= CYPRESS S29AL016D
P T 16 Mbit (2 M x 8-Bit/1 M x 16-Bit), 3 V

W;

Boot Sector Flash

This product has been retired and is not recommended for designs. For new and current designs, S29AL016J supercedes
S29AL016D. This is the factory-recommended migration path. Please refer to the S29AL016J data sheet for specifications and

ordering information. @

Distinctive Characteristics ‘Q .
Architectural Advantages — 200 nA Automatic Slvﬁw?de current
®m Single Power Supply Operation — 200 nA standby m nt Q
— Full voltage range: 2.7 to 3.6 volt read and write operations for — 9 mA read curre @
battery-powered applications - 20 mA pfogf% current&
B Manufactured on 200 nm Process Technology B Cycling ERgdurange?'1,00 0(@ s per sector typical
— Fully compatible with 200 nm Am29LV160D and MBM29LV160E B Data Ret : 20 yearsg&
devices _ @
B Flexible Sector Architecture PaC&&ptlon&
— One 16 Kbyte, two 8 Kbyte, one 32 Kbyte, and thirty-one 64 Kbyte

sectors (byte mode)
— One 8 Kword, two 4 Kword, one 16 Kword, and thirty-one 32

Kword sectors (word mode) %
Sector Protection Features S
u

— A hardware method of locking a sector to prevent any prol

erase operations within that sector
B ?ectors canSbe Ioclljed m-systfem or V": prograg1m| qument % software to easily reconfigure for different Flash devices
— Temporary Sector Unprotect feature allows co s in .\ Erase Suspend/Erase Resume

previously locked sectors \ .
— Suspends an erase operation to read data from, or program data
Unlock Bypass Program Command
multipleﬁr

e ) to, a sector that is not being erased, then resumes the erase
— Reduces overall programming time wh@sw

FBGA
"pin TSO K
44-pin
Features

mmon Flash Interface) Compliant
rovides device-specific information to the system, allowing host

operation
command sequences ) ) % B Data# Polling and Toggle Bits
Top or Bottom Boot Block Conflgur@ vailable — Provides a software method of detecting program or erase
Compatibility with JEDEC standar .
— Pinout and software com % singl

% operation completion
N pply Flash

e-po
— Superior inadvertent write ction K Hardware Features

@ N ® Ready/Busy# Pin (RY/BY#)
Performance CI% ristics @ — Provides a hardware method of detecting program or erase cycle
® High Performa completion
— Access time@élst as 70 B Hardware Reset Pin (RESET#)
"@ °C to +125°C) — Hardware method to reset the device to reading array data
[ ]

— Ext témperature r
UIt&P er Cor@ (typical values at 5 MHz)

Cypress Semiconductor Corporation ¢ 198 Champion Court . San Jose, CA 95134-1709 . 408-943-2600
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General Description

The S29AL016D is a 16 Mbit, 3.0 Volt-only Flash memory organized as 2,097,152 bytes or 1,048,576 words. The device is offered
in 48-ball FBGA, and 48-pin TSOP packages. The word-wide data (x16) appears on DQ15-DQO0; the byte-wide (x8) data appears on
DQ7-DQO. This device is designed to be programmed in-system with the standard system 3.0 volt V¢ supply. A 12.0 V Vpp or 5.0
Vcc are not required for write or erase operations. The device can also be programmed in standard E@/A programmers.

ait states. To eliminate

The device offers access times of 70 ns and 90 ns allowing high speed microprocessors to operat%
control

bus contention the device has separate chip enable (CE#), write enable (WE#) and output enabx
n

The device requires only a single 3.0 volt power supply for both read and write functions. rnally general regulated
voltages are provided for the program and erase operations.

The S29AL016D is entirely command set compatible with the JEDEC single-power- ly¥Flash st@?Commands are
written to the command register using standard microprocessor write timings. Regist 7 ents ser put to an internal state-
machine that controls the erase and programming circuitry. Write cycles also in aII tch and data needed for the
programming and erase operations. Reading data out of the device is 5|m|Iart |ng from ash or EPROM devices.

Device programming occurs by executing the program command seque |n|t|ate @nbedded Program algorithm—an
internal algorithm that automatically times the program pulse widths al s proper margin. The Unlock Bypass mode
facilitates faster programming times by requiring only two write cycxs gram d instead of four.

Device erasure occurs by executing the erase command sequen |n|t|a e mbedded Erase algorithm—an internal
algorithm that automatically preprograms the array (if it is not rogramm -j before executing the erase operation. During
erase, the device automatically times the erase pulse wi r|f|es r cell margin.

The host system can detect whether a program or eras tion i by observing the RY/BY# pin, or by reading the DQ7
(Data# Polling) and DQ6 (toggle) status bits. After a p m or er. cle has been completed, the device is ready to read array
data or accept another command.

