOQQOQQ0 8 O0O00000O0
E c QO0QOO0O0 c000QO000 i
> 00000000 »0000loooo—+T
e QOOCQ0 Q0000 EQOOO0O0OOOO—
A elolelelelelole F 000000
—> b |<—
Top ViewHBump[Sidedown BottomView=Bump(Side [lip
| 2 l
1
A2 || | .
Ly T U T I g T A Seating
‘ T A‘ Plan Y
SideView
Note:[DrawingmotfbScale
Millimeters Inches
Dimensions Symbol Min Nom Max Min Nom Max
Package Height A 1.000 0.0394
Ball Height Al 0.150 0.0059
Package Body Thickness A2 0.665 0.0262
Ball (Lead) Width b 0.325 0.375 0.425 0.0128 0.0148 0.0167
Package Body Length 8M (.25) D 7.810 7.910 8.010
Package Body Length 16M (.25/.18/.13) 32M (.25/.18/.13) D 7.186 7.286 7.386 0.2829 0.2868 0.2908
Package Body Length 64M (.18) D 7.600 7.700 7.800 0.2992 0.3031 0.3071
Package Body Width  8M (.25) E 6.400 6.500 6.600 0.2520 0.2559 0.2598
Package Body Width 16M (.25/.18/.13) 32M (.18/.13) E 6.864 6.964 7.064 0.2702 0.2742 0.2781
Package Body Width 32M (.25) E 10.750 [ 10.850 10.860 0.4232 0.4272 0.4276
Package Body Width 64M (.18) E 8.900 9.000 9.100 0.3504 0.3543 0.3583
Pitch e 0.750 0.0295
Ball (Lead) Count 8M, 16M N 46 46
Ball (Lead) Count 32M N 47 47
Ball (Lead) Count 64M N 48 48
Seating Plane Coplanarity Y 0.100 0.0039
Corner to Ball Al Distance Along D _8M (.25) S1 1.230 1.330 1.430 0.0484 0.0524 0.0563
Corner to Ball Al Distance Along D 16M (.25/.18/.13) 32M (.18/.13) S1 0.918 1.018 1118 0.0361 0.0401 0.0440
Corner to Ball Al Distance Along D 64M (.18) S1 1125 1.225 1.325 0.0443 0.0482 0.0522
Corner to Ball Al Distance Along E 8M (.25) S2 1.275 1.375 1475 0.0502 0.0541 0.0581
Corner to Ball Al Distance Along E 16M (.25/.18/.13) 32M (.18/.13) S2 1507 1.607 1.707 0.0593 0.0633 0.0672
Corner to Ball Al Distance Along E 32M (.25) S2 3.450 3.550 3.650 0.1358 0.1398 0.1437
Corner to Ball Al Distance Along E 64M (.18) S2 2.525 2.625 2.725 0.0994 0.1033 0.1073
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Figure20.0SOP[Package@rawing&[Dimensions

Dimensions

z

Ve SeelNotes[1, (2, [3And[4

o

I A
Pin —>—+—§
||

¥
TEI

E \(—SeeEEDetail[B
[=7]Y]
D1 ! | Al
D 1 Seatingd
Plane
/—SeeElDetaiID\ +
7y \ A
e 'L_{
N
DetaillA
Detail(B
_[C
b —>| I(— ei
L |
Family:[Thin[Bmall[Out.inelPackage
Symbol Millimeters Inches
Min Nom Max [ Notes | Min Nom Max_ [ Notes
PackageHeight A 1.200 0.047
Standoff Al 0.050 0.002
PackageBody [Thickness A2 0.950 | 1.000 | 1.050 0.037 | 0.039 | 0.041
LeadWidth b 0.150 | 0.200 | 0.300 0.006 | 0.008 | 0.012
Lead[Thickness c 0.100 | 0.150 | 0.200 0.004 | 0.006 | 0.008
Plastic[Bodylength D1 18.200 | 18.400 | 18.600 0.717 | 0.724 | 0.732
PackageBodyWidth E 11.800]12.000 | 12.200 0.465 | 0.472 | 0.480
Lead[Pitch e 0.500 0.0197
TerminallDimension D 19.800 | 20.000 | 20.200 0.780 | 0.787 | 0.795
Lead(Tipdlength L 0.500 | 0.600 | 0.700 0.020 | 0.024 | 0.028
Lead[Count N 48 48
Lead(Tip[Angle %] 0° 3° 5° 0° 3° 5°
Seating[Plane[Coplanarity Y 0.100 0.004
Leadfo[Package[Dffset Z 0.150 | 0.250 | 0.350 0.006 | 0.010 | 0.014

