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Product[Features

= Flash Memory Plus SRAM
—Reduces Memory Board Space
Required, Simplifying PCB Design
Complexity
= Stacked-Chip Scale Package (Stacked-
CSP) Technology
— Smallest Memory Subsystem Footprint
—Area : 8 x 10 mm for 16Mbit (0.13 pm)
Flash + 2Mbit or 4Mbit SRAM
—Area : 8 x 12 mm for 32Mbit (0.13 um)
Flash + 4Mbit or 8Mbit SRAM
—Height : 1.20 mm for 16Mbit (0.13 pm)
Flash + 2Mbit or 4Mbit SRAM and
32Mbit (0.13um) Flash + 8Mbit SRAM

—Height : 1.40 mm for 32Mbit (0.13 um)
Flash + 4Mbit SRAM

—This Family also includes 0.25 pm and
0.18 um technologies

= Advanced SRAM Technology
—70 ns Access Time
— Low Power Operation
—Low Voltage Data Retention Mode

= Intel® Flash Data Integrator (FDI)
Software

—Real-Time Data Storage and Code
Execution in the Same Memory Device

—Full Flash File Manager Capability

[Datasheet

Advanced+ Boot Block Flash Memory

—70 ns Access Time at 2.7 V

— Instant, Individual Block Locking

— 128 bit Protection Register

—12 V Production Programming

— Ultra Fast Program and Erase Suspend

—Extended Temperature —25 °C to +85 °C

Blocking Architecture

—Block Sizes for Code + Data Storage

—4-Kword Parameter Blocks (for data)

—64-Kbyte Main Blocks (for code)

—100,000 Erase Cycles per Block

Low Power Operation

—Async Read Current: 9 mA (Flash)

—Standby Current: 7 pA (Flash)

— Automatic Power Saving Mode

Flash Technologies

—0.25um ETOX™ VI, 0.18 um ETOX™
VIl and 0.13 um ETOX™ VIII Flash
Technologies

—28F160xC3, 28F320xC3

The 3 Volt Intel® Advanced+ Boot Block Flash Memory (C3) Stacked-Chip Scale Package
(Stacked-CSP) device delivers a feature-rich solution for low-power applications. The C3
Stacked-CSP memory device incorporates flash memory and static RAM in one package with
low voltage capability to achieve the smallest system memory solution form-factor together with
high-speed, low-power operations. The C3 Stacked-CSP memory device offers a protection
register and flexible block locking to enable next generation security capability. Combined with
the Intel® Flash Data Integrator (Intel® FDI) software, the C3 Stacked-CSP memory device
provides a cost-effective, flexible, code plus data storage solution.
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1.0

3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

Introduction

1.1

1.2

This document contains the specifications for the 3 Volt Intel® Advanced+ Boot Block Flash
Memory (C3) Stacked-Chip Scale Package (Stacked-CSP) device. Stacked memory solutions are
offered in the following combinations: 32-Mbit flash + 8-Mbit SRAM, 32-Mbit flash + 4-Mbit
SRAM, 16-Mbit flash + 4-Mbit SRAM, or 16-Mbit flash memory + 2-Mbit SRAM.

Document[Conventions

Throughout this document, the following conventions have been adopted.
* \oltages: “2.7 VV” refers to the full voltage range, 2.7 V-3.3V; 12 V refers to 11.4 V to 12.6 V
¢ Main block(s): 32-Kword block
¢ Parameter block(s): 4-Kword block

Product[©verview

The C3 Stacked-CSP device combines flash and SRAM into a single package, and provides secure
low-voltage memory solutions for portable applications. This memory family combines two
memory technologies, flash memory and SRAM, in one package. The flash memory delivers
enhanced security features, a block locking capability that allows instant locking/unlocking of any
flash block with zero-latency, and a 128-bit protection register that enable unique device
identification, to meet the needs of next generation portable applications. Improved 12 V
production programming can be used to improve factory throughput.

Table.O Block[@Organization[{x16)

Datasheet

MemoryDevice Kwords
32-MbitFlashO 2048
16-Mbit[Flash( 1024
2-Mbit[SRAMO 128
4-MbitlSRAMO 256
8-Mbit(SRAM 512

NOTE: Allwords@re16bitsléach.

The flash memory is asymmetrically-blocked to enable system integration of code and data storage
in a single device. Each flash block can be erased independently of the others up to 100,000 times.
The flash has eight 8-KB parameter blocks located at either the top (denoted by -T suffix) or the
bottom (-B suffix) of the address map in order to accommodate different microprocessor protocols
for kernel code location. The remaining flash memory is grouped into 32-Kword main blocks. Any
individual flash block can be locked or unlocked instantly to provide complete protection for code
or data (see Section 5.7, “Flash Erase and Program Timings(1)” on page 31 for details).

The flash contains both a Command User Interface (CUI) and a Write State Machine (WSM). The
CUI serves as the interface between the microcontroller and the internal operation of the flash
memory. The internal WSM automatically executes the algorithms and timings necessary for
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program and erase operations, including verification, thereby unburdening the microprocessor or
microcontroller. The flash’s status register indicates the status of the WSM by signifying block
erase or word program completion and status.

Flash program and erase automation allows program and erase operations to be executed using an
industry-standard two-write command sequence to the CUI. Program operations are performed in
word increments. Erase operations erase all locations within a block simultaneously. Both program
and erase operations can be suspended by the system software in order to read from any other flash
block. In addition, data can be programmed to another flash block during an erase suspend.

The C3 Stacked-CSP memory device offers two low-power savings features: Automatic Power
Savings (APS) for flash memory and standby mode for flash and SRAM. The device automatically
enters APS mode following the completion of a read cycle from the flash memory. Standby mode
is initiated when the system deselects the device by driving F-CE# and S-CS1# or

S-CS2 inactive. Power savings features significantly reduce power consumption.

The flash memory can be reset by lowering F-RP# to GND. This provides CPU-memory reset
synchronization and additional protection against bus noise that may occur during system reset and
power-up/-down sequences.

1.3 Package(Ballout
Figure[1.[66-BallStacked[ChipScale[Package
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NOTES:
1. Flashpgradeballs@reShownpioA21[(64-Mbitflash)@ndA22[{128-Mbit{lash).Ih@llflash@nd[SRAMO
combinations,B6Dalls@arepopulatedidnlowerldensityldevices.(Upperaddressballsarenotpopulated).Ball]
location[A1005CNC"[Bn[16/2[devicesonly.

8 Datasheet



1.4

3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

2. Tolhaintain[@ompatibility With[AlILDEDEC NVariationB0ptions{orfhisballlbcationT6,this[C6dandpadShouldO
bel@onnected(directlyfothelandlpadforball[G4{AL7).

SignalDefinitions

Table 2. defines the signal definitions shown in the previous ballout.

Table2.0 3WoltIhtel®Advanced+BootBlockStacked-CSPBall Descriptions{Sheet[16f[2)

Symbol

Type

Namel@nd[Function

A[20:0]

INPUT

ADDRESSINPUTSHorimemoryladdresses.[Addresses(arelinternallylatchedduring@program(or(]
eraseldycle.

2-MbitCIA[16:0]
4-MbitCIA[18:0]
16-MbitCIA[19:0]
32-Mbit[20:0]

DQ[15:0]

INPUTIO
OUTPUT

DATAINPUTS/OUTPUTS: Ihputs@rraydatafor(SRAMWrite Operations@ndontheSecondF-CE#0
andF-WE#[gycle[during@flashprogramdommand.hputsi@ommands(ibtheflash’'slCommandl
Userlnterfacewhen(F-CE#[and[F-WE#(are[asserted.Datalisihternallylatched. @utputs(array,]
configuration(and(Status(fegister(data.Theldataballsfloatfo[iri-state Whenlthechiplisde-selected
orfthe@utputsfareldisabled.

F-CE#

INPUT

FLASHICHIPENABLE:[Activates(thelflashlinternall@ontrolllbgic, ihputbuffers,[decoders@nd]
sensel@mplifiers.[F-CE#(s@Activelow.[F-CE#Highde-selectsiheflashihemoryldevice@ndeduces]
powerldonsumption(folstandbyllevels.

S-CS1#

INPUT

SRAMICHIPSELECT1:[Activatesthe[SRAMIihternal@ontrollbgic,lihputbduffers,decoders@and]
sensel@amplifiers.[$-CS1#l[is[Active low.[$-CS1#highde-selectsfhe[SRAMInemory(devicel@andd
reducespowerl@onsumption(b(Standbyllevels.

S-CS2

INPUT

SRAMICHIPISELECT2:[Activatesthe[SRAMlihternall@ontrolllbgic,lihputbuffers,decoders@nd]
sensel@mplifiers.[$-CS2(is@ctivelhigh.[$-CS2lbwlde-selectsthe[SRAMIemoryldevice@nd
reducespowerl@onsumption(ibStandbylevels.

F-OE#

INPUT

FLASHOUTPUTIENABLE:Enablesflash’sdutputsihroughiheldatabuffersiduringlafiead ]
operation.[F-OE#lis[activelow.

S-OE#

INPUT

SRAMIOUTPUTIENABLE:Enables[SRAM’s[dutputsthroughiheldatabuffersiduringlaead]
operation.[$-OE#[s@ctive low.

F-WE#

INPUT

FLASHIWRITEENABLE:[Controlsiritesioflash’'si@ommandfegisterlandimemory@rray.F-WE#O
is[@ctivellow.[Addressesland(datalarellatched@nthefisingleédge6ftheSecondF-WE#[pulse.

S-WE#

INPUT

SRAMOWRITEENABLE:[Controlsiwritesibfhe[SRAMIhemory(array.[$-WE#[s@ctive low.

S-UB#

INPUT

SRAMUPPERBYTEENABLE:[Enablesihepperbytefor(3RAM{DQg-DQ15).
S-UB#ls[@Activelow.O

S-LB#

INPUT

SRAMILOWERBYTEENABLE:[Enables(ihelbwerbyte forlSRAM{DQy—DQ7).
S-LB#lis[activelbw.O]

F-RP#

INPUT

FLASHRESET/DEEPPOWER-DOWN:WsesfivoNoltagelevels(V, V) {odontrolfeset/deepd
power-down[ode.

When[F-RP#lik@tbgiclow,fheldevicelislineset/deeppower-downfode,Whichldrivesihe
outputs(ibHigh-Z, Mesetsthe Write [StateMachine, @ndhinimizes@urrentlevels{lccp).

When [F-RP#(is@tlbgicigh,fhedevicelisihStandard@peration.WhenF-RP#[fransitionsfromO
logic-lowlib[lbgic-high,fheldevicelfesets(allblocksiblbcked@ndldefaultsibihefeadlarrayfnode.O]

Datasheet
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Table2.0 3Woltdhtel®Advanced+BootBlockStacked-CSPBallMDescriptions{Sheet20f2)

Symbol

Type

Namel@ndFunction

F-WP#

INPUT

FLASHWRITEPROTECT: [Controlsthelbck-downfunction@fiheflexibleMockingfeature.

When[F-WP#(is@lbgiclbw,fhelbck-downhechanismlis@énabled@ndblocksharkedlbck-
down[dannotBeinlockedhroughlSoftware.

WhenEF-WP#lsIogichigh,fhelbck-downhechanismlisdisabled@ndBlocks[previously
locked-down(areow(bcked@nddanBenlocked@ndlbckedfhroughSoftware.[After[F-WP#[@oes
low,[AnyDBlocks[previouslyarkedIbck-downfevertfoihat(State.

Seel[$ection(7.0,[!SystemDesign[Considerations”On(page 41{orldetailsionblocklbcking.

F-vCC

SUPPLY

FLASHIPOWERISUPPLY: 2.7 V-3.3 V]BuppliesipowerforldeviceldorelOperations.

F-VCCQ

SUPPLY

FLASHIYOPOWERISUPPLY:[2.7 V-3.3 V]Suppliespoweribridevicel/Oloperations.

S-vCC

SUPPLY

SRAMPOWERISUPPLY:[2.7 V-3.3 V]Zuppliespowerforidevicedperations.

Seel$ection(7.2.2,[IF-VCC,[F-VPP@AndF-RP#Transition”@npage 42[{orldetailsiofipower
connections.

F-VPP

INPUT
SUPPLY

FLASHIPROGRAM/ERASEPOWERSUPPLY:[1.65 V-3.3 Vior(11.4 V-12.6 V]@perates@s@n0
input@tllbgicllevelsibldontrolldompleteflashprotection.[Suppliespowerfor(acceleratedflash]
program[and[@rasel@perationsih[12 VZHE%ange.Thisballldannotbeleftloating.

Lower[F-VppEVpp| ,dbprotect@ali@ontents@gainstProgram@ndErase[dommands.

Set[F-Vpp = F-Vclforlih-systemiead,[program@nd(éraseloperations.dnlthisGonfiguration,d
F-Vppldanldrop@sibw(as1.65 Vib@llowIoresistordridiodedropdromthelSystemSupply.Note
that[f(F-Vpplsdrivenby@lbgicSignal, [V = 1.65 V.[Thatls,F-Vppmustiemain@bove.65 Vio
perform[ih-system(flashmodifications.
RaiseF-VpplibA2VEB%forfasterprogram@nd@raselin@production@nvironment.Applyingd

12 VRB%IoF-Vppgandnlybeldoneforamaximumof1000dycles@nihemainblocks@nd25000
cycles@nfihelparameterBlocks.r-Vppaybeldonnectedib12 Vioraibtal6fB0OMHoursthaximum.O

F-VSS

SUPPLY

FLASHIGROUND: [For[alllhternal@ircuitry.[All[groundlihputsihustBedonnected.

S-VSS

SUPPLY

SRAMIGROUND: [For@lllihternall@ircuitry.[Alllgroundlihputsiihustbeldonnected.