The sector erase architecture allows mem c ors to and reprogrammed without affecting the data contents of other
sectors. The device is fully erased when Shl rom th

Hardware data protection measures j de a low ctor that automatically inhibits write operations during power
transitions. The hardware sector n featur les both program and erase operations in any combination of the sectors
of memory. This can be achlev ysStem or ro ammlng equipment.

The Erase Suspend/Erase e feature s the user to put erase on hold for any period of time to read data from, or
program data to, any secto is not se or erasure. True background erase can thus be achieved.

The hardware RESE i mate@ operation in progress and resets the internal state machine to reading array data. The
RESET# pin may j the sy et circuitry. A system reset would thus also reset the device, enabling the system

mlcroprocessor@ the b ware from the Flash memory

The devi 0 power@ features. When addresses have been stable for a specified amount of time, the device enters
the au atig sleep mo@@\The system can also place the device into the standby mode. Power consumption is greatly reduced in
both theséynodes.

Spansion’s Flasht ogy combines years of Flash memory manufacturing experience to produce the highest levels of quality,
reliability and c tiveness. The device electrically erases all bits within a sector simultaneously via Fowler-Nordheim
tunneling. The is programmed using hot electron injection.

Document Number: 002-01232 Rev. *A Page 2 of 105
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1. Product Selector Guide

Family Part Number S29AL016D
Speed Option | Voltage Range: V¢ = 2.7-3.6 V 70 90
Max access time, ns (tacc) 70 900‘
Max CE# access time, ns (tcg) 70 N ev
Max OE# access time, ns (tog) 30 \ 5

Note
See AC Characteristics on page 37 for full specifications.

2. Block Diagram

O

RY/BY# 0-DQ15 (A-1)
Vec —»
Vss —»
|
RESET# npgltff?)elitspUt
\ Y /\
WE# —» State
BYTE# Control /1
Command \‘
Register v
rA \5 Chip Enable s Data
CE# _o ( - - Output E_nable B Latch
OE# o\ °\va') > Logic ’
9% n® Y
<, > Y-Decoder > -Gati
@ Q‘ STB Y-Gating
Q Y
- o
& f Vi or Timer S
3
§ X-Decoder > Cell Matrix
E } 5
ie]
~= 2

AO0-A19
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3. Connection Diagrams

(¢

)

O

>

[

.
©CO~NOOUAWNE

NC C——1 13 Standard TSOP

E A1 10 ]
@ %Q A0 11— Standard SOP

Document Number: 002-01232 Rev. *A

Al4
A15
A16
BYTE#
Vss
DQ15/A-1
DQ7
DQ14
DQ6
DQ13
DQ5
DQ12
DQ4
Vce
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FBGA
Top View, Balls Facing Down
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3.1 Special Handlin&\%tructio@'

Special handling is required for@w Memoﬂ@mts in FBGA packages.
Flash memory devices in F@packagem/ e damaged if exposed to ultrasonic cleaning methods. The package and/or data

integrity may be compremised\f the pa@ ody is exposed to temperatures above 150°C for prolonged periods of time.

%,
Pin ?gur }@s
o2

DQO—DQ14X data inputs/outputs
DQ15/A-1 \) DQ15 (data input/output, word mode), A-1 (LSB address input, byte mode)

4.

BYTE# Selects 8-bit or 16-bit mode
CE# Chip enable
OE# Output enable
WE# Write enable
RESET# Hardware reset pin
RY/BY# Ready/Busy output

3.0 volt-only single power supply (see Product Selector Guide on page 4 for speed options and voltage supply

Vee tolerances)
Vsg Device ground
NC Pin not connected internally

Document Number: 002-01232 Rev. *A Page 6 of 53
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5. Logic Symbol

20

o DQO-DQ15 vk @
= P g
CE# 6 QC)
OE# Q @
I N
o rueldp—— (@
& &

6. Ordering Information

This product has been retired and is not recommend

ordering information.

6.1

formed by a combination of the eIeme@elow.
sl\

S29AL016D 70

&

Q8

Device Number/Description
S29AL016D

edf %
S29AL016D. This is the factory-recommended migratioé@lease mk

S29AL016D Standard
Spansion standard products are available i ral p

O\

.Forn

ﬁurrent designs, S29AL016J supercedes
he S29AL016J data sheet for specifications and

cts
ac

A\Q)
.gb

d operating ranges. The order number (Valid Combination) is

, O

Packing Type

0 = Tray

1 = Tube

2 = 7" Tape and Reel
3 = 13" Tape and Reel

Model Number

01 = Ve = 2.7 - 3.6V, top boot sector device

02 = V¢ = 2.7 - 3.6V, bottom boot sector device
Temperature Range

I = Industrial (-40°C to +85°C)

N = Extended (-40°C to +125°C)

Package Material Set

A = Standard
F = Pb-Free
Package Type

T = Thin Small Outline Package (TSOP) Standard Pinout
B = Fine-pitch Ball-Grid Array Package