A5568-02

(Matasheet

1. Oneldimple@n(packageldenotes(Pin[1.
2. Iffiwoldimples,thenthelargerldimpleldenotesPinl.
3. PinAwill@lwaysbelihtheWpperlleftidornerlofithepackage, iheferencelibtheproductinark.
4. Pin(will@lwaysSupersedelabovelpindnebotes.
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Figure21.[EasyBGA[PackageDrawing[&Dimension
BalliAl
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D s1 Corner
Tl - | "
A |® N I
1 2 3 4 5 6 7 8 8 7 6 5 4 3 2 1 s2
Ao O00T ~AO0000000
s GOCOOO0C [|[P00000000
HOE OO ORORORORD. cOO0COO0O0000 |
D IOy pOOO0OOOO0COCO 15
E P =
E OO0 00 QOO O—|b 00O
FOoO000n FOOOOO00O }
¢ OO0 cOQO0O0OO0COC
D Y e
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TopView -BallSide[down Bottom View -[Ball[SideWp
\j
! M v
A2 A
\ 4 Seating
AN 5. N W5 A N N N S U I
T 4 Y
SideView
Note:Drawingmotib(Scale
Dimensions Table
Millimeters Inches
Symbol [ Min Nom Max |Notes| Min Nom Max
Package Height A 1.200 0.0472
Ball Height Al 0.250 0.0098
Package Body Thickness A2 0.780 0.0307
Ball (Lead) Width b 0.330 0.430 0.530 0.0130 0.0169 0.0209
Package Body Width D 9.900 10.000 10.100 1 0.3898 0.3937 0.3976
Package Body Length E 12.900 | 13.000 13.100 1 0.5079 0.5118 0.5157
Pitch [e] 1.000 0.0394
Ball (Lead) Count N 64 64
Seating Plane Coplanarity Y 0.100 0.0039
Corner to Ball Al Distance Along D S1 1.400 1.500 1.600 1 0.0551 0.0591 0.0630
Corner to Ball Al Distance Along E S2 2.900 3.000 3.100 1 0.1142 0.1181 0.1220
Note: 1) Packageldimensions(areforeferencelonly.[Theseldimensions[arel@stimatesbased]
onldie(Size,[and@relSubjectibléhange.C
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Appendix[EMAdditionallhformation

OrderMumber Document/Tool

297938 3[VoltAdvanced+BootBlockFlashMlemory[$pecification[Wpdate

292216 AP-658[DesigningforWpgradebtheAdvanced+BootBlockFlashMemory
292215 AP-657DDesigningI]vith[fhellkdvanced+[Boot[BIock[E=Iash[Memoryl]

Architecture
ngﬁ:ﬂ?}gﬂ?f' InteI®EEIash[IData[lhtegratorEGFDl)Boftware [Developer’s(Kit
297874 IFDIhteractive: [PlayWithIhtel®FlashDatalhtegrator@nYourPC
NOTES:

1. Pleaselgallthellntelliterature[Center@t(800)548-4725{oequestlhtelldocumentation.Ihternational (I
customers[Should@ontactheirlbcallntelOrdistribution[Sales(dffice.