NC

NOTICONNECTED:[nternallyldisconnectediwithinfheldevice.
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Principlesiof(Operation

The flash memory utilizes a CUI and automated algorithms to simplify program and erase
operations. The WSM automates program and erase operations by handling data and address
latches, WE#, and system status requests.

Figure2.[BVoltIntel®Advanced+BootBlockStacked [ChipScalePackageBlockDiagram

2.1

2.1.1

Datasheet
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Bus[Operation

All bus cycles to or from the Stacked-CSP conform to standard microcontroller bus cycles. Four
control signals dictate the data flow in and out of the flash component: F-CE#, F-OE#, F-WE# and
F-RP#. Four separate control signals handle the data flow in and out of the SRAM component:
S-CS1#, S-CS2, S-OE#, and S-WE#. These bus operations are summarized in Table 2 and Table 3.

Read

The flash memory has four read modes: read array, read identifier, read status and CFI query. These
flash memory read modes are not dependent on the F-Vpp voltage. Upon initial device power-up or
after exit from reset, the flash device automatically defaults to read array mode. F-CE# and F-OE#
must be asserted to obtain data from the flash component.

The SRAM has one read mode available. S-CS1#, S-CS2, and S-OE# must be asserted to obtain
data from the SRAM device. See Table 3, “3 Volt Intel Advanced+ Boot Block Flash Memory
Stacked-CSP Bus Operations” on page 12 for a summary of operations.

11
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Table[3.0 3Voltntel[Advanced+BootBlock[FlashiMemory[$tacked-CSP[Bus[@Operations

Flash[Signals SRAMI[Signals Memory[Output
2
S £
| 8
FH* H I+ H H+
Modes * i = i o N o i :) o Do Notes
w L L w N n N O | >
= c
n S
5]
=
Read H L L H Flash DouTt 2,34
SRAMIustbelih[MHighZ

T Write H L H L Flash Din 2,4

2 | standby H H | x| x Other | HighZ | 56

—

v OutputDisable H L H H Any[SRAMIhodelis@llowable Other | HighZz 5,6
Reset L X X X Other | Highz 5,6
Read FLASHustbelihHighZ L H L H | L | SRAM | Doyt 2,4
Write L H H L | L | SRAM Din 2,4

= H X X X | X

é Standby Other | Highz | 4,5,6

%) X L X X | X

Any[FLASHmodelis@llowable
OutputDisable L H H H | X | Other | HighlZ | 45,6
Data[Retention samelas(alStandby Other | Highlz | 4,5,7
NOTES:

1. Twoldeviceslihaymotdrivefhememorybus@tiheSamelfime.
2. The[SRAMIhaybe(placedlihtoldatafetentionhodeBylbweringfhe[$-VcibiheVpgHange, AsSpecified.O

2.1.2

2.1.3

12

Output[Disable

With F-OE# and S-OE# deasserted, the Stacked-CSP outputs signals are placed in a high-
impedance state.

Standby

With F-CE# and S-CS1# or S-CS2 deasserted, the Stacked-CSP enters a standby mode, which
substantially reduces device power consumption. In standby, outputs are placed in a high-
impedance state independent of F-OE# and S-OE#. If the flash is deselected during a program or
erase operation, the flash continues to consume active power until the program or erase operation is

complete.
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Flash[Reset

The device enters a reset mode when RP# is driven low. In reset mode, internal circuitry is turned
off and outputs are placed in a high-impedance state.

After return from reset, a time tpqy is required until outputs are valid, and a delay (tpyy Or
tpneL) IS required before a write sequence can be initiated. After this wake-up interval, normal
operation is restored. The device defaults to read array mode, the status register is set to 80h, and
the read configuration register defaults to asynchronous reads.

If RP# is taken low during a block erase or program operation, the operation will be aborted and the
memory contents at the aborted location are no longer valid.

Write

Writes to flash take place when both F-CE# and F-WE# are asserted and F-OE# is deasserted.
Writes to SRAM take place when both S-CS1# and S-WE# are asserted and S-OE# and S-CS2 are
deasserted. Commands are written to the flash memory’s Command User Interface (CUI) using
standard microprocessor write timings to control flash operations. The CUI does not occupy an
addressable memory location within the flash component. The address and data buses are latched
on the rising edge of the second F-WE# or F-CE# pulse, whichever occurs first. (See Figure 6 and
Figure 7 for read and write waveforms.)

FlashiMemoryModesof(Operation

3.1

3.2

Datasheet

The flash memory has four read modes: read array, read configuration, read status, and CFI query.
The write modes are 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.
These modes are reached using the commands summarized in Table 5, “Flash Memory Command
Definitions” on page 17.

Read[Array[(FFh)

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

In addition, the address of the desired location must be applied to the address balls. If the device is
not in read array mode, as would be the case after a program or erase operation, the Read Array
command (FFh) must be written to the CUI before array reads can take place.

Readdentifier(90h)

The read configuration mode outputs the manufacturer/device identifier. The device is switched to
this mode by writing the read configuration command (90h). Once in this mode, read cycles from
addresses shown in Table 4, “Read Configuration Table” on page 14 retrieve the specified
information. To return to read array mode, write the Read Array command (FFh).

13
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The Read Configuration 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 writing the Read Configuration command (90h). Once in this mode, read cycles from addresses
shown in Table 4 retrieve the specified information. To return to read array mode, write the Read
Array command (FFh).

Table[4.00 Read[ConfigurationTable

3.3

3.3.1

14

Item Address Data Notes
Manufacturer[Code((x16) 0x00000 0x0089
DevicelID[{SeelAppendixD) 0x00001 ID
Blocklock[Configuration 0xXX002 LOCK 1,2

® BlockOsWnlocked DQp=0

¢ BlockisOlocked DQp=1

¢ BlockdsTlocked-Down DQ;=1
Protection[Registerlock 0x80 PR-LK 3
Protection[Register[(x16) 0x81-0x88 PR

NOTES:

1. Seel$ection[3.7{bralidIbck(status[outputs.

2. “XX"SpecifiestheBlockaddressoflbckdonfigurationBeingfead.
3. SeelSBection[3.8brlprotectionegisterihformation.

Other locations within the configuration address space are reserved by Intel for future use.

Read[S$tatusRegister[(70h)

The status register indicates the status of device operations, and the success/failure of that
operation. The Read Status Register (70h) 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 (FFh) command.

The status register bits are output on DQJ[7:0]. The upper byte, DQ[15:8], outputs 00h during a
Read Status Register command.

The contents of the status register are latched on the falling edge of F-OE# or F-CE#, whichever
occurs last. This prevents possible bus errors which might occur if status register contents change
while being read. F-CE# or F-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, SR7 will indicate the status of the WSM; the remaining bits in the status
register indicate whether the WSM was successful in performing the desired operation (see
Table 6, “Flash Memory Status Register Definition” on page 18).

Clear[StatusRegister[(50h)

The WSM sets status bits 1 through 7 to “1,” and clears bits 2, 6 and 7 to “0,” but cannot clear
status bits 1 or 3 through 5 to “0.” Because bits 1, 3, 4 and 5 indicate various error conditions, these
bits can only be cleared through the use of the Clear Status Register (50h) command. By allowing
the system software to control the resetting of these bits, several operations may be performed
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(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. Note that the Read Array command
must be issued before data can be read from the memory array. Resetting the device also clears the
status register.

CFI[Query[(98h)

The CFI query mode outputs Common Flash Interface (CFI) data when the device is read. This can
be accessed by writing the CFI Query Command (98h). 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 B retrieve the specified information. To
return to read array mode, write the Read Array command (FFh).

Word[Program[(40h/10h)

Programming is executed using a two-write sequence. The Program Setup command (40h) is
written 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 desired 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 the user
attempts 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 F-CE# or F-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 F-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.

Suspending@ndResuming[Program(BOh/D0Oh)

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, writing 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 written. Polling status register bits SR.7 and SR.2 will
determine when the program operation has been suspended (both will be set to “1”). tywnrH1/
tenrn1 SPecify the program suspend latency.

A Read Array command can be written to the CUI to read data from any block other than the

suspended block. The only other valid commands, while program is suspended, are Read Status
Register, Read Configuration, CFI Query, and Program Resume. After the Program Resume
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3.6

3.6.1

16

command is written 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 Appendix A, Program Suspend/Resume Flowcharts)
after the Program Resume command is written. F-Vpp must remain at the same F-Vpp level used
for program while in program suspend mode. F-RP# must also remain at V.

Blockl[Erasel(20h)

To erase a block, write 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 F-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 F-Vpp supply voltage was not within acceptable limits.

After an erase operation, clear the status register (50h) 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.

Suspending@ndResumingErasel(BOh/DOh)

An erase operation can take several seconds to complete, therefore, the 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 an erase sequence has started, writing the Erase Suspend command
to the CUI causes the device to suspend the erase sequence at a predetermined point in the erase
algorithm. Block erase is suspended when Status Register bits SR[7,6] are set. Suspend latency is
specified in Section 5.7, “Flash Erase and Program Timings” on page 31.

When an erase operation has been suspended, a Word Program or Read operation can be performed
within any block, except the block that is in an erase suspend state. An erase operation cannot be
nested within another erase suspend operation.

A suspended erase operation cannot resume until the nested program operation has completed.
Read Array, Read Status Register, Clear Status Register, Read Identifier, CFI Query, Erase
Resume, are all valid commands during Erase Suspend. Additionally, Program, Program Suspend,
Program Resume, Lock Block, Unlock Block and Lock-Down Block are valid commands during
Erase Suspend.

To resume an erase suspend operation, issue the Resume command. The Resume command can be
written to any device address. When a program operation is nested within an Erase Suspend
operation and the Program Suspend command is issued, the device will suspend the program
operation. When the resume command is issued, the device will resume the program operation
first. Once the nested program operation is completed, an additional Resume command is required
to complete the block operation.

Datasheet



INial.

3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

Table®.0 FlashiMemory[Command[Definitions

FirstBus[Cycle SecondBus[CTycle
Command Note

Operation | Address Data Operation | Address Data
Read(Array 1 Write X FFh
Readdentifier 1,2 Write X 90h Read IA ID
CFl[Query 1,2 Write X 98h Read QA QD
Read(S$tatusRegister 1 Write X 70h Read X SRD
Clear[Status[Register 1 Write X 50h
WordProgram 1,83 Write X 40h/10h Write PA PD
BlockErase/Confirm 1 Write X 20h Write BA DOh
Program/EraselSuspend 1 Write X BOh
Program/Erase[Resume 1 Write X DOh
Locklock 1 Write X 60h Write BA 01h
UnlockBlock 1,3 Write X 60h Write BA DOh
Lock-Down[Block 1 Write X 60h Write BA 2Fh
Protection[Register[Program 1 Write X COh Write PA PD
Lock[ProtectionRegister 1 Write X COh Write PA FFFD

X = Don'tlCare
SRD = Status[Register[Data
NOTES:

1. Whenwritingléommands, fhepperldataBus(DQg—DQ1s]Shouldbel@itherV, [OrV,y,ohinimizeldurrentdraw.

PA = Program[Address BA = Block[Address

PD = Program(Data

IA = Identifier[Address

ID = IdentifierlData

QA = Query[Address
QD = Query[Data

2. FollowingfheRead[Configurationor[CFI[Query[@ommands,fead@perations[outputldevicel@onfigurationorCFIquery

information, [espectively.OJ

3. Either[40h[@r10h[@ommandlisitalid,ButfhellhtelStandard(is[40h.
4. Whennlockingablock,WP#hustbeheldforihreeldlockl@ycles{ldlock@ycle@fterfheSecondldommandbusidycle).

Datasheet
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Tablel8.00 FlashMemory[$tatusRegisterDefinition

WSMS ESS ES

PS

VPPS PSS BLS R

7 6 5

4

3 2 1

NOTES:

SR.7IVRITESTATEMACHINESTATUSO
1 = Ready[(WSMS)
0 = Busy

CheckWrite[StateMachinebitfirstfoldetermine WordProgram[6r]
BlockErasel@dompletion, Beforel@hecking[Program(drErase[Status]
bits.

SR.6 = ERASE-SUSPENDISTATUSI(ESS)
1 = Erase[Suspended
0 = Eraseln[Progress/Completed

When[Erase[Suspendlisissued,WSMhalts[éxecution@ndSets]
bothIWVSMSAndESS Bitsfo[."[ESS Bitllemains(Setb ™" Mntil@An(
EraseResumeldommandlislissued.

SR.5 = ERASESTATUSI(ES)
1 = ErrorhBlockErase
0 = SuccessfulBlock[Erase

Whenthis(bitlisSetfoM1,"WSMlhas@ppliedthenax. mumberof(]
eraselpulses(@andiis(stilllunableioerifySuccessfulblock@rasure.

SR.4 = PROGRAMISTATUSI(PS)
1 = ErrorihProgramming
0 = SuccessfullProgramming

When[hisbitlisSetfo1,"WSMlhas@ttemptedbutfailed fo
programl{aiword/byte.

SR.3 = F-Vpp[BTATUS(VPPS)
1 = F-VpplllowDetect,[OperationAbort
0= F'Vpp@K

ThelF-Vppstatusbitidoesotlprovide@ontinuouslindication6fVpp
level.[The[WSMIinterrogatesF-Vppllevelldnly(aftertheProgram(or]
Erasel@dommand(Sequenceslhavelbeenléntered,[@ndlinformsthe
systemlif(F-VpplhashotbeenSwitcheddn.TheF-Vpplis@lsod
checkedbeforetheldperationis¥erifiedbyfhe WSM.TheF-Vppn
status(bitlismot[guaranteedfoeportaccuratefeedbackbetween
VppLk@ndVppyinin.

SR.2 = PROGRAMISUSPENDSTATUSIIPSS)

1 = Program[Suspended
0 = Program(ihProgress/Completed

When[ProgramSuspendlslissued, WSMMaltséxecution[@ndSetsO
bothWSMS@ndPSSbitsiofl."PSSbitemainsSetfoM1"Wntil A0
ProgramResumel@ommand(is(issued.