M = Small Outline Package (SOP) Standard Pinout
Speed Option

70 = 70 ns Access Speed

90 = 90 ns Access Speed

16 Megabit Flash Memory manufactured using 200 nm process technology
3.0 Volt-only Read, Program, and Erase

Document Number: 002-01232 Rev. *A

Page 7 of 53



==~ CYPRESS S29AL016D

PERFORM

S29AL016D Valid Combinations
Package Type,
Device Speed Material, and Model Packing Package
Number Option Temperature Range Number Type Description
TAI, TFI, 0,3
TS048 (Note 3) TSO
TAN, TFN (Note 1)
BAI, BFI, 0,23 { . *
S29AL016D 70, 90 01, 02 VBKO048 (Note 4) Fi itth BGA
BAN, BFN (Note 1)
MAI, MFI, 0,1,3
S0044 (Note 3) SOP N
MAN, MFN (Note 2) Q\ N
Notes

<O
1. Type 0 is standard. Specify other options as required. &
2. Type 1is standard. Specify other options as required. 6 @
3. TSOP and SOP package markings omit packing type designator from ordering part number.
4. BGA package marking omits leading S29 and packing type designator from ordering part @

Valid Combinations
Valid Combinations list configurations planned to be supported in e fort s Consult your local sales office to confirm
availability of specific valid combinations and to check on new% ed com

vice bu Qions, which are initiated through the internal command
any a memory location. The register is composed of latches that

7. Device Bus Operations 9:
e

This section describes the requirements and use
register. The command register itself does not

store the commands, along with the addres ata infor eeded to execute the command. The contents of the register
serve as inputs to the internal state machlne state m t@ﬁutputs dictate the function of the device. Table lists the device bus
operations, the inputs and control leve ey requwe resulting output. The following subsections describe each of these
operations in further detail. %

& o0

Document Number: 002-01232 Rev. *A Page 8 of 53
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S29AL016D Device Bus Operations

DQ8-DQ15
Addresses DQO- BYTE# BYTE#
Operation CE# | OE# | WE# | RESET# (Note 1) DQ7 | =V =V
Read L L H H AN Dour | Dour | DQ8-DQ14= -3,
Write L H L H AN Din Din DQ
N .
Ve * Ve — . x @

Standby 0.3V X X 03V X High-Z | High-Z ) High¢Z
Output Disable L H | H H X High-z | High-z Lo N JHiahz N
Reset X X | x L X High-z | High-Z% ® Highzf P. &

Sector Address, ‘

Sector Protect (Note 2) L H L Vip A6=L,Al=H, Din X @
A0=L i } &

Sector Address

A
Sector Unprotect (Note 2) L H L Vip A6 =H, Al =H, @ X @ X

Temporary Sector

Va
Unprotect X X X Vio A r\\
Legend 6\-}
L = Logic Low =V,
H = Logic High = V|4 Q
Vip=12.0£0.5V O
X = Don'’t Care
Ay = Address In
D)\ = Data In @ 0\
Dour = Data Out K \
Notes @ @
1. Addresses are A19:A0 in word mode (BYTE# 5), AT9:A-1 in by deBYTE# = V).
2. The sector protect and sector unprotect fu@y also be iw ed via programming equipment. See Sector Protection/Unprotection on page 14.

7.1  Word/Byte Kgurat'm\%

The BYTE# pin controls wh the device data 1/O pins DQ15-DQO operate in the byte or word configuration. If the BYTE# pin is
set at logic 1, the devi in werd cor@a on, DQ15-DQO are active and controlled by CE# and OE#.

If the BYTE# pin is ogic 0, t@ice is in byte configuration, and only data I/O pins DQO-DQ?7 are active and controlled by
CE# and OE#. —DQ14 are tri-stated, and the DQ15 pin is used as an input for the LSB (A-1) address function.

7.2 'nguirg@ls for Reading Array Data
e

To read array data outputs, the system must drive the CE# and OE# pins to V,_. CE# is the power control and selects the
device. OE# is the control and gates array data to the output pins. WE# should remain at V4. The BYTE# pin determines
whether the de %- tputs array data in words or bytes.

The internal state machine is set for reading array data upon device power-up, or after a hardware reset. This ensures that no
spurious alteration of the memory content occurs during the power transition. No command is necessary in this mode to obtain array
data. Standard microprocessor read cycles that assert valid addresses on the device address inputs produce valid data on the
device data outputs. The device remains enabled for read access until the command register contents are altered.See Reading
Array Data on page 22 for more information. Refer to the AC Read Operations on page 37 for timing specifications and to

Figure 17.1 on page 37 for the timing diagram. Ic¢; in DC Characteristics on page 33 represents the active current specification for
reading array data.

7.3 Writing Commands/Command Sequences

To write a command or command sequence (which includes programming data to the device and erasing sectors of memory), the
system must drive WE# and CE# to V|, and OE# to V.

Document Number: 002-01232 Rev. *A Page 9 of 53
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For program operations, the BYTE# pin determines whether the device accepts program data in bytes or words. See Word/Byte
Configuration on page 9 for more information.