2. VisitlIntel'stWorld[Wide Webhome[pagelatChttp://www.intel.com/design/flash’forechnical
documentation@nd(bols.
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Appendix[FDrderingdhformation

Figure22.[Component@Orderingnformation

T

E|2|8|F

3

2|0

[

Package
TEZ48-LeadTSOP
GT=48-Ball[iBGA*[TSP
GEEVFBGAICSP
RCE([EasyBGA

[MProductllineldesignator ]

for{allIhtel®Flashproducts_|

DevicelDensity
640=X16(64Mbit)
320=X16[(B2Mbit)

1602 =16[{16Mbit)
800ZX16[(8Mbit)

Access[Speed((ns)
(70,[80,[90,100,110)

Lithography
| AE0.25[m
C[Z0.18[pm
DE0.13[pm

TZTop[ParameterBoot
BEBottomParameterBoot

ProductFamily
C3[Z[3Volt/Advanced+BootBlock
VER2.7V-3.6V
VppF2.7V-3.6Vor

[ 1.4V-12.6V

68

VALIDICOMBINATIONSI[{AllExtended Temperature)
48-LeadTSOP 48-Ball [IBGA*TSP 48-BallVFBGA EasyBGA
Extendedd | TE28F640C3TC80 GE28F640C3TC800 | RC28F640C3TC800]
64Vbit | TE28F640C3BC80 GE28F640C3BC80 RC28F640C3BC80
TE28F320C3TD70 RC28F320C3TD70
TE28F320C3BD70 RC28F320C3BD70
TE28F320C3TC70 GE28F320C3TD70 RC28F320C3TD90
TE28F320C3BC70 GT28F320C3TAL000 | GE28F320C3BD70 RC28F320C3BD90
Extended | TE28F320C3TC90 GT28F320C3BA100 | GE28F320C3TC70 RC28F320C3TC90
32Mbit | TE28F320C3BC90 GT28F320C3TAL100 | GE28F320C3BC70 RC28F320C3BC90
TE28F320C3TAL000 | GT28F320C3BA110 GE28F320C3TC90 RC28F320C3TA1000]
TE28F320C3BA1000] GE28F320C3BC90 RC28F320C3BA100
TE28F320C3TA1100] RC28F320C3TAL100]
TE28F320C3BA110 RC28F320C3BA110
TE28F160C3TD70 RC28F160C3TD70
TE28F160C3BD70 RC28F160C3BD70
TE28F160C3TC70 RC28F160C3TC70
TE28F160C3BC70 gE%gEiggggggég RC28F160C3BC70
TE28F160C3TC80 GT28F160C3TA90D] RC28F160C3TC80
Extended | TE28F160C3BC80 GT28F160C3BA90 ggggggggggg RC28F160C3BC80
16[Mbit | TE28F160C3TCI0 GT28F160C3TA1100 RC28F160C3TC90
TE28F160C3BC90 GT28F160C3BA110 gggggggggggg RC28F160C3BC90
TE28F160C3TA90C] RC28F160C3TA900
TE28F160C3BA90 833&2823;838 RC28F160C3BA90
TE28F160C3TA1100 RC28F160C3TA1100
TE28F160C3BA110 RC28F160C3BA110
TE28F800C3TA90D] GE28F800C3TA700 | RC28F800C3TA900
Extended | TE28F800C3BA90 GE28F800C3BA70 RC28F800C3BA90
8Mbit TE28F800C3TAL100] GE28F800C3TA900 | RC28F800C3TA1100]
TE28F800C3BA110 GE28F800C3BA90 RC28F800C3BA110

NOTE: ThelSecondline0fthe48-balliBGAlpackagefopSideark(Specifiesi@assemblyldodes.ForlSamplesl]
only,fhefirstidharacter(Signifies(itherCE"{oréngineeringSamples[or[S {orSilicondaisydhain(
samples.[Allldtherlassembly@odesWwithoutl@nfE"[0r[S"[@sthefirstidharacter@reproductioninits.
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