SR.1 = BLOCKIOCKISTATUS

1 = Prog/Erase@attempted(on[albckedblock;Dperation

aborted.
0 = Noloperation[follbckedBlocks

Iflalprogram(dr@raseldperationls@ttemptedioldne6fthelbcked
blocks, thisbitlis[SetbyfheWSM.TheldperationSpecifiedlis[]
aborted[andfheldevicelisfeturnedfofeadStatushode.

SR.0 = RESERVEDFORFUTUREENHANCEMENTSR)

Thisbitliseservedforfutureselandshouldbe mhaskeddutivhenl]
pollingfhe(Statusfegister.

NOTE: AlCommandiBequencelErroriisihdicatedivhen[$R.4,[3R.5[@nd[SR.7@re(Set.

3.7 Blocklocking

The instant, individual block locking feature that allows any flash block to be locked or unlocked
with no latency, which enables instant code and data protection.

This locking 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 [XYZ]”
will be used to specify locking states; e.g., “state [001],” where X = value of WP#, Y = bit DQ, of
the Block Lock status register, and Z = bit DQg of the Block Lock status register. Table 8, “Block
Locking State Transitions” on page 21 defines all of these possible locking states.
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Blocklocking[@peration[Summary

The following concisely summarizes the locking functionality.

All blocks are locked when powered-up, and can be unlocked or locked with the Unlock and Lock
commands.

* The Lock-Down command locks a block and prevents it from being unlocked when WP# = 0.

¢ \When WP# = 1, Lock-Down is overridden and commands can unlock/lock locked-down
blocks.

¢ When WP# returns to 0, locked-down blocks return to Lock-Down.
* Lock-Down is cleared only when the device is reset or powered-down.

The locking status of each block can set to Locked, Unlocked, and Lock-Down, each of which will
be described in the following sections. A comprehensive state table for the locking functions is
shown in Table 8 on page 21, and a flowchart for locking operations is shown in Figure 19 on
page 50.

Locked[State

The default status 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 status of a locked block can be
changed to Unlocked or Lock-Down using the appropriate software commands. Unlocked blocks
can be locked issuing the “Lock” command sequence, 60h followed by 01h.

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, 60h followed by DOh.

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,
60h followed by 2Fh. Locked-Down blocks revert to the Locked state when the device is reset or
powered down.

The Lock-Down function is dependent on the WP# input ball. 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 re-locked [111] and unlocked [110] as desired 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.
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3.7.5

Reading@Block’slock[Status

The lock status of every block can be read in the configuration read mode of the device. To enter
this mode, write 90h to the device. Subsequent reads at Block Address + 00002 will output the lock
status of that block. The lock status is represented by the least significant outputs, DQg and DQ;.
DQq 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. DQ, 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.

Tablel7.00 BlockIlock[Status

3.7.6

3.7.7

20

Iltem Address Data
BlockLock[Configuration XX002 LOCK
¢ Block Is Unlocked DQy=0
* Block Is Locked DQy=1
* Block Is Locked-Down DQ;=1

Locking[@perationlduring[EraselSuspend

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 write the erase suspend command (BOh),
then check the status register until it indicates that the erase operation has been suspended. Next
write the desired lock command sequence to a block and the lock status will be changed. After
completing any desired lock, read, or program operations, resume the erase operation with the
Erase Resume command (DOh).

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.

Status([RegisterErrorCheckingl]

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., 60h followed by
01h to lock a block, following the Configuration Setup command (60h) 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 locking command error.

A similar situation happens if an error occurs during a program operation error nested within an
erase suspend.
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Table.0 Blocklocking[S$tate[Transitions

Current[State Erase/ Next[Statelafter[Command(hput
Program(

WP# | DQ; | DQg Name Allowed? Lock Unlock Lock-Down
0 0 0 Unlocked Yes Go(To[[001] - Go[To([011]
1 0 0 Unlocked Yes GolTo[101] - Go[dol111]
0 0 1 Locked[{Default) No - Go[do[000] Go[Jo([011]
1 0 1 Locked No - Go[o[[100] Go[o[[n11]
0 1 1 Locked-Down No - - -
1 1 0 Lock-Down(] Yes Go[Jo([111] - GolTo([111]
1 1 1 Disabled No - GolTol110] -

NOTES:

1. M-"lihdicates(moléhangelintheGurrent(State.

2.

Infthisfable, fhemotationXY Z][denotesihelbckingStatelof[aBlock,WhereX = WP#,[Y = DQq,[@ndZ = DQq.Theldurrentd
locking(State(ofablockisdefinedbylthelsState 6fWP#[@ndthevobitsBfthe BlockObckStatus(DQg, Q). Qqlihdicates if@al]
blockisObcked[{1)drmnlocked{0).DQ, ihdicatesifablockhasbeenlbcked-down({1)6rot{0).

. Atlpower-uplor(devicelfeset,@llblocks(defaultblockedState [DO1][{(if(WP# = 0).[holdinglWP# = Olisthelfecommended(]

default.

. ThelErase/Program(Allowed?”[@olumn(Showshetherlérase@nd(program(operations(@re(@nabled({Yes)drdisabled((No)ih(

thatlock's[durrentlbcking(State.

. ThelLocklCommandIhputResult[Next[State]"[GolumnShows[thefesultldfiaritingthefhreelbckingl@ommands({Lock,Wnlock, O

Lock-Down)lihtheldurrentlbcking(State. [For@xample, “GoesTo([D01]"Wouldheanihatritingfhe[@ommandib@blockihihe
currentllbcking(State Wwould(éhangel[it{o[[001].

. The128bits(ofthelprotectionfegister(aredividedlihtofwoB4-bitSegments.[OneldfitheSegmentsisprogrammed@tihehtel 0

factorywith[@uniqueB4bitmumber,Whichlis[inchangeable.ThedtherSegmentlisleftblankforldustomerldesigns[iblprogram(]
asldesired.[©ncelihel@ustomerSegmentlis[programmed,itléanbelbckedibpreventeprogramming.

3.8 128[Bit[Protection[Register

The 3 Volt Intel® Advanced+ Stacked-CSP 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 “mate” the flash component with other system components such
as the CPU or ASIC, preventing device substitution.

3.8.1 Readingihe[Protection[Register

The protection register is read in the configuration read mode. The device is switched to this mode
by writing the Read Configuration command (90h). Once in this mode, read cycles from addresses
shown in Appendix E retrieve the specified information. To return to read array mode, write the
Read Array command (FFh).

3.8.2 ProgrammingiheProtectionRegister[{ICOh)

Dat

The protection register bits are programmed using the two-cycle Protection Program command.
The 64-bit number is programmed 16 bits at a time for word-wide parts. First write the Protection
Program Setup command, COh. The next write to the device will latch in address and data and
program the specified location. The allowable addresses are shown in Appendix E. See Figure 20,
“Protection Register Programming Flowchart” on page 51.
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3.8.3

Any attempt to address Protection Program commands outside the defined protection register
address space will result in a status register error (program error bit SR.4 will be set to 1).
Attempting to program or 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).

Lockingfhe[Protection[Register

The user-programmable segment of the protection register is lockable by programming Bit 1 of the
PR-LOCK location to 0. Bit 0 of this location is programmed to 0 at the Intel factory to protect the
unique device number. This bit is set using the Protection Program command to program FFFDh 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. A Protection Program command to locked words will
result in a status register error (program error bit SR.4 and Lock Error bit SR.1 will be set to 1).
The protection register lockout state is not reversible.

Figurel3.[Protection[RegisterMemoryMap
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84H
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PowerlandReset[Considerations

4.1

4.2

421

4.2.2

Datasheet

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 F-Vcc, F-VccqQ and S-Vcc together. Conversely, F-Vcc, F-Vccq and
S-Vcc must power-down together. It is also recommended to power-up F-Vprp with or slightly after
F-Vcc. Conversely, F-VPp must power down with or slightly before F-Vcc.

If F-VVccq and/or F-VPp are not connected to the F-VVcc supply, then F-Vcc should attain F-
VccMin before applying F-Vccq and F-Vpp. Device inputs should not be driven before supply
voltage = F-VccMin. Power supply transitions should only occur when F-RP# is low.

Additional [Flash[Features

Intel 3 Volt Advanced+ Stacked-CSP products provide in-system programming and erase in the
1.65 VV-3.3 V range. For fast production programming, it also includes a low-cost, backward-
compatible 12 V programming feature.

Improved[12 Volt[Production[Programming

When F-Vpp is between 1.65 V and 3.3 V, all program and erase current is drawn through the
F-Vcc signal. Note that if F-Vpp is driven by a logic signal, V4 min = 1.65 V. That is, F-Vpp must
remain above 1.65 V to perform in-system flash modifications. When F-Vpp is connected to a 12 V
power supply, the device draws program and erase current directly from the F-Vpp signal. This
eliminates the need for an external switching transistor to control the voltage F-Vpp. Figure 12,
“Example Power Supply Configurations” on page 42 shows examples of how the flash power
supplies can be configured for various usage models.

The 12 VV F-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 F-Vpp during program and erase operations for a maximum of 1000 cycles on the
main blocks and 2500 cycles on the parameter blocks. F-Vpp may be connected to 12 V for a total
of 80 hours maximum. Stressing the device beyond these limits may cause permanent damage.

F-VppE Vpp Hor[CompleteProtection

In addition to the flexible block locking, the F-Vpp programming voltage can be held low for
absolute hardware write protection of all blocks in the flash device. When F-Vpp is below Vpp g,
any program or erase operation will result in a error, prompting the corresponding status register bit
(SR.3) to be set.
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5.0 ElectricalBpecifications

5.1 AbsoluteMaximum[Ratings

Warning: Stressing the device beyond the “Absolute Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the “Operating Conditions” is hot recommended
and extended exposure beyond the “Operating Conditions” may affect device reliability.

design.

NOTICE: ThisldatasheetGontainsihformation@nproductsiihfulliproduction.Thelspecifications[areSubjectfol]
changeWithoutmotice. Werifywith¥ourIbcalIntel[BalesdfficefhatMouhavefhellatestdatasheetbeforelfinalizing[al

Table@.0 AbsoluteMaximumRatings

Parameter Maximum[Rating Notes

Extended[©peratingMemperature

DuringRead

DuringFlashBlockErase@ndProgram —25°Clio[#85°C

TemperatureunderBias
Storage[Temperature —65°Clib[#125°C
VoltageOn[AnyBall{exceptF-VCC#F-VCCQ#[$-VCCandF-VPP)With( -0.5 Vib#3.3V 1
Respectib[GND
F-VppWoltage[{forBlockEraselandProgram)with[Respectfo[GND —0.5V[{b#13.5 V 1,2,4
F-VeedF-Vecof$-VecSupplyVoltage WwithRespectTo[GND —0.2VibH3.3V
OutputShort[CircuitlCurrent 100MA 3

NOTES:

1. MinimumDColtagelis20.5 VOnlihput/outputballs.uringfransitions, thislevellnhayindershootioZ
2.0 Vior{periodsZ20 ns.MaximumDColtageOnlihput/outputallsisEF-VcchF-Vecoh$-Vect 0.5 VO

which,[duringransitions, hay@vershootfol]
F-Vcch-VCCQdS-Vccd‘m.o V[fbrIDeriodsB 20Ms.

2. MaximumDC[roltage@nF-Vpphaylovershootib#14.0 Vorperiods20Mms.

3. F-Vppioltagelismormally1.65 V-3.3 V.[ConnectionfoSupply@f11.4 V-12.6 V[dan(onlybeldoneforO
100008ycles@nihehainblocks[@nd2500dycles@nltheparameterdlocks[duringprogram/erase.F-Vppld

maybeldonnectedfo12 V{ior[aibtal6fB0OMourshaximum.$eel$ection(4.2.1{or(details
4. Output(Shorteddorholhorefhan@nelSecond.NohorefhandneButputShorted@tlaiime.

24
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5.2 Operating[Conditions

Table10.CTemperaturelandVoltage[@Operating[Conditions

Symbol Parameter Notes Min Max Units
Tcase Operating[Memperature =25 +85 °C
VeedVeco C;)\ﬂg(g:gF-VCCQéS-VCCBUPpIyD 1 2.7 3.3 Volts
Vpp1 SupplyWoltage 1 1.65 3.3 Volts
Vpp2 1,2 11.4 12.6 Volts
Cycling BlockErase[Cycling 2 100,000 Cycles
NOTES:

1. F-Vcc/F-VecgqlustisharelthelSamelsupply.[F-Vcc/S-VeclustisharetheSsamelSupplyvhen(hotlindatall
retention.

2. Applying[#-Vpp = 11.4 V-12.6 V(during[alprogram/eraseldan(onlybeldonefor@Maximum0fl1000[cdycles
onftheainblocks@nd2500[dycles[ontheparameterBlocks.F-Vppaybeldonnectedib[12 Vor(afotal]
of[B0Moursiaximum.$eel$ection(4.2. 1[{or(details.