The device features an Unlock Bypass mode to facilitate faster programming. Once the device enters the Unlock Bypass mode,
only two write cycles are required to program a word or byte, instead of four. Word/Byte Program Command Sequence on page 23
has details on programming data to the device using both standard and Unlock Bypass command seq\@es.

le on page 13 indicate
uniquel eet a sector.

i g/resun@ erase

n
After the system writes the autoselect command sequence, the device enters the autos%node. T m can then read
autoselect codes from the internal register (which is separate from the memory array& 7-DQ ard read cycle timings
apply in this mode. Refer to Autoselect Mode on page 14 and Autoselect Command enc 23 for more information.
Icco in DC Characteristics on page 33 represents the active current specificat'the writeg #AC Characteristics on page 37
contains timing specification tables and timing diagrams for write operatiK @

7.4 Program and Erase Operation Statlé\? K

During an erase or program operation, the system may check s of the@on by reading the status hits on DQ7-DQO.
Standard read cycle timings and I read specifications app, rto Wri peration Status on page 28 for more information, and
to AC Characteristics on page 37 for timing diagrams.

7.5  Standby Mode O @.:
L
i h

When the system is not reading or writing to Q& e, it the device in the standby mode. In this mode, current

An erase operation can erase one sector, multiple sectors, or the entire device. Table on page 1

the address space that each sector occupies. A “sector address” consists of the address bits re&‘ t
The Command Definitions on page 22 has details on erasing a sector or the entire chip, or g
operation.

consumption is greatly reduced, and the ou re plac igh impedance state, independent of the OE# input.

The device enters the CMOS standby when the nd RESET# pins are both held at Vcc = 0.3 V. (Note that this is a more
restricted voltage range than V.) | d RES held at V|, but not within V¢ + 0.3 V, the device will be in the standby
mode, but the standby current wj greater. The devi€e requires standard access time (tcg) for read access when the device is in
either of these standby modes,%; itisr ead data.

If the device is deselected erasurey@r programming, the device draws active current until the operation is completed.
lcczand leeg represer@e standby c@wt specification shown in the table in DC Characteristics on page 33.

)

Mode

7.6 A atic

The au i ep mo izes Flash device energy consumption. The device automatically enables this mode when
addreSsesgremain sta cc *+ 30 ns. The automatic sleep mode is independent of the CE#, WE#, and OE# control signals.
Standard address Imings provide new data when addresses are changed. While in sleep mode, output data is latched and
always available stem. lcc4 in the DC Characteristics on page 33 represents the automatic sleep mode current
specification.

7.7 RESET#: Hardware Reset Pin

The RESET# pin provides a hardware method of resetting the device to reading array data. When the system drives the RESET#
pin to V,_for at least a period of trp, the device immediately terminates any operation in progress, tristates all data output pins, and
ignores all read/write attempts for the duration of the RESET# pulse. The device also resets the internal state machine to reading
array data. The operation that was interrupted should be reinitiated once the device is ready to accept another command sequence,
to ensure data integrity.

Current is reduced for the duration of the RESET# pulse. When RESET# is held at Vg5+0.3 V, the device draws CMOS standby
current (Iccy)- If RESET# is held at V,_ but not within Vgg5+0.3 V, the standby current will be greater.

The RESET# pin may be tied to the system reset circuitry. A system reset would thus also reset the Flash memory, enabling the
system to read the boot-up firmware from the Flash memory.If RESET# is asserted during a program or erase operation, the RY/
BY# pin remains a 0 (busy) until the internal reset operation is complete, which requires a time of treapy (during Embedded

Document Number: 002-01232 Rev. *A Page 10 of 53
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Algorithms).The system can thus monitor RY/BY# to determine whether the reset operation is complete. If RESET# is asserted
when a program or erase operation is not executing (RY/BY# pin is 1), the reset operation is completed within a time of tggapy (NOt
during Embedded Algorithms). The system can read data tgy after the RESET# pin returns to Vy.Refer to the tables in AC

Characteristics on page 37 for RESET# parameters and to Figure 17.2 on page 38 for the timing diagram.

<

When the OE# input is at V4, output from the device is disabled. The output pins are placed in @impeda@teﬁe.