5.3 Capacitance
TcaseFF25°C,HEAMHz
Sym Parameter Notes Typ Max Units Conditions
Cin Input[Capacitance 1 16 18 pF ViN=0V
Cout Output[Capacitance 1 20 22 pF Vour=0V

NOTE: Sampled,fiot100%fested.
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®
5.4 DCI[Characteristics
Table1.[DCI[Characteristics[(Sheet[1[0f[2)
2.7VE3.3V
Symbol Parameter Device Note Unit Test[Conditions
Typ Max
F-Vco/S-Vee =V ax
I InputloadCurrent Flash/ 1 =2 HA ce cc = VeeM
SRAM VN = VecMaxoriGND
F-Vce/S-Vee =V ax
Lo Outputleakage[Current Flash/lJ 1 0.2 #010 HA ce cc=VecM
SRAM VN = VeeMaxOriGND
0.25um) -y 10 | 25
Flash F-Vcc = VecMax
0.13um0 ua | FCE# = F-RP# = Vecq
andD F-WP# = VcBriGNDO
0.18um0 1 7 15 VN = VecMaxorlGND
lccs Vece$tandby[Current Elash
2MbO | . 10 ua | SVec=VeeMax
SRAM S-CS1#=V¢(,[$-CS2 =Vl
4-Mb0O or($-CS2 =[GNDO
1 - 15 HA _
SRAM VN = VeeMaxoriGND
8-MbO
SRAM L - 25 HA
gl s
F-VCC = VchaX
lcep VcDeepPower-Down(Current O-ellﬁsgﬂ HA | Viy = VeoMaxorGND
0.18um0 1 7 15 F-RP# = GND[®0.2 V
Flash
2-MbO
. SRAM 1 - 7 MA | | ;o= 0nA,[3-CS1#=V,_
| Operating[Power[BupplyCurrent ~
ce (cyclefimeZ1[Qs) 4-MbD \S/'Cézv—%:g}f#m@ ViH
SRAM 1 - 10 mA IN IL IH
8-Mb[O
SRAM 1 - 10 mA
2-MbO
1 - 40 mA ; 0,
| Operating[Power[Bupply[Current SRAM I(:yc_l%[té:}n: %mgg,lgo_omfﬂgtyﬂ
cc2 min@yclefime 10~ "o —HL
(mintey ) 4-mMbO | . 45 | ma | SCS2= Vg VB V) OV,
SRAM
8-Mb0O
SRAM 1 - 50 mA
0.25um0
Flash 1.2 10 18 MA | F-Vec = VecMax
F-OE# = V|y,[F-CE# = V|
lccr VecReadTurrent 0.13umd f = 5Hz T oA It
andd | 5 9 18 | ma | Hour =
0.18um0O VN = V) BV 4
Flash
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Table11.[DC[Characteristics[(Sheet2[0f[2)

3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

2.7VE=3.3V
Symbol Parameter Device Note Unit Test[Conditions
Typ Max
F-Vpp =V,
18 55 mA PP = VPP1O
lash Program(h[Progress
lccw VccProgram[Current Flas 1,3
F-Vpp = Vpp[{12 V)
8 22 mA
Program(ih[Progress
F-Vpp =V,
16 45 mA PP~ PRI
lash Eraselih(Progress
lcce VcclErase[Current Flas 1,3
F-Vpp = Vppa{12 V)
8 15 mA
Eraselih[(Progress
F-CE# = V¢, [Erase[Suspendd
lcces VclEraselSuspend[Current Flash 1,34 7 15 pA inM@rogress
0.25umgd
Flash 1,34 10 25
F-CE# = V¢, [Program
lccws VccProgramSuspend(Current 0.13um0] HA cc,5Tog
andO 134 7 15 Suspendlh[Progress
0.18um0d =
Flash
F-RP# = GND[Z0.2 VO
lppD F-VppDeepPower-Down[Current Flash 1 0.2 5 HA
F-VepsVec
Ipps F-Vpp[Standby[Current Flash 1 0.2 5 MA | F-VppsVcee
1 2 +15 LIA F-VPP§WCC
Ippr F-VppRead[Current Flash
1,2 50 200 MA | F-VppzlVcce
F-Vpp =V,
0.05 | 0.1 mA PP PPl
lash Program(h[Progress
lppw F-Vpp[Program[Current Flas 1,2
F-Vpp =V 12 Vv)O
8 29 mA pp = Vpp2{12 V)
Program(ih[Progress
F-Vpp =V,
lppE F-Vpp Erase[Current Flash 1,2 0.05 0.1 ma PP~ "PPL
Eraselih(Progress
F-Vpp =V
0.2 5 LA PP = VPP1
Erase[Suspendlih[Progress
lppES F-VpplEraselSuspendCurrent Flash 1,2
F-Vpp = Vppp((12 V)
50 200 HA
Erase[Suspendlih[Progress
F-Vpp =V
0.2 5 LA PP = VPP10O
Program[Suspendlih[Progress
Ippws F-Vpp[ProgramBuspend[Current Flash 1,2
F-Vpp = Vppy((12 V)
50 200 KA Program[Suspendlih[Progress
NOTES:

1. All@urrents[areih(RMSunless@therwiseoted. Typicalvalues@tominalF-Ve/S-Vee, T case = +250C.

2. Automatic[Power[$avings{APS)educesIcgIb@pproximatelyStandby(levelslih[Staticldperation [CMOS[ihputs).

3. Sampled,not100%dested.

4. lcces@ndcysl@reSpecified with[device[de-selected. Of[devicelis[fead Whileih[@raseSuspend, Burrentdraw(is SumBfl cgs 0
andlcg.dftheldevicelisfead Whilelih[programSuspend, Gurrentidraw(is fhe Sum bl cws@nddscg.

Datasheet
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Table[12.[DC[Characteristics
2.7VEE3.3V
Symbol Parameter Device Note Units Test[Conditions
Min Max
Flash/
i InputowVoltage SRAM -0.2 0.6 \Y
. Flash/ chm
Vi InputHighVoltage SRAM 2.3 +02 \%
F-Vcc/S-Vec =V in
VoL OutputLowVoltage Flash/ 20.10 | 0.10 v cclS-Vee = VeeMing
SRAM loL = 100[PA
. Flash/ Vel F-Vce/S-Vec = VeeMin
V, OutputHighVoltage cC 0 \%
OH putizlig 9 SRAM 0.1 lon = —~100[pA
VppLk F-Vpplock-OutVoltage Flash 1 1.0 \Y Complete[Write[Protection
Vpp1 F-Vpplduring[Program(Erase Flash 1 1.65 33
Vpp2 Operations 1,2 1.4 12.6
Viko VccProg/EraselllockVoltage Flash 15 O \
Viko2 VccgiProg/EraselockVoltage Flash 1.2 O \Y
NOTES:

1. Erasel@and[Program(arelinhibitedwhen(F-V, X Vpp) Anddotiguaranteeddutsidethe Nalid -V, BangesBfVpp,; ANdVpp,.

2. Applying[F-Vp,F(11.4V-12.6Vduring[program/erase@anionlybedonefor@haximum6f10008yclesdntthelthainblocks@nd
2500[dycles n[thelharameter[ﬁlocks.[E-Vppﬁaymeonnected[fbl]lzN’[forlﬁ[fotalmf[aothours@aximum.[$ee[$ection@.2.1[forl]
details.

Figured.(Onput/OutputReferenceWaveform

Vee N
v
INPUT ——  TESTPROINTS V% OUTPUT
0.0 S$§

NOTE: AClestlihputs(@areldriven@tlV ccqfor@lbgic[M"@And0.0Vfor@lbgic0. " IhputfimingBegins,@ndButputD
timinglends, [@atlVcc /2. [hputlisel@andfallfimes[(10%-90%)x10[@s. WorstidaseSpeed(¢onditions(arel]
when chQFWCcQMin.

0645_07

Figure3.(OTest[Configuration

Device O out

Under(Test 1
D"

0666_05

NOTE: C,lihcludeslig@apacitance.
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Test[Configuration

CLpF)

2.7 V-3.3 V[Standard(Test

50

5.5 Flash[AC[Characteristics.
Table13.[Flash[AC[Characteristics—Read [@Operations
Density 16-Mbit 32-Mbit
Product -70 -90 -110 -70 -90
# Sym Parameter Unit
VoltageRange 2.7VEB.3V
Note Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
R1 | tayay | Read[TycleTime O 70 90 110 O] 70 90 ns
R2 | tavgv | Address(ib@utputDelay O 70 90 O | 110 70 90 ns
R3 | tg qv | F-CE#OutputDelay 1 70 90 0 | 110 70 90 ns
R4 | tgLov F-OE#Ib[OutputDelay 1 20 30 O 30 20 20 ns
R5 | tpyov | F-RP#IoOutputiDelay O 150 150 O | 150 150 150 ns
R6 | tg ox | F-CE#IoutputinMowZ 2 0 0 0 ol o 0 ns
R7 | tgLox | F-OE#bOutputlinlow(Z 2 0 0 0 O 0 0 ns
R8 | tenoz | F-CE#IbOutputlinHighlz 2 20 25 O 25 20 20 ns
R9 | tgngz | F-OE#IbOutputlihHighZ 2 20 20 20 20 20 ns
OutputHoldfrom[Address
R10 | toy F-CE#,0r[F-OE#[Change, 2 0 0 0 ] 0 0 ns
Whichever[Occurs[First
NOTES:
1. F-OE#[haybeldelayedipol gy—teLgvafterthefallingl@édge Bfl[CE#WithoutimpactOnliy qv

2. Sampled,Butmot100%fested.

3. SeelFigure®,ACWaveform:[Flash[Read[@perations”[@npage 30.

4. SeelFigured,Input/OutputReferenceWaveform”onipage28oriimingMmeasurements@ndaximum@llowablelinputslew
rate.

Datasheet
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Figurel®8.CACWaveform:[Flash[Read[@Operations

intel.
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5.6 Flash[AC[Characteristics—Write[Operations

Table[14.[Flash[AC[Characteristics—Write[©perations

Density 16-Mbit 32-Mbit
Product | -70 | -90 | -110 | -70 | -90
# Sym Parameter Unit
VoltageRange 2.7V[E3.3V
Note | Min | Min | Min | Min | Min
W1 | tppywi BpHeL F-RP#High[RecoveryfoF-WE#[(F-CE#)[Goingdlow 150 | 150 | 150 | 150 | 150 ns
W2 | tepwi Bveer F-CE#[(F-WE#)[SetupioF-WE#[(F-CE#)[Goingdow 0 0 0 0 0 ns
W3 | te enBviwn F-WE#((F-CE#)PulseWidth 1 45 | 60 | 70 | 45 | 60 | ns
W4 | toywhIbven Datal$etupioF-WE#(F-CE#)[GoingBigh 2 40 50 60 40 40 ns
W5 | tavwHEavEH Address[SetupibF-WE#(F-CE#)GoingHigh 2 50 60 70 50 60 ns
W6 | twHenTEHWH F-CE#[(F-WE#)Hold@imefromF-WE#(F-CE#)High 0 0 0 0 0 ns
W7 | twHoxTEHDX Data®old@imefromF-WE#(F-CE#)High 2 0 0 0 0 0 ns
W8 | twhaxTEnax Address[HoldTimefromF-WE#{(F-CE#)High 2 0 0 0 0 0 ns
W9 | twhwLtEHEL F-WE#[(F-CE#) Pulse[WidthBligh 1 25 | 30 | 30 | 25 | 30 | ns
W10 | typwHB/PEH F-Vpp[SetupibF-WE#[(F-CE#)(GoingHigh 3 200 | 200 | 200 | 200 | 200 ns
W11 | touve F-VpproldfromValid(SRD 3 0 0 0 0 0 ns
NOTES:

1. Write[pulseidth{tyyp) (5 [definedfrom[F-CE#[0rF-WE#[goingIbw{whicheverlgoesIbwIast)toF-CE#0r0]
F-WE#[goinghigh{whicheverlgoeslhighfirst). Hence,Byp = twiwH = teLen = twien = terwn: Bimilarly, bvrite [pulseWidthhighO
(twpn)5definedfromF-CE#Or F-WE#[goinghigh{whicheverlgoeshigh(irst) o (F-CE#0r[

F-WE#Ifgoing DmeNhiCheVer@OES[[OerSt).[E'lence,mNpH = tWHWL: tEHEL = tWHEL: tEHWL.

2. ReferlfbTable 5,FFlashiMemorylCommandDefinitions”dnpage 17HorvalidAy0rID,y.

3. Sampled,butnot100%[fested.

See Figure 4, “Input/Output Reference Waveform” on page 28 for timing measurements and maximum
allowable input slew rate.

See Figure 7, “AC Waveform: Flash Program and Erase Operations” on page 33.

5.7 FlashErase@ndProgramTimings®

Table15.[Flash[Erasel@andProgramTimings{(Sheet[1[0f(2)

F-Vpp 1.65V-[3.3V 11.4v-112.6V
Symbol Parameter Unit
Note | Typ® Max Typ® Max
tewpB 4-KWParameterBlockProgram(Time{Word) 2,3 0.10 0.30 0.03 0.12 s
tBwMB 32-KWMainBlockProgramTime[(Word) 2,3 0.8 2.4 0.24 1 S
i 0.25[pmMWord[Program(Time 2,3 22 200 8 185
twHQv1fEHQVL Hs
Q Q 0.13[Em@ENd[0.18imWordProgram(Time 2,3 12 200 8 185
twHov2EHgy2 | 4-KWIParameterBlockEraselTimeWord) 2,3 0.5 4 0.4 4 s
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Table[15.[Flash(EraselandProgram(Timings[(Sheet2[0f[2)

F-Vpp 1.65V-3.3V 11.4v-12.60V
Symbol Parameter Unit
Note Typ® Max Typ® Max
twHovaEHgvs | 32-KWMainBlockEraseTime{(Word) 2,3 1 5 0.6 5 s
twhrH1IERRH1 | Program3uspenddlatency 3 5 10 5 10 us
twHrRH2EEHRH2 | EraselSuspendllatencyl] 3 5 20 5 20 ps

NOTES:

1. Typicallvaluesneasured@tT cpsg = +250C[@AndMominaloltages.
2. Excludes(éxternallSystem-levelldverhead.

3. Sampled, Buthot100%fested.
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Figure@.CACWaveform:[Flash[Program[@nd[Erase@perations

A B C D E F
Vi o k ] ———
ADRESSESIR| Av N A KOOOCRCOOCOXXRNN
Vin ~ M @ _ (Noten)

CE#(WE#)E(W)] v J/—\
v, + Je o le W6
OE#([G] v J \ /

WE#(CE#)[W(E)] 1 r / \ /
v/ / o/

@
o T Hw
e T e |ED-(e—
RPATP] le _/
WP#0 o / \
o 2 AKX FRCOREOTEONRONND
A COEONEONNS

1. F-CE#(mhustBelibggledlbwiwhenfeading[S$tatus[RegisterData. F-WE#[mhustBelihactive [(high) Whenfeading ]
Status[Register[Data.