7.8 Output Disable Mode

Sector Address Tables (Top Boot Device)

Sector Size
(Kbytes/
Sector | A19 | A18 | Al17 | Al16 | Al5 | Al4 | A13 | Al12 Kwords) Byte Modg (x8) of
ss0 [ 0| oo o] o] x| x]x 64/32 oooooo-&st QgpOuCo/FrF
SAL ool ool 1] x| x| x 64/32 )00_OFFFF
sA2 ool ol 1ol x| x| x 64/32 < aOOO—NFFF
SA3 o]l oo 1] 1| x]x]x 64/32 00-03FFFR[ |  18000-1FFFF
SA4 ool 1o o x| x]x 64/32 40000 ﬁ\ 20000-27FFF
SAS ool 1o 2| x| x]x 64 \) 050000& 28000—2FFFF
SA6 o lo | 12| 1] o x| x| x 32 06FFFF 30000-37FFF
SA7 oo | ¢+ 2] 1] x| x| x gz R AA@OWZFFF 38000-3FFFF
SA8 ol 1ol ool x| x| x 64/32 0BOO0O—08FFFF 40000-47FFF
SA9 o [ 1 [ oo 1| x]x, e‘ 64/82 § /) “090000-09FFFF 48000-4FFFF
sat0 | o | 1 | o | 1| o x 642 \,"|  0A0000-0AFFFF 50000-57FFF
sait | o | 1| o | 1] 1| x X ‘( 7 0BOO00-OBFFFF 58000-5FFFF
&
saiz | o | 1| 1] oo [m]|X]|x 64132 0CO000-0CFFFF 60000-67FFF
sa3 | o | 1 | 1| o x | A ﬁ 64/32 0DO000-ODFFFF 68000—6FFFF
sa14 | o 1 1 1 X X X o ea32 OEO000-OEFFFF 70000-77FFF
-
sats | o | 1 | 1 x |« 64/32 OF0000—OFFFFF 78000—7FFFF
sat6 | 1 | 0o | o 0 x ¥ x 64/32 100000-10FFFF 80000-87FFF
SsA17 | 1 | o oN 1 x | x 64/32 110000-11FFFF 88000-8FFFF
sAa18 | 1 | 0 ("e’ 1 D x | x 64/32 120000-12FFFF 90000-97FFF
sae | 1 | goy 1 x| x | x 64/32 130000-13FFFF 98000-9FFFF
sA20 | o1\ 1 X | x | x 64/32 140000-14FFFF AOQ00-A7FFF
shai A INL O | 1o 1 [ x [ x | x 64/32 150000-15FFFF AB000-AFFFF
SA22 o [ % & o | x | x | x 64/32 160000-16FFFF BOODO-B7FFF
sa23 | 1 1|1 | x| x| x 64/32 170000-17FFFF B800O-_BFFFF
s | 1 [(AN™ | o | o | x | x | x 64/32 180000-18FFFF CO000-C7FFF
sa2s | 1 o o 1| x| x| x 64/32 190000-19FFFF C8000-CFFFF
sa26 | 1 | 1o | 1] ol x| x| x 64/32 1A0000—1AFFFF DO000-D7FFF
sa27 | 1 |1 o | 1|1 x| x| x 64/32 1B0000—1BFFFF D8000-DFFFF
sa28 | 1 | 1 | 1] o] o] x| x| x 64/32 1CO000-1CFFFF E0000-E7FFF
sa29 | 1 | 1 | 1] o | 1] x| x| x 64/32 1D0000-1DFFFF E8000—EFFFF
sa0 | 1 | 1 | 1] 1] o] x| x| x 64/32 1E0000—1EFFFF FOOOO-F7FFF
sa3t | 1 | 1 | 1] 1] 1] o] x| x 32/16 1FO000-1F7FFF F8000—FBFFF
sa22 | 1 | 1 |12l 2] 2] o] o 8/4 1F8000—-1FOFFF FCO00-FCFFF
sa33 | 1 | 1 | 122l 2] o] 2 8/4 1FAO00—1FBFFF FDOOO—FDFFF
s34 | 1 | 1 | 1 | 1] 1] 1] 1] x 16/8 1FCO00-1FFFFF FEOOO-FFFFF

Document Number: 002-01232 Rev. *A
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Address range is A19:A-1 in byte mode and A19:A0 in word mode. See Word/Byte Configuration on page 9.

Sector Address Tables (Bottom Boot Device)

Sector Size Address Range (in hexadecimal)
(Kbytes/

Sector | A19 | A18 | A17 | A16 | Al15 | Al4 | A13 | Al12 Kwords) Byte Mode (x8) Word Mode (
SAO olololololololx 16/8 000000-003FFF

sAL olo|lo|lo|lo]o]1]o 8/4 004000-005FFF

sA2 olo|lo|lo|lo]o]1]1 8/4 006000-007FFF

SA3 ololo|lo|lof| 1] x]x 32/16 008000-00FFFF

SA4 ool oo 1] x| x| x 64/32 010000-01FFF

SA5 o lo ol 1ol x| x| x 64/32 020000~02EFFF &

SA6 ool ol 1| 1] x| x| x 64/32 030000_%(

SA7 oo | 1] ool x| x| x 64/32 4FFFF

SA8 ool 1o 12| x| x]x 64/32 _A80800-05FFFF 000-2FFFF
SA9 ool 1] 2] o] x| x]x 64132\ \@odooo-osrrrrl | 30000-37FFF
sat0 | o | o | 1 | 1| 1] x| x| x 64/32 (\’\070000 N 38000-3FFFF
sait | o | 1 oo ol x| x| x 6482 osoooo—?;@ 40000-47FFF
saiz [ o | 1 [ oo 1 [ x| x| x |NGmgr \OQ%OQFFFF 48000-4FFFF
saiz3 | o | 1] o 1] o x| x| x \ Baf32 QAQOBE OAFFFF 50000-57FFF
saa | o [ 1 o] 1| 1] x| x][x 64/32 0B0000-0BFFFF 58000-5FFFF
sats | o | 1 | 1| o | o x| x @ o 0C0000-0CFFFF 60000-67FFF
sat6 | o | 1 | 1 | o | 1| x i‘ X ﬁ\ 0DO000-ODFFFF 68000—6FFFF
saiz | o | 1 | 1| 1| o x ]%' x | S OE0000-OEFFFF 70000-77FFF
saig | o | 1 | 1| 1|1 X | x JNQ 6432 OFO000—OFFFFF 78000—7FFFF
sato | 1 | o | o o *\%‘ x | % 64/32 100000-10FFFF 80000-87FFF
sa20 | 1 | o | o o { X | XX 64/32 110000-11FFFF 88000-8FFFF
sm21 | 1 | o | o &‘ x | % % 64/32 120000-12FFFF 90000-97FFF
sa22 | 1 | o | o 1| O3 x| x 64/32 130000-13FFFF 98000-9FFFF

—

sa23 | 1 | o oY o x | x 64/32 140000-14FFFF AOO00-A7FFF
sa2a | 1 | od” 0 X | x| x 64/32 150000-15FFFF AB000-AFFFF
sa2s | 1 A 1“ x| x | x 64/32 160000—16FFFF BOOOO-B7FFF
SA26 g(\ 1 N [ x| x| x 64/32 170000-17FFFF B800O-BFFFF
s 1N 1 |0 “ o [ x | x | x 64/32 180000-18FFFF CO000-C7FFF
sa28 | ® | 1 1| x| x| x 64/32 190000-19FFFF C8000-CFFFF
sa29 | 1 1 o] x| x| x 64/32 1A0000—1AFFFF DO000-D7FFF
sa0 | 1 @Yo | 2| 1] x| x| x 64/32 1B0000—1BFFFF D8000-DFFFF
sa3t | 1 | 1 | 1] o o] x| x| x 64/32 1C0000-1CFFFF E0000-E7FFF
sa2 | 1 | 1 | 1] o | 1] x| x| x 64/32 1D0000-1DFFFF E8000-EFFFF
sa3 | 1 | 1 | 1] 1] o] x| x| x 64/32 1E0000—1EFFFF FOOOO-F7FFF
sa34 | 1 | 1 | 1| 1] 1] x| x| x 64/32 1FO000-1FFFFF F8000-FFFFF

Document Number: 002-01232 Rev. *A
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Sector Address Tables (Bottom Boot Device)

Sector Size Address Range (in hexadecimal)
(Kbytes/

Sector | A19 | A18 | Al17 | Al16 | Al15 | Al4 | A13 | Al12 Kwords) Byte Mode (x8) Word Mode (x16)
SAO olololo]lol ol ol x 16/8 000000-003FFF 00000-01F
SAL olo|lo|lo|lolo]1]o 8/4 004000-005FFF 0200
SA2 olo|lo|lo|lo]o]1]1 8/4 006000-007FFF 03006, 03F
SA3 o lo |l ol ool 1] x| x 32/16 008000-00FFFF _D4000-07FFF
SA4 o | o] ol o 1| x | x | x 64/32 010000-01FFFF A@o—OFFFF 0
SA5 ool ol 1o x| x]x 64/32 020000—02FFFF “NM0000-17FFED, &
SA6 o ol o 11 x| x]x 64/32 030000-03FFFF 18000~
SA7 o lo | 1ol ol x| x| x 64/32 040000— F FFF
sA8 o lo | 1t lo 1] x]x]x 64/32 0500 = 28000 2FFFF
sao | o[ o 1| 2]o] x| x]x 64/32 dbgoog_gbrFrr 00-37FFF
sat0 | o | o | 1| 1| 1] x| x| x 64/32 <%9\6—07FFFF‘ % 38000-3FFFF
sait | o | 1t lo ool x| x]x 64132 I\, 0B0000-08F R 40000-47FFF
sai2 | o [ 1| oo 2] x| x]x 64132 \_J) 090000 00FREF 48000-4FFFF
sa3 [ o [ 1 | o] 1 [ o [ x [ x| x| _ b 0A00Q0-OAPFFF 50000-57FFF
saisa [ o | 1 [ o 21| x| x]|x 4/82 “eplgbofosrrrr 58000-5FFFF
sats | o | 1 | 1o o x| x| x 64/32 C0B00—OCFFFF 60000-67FFF
sate | o | 1 | 1o 2| x| x o 0000-0DFFFF 68000~6FFFF
sai7 [ o [ 1 |11 |0 x [ xf 642 OE0000-OEFFFF 70000-77FFF
sate | o | 1 | 1| 1| 1| x b x @' 0F0000—OFFFFF 78000—7FFFF
sa9 [ 1 [ ol oo o [x x |\ fuéz 100000—10FFFF 80000-87FFF