A. F-VCCPower-UplandStandby.

B. Write[Program[drErase[Setup[Command.

C. WriteValid[Address[andDatal(for[Program)0rEraseConfirmCommand.

D. Automated[Program(or(Erase[Delay.

E. Read[Status[RegisterDatal[SRD):Heflectsidompletedprogram/eraseloperation.
F. Write[Read[Array[Command.
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5.8 Flash[Reset[@Operations

Figure@.CACWaveform:[Reset[@peration

ViH
RPHIP)D / torov
Vi tprHwL
t *tPHEL

—>
PLPH
(A)ResetlduringReadMode

Abort
CompleteI
tPLRH |

rRP#P)D T\
Vie [

tpLPH
(B)ResetduringProgramorBlock Erase, HFFAIR {PLRH

Abort
Complete

tpHQV
tPHWL
tPHEL

Deep
Power-| tPHQV

Down e PHWL
tPHEL

e——{PLRH —»|

Rp#P)0” \
V|L

teLpH

(C)ResetProgram(orBlockErase, THHIRHE T p rH

Table[16.[ResetSpecifications™®

F-VccR.7VE3.3V
Symbol Parameter Note Unit
Min Max
t F-RP#[Low(ib[ResetduringRead{If F-RP#05ied 24 100 ns
PLPH tolV ¢, ThisSpecificationlisMot@pplicable) '
tpLRH1 F-RP#ILow(ib[ResetlduringBlockErase 34 22 us
tpLRH2 F-RP#ILow(ibResetlduring(Program 3,4 12 us

NOTES:

1. Seel$ection2.1.4,[FlashReset’0n[page 13Horlafullidescriptiondfitheseldonditions.

2. Ifffp pyy[i$Z100MsFhedeviceay Still FesetbutlthisisMotguaranteed.

3. If[F-RP#ls@ssertedhilel@Blocklérase@rpvord(program(Operationisfotéxecuting, thefesetiwil[Gomplete
within[100(@s.

4. Sampled,butmhot100%[{ested.
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5.9 SRAMIACI[Characteristics—Read[Operations

Table17.CBRAMIAC[Characteristics—ReadMperations®)

Density 2/4/8-Mbit
# Sym Parameter VoltageRange 2.7V-3.3V Unit
Note Min Max
R1 tre Read[Cycle[Time O 70 - ns
R2 tan Address[ib@utputDelay O - 70 ns
R3 tco1 ooz | S-CS1#,[3-CS2(ib@utputDelay - 70 ns
R4 toe S-OE#[Ib[@utputelay - 35 ns
R5 tea S-UB#,IlB#[fo[@utputDelay O - 70 ns
R6 |tz.Mz | S-CS1#,[3-CS2MoOutputinowX 2,3 5 - ns
R7 toLz S-OE#[b[@utputihlowZ 3 0 - ns
R8 thz1, Bhzo S-CS1#,[3-CS2ib[OutputihMighZ 2,34 0 25 ns
RO | tonz S-OE#[b[@utputlihBighZ 3,4 0 25 ns
OutputMoldfrom[Address,[$-CS1#,0
R10 ton S-CS2,[0r[$-OE#Change,[Whichever[@ccurs 0 - ns
First
R11 teLz S-UB#,[$-LB#[{o[@utputihlow(Z 3 0 - ns
R12 tgHz S-UB#,[$-LB#({b[@utputih[HighZ 3 0 25 ns
NOTE:

1. SeelFigure®,BACWaveform:[SRAM[Read@perations”[@n[page 36.

2. Atl@any(givenfemperaturefandioltageldondition, f},z [(Max)[isIessthanland( z[((Max)BothFor(algivenO
devicelandfrom(devicelfbldevicelihterconnection.

3. Sampled,butmot100%[{ested.

4. Timings[of(f;[@ndo, [dredefined@s(the fime@tWhich he Butputs@chievefhedpen@ircuitidonditions
and(@renoteferencedib@utputioltagellevels.
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Figure@.CACWaveform:[SRAM[Read[Operations
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5.10 SRAMIACICharacteristics—Write[Operations

Table[18..B6RAMACCharacteristics—Write[Dperations 2

Density 2/4/8-Mbit
# Sym Parameter Volt | 2.7VEE3.3V Unit
Note Min Max
w1 twe Write[CycleTime 70 - ns
w2 tas Address[$etupEtb[$-WE#EﬂS-CSl#)Bnd[$-U B#,0 3 0 - ns
S-LB#[GoingMow
W3 twp S-WE#[(S-CS1#)[PulseWidth 4 55 - ns
w4 tow DatafoWrite[Time[@verlap 30 - ns
W5 taw Address[$etupio[$-WE#{S-CS1#)[GoingHighO 60 - ns
W6 | tow S-CE#[(S-WE#)[Setupfo[S-WE#[(S-CS1#)[Going[] 60 - ns
High
w7 toH DataMoldTimefrom3-WE#[S-CS1#)High 0 - ns
W8 | twr Write[Recovery[ 5 0 - ns
w9 tsw STUB#,[$-LB#[$etup[fb[$-WE#EﬂS-CSl#)[(BoingD 60 - ns
High
NOTES:

1. SeelFigure[10,MACWaveform:[SRAMMWrite[@perations”[@n[page 38.

2. Alwrite[@ccursduringihe@verlap({typ) 0flbwS-CS1#@AandIbwiS-WE#. [AWrite[beginsWhen([$-CS1#[goes
low[Aand[$-WE#[goeslbwWith@sserting[$-UB#[0r[3-LB#[for(Single byte[dperation[orSimultaneously
assertingd
S-UB#[and($-LB#[for[doubleByte@peration.AMrite@nds(@tfhe earliestiransitionihen[$-CS1#goeshigh
andS—WE#@oes[ﬂigh.Erhe[tl,\,pms@easuredEtrom[ﬂ"le[beginningmfwrite[tbﬁe@ndmfmvrite.

3. taslisheasuredfromthel@addressalidibthebeginningBfiwrite.

4. typliseasuredfrom3-CS1#[goingdbwliblendGfiirite.

5. tyribMeasuredfromihel@ndofiwritebfhe@ddress6hange.yr[@ppliedihdase@iirite[@nds@s[$-CS1#0
or[$-WE#[goingigh.
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Figure[10.[ACWaveform:[ISRAMWrite[Operations
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5.11 SRAMI[DatalRetention[Characteristics-Extendedl]
Temperature
Table19.[BRAMMDataRetention[Characteristics ’—Extended Tem perature
Sym Parameter Note Min Typ Max Unit Test[Conditions

VDR S—Vcc[fbr[lDataERetention 1.5 - 3.3 \Y CSl#EVCCE[O.Z \Y%
Deep[Retention[CurrentE] 6 A
8-Mbit H

| Deep[Retention[CurrentH] > _ B 5 uA S-VecE 15V

DR 4-Mbit CS#2VcenD.2 V
Deep[Retention[CurrentE] 4 A
2-Mbit H

tspr Data[Retention[$et-upTime 0 - - ns See[DataRetention[Waveform

tRDR Recovery[Time tre - - ns

NOTES:
1. TypicalValuesf@tmominall$-Vee, [T casg = +250C.
2. S-CS1#2VepD.2 V,[3-CS2EVcnD.2 VIS-CS1#dontrolled)0r[$-CS2[E0.2 VIS-CS2[@ontrolled).

Figure11l.[SRAMDataRetentionWaveform
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6.0

Migration[Guideldhformationl]

40

Typically, it is important to discuss footprint migration compatibility between a new product and
existing products. In this specific case, the Stacked-CSP allows the system designer to remove two
separate memory footprints for individual flash and SRAM and replace them with a single
footprint, thus resulting in an overall reduction in board space required. This implies that a new
printed circuit board would be used to take advantage of this feature.

Since the flash in Stacked-CSP shares the same features as the Advanced+ Boot Block Features,
conversions from the Advanced Boot Block are described in AP-658 Designing for Upgrade to the
Advanced+ Boot Block Flash Memory, order number 292216.

Please contact your local Intel representation for detailed information about specific Flash +
SRAM system migrations.
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7.0

3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

System[DesignConsiderations

7.1

7.1.1

7.1.2

7.2

Datasheet

This section contains information that would have been contained in a product design guide in
earlier generations. In an effort to simplify the amount of documentation, relevant system design
considerations have been combined into this document.

Background

The Intel Advanced+ Boot Block Stacked chip scale package combines the features of the
Advanced+ Boot Block flash memory architecture with a low-power SRAM to achieve an overall
reduction in system board space. This enables applications to integrate security with simple
software and hardware configurations, while also combining the system SRAM and flash into one
common footprint. This section discusses how to take full advantage of the 3 Volt Advanced+ Boot
Block Stacked Chip Scale Package.

Flash#[SRAM[Footprintdhtegration

The Stacked Chip Scale Package memory solution can be used to replace a subset of the memory
subsystem within a design. Where a previous design may have used two separate footprints for
SRAM and Flash, you can now replace with the industry-standard I-ballout of the Stacked-CSP
device. This allows for an overall reduction in board space, which allows the design to integrate
both the flash and the SRAM into one component.

Advanced+BootBlockFlashMemory[Features
Advanced+ Boot Block adds the following new features to Intel Advanced Boot Block
architecture:

¢ |nstant, individual block locking provides software/hardware controlled, independent locking/
unlocking of any block with zero latency to protect code and data.

* A 128-bit Protection Register enables system security implementations.

¢ Improved 12 V production programming simplifies the system configuration required to
implement 12 V fast programming.

¢ Common Flash Interface (CFI) provides component information on the chip to allow software-
independent device upgrades.

For more information on specific advantages of the Advanced+ Boot Block Flash Memory, please
see AP-658 Designing with the Advanced+ Boot Block Flash Memory Architecture.

Flash[Control[Considerations

The flash device is protected against accidental block erasure or programming during power
transitions. Power supply sequencing is not required, since the device is indifferent as to which
power supply, F-VPP or F-VCC, powers-up first. Example flash power supply configurations are
shown in Figure 12, “Example Power Supply Configurations” on page 42.
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7.2.1

71.2.2

F-RP#[Connected[fo[Bystem[Reset

The use of F-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 F-RP# to
the system CPU RESET# signal to allow proper CPU/flash initialization following system reset.

System designers must guard against spurious writes when F-V ¢ voltages are above V| . Since
both F-WE# and F-CE# must be low for a command write, driving either signal to V4 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 F-RP# is brought to V4, regardless of the state of its control
inputs.

By holding the device in reset (F-RP# connected to system PowerGood) during power-up/down,
invalid bus conditions during power-up can be masked, providing yet another level of memory
protection.

F-Vce,[F-Vppl@andF-RP#dransition

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

After any program or block erase operation is complete (even after F-Vpp transitions down to
VppLk), the CUI must be reset to read array mode via the Read Array command if access to the
flash memory array is desired.

Figure12.lExamplePowerSupplyConfigurations

42

System{Supply System[Supply
Vee Vee
12[V[Supply
Ve Prot# Ve
10RKQ (Logic[Signal)
o 12[V[FastProgramming o Low-VoltageProgramming

® AbsoluteWrite[ProtectionWithlV RV, , | ® AbsoluteWrite[Protectionviallogic[Signal

System[Supply System[Supply
V, V
; (Note(1) cc cc
Ver Vep
12V Supply
o LowVoltageland12[VFastProgramming o Low-VoltageProgramming

NOTE: 1.[A[fesistordanibelsed[ifheF-VcSupplyBaniSinkladequateGurrentbasedon(fesistorValue.
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Noise[Reduction

Stacked-CSP memory’s power switching characteristics require careful device decoupling. System
designers should consider three supply current issues for both the flash and SRAM:

1. Standby current levels (Iccs)
2. Read current levels (Iccr)
3. Transient peaks produced by falling and rising edges of F-CE#, S-CS1#, and S-CS2.

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 device should have a capacitors between individual power (F-VCC, F-VCCQ F-VPP
S-VCC) and ground (GND) signals. High-frequency, inherently low-inductance capacitors should
be placed as close as possible to the package leads.

Noise issues within a system can cause devices to operate erratically if it is not adequately filtered.
In order to avoid any noise interaction issues within a system, it is recommended that the design
contain the appropriate number of decoupling capacitors in the system. Noise issues can also be
reduced if leads to the device are kept very short, in order to reduce inductance.

Decoupling capacitors between V¢ and Vg reduce voltage spikes by supplying the extra current
needed during switching. Placing these capacitors as close to the device as possible reduces line
inductance. The capacitors should be low inductance capacitors; surface mount capacitors typically
exhibit lower inductance.

It is highly recommended that systems use a 0.1 uf capacitor for each of the D9, D10, A10 and E4
grid ballout locations (see Figure 1, “66-Ball Stacked Chip Scale Package” on page 8 for ballout).
These capacitors are necessary to avoid undesired conditions created by excess noise. Smaller
capacitors can be used to decouple higher frequencies.
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Figure13.OypicalFlashFFSRAMBSBubstratelPower@ndGroundConnections

SUBSTRATE
FLASHIDIE
SRAMIDIE
S-v
SSQ —
1 A9
F-Vsso
D3 SVee SVee — |
D9
L
S-Veco
F-V e D10
F-Veco Al10
E4 F-V,
PP F-Ve ] H8

XX Substratel@onnectionfopackage(ball

S-X SRAMdieBondpadl@onnection

Flash@ieBondpadGonnection

NOTES:
1. Substratel@onnections(ieferfoBalloutlbcationsShownlih[Figure[1,166-Ball[Stacked[Chip[ScalePackage”dn]

page 8.
2. 0.1pfl@apacitors(ShouldbeWsedWwith(D9,D10,[Al0andE4.
3. Somel[$SRAMIdevices[domothavelal$-VSSQ;hthisdase,fhis[padisal3-VSS.
4. Some[$SRAMI[devicesldomothave@l$-VSSQ;lihlhisidase,thispadis@lVCC.

7.4 Simultaneous[Operation

The term simultaneous operation in used to describe the ability to read or write to the SRAM while
also programming or erasing flash. In addition, F-CE#, S-CS1# and S-CS2 should not be enabled at
the same time. (See Table 2, “3 Volt Intel® Advanced+ Boot Block Stacked-CSP Ball
Descriptions” on page 9 for a summary of recommended operating modes.) Simultaneous
operation of the can be summarized by the following:

* SRAM read/write are during a Flash Program or Erase Operation are allowed.

¢ Simultaneous Bus Operations between the Flash and SRAM are not allowed (because of bus
contention).
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7.4.1

7.4.2

7.5

3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

SRAMI[OperationduringFlashfBusy”

This functionality provides the ability to use both the flash and the SRAM *“at the same time”
within a system, similar to the operation of two devices with separate footprints. This operation can
be achieved by following the appropriate timing constraints within a system.

SimultaneousBus[Operations

Operations that require both the SRAM and Flash to be in active mode are disallowed. An example
of these cases would include simultaneous reads on both the flash and SRAM, which would result
in contention for the data bus. Finally, a read of one device while attempting to write to the other
(similar to the conditions of direct memory access (DMA) operation) are also not within the
recommended operating conditions. Basically, only one memory can drive the outputs out the
device at one given point in time.

Printed[CircuitBoardMNotes

The Intel Stacked-CSP will save significant space on your PCB by combining two chips into one
BGA style package. Intel Stacked-CSP has a 0.8 mm pitch that can be routed on your Printed
Circuit Board with conventional design rules. Trace widths of 0.127 mm (0.005 inches) are typical.
Unused balls in the center of the package are not populated to further increase the routing options.
Standard surface mount process and equipment can be used for the Intel Stacked-CSP.

Figure14.[Standard[PCB[DesignRules[CanbelsedWith[$tacked-CSPDevice

7.6

Datasheet

Land[PadDiameter:.35mm({0.01380h)
—/I( SolderMask@pening:0.50m[{0.0198(ih)

I« TraceWidth:[.127m{0.005[h)
Trace[$paces:(D.160m({0.00625(ih)

. o VialCapturePad: [0.51hm{0.020(h)
- ViaMrillSize: [.25@m{{0.010(h)

NOTE: TopView

System(DesignNotes[Summary

The Advanced+ Boot Block Stacked-CSP allows higher levels of memory component integration.
Different power supply configurations can be used within the system to achieve different
objectives. At least three different 0.1 uf capacitors should be used to decouple the devices within a
system. SRAM reads or writes during a flash program or erase are supported operations. Standard
printed circuit board technology can be used.
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Appendix[AIProgram/EraselFlowcharts

Figured5.[Automated(Word[Programming[Flowchart
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attempts(are@llowedByfheWrite[StateMachine.
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Figure6.Program[Suspend/ResumeFlowchart
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Figurel7.[AutomatedBlockEraseFlowchart
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Figure18.[EraselSuspend/ResumelFlowchart
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Figure9.Mocking@perationsFlowchart
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Figure20.[ProtectionRegisterProgrammingFlowchart
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AppendixBICFI[Query[S$tructure

B.1

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

Query[Structurel@utput

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

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

For a word-wide (x16) device, the first two bytes of the Query structure, “Q” and “R” in ASCII,
appear on the low byte at word addresses 10h and 11h. This CFI-compliant device outputs 00h data
on upper bytes. Thus, the device outputs ASCII “Q™ in the low byte (DQg.7) and 00h in the high

byte (DQg.15).

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

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

Table20.Bummary@f[QueryFtructure@utput@s@FunctionofDevice@ndMode

52

Device Hex[Offset Code ASCllValue
10: 51 “‘Q”
DevicelAddress 11: 52 “‘R”
12: 59 “y”

Datasheet



3[Volthtel®Advanced+BootBlock[FlashMemory$Stacked-CSPFamily

Table21.[CExamplel@f(QueryStructure@utputldofX16[@andX8MDevices

B.2

Word[Addressing Byte[Addressing
Offset Hex[Code Value Offset Hex[Code Value
A15-Ag D15-Do A7-Ao D7—Dg
0010h 0051 “‘Q" 10h 51 “‘Q"
0011h 0052 “R” 11h 52 “‘R”
0012h 0059 “y” 12h 59 “y”
0013h P_IDLO PrVendor 13h P_IDLO PrVendor
0014h P_IDHI ID&# 14h P_IDLOM ID#
0015h PLO PrVendor 15h P_IDHI ID#
0016h PHI ThblAdr 16h m. m.
0017h A_IDLO AltVendor 17h
0018h A_IDHI ID# 18h

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.

Table22.[Query[Structure

Offset Sub-SectionMame Description Notes
00h ManufacturerfCode 1
01lh DevicelCode 1
(BA+2)h Block[$tatusRegister Block-specificlinformation 1,2
04-0Fh Reserved Reserved[foritendor-specificlinformation 1
10h CFIQueryldentification($tring Command8etIDlandendorldataloffset 1
1Bh System(Ihterfacellhformation Devicelfiming[&[loltagelinformation 1
27h Device[GeometryDefinition Flash[devicelayout 1
p Primaryntel-SpecificlExtended Ve_ndor—defined @dditi(_)nalmwformation [SpecificibfheO 13

Query(Table Primary[Wendor[Algorithm ’
NOTES:

1. Referbfhe@QueryStructure@utputSection@ndoffset28hfortheldetailed(definition[6f6ffsetl@ddress@s@l

function@fldeviceuswidth[andfnode.

2. BA = ThelBeginningllbcation@fl@Block[Address((e.g.,[08000hlsFheBeginninglbcation@fBlockd henthe

block(Sizelis[32Kword).
3. Offsetl15[definesP Mhichpoints{ofhePrimaryntel-specific(Extended[Query(Table.
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B.3 Block[Lock[StatusRegister

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 V¢ supply was not
accidentally removed during an erase operation. This bit is only reset by issuing another erase
operation to the block. The Block Status Register is accessed from word address 02h within each
block.

Table[23.[Block[S$tatusRegister

Offset Length Description Address Value Notes
(BA+2)h 1 Block@ock[S$tatus(Register BA+2: --0000r=-01 1
BSR.0Block@ock[Status
[MDEWnlocked BA+2: (bit0):[0Or
M EMlockedOd
BSR.1BlockIlock-Down[S$tatus
[MDEFMNotdbckeddown BA+2: (bit1):[@00r
M Edlockeddown
BSR[2-7:[Reservedforfuturedse BA+2: (bit2-7):0
NOTE: 1.BA = ThelbeginninglbcationdflaBlocklAddress({i.e.,[008000h(isfheBeginninglbcationdfBlock10
inword(mode.)
B.4 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).

Table24.CCFl0dentification

Offset Length Description Addr. goijxem Value
10h 3 Query-uniquelASCIIStringIQRY* 10 --51 “‘Q”
11: --52 “‘R”
12: --59 “y”
13h 2 Primaryrendori@ommand(Set@and@ontrollihterfaceID[Gode. 13: --03
16-bitdDdodeforivendor-specified@lgorithms 14: --00
15h 2 ExtendedQuery(Tableprimarylalgorithm@ddressO 15: --35
16: --00
17h 2 AlternateWendorldommand(Setland[dontrollihterfaceID[dode 17: --00
0000heans(mhoSecond¥endor-specified@lgorithmiexists[ 18: --00
19h 2 Secondary(algorithmExtended[Query(Tableladdress. 19: --00
0000h[meansmonel@xists 1A: --00
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Systemllnterfacelhformation

Table25.[Bystemhterfacellnformation

- HexO
Offset Length Description Addr. Code Value

VcclbgicSupplyfinimum(program/eraseloltage

1Bh 1 [Mbits[0-3MBCDI00MV 1B: --27 2.7V
([Mbits([4—7BCDWNolts
VcclbgicSupplyaximumlprogram/eraseNoltage

1Ch 1 [bits[0-3BCDI00MV 1C: --36 3.3V
(Mbits([4—7BCDWNolts
Vppllprogramming]Supply inimum[program/eraseloltage

1Dh 1 [Ibits[0-3BCDI00MV 1D: --B4 11.4v
(Mbits(4—7HEXMolts
Vppllprogramming]Supplytaximum(program/eraseoltage

1Eh 1 [bits[0-3BCDI00MV 1E: --C6 12.6V
(Mbits[4—7HEXMolts

1Fh 1 “n"BuchihatfypicalSinglelWordprogramfime-outF2"[is 1F: --05 32[s
VcclbgicSupplyinimum(program/eraseloltage

1Bh 1 [bits[M-3BCDI00MV 1B: --27 2.7V
[Mbits([4—7BCDNolts
VccllbgicSupplyaximum(program/eraseNoltage

1Ch 1 [Ibits[0-3BCDI00MV 1C: --36 3.3V
(Mbits([4—7BCDNolts
Vppllprogramming]Supplytinimum(program/eraseNoltage

1Dh 1 [Mbits[M-3MBCDA00mMYV 1D: --B4 11.4V
(Mbits[4—7HEXMolts
Vppllprogramming]Supplyhaximum(program/eraseoltage

1Eh 1 [Mbits[0-3MBCDI00MV 1E: --C6 12.6v
(Mbits[4—7HEXMolts

1Fh 1 “n"BuchlihatypicalSingleWordprogramiime-outFR2"[is 1F: --05 32[s
VclbgicBupplyinimumiprogram/erasevoltage

1Bh 1 [bits[0-3BCDI00MV 1B: --27 2.7V
[Ibits([4—-7BCDWNolts
VclbgicBupplyaximumiprogram/eraselvoltage

1Ch 1 [Mbits[0-3BCDI00MV 1C: --36 3.3V
[bits([4—-7BCDWNolts
Vppllprogramming]Supplythinimumiprogram/eraseNoltage

1Dh 1 [Mbits[0-3BCDI00MV 1D: --B4 11.4v
[Mbits[4—7MHEXolts

20h 1 “n"Buchihatypicalax.Bufferirite fime-outZF2"[is0 20: --00 n/a

21h 1 “n"BuchlhatlypicalBlock@rasefime-out=F2"Ms 21: --0A 138

22h 1 “n"BuchihatypicalfullGhip@rasefime-outF2"Ms 22: --00 n/a

23h 1 “n"Buchfhatihaximumiordprogramime-outZR2"dimesypical 23: --04 5120s

24h 1 “n”[Buchhatiaximumbufferfwrite fime-outZ2"dimesypical 24: --00 n/a

25h 1 “n”[Buchhatiiaximumblocklerasefime-outZ2"fimes(iypical 25: --03 83

26h 1 “n”Buchihatinaximumighip@rasefime-outFR2"fimesypical 26: --00 NA
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B

.6

DevicelGeometry[Definition

Table(26.[DevicelGeometry[Definition

o Code
Offset Length Description SeelTableBelow
27h 1 “n"BuchihatdeviceSize FR2"[hMumberbfbytes 27:
28h 2 Flash[devicelihterface:MX8@syncMX16@syncX8/x16@sync 28: --01 x16
(T2 8:00,29:0028:01,29:00128:02,29:00 29: --00
2Ah 2 “n"BuchfhataximumbumberofBytesihvriteBufferEF2" 2A: --00 0
2B: --00
Number[ofléraseBlockfegionsWwithin[device:
1.XFOMeansmoléraseblocking;fheldeviceléraseslihCbulk’(
2.XSpecifiesithemumberdfideviceldripartitionfegionswith(@ne6r .
2Ch 1 morel@ontiguousSame-sizel@éraselblocks. 2¢: 02 2
3.BymmetricallyBlockedpartitionshave@neblockingfegion
4.[Partition(Size Z[{totalBlocks) X[{individualBlock(Size)
2Dh 4 EraseBlockRegionIhformation 2D:
bits[0-15EFy, y+1ZMumberoflidentical-sizeléraseblocks 2E:
bits(16—31[=(Z,[fegion(éraseBlock(s)SizelarezX(256[Bytes 2F:
30:
31h 4 EraseBlock[Region2Ihformation 31:
bits[0-15EF, y+1EMumberoflidentical-sizel@érase blocks 32:
bits[16—-31[=(2,Megion(@éraseBlock(s)SizelarezX[256[Hytes 33:
34:
DevicelGeometryDefinition
16-Mbit 32-Mbit
Address
-T -B -T
27: --15 --15 --16 --16
28: -01 --01 --01 --01
29: --00 --00 --00 --00
2A: --00 --00 --00 --00
2B: --00 --00 --00 --00
2C: --02 --02 --02 --02
2D: --07 --1E --07 --3E
2E: --00 --00 --00 --00
2F: --20 --00 --20 --00
30: --00 --01 --00 --01
31 --1E --07 --3E --07
32: --00 --00 --00 --00
33: --00 --20 --00 --20
34: -01 --00 --01 --00
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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.