-

sa20 [ 1 [ o | o | o | 180 x Wsmz 110000-11FFFF 88000-8FFFF
sA21 | 1 o | o 1 x | x | x@/ sam2 120000—12FFFF 90000-97FFF
sa22 | 1 | o | o | 1 x | xCPyx 64/32 130000-13FFFF 98000-9FFFF
sa23 | 1 | o | 1 5 XN x 64/32 140000-14FFFF AOO00-A7FFF
sA24 | 1 | o N IR 64/32 150000-15FFFF AB000-AFFFF
sazs | 1 | o | 1| o U X | x 64/32 160000—16FFFF BOO0O—-B7FFF
saze | 1 | o0& | 1 x| x| x 64/32 170000-17FFFF B8000-BFFFF
saz7 | 1 G o | aa o[ x [ x | x 64/32 180000~18FFFF CO000-C7FFF
SA28 ‘\1 0 D1 | x | x | x 64/32 190000-19FFFF C8000—CFFFF
SA2 1 [Nt o | x | x | x 64/32 1A0000—1AFFFF DO000-D7FFF

N @
sa0 | 1 | i oM [ 1| x [ x [ x 64/32 1B0000—1BFFFF D8000-DFFFF
X« A g

sA3l | 1 | o o | x | x | x 64/32 1C0000—1CFFFF EO000—E7FFF
sA32 | 1 1o 1| x| x| x 64/32 1D0000-1DFFFF E8000—EFFFF
sa33 | 1 | 1 | 11| o x| x| x 64/32 1E0000—1EFFFF FOOOO-F7FFF
s34 | 1 | 1 | 1|1 1] x| x| x 64/32 1F0000-1FFFFF F8000-FFFFF

Note

Address range is A19:A-1 in byte mode and A19:A0 in word mode. See the Word/Byte Configuration on page 9.
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7.9 Autoselect Mode

The autoselect mode provides manufacturer and device identification, and sector protection verification, through identifier codes
output on DQ7-DQO. This mode is primarily intended for programming equipment to automatically match a device to be
programmed with its corresponding programming algorithm. However, the autoselect codes can also be accessed in-system
through the command register.

When using programming equipment, the autoselect mode requires V|p (11.5 V to 12.5 V) on ad 9. Address pins A6, Al,
and A0 must be as shown in Table . In addition, when verifying sector protection, the sector addrmu t appear & appropriate
highest order address bits (see Table on page 11 and Table on page 13). Table shows théxemalning addr that are don't
care. When all necessary bits have been set as required, the programming equipment may ead the nding identifier
code on DQ7-DQO.
To access the autoselect codes in-system, the host system can issue the autoselect nd via i&@mand register, as shown
in Table on page 27. This method does not require V|p. See Command Definitidgs o ge 22 fi ils on using the autoselect
mode.
S29AL016D Autoselect Codes (High Voltage Method) @ @
Al9 | ALl A8 @ DQ8 DQ7
to to to (o] 0 to

Description Mode | CE# | OE# | WE# | A12 | A10 | A9 | A7 A2 0 [JoQ15 DQO
Manufacturer ID: Spansion L L H X X | Vip ﬁ X | L|L X 01h
Device ID: Word | L | L | H ~ | 4 ) 22h Cah
S29AL016D X | x L] x \ H
(Top Boot Block) Byte L L H 0 4Q X Cah
Device ID: word | L | L | H o 22h 49h
S29AL016D X @ Vio | XN < L{L|H
(Bottom Boot Block) Byte L L H \‘\ X 49h

) o I ‘%‘ X 01h (protected)
Sector Protection Verification L L H X |V L|X|L|H]|L
A X 00h (unprotected)

Legend \%}
L = Logic Low =V, K

H = Logic High =V @ * 6
SA = Sector Address \
X =Don't care Q \
Note

The autoselect codes may a@accessed i ia command sequences. See Table on page 27.

7.10 Pro on/Unprotection

The h argysector progéctiorfeature disables both program and erase operations in any sector. The hardware sector unprotection
feature re-gpables bo am and erase operations in previously protected sectors.

The device is s ith all sectors unprotected. Spansion offers the option of programming and protecting sectors at its factory
prior to shippin vice through Spansion’s ExpressFlash™ Service. Contact a Spansion representative for details.

It is possible to determine whether a sector is protected or unprotected. See Autoselect Mode on page 14 for details.
Sector protection/unprotection can be implemented via two methods.

The primary method requires V|p on the RESET# pin only, and can be implemented either in-system or via programming equipment.
Figure on page 16 shows the algorithms and Figure 17.12 on page 44 shows the timing diagram. This method uses standard
microprocessor bus cycle timing. For sector unprotect, all unprotected sectors must first be protected prior to the first sector
unprotect write cycle.