Table27.[Primary-Vendor[SpecificlExtended[Query

@ —
(Igfés[;;h Length (Optional[EIash?FZ?U?é?@Tnd[(Eommands) Addr. CHoec;(E value

(P+0)h 3 Primary[éxtended[queryablel 35: --50 “P”

(P+1)h UniquelASCIIEStringCPRI” 36: --52 “R”

(P+2)h 37: --49 “I”

(P+3)h 1 Majoriersionumber,[ASCII 38: --31 “1”

(P+4)h 1 Minorilersionumber,[ASCII 39: --30 “0”

(P+5)h 4 OptionalfeaturelandidommandSupport{1=yes,[0=no) 3A: --66

(P+6)h bits@-31[Are(eserved;indefinedBits@re0."IBitB10s [ "then 3B: --00

(P+7)h another31Mitffielddfloptionalfeaturesiollowsatthelenddfthedit-300 | 3c: --00

(P+8)h field. 3D: | --00
bitl0CThipléraselSupported bit0=0 No
bitl[Buspend(éraseSupported bit =0 Yes
bit2[Suspendprogram(Supported bit2E0 Yes
bit(3[Mlegacyllbck/unlockSupported bit[3EF0 No
bitld[Queued(éraselSupported bitldZ0 No
bitBIhstantlihdividualBlockbckingSupported bitBEA Yes
bit[B[Protectionbits[Supported bitGEA Yes
bit(7[PagelhodefeadSupported bit7 =0 No
bit@B[Synchronous(deadSupported bitBED0 No
Supportedfunctions(@fteriSuspend:fead@rray,Status,[query

(P+9)h 1 OtherSupporteddperations(are: 3E: --01
bits(1-7eserved;lndefinedbits@re 0"
bitProgramSupported@fteréraselSuspend bitEFO Yes

(P+A)h 2 BlockStatus(fegistermask 3F: --03

(P+B)h bits2-15@re[Reserved;Undefinedbits[aref0” 40: --00
bitl0Blockdlock-Bit[Status(fegisteractive bitMEA Yes
bitl BlockMock-DownBit[Status[active bitE0 Yes
VcclbgicSupplyhighestperformancelprogram/eraseMoltage

(P+C)h 1 bits[0-3MBCDMNalueih100MhV 41: --33 3.3V
bits[4-7BCDWaluelihlolts
Vppldptimumprogram/erase(SupplyMoltage

(P+D)h 1 bits[0-3BCDMNalueih(100hV 42: --CO 12.00¥
bits[4-7HEXNaluelihWolts
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Table[28.[ProtectionRegisterInformation

n

Offset® Lenath Description Addr HexO |\ iue
PZ35h 9 (OptionalFlashFeatures@nd[Commands) ' Code
Number[ofProtectionfegisterfieldsih[JEDECID[Space. .
(P+B)h L “00h,"lihdicatesfhat256protectionbytes@re@Available 43 01 01
(P+F)h Protection[Field[1:[ProtectionDescription 44: --80 80h
This[fieldldescribesliser-available[Onel[Time[Programmable[{OTP)O
Protection(fegisterbytes.[Somel@repre-programmedwith(device-
(P+10)h uniquelSerial@umbers.[Others@reluserprogrammable. Bits0-15[point]|  45: --00 00h
tolthe[Protectionegisterlockbyte,fhelSection’sirstbyte.[Thel
4 followingbytes(arefactory[pre-programmed@nduser-programmable.
bits[0—-7 Z[Lock/byteslJEDEC-planelphysicalllbw@address
bitsB-15FMock/bytes[JEDECEplanelphysicalfhigh(address . N
(P+1D)h bits16-23Fn"[Suchhat2"Z{Factorypre-[Programmedbytes 46: 03 8(byte
bits24-31Fn"Buchihat2"Zserprogrammablebytes
(P+12)h 47: --03 8byte
(P+13)h Reservedorfutureise 48:

NOTE: 1.ThelariablePlis@pointerivhichlisldefined@t(CFIdffset15h.
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16-Mbit,[32-Mbit[64-Mbit[future],AWord-WideMemory[Addressing

TopBoot BottomBoot
(?('6\% 16-Mbit 32-Mbit 64-Mbit (‘?('\ZA% 16-Mbit 32-Mbit 64-Mbit
Z FFOO0-FFFFE | LFFO00-1FFFFE | 3FFO00-3FFFFF 2 3F8000-3FFFFF
4 FEOOO-FEFFF 1FEO000-1FEFFF 3FEO000-3FEFFF 32 3F0000-3F7FFF
Z FDOOO-FDFFE | 1FDO00-1FDFFE | 3EDO00-3FDFEF 2 3EB000-3EFFFE
Z FCOO00-FCFFE | 1FCO00-1FCFFE | 3FCO00-3FCERFE 2 3E0000-3E7FFF
Z FBOOO-FBFFE | IFBOOO-IFBFFE | 3FBO0O-3FBFFF 2 3DB000-3DFFFF
Z FAOOO-FAFFE | 1FAOOO-LFAFFE | 3FAO00-3FAFFF 2 3D0000-3D7FFF
Z F90O00-FOFFF | LF9000-1FOFEF | 3FO000-3FOFFF 2 3C8000-3CFFEF
Z FBO00-F8FFE | 1F8000-1F8FFF | 3F8000-3F8FFE 2 3C0000-3C7FFF
2 FOOOO-F7FFF | LIFO000-IF7FEF | 3FO0000-3F7FFF 2 3B8000-3BFFFF
2 ES000-EFFFF | 1EBO00-1EFFFF | 3EB000-3EFFFF 2 3B0000-3B7FFEF
k7 EO000-E7FFF | 1EO000-1E7FFE | 3E0000-3E7FFE 7 3AB000-3AFFFE
k7 DE000-DFFEF | 1DBO00-IDFFEF | 3DB000-3DFFEF 2 3A0000-3A7FEF
2 DO000-D7FFE | 1DOO00-ID7FFE | 3D0000-3D7FFF 2 398000-30FFFF
2 CBO00-CFFFF | 1CB000-ICFFFF | 3C8000-3CFFFF 2 390000-397FFF
2 COO00-C7FEE | 1CO000-1C7FFE | 3C0000-3C7FEF 2 388000-38FFFF
2 BS000-BFFFE | 1BSO00-1BFFFE | 3BBO00-3BFFFE 2 380000-387FFF
32 BOOOO-B7FFE | 1BOOOO-1B7FFF | 3BO000-3B7FFE 32 378000-37FFFE
32 ABO00-AFFFE | 1AB000-IAFFEF | 3AB000-3AFFFE 2 370000-377FFF
2 AOOOO-A7EFF | LAOOOO-IA7FFF | 3A0000-3A7FFF 2 368000-36FFFF
k7 98000-OFFFF | 198000-10FFFF | 398000-39FFFF 7 360000-367FFF
k7 90000-97FFF | 190000-197FFF | 390000-397FFF 7 358000-35FFFF
2 8B000-8FFEF | 188000-18FFFF | 388000-38FFFF 2 350000-357FFF
2 B0000-87FFF | 180000-187FFF | 380000-387FFF 2 348000-34FFFF
2 78000-7FFFF | 178000-17FFFF | 378000-37FEFF 2 340000-347FFF
2 70000-77FFF | 170000-177FFF | 370000-377FFF 2 338000-33FFFF
E7 68000-6FFFF | 168000-16FFFF | 368000-36FFFF 2 330000-337FFF
k7 60000-67FFF | 160000-167FFF | 360000-367FFF 2 328000-32FFFF
2 580005FFEF | 158000-15FFFF | 358000-35FFFF 2 320000-327FFF
k7 5000057FFF | 150000-167FFF | 350000-357FFF 7 318000-31FFFF
2 48000-AFFEF | 148000-14FFEF | 348000-34FEFF 2 310000-317FFF
2 Z0000-47FFF | 140000-147FFF | 340000-347FFF 2 308000-30FFFF
2 3B000-3FFEF | 138000-13FFFF | 338000-33FFFF 2 300000-307FFF
2 30000-37FFF | 130000-137FFF | 330000-337FFF 2 2FB8000-2FFFFF
2 280002FFFF | 128000-12FFFF | 328000-32FFFF 2 2F0000-2F7FEF
32 20000-27FFF | 120000-127FFE | 320000-327FFF 2 2EB000-2EFFEF
32 TB000-1FFFE | 118000-1LFFFF | 318000-31FFFF 2 2E0000-2E7FFF
2 T0000-17FFF TI0000-117FEF | 310000-317FFF 2 2DB000-2DFFFF
k7 0B000-OFFEF | 108000-10FFFF | 308000-30FFFF 7 2D0000-2D7EFE
k7 00000-07FFE | 100000-107FFF | 300000-307FFF 7 2CB000-2CFFEF
2 OFB000-0FFFFE | 2F8000-2FFFFF 2 2C0000-2C7FFF
2 OF0000-0F7FFF | 2FO000-2F7FFF 2 2B8000-2BFFFF
2 OEB000-OEFFFE | 2EB000-2EFFFE 2 2B0000-2B7FEF
2 OEOO00-OE7FEE | 2EO000-2E7FFF 2 2AB000-2AFFFF
2 0DB000-ODFFEF | 2DB000-2DEFFE 2 2A0000-2A7FFE
32 0D0000-0D7FFE | 2D0000-2D7FFF 2 298000-29FFFE
2 OCBO00-OCFFEF | 2CB000-2CFFFF 2 290000-297FFF
k7 OCO000-0C7FRE | 2C0000-2C7FEF 7 288000-28FFFF
2 OBB000-OBFFFE | 2BB000-2BFFFE 2 280000-287FFF
2 OBOO00-OB7FEE | 2BO000-2B7FFF 2 278000-27FFFF
2 OABO00-OAFFFE | 2AB000-2AFFFE 2 270000277FFF
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n

16-Mbit,[32-Mbit,[And B4-Mbit[future],Word-WideMemory[Addressing

TopBoot Bottom[Boot
(S}g\zl\‘f) 16-Mbit 32-Mbit 64-Mbit &'\3\7‘) 16-Mbit 32-Mbit 64-Mbit

2 OAOOOO-OA7FEE | 2A0000-2A7FFF 32 268000-26FFFF
2 098000-09FFFF | 298000-29FFFF 32 260000-267FFF
2 090000-097EFF | 290000-297FFF 32 258000-25FFFF
2 088000-08FFFE | 288000-28FFFF 32 250000-257FFF
2 080000-087FFF | 280000-287FFF 32 248000-24FFFF
2 078000-07FFFF | 278000-27FFFF 32 240000-247FFF
2 070000-077EFF | 270000-277FFF 32 238000-23FFFF
2 0B6B000-06EFFE | 268000-26FFFF 32 230000-237FFF
32 060000-067FFF | 260000-267FFF 32 228000-22FFFF
2 058000-05FFFF | 258000-25FFFF 32 220000-227FFF
2 050000-057FFF | 250000-257FFF 32 218000-21FFFF
2 048000-04EFFE | 248000-24FFFF 32 210000-217FFF
2 040000-047EFF | 240000-247FFF 32 208000-20FFFF
2 038000-03FFFF | 238000-23FFFF 32 200000-207FFF
2 030000-037FFF | 230000-237FFF 32 1F8000-1FFFFF | 1F8000-1FFFFF
2 028000-02FFFE | 228000-22FFFF 32 1FO000-1F7FFE | 1FO000-1F7FFF
2 020000-027EFF | 220000-227FFF 32 TEB000-1EFFEE | 1EBO00-1EFFEF
2 O18000-0LFFFE | 218000-21FFFF 32 TE0000-1E7FFE | 1EOOOO-1E7FFF
2 O10000-017FFF | 210000-217FFF 32 1DB000-1DFFFE | 1DB8000-1DFFFF
2 008000-00FFFE | 208000-21FFFF 32 1D0000-1D7FFE | 1D0000-1D7FFE
2 000000-007EFF | 200000-207FFF 32 1CB000-1CEFFE | 1CB8000-1CFFEF
2 TF8000-1FFEFF 32 1C0000-1C7EFE | 1CO000-1C7FFE
2 1F0000-1F7FFF 32 1B8000-1BFFFF | 1BBO0O-1BFFFF
32 TEB000-1EFFEF 32 1B0000-1B7FFF | 1BO000-1B7FFF
2 1E0000-1E7EFF 32 TAB000-IAFFEE | LABO0O-1AFFFF
2 1D8000-1DFFFE 32 TAO000-IA7EFE | LAOOOO-1A7FEF
2 1D0000-1D7FFF 32 T98000-19FEFF | 198000-19FFFF
2 1C8000-1CFFFE 32 T90000-197FFF | 190000-197FFF
2 1C0000-1C7FFF 2 188000-18FFFF | 188000-18FFFF
2 1B8000-1BFFEF 32 T80000-187FEE | 180000-187FFF
2 1B0000-1B7FFF 32 178000-17FEFF | 178000-17FFFF
2 TAB000-1AFFEF 32 T70000-177FEF | 170000-177FFF
32 TAO000-1A7FFE 32 168000-16FEFF | 168000-16FFFF
2 198000-19FFFF 32 160000-167FEF | 160000-167FFF
2 T90000-197FFF 32 158000-15FEFF | 158000-15FFFF
2 T88000-18FFFF 32 T50000-157FFF | 150000-157FFF
2 T80000-187FFF 2 T48000-14FFFF | 148000-14FFFF
2 178000-17FFFF 2 T40000-147FEF | 140000-147FFF
2 T70000-177FFE 32 T38000-13FEFF | 138000-13FFFF
2 168000-16FFFF 32 T30000-137FEF | 130000-137FFF
2 160000-167FFF 32 T28000-12FEFF | 128000-12FFFF
2 158000-15FFFF 32 T20000-127FFF | 120000-127FFF
2 150000-157FFF 32 T18000-1LFEFF | 118000-L1FFFF
2 T48000-14FFFE 32 T10000-117FFF | 110000-117FFF
2 T40000-147FFF 32 TOB000-10FEFF | 108000-10FFFF
2 138000-13FFFF 2 T00000-107FFF | 100000-107FFF
2 130000-137FFF 2 F8000-FFFFF F8000-FFFFF F8000-FFEFF

2 128000-12FFFE 32 FO000-F7FFE FO000-F7FFF FO000-F7EFE

32 T20000-127FFF 32 ES000-EFFFF ES000-EFFEF E8000-EFFEF

2 T18000-11FFFF 32 EO000-E7FFF E0000-E7FFF EOO00-E7FFF

2 T10000-117FEF 32 DBO00-DFFFE DB000-DFFFF DBO00-DFFFF

2 108000-10FFFE 32 DO000-D7EFF DO000-D7EEF DO000-D7EFF

2 100000-107FFF 32 CB000-CFFEF C8000-CFEFF CB000-CEFEF

2 OF8000-0FFEFE 32 CO000-C7EFF CO000-C7EFE CO000-C7FFE

This[@olumnldontinues[onmextipage
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®
16-Mbit,[32-Mbit,[@ndB4-MbitiWord-WideMemory[Addressing
TopBoot Bottom[Boot
&'6\7‘) 16-Mbit 32-Mbit 64-Mbit (i'\z,\‘f) 16-Mbit 32-Mbit 64-Mbit
32 OF0000-0F7FFF 32 B8000-BFFFF B8000-BFFFF B8000-BFFFF
32 OE8000-0EFFFF 32 B0O000-B7FFF B0O000-B7FFF B0O000-B7FFF
32 OE0000-OE7FFF 32 A8000-AFFFF A8000-AFFFF A8000-AFFFF
32 0D8000-0DFFFF 32 A0000-A7FFF AO000-A7FFF A0000-A7FFF
32 0DO0000-0D7FFF 32 98000-9FFFF 98000-9FFFF 98000-9FFFF
32 0C8000-0CFFFF 32 90000-97FFF 90000-97FFF 90000-97FFF
32 0CO0000-0C7FFF 32 88000-8FFFF 88000-8FFFF 88000-8FFFF
32 0B8000-0BFFFF 32 80000-87FFF 80000-87FFF 80000-87FFF
32 0B0000-0B7FFF 32 78000-7FFFF 78000-7FFFF 78000-7FFFF
32 0A8000-0AFFFF 32 70000-77FFF 70000-77FFF 70000-77FFF
32 OAOOO00-0A7FFF 32 68000-6FFFF 68000-6FFFF 68000-6FFFF
32 098000-09FFFF 32 60000-67FFF 60000-67FFF 60000-67FFF
32 090000-097FFF 32 58000-5FFFF 58000-5FFFF 58000-5FFFF
32 088000-08FFFF 32 50000-57FFF 50000-57FFF 50000-57FFF
32 080000-087FFF 32 48000-4FFFF 48000-4FFFF 48000-4FFFF
32 078000-07FFFF 32 40000-47FFF 40000-47FFF 40000-47FFF
32 070000-077FFF 32 38000-3FFFF 38000-3FFFF 38000-3FFFF
32 068000-06FFFF 32 30000-37FFF 30000-37FFF 30000-37FFF
32 060000-067FFF 32 28000-2FFFF 28000-2FFFF 28000-2FFFF
32 058000-05FFFF 32 20000-27FFF 20000-27FFF 20000-27FFF
32 050000-057FFF 32 18000-1FFFF 18000-1FFFF 18000-1FFFF
32 048000-04FFFF 32 10000-17FFF 10000-17FFF 10000-17FFF
32 040000-047FFF 32 08000-0FFFF 08000-0FFFF 08000-0FFFF
32 038000-03FFFF 4 07000-07FFF 07000-07FFF 07000-07FFF
32 030000-037FFF 4 06000-06FFF 06000-06FFF 06000-06FFF
32 028000-02FFFF 4 05000-05FFF 05000-05FFF 05000-05FFF
32 020000-027FFF 4 04000-04FFF 04000-04FFF 04000-04FFF
32 018000-01FFFF 4 03000-03FFF 03000-03FFF 03000-03FFF
32 010000-017FFF 4 02000-02FFF 02000-02FFF 02000-02FFF
32 008000-00FFFF 4 01000-01FFF 01000-01FFF 01000-01FFF
32 000000-007FFF 4 00000-00FFF 00000-00FFF 00000-00FFF
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Appendix[DDevicellDTable

62

Table29.[DevicelDO

Read[Configuration(Address@ndData

INial.

Item Address Data
ManufacturerCode x16 00000 0089
DevicelCode
16-MbitX[16-T x16 00001 88C2
16-MbitX[(16-B x16 00001 88C3
32-MbitX[16-T x16 00001 88C4
32-Mbitx[16-B x16 00001 88C5

NOTE: OtherllbcationsiWithinfheldonfigurationladdress[Spacelareeservedbyhtelforfutured

use.
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Appendix[EIProtection[Register[Addressing

Table[30.[Protection[Register[Addressing

Word-Wide[Protection[Register[Addressing

Word Use A7 A6 A5 A4 A3 A2 Al A0

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

NOTE: All[@ddresslinesmoti8Specifiedihhelabovefablehustbe0ihen@ccessingheProtection]
Register,[lle.,[A,;_AgZ0.
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Appendix[FIMechanicall@andS$hippingMedialDetails

F.1 Mechanical$pecification

Figure21.[Stacked-CSP:[12X[BBallMatrix
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NOTE: Shaded(pinslihdicateUpper@ddressBallsforB4-Mbitland[128-Mbitldevices.In@llFlash@and[SRAMGombinations, 66
balls(@re[populated@nibwerldensityldevices.(Upperaddressballs@remotpopulated).C]
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Table[31.[Packaging[Specifications[(0.18umand0.25um)

Millimeters Inches
Sym Min Nom Max Min Nom Max
Package[Height A 1.1400 0.0551
BallHeight Al 0.250 0.0098
PackageBody(Thickness A2 0.960 0.0378
BalllleadDiameter b 0.350 0.400 0.450 0.0138 | 0.0157 | 0.0177
PackageBodylength=3[16-Mbit/2-Mbit(] 9.900 10.00 10.100 | 0.3898 | 0.3937 | 0.3976
PackageBody(lengthZ
. . . . 11.900 | 12.000 | 12.100 | 0.4685 | 0.4724 | 0.4764
32-Mbit/4-Mbit,[16-Mbit/4-Mbit D
PackageBody(lengthZ
) : 13.900 | 14.000 | 14.100 | 0.5472 | 0.5512 | 0.5551
32-Mbit/8-Mbit
PackageBodyWidth=
16-Mbit/2-Mbit, 16-Mbit/4-Mbit,[] E 7.900 8.000 8.100 0.3110 | 0.3150 | 0.3189
32-Mbit/4-Mbit,[32-Mbit/8-Mbit
Pitch 0.800 0.0315
Ball{Lead)[Countl 66 66
Seating[Plane[Coplanarity 0.100 0.0039
CorneribBalllA1MistancelAlongE
16-Mbit/2-Mbit, [16-Mbit/4-Mbit, (1 S1 1.100 1.200 1.300 0.0433 | 0.0472 | 0.0512
32-Mbit/4-Mbit,[32-Mbit/8-Mbit
CornerffoBalllAlDistancelAlongD
. . 0.500 0.600 0.700 0.0197 | 0.0236 | 0.0276
16-Mbit/2-Mbit
CornerfoBalllAlDistancelAlongD
) ) ] ) S2 1.500 1.600 1.700 0.0591 | 0.0630 | 0.0669
32-Mbit/4-Mbit, 16-Mbit/4-Mbit
CornerffoBalllAlDistancelAlongD
. . 2.500 2.600 2.700 0.0984 | 0.1024 | 0.1063
32-Mbit/8-Mbit
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Table[32.[Packaging[$pecifications[{0.13um)

n

Sym

Millimeters

Inches

Min

Nom

Max

Min

Nom

Max

Package®eightO
16/02-Mb,16/04-Mb,[32/08-Mb

PackageHeight(
32/04-Mb

1.1200

0.0472

1.(400

0.0551

BalllHeightO
16/02-Mb,16/04-Mb,[32/08-Mb

BalllHeightO
32/04-Mb

Al

0.200

0.0079

0.250

0.0098

PackageBody[Thickness
16/02-Mb,16/04-Mb,[32/08-Mb

PackageBody[Thickness
32/04-Mb

A2

0.860

0.0339

0.960

0.0378

Ball{{Lead)WidthC]
16/02-Mb, [16/04-Mb, (32/08-Mb

Ball[{Lead)Width(
32/04-Mb

0.325

0.375

0.425

0.0128

0.0148

0.0167

0.350

0.40

0.450

0.0138

0.0157

0.0177

PackageBody(llength
16/02-Mb,16/04-Mb

PackageBody(llength]
32/04-Mb,[32/08-Mb

9.900

10.000

10.100

0.3898

0.3937

0.3976

11.900

12.000

12.100

0.4685

0.4724

0.4764

Package BodyWVidth
16/02-Mb,16/04-Mb,[32/04-Mb,[32/08-Mb

7.900

8.000

8.100

0.3110

0.3150

0.3189

Pitch

0.800

0.0315

Ball[{Lead)[Count

66

66

Seating[PlanelCoplanarity

0.100

0.0039

CornerlfoBall(AlDistance[Along[E
16/02-Mb,16/04-Mb,[32/04-Mb,[32/08-Mb

S1

1.100

1.200

1.300

0.0433

0.0472

0.0512

Corner(foBalllAlDistance[AlongD
16/02-Mb,16/04-Mb

S2

0.500

0.600

0.700

0.0197

0.0236

0.0276

Corner(foBall(AlDistanceAlongD
32/04-Mb,[32/08-Mb

S2

1.500

1.600

1.700

0.0591

0.0630

0.0669

66
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F.2 Medialhformation

Figure22.[Stacked-CSPDevicelinTrayOrientation (8ImmXA0IhmEAndBimXA20im

l DevicePinl

QGO QG
SCCS OGD
S e

1O QG

(e AT
[ TaYaIn]In]S]

QD

GG

QGO

[RIaInTnTe]e
CrO G

4

'(:n COCCCCOCICO
it )

M 0

SOOI

Tray[Chamfer
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Appendix[GIAdditionalOhformation

OrderMumber Document/Tool
292216 AP-658DesigningforWpgradeiotheAdvanced+BootBlockFlashMemory
292215 AP-657DesigningWithfhe[Advanced+BootBlockFlashMemorylArchitecture

ContactYour(htelO

Representative FlashDatalhtegrator[(FDI)[SoftwareDeveloper’sKit

297874 FDlnteractive: [PlayWwith(Ihtel's(FlashDatalIhtegrator@onYourPC

NOTES:

1. Pleaseldallthelhteldliterature[Center[at(800)[548-4725{bequestlhtel[documentation. Ihternational
customers(should@ontactfheirllbcalntell@rdistributionSales(dffice.

2. Visitlhtel'sWorld[WideWebhome[pagelathttp://www.Intel.comorhttp://developer.intel.comfor(]
technicalldocumentation(and(ools.
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Appendix[HIDrderingInformation

Table33.[0rderinghformationfor0.25mm@nd[0.18[pmO

[R[pJ2]8|F[3]2]ofs|c[3[T|7]0]
L

I 1 1 1 L L | L |
Package J

RDEBx12BallMatrix[CSP LAccess [Bpeed((ns)
16MMbit=70,[90,0110
32[MbitE 70,0

Product[lline[l])esignato:|

for@ll%tel@]&lash@roducts ;g%%?t?rftcﬂsklrcgking

FlashDensity

320=X16(132[Mbif) ——  ProductFamily

160=FX16[(16Mbit) C3EBVRAdvanced+BootBlock
Vo ER2.7VEB.3Y

SRAMI[DevicelDensity Vpp E1.65VE3.3V0r

8R16[(8MMbit) 11.4VE12.61V

4164 MDbit)

2ER16[2(Mbit) 0

Table[34.[Orderinghformationfior[CombinationsWwith(16M[0.13[m [Flash

[RIp|2]8|F[1]6]0[2[C|3[T|D|7]0]
L

1 1 1 1 I | 1 L 'l;|_l
Package Access[$peed((ns)
RD[Z[S$tacked-CSP 16Mbit=70Ms
Productllineesignator j Technology
38F@[Ihtell@]ﬁ]?lash[$tackedEN/Iemory Differentiator
DE0.13um
FlashDensity )
320EX16[32Mbit) — Parameter{location
160FRX16{(16MVbit) TETopBlocking
BEBottomBlocking

SRAMDevicelDensity

AEX16[(4Mbit) L Product®Family
2ERX16[2Mbit) CZ[Advanced+BootBlock
[MMTFlashMemory
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Table[35.[0rderinghformationforCombinationswith32M[0.13[xm[Flash

R
L

D|s|g|F|1][of1]o|C]o|Z[T|L]|O]

Package J

RDE[$tacked-CSP

Product[]line[l])esignato:|

L1 L j_l
Device[Details
O=[OriginalVersion[of
this[product:
Flash($peed=70Ms

38FZ IhtelHIFlashStacked Memory Flash[Process(=0.130m
VeeqZ2.7VEbE3.3V
Density
Flash#1E1EB2Mbit . .
Flash@2Z 0 MNoDie — Pinoutnhdicator
Flash@3E1Z2MbitSRAM LET2Malll"-ballout
=[2ZBMbit[SRAM .
Flash®4Z0EMNoDie —— Parameter(llocation
TETopBlocking
Product[E:amin BEFBottomBlocking
C[Z[Advanced+BootBlock[FlashMemory
—— Voltage
Z[Z3.0VIIO
Table36.[OrderinghformationWalid[Combinations
0.25um[C30 [0.18um[C30 0.13umI[C30
Stacked-CSP Stacked-CSP Stacked-CSP
Nollbnger@vailable. RD28F3208C3T70 RD38F1010C0ZTLO
RD28F3208C3B70 RD38F1010C0ZBLO
32-Mbit RD28F3208C3T90 RD38F1020C0ZTLO
RD28F3208C3B90 RD38F1020C0ZBLO
RD28F3204C3T70
RD28F3204C3B70
RD28F1604C3T90 RD28F1602C3T70 RD28F1602C3TD70
RD28F1604C3B90 RD28F1602C3B70 RD28F1602C3BD70
RD28F1604C3T110 RD28F1604C3TD70
16-Mbit RD28F1604C3B110 RD28F1604C3BD70
RD28F1602C3T90
RD28F1602C3B90
RD28F1602C3T110
RD28F1602C3B110
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