The alternate method intended only for programming equipment requires V,p on address pin A9 and OE#. This method is
compatible with programmer routines written for earlier 3.0 volt-only Spansion flash devices. Details on this method are provided in
a supplement, publication number 21468. Contact a Spansion representative to request a copy.
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7.11 Temporary Sector Unprotect

This feature allows temporary unprotection of previously protected sectors to change data in-system. The Sector Unprotect mode is
activated by setting the RESET# pin to V|p. During this mode, formerly protected sectors can be programmed or erased by selecting
the sector addresses. Once V,p is removed from the RESET# pin, all the previously protected sectors are protected again.

Figure 7.1 shows the algorithm, and Figure 17.11 on page 43 shows the timing diagrams, for this featu@

Figure 7.1 Temporary Sector Unprotect Operation ® @ .
START Qb Q
RESET# = Vp Z é

(Note 1) &

o)

&

tor
pleted
7.2)

Notes 6
1. All protected sectors unprotected. @

2. All previously protected sectors are protetted once again.
)

Q Figl@n-System Sector Protect/Unprotect Algorithms
' 2
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8. Common Flash Memory Interface (CFl)

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

This device enters the CFl Query mode when the system writes the CFI Query command, 98h, t
address AAh in byte mode), any time the device is ready to read array data. The system can re

data, the system must write the reset command.

given in Table to Table on page 21. In word mode, the upper address bits (A7-MSB) mustE %Qr

The system can also write the CFI query command when the device is in the autosele 0
mode, and the system can read CFI data at the addresses given in Table to Table

Thed
e 21. T

command to return the device to the autoselect mode.

For further information, please refer to the CFl Specification and CFlI Publlc , avall
www.amd.com/products/nvd/overview/cfi.html. Alternatively, contact a S

CFI Query Identification String

N\

Addresses Addresses O‘ ‘
(Word Mode) (Byte Mode) Data Descri
10h 20h 0051h %
11h 22h 0052h Query Umq@ string “Q
12h 24h 0059h
13h 26h 0002h Q
14h 28h 0000h @OEM Comma
v
15h 2Ah 0040h
16h oCh 0000h ress for Pri nded Table
17h 2Eh 0000h (.
18h 30h 00 AIternateQ mand Set (00h = none exists)
19h 32h ﬁ;}% _ )
1Ah 34h Addres Alternate OEM Extended Table (O0h = none exists)
‘ * %
System Interface Strj 2
Addresses sses
(Word Mode) 3) ode) ta Description
Ve Min. (write/erase)

1B 36h c 0027h D7-D4: volt, D3—DO0: 100 millivolt

‘i r Ve Max. (write/erase)
1ch & 0036h D7-D4: volt, D3-DO: 100 millivolt
1Dh % 0000h Vpp Min. voltage (00h = no Vpp pin present)
1Eh 3Ch 0000h Vpp Max. voltage (00h = no Vpp pin present)
1Fh 3Eh 0004h Typical timeout per single byte/word write 2" us
20h 40h 0000h Typical timeout for Min. size buffer write 2V us (00h = not supported)
21h 42h 000Ah Typical timeout per individual block erase 2" ms
22h 44h 0000h Typical timeout for full chip erase 2" ms (00h = not supported)
23h 46h 0005h Max. timeout for byte/word write 2" times typical
24h 48h 0000h Max. timeout for buffer write 2" times typical
25h 4Ah 0004h Max. timeout per individual block erase 2" times typical
26h 4Ch 0000h Max. timeout for full chip erase 2" times typical (00h = not supported)

Document Number: 002-01232 Rev. *A
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Device Geometry Definition
Addresses Addresses
(Word Mode) (Byte Mode) Data Description
27h 4Eh 0015h Device Size = 2" byte
28h 50h 0002h 4 i o @
20h 52h 0000h Flash Device Interface description (refer to CFI publication 100)
2Ah 54h 0000h Max. number of byte in multi-byte write = 2N \ ’
2Bh 56h 0000h (00h = not supported)
2Ch 58h 0004h Number of Erase Block Regions within device
2Dh 5Ah 0000h
2Eh 5Ch 0000h Erase Block Region 1 Information @
2Fh 5Eh 0040h (refer to the CFI specification or CFI publication@ K
30h 60h 0000h
31h 62h 0001h
32h 64h 0000h . .
23h 66h 0020h Erase Block Region 2 Informati @ @
34h 68h 0000h
35h 6Ah 0000h \
36h 6Ch 0000h
37h 6Eh 0080h Erase Block Reglon 3 a on O
38h 70h 0000h
39h 72h 001Eh
3Ah 74h 0000h Erase Bl 4 Infi rm
3Bh 76h 0000h ‘G
3Ch 78h 0001h

b

© ‘%

Primary Vendor-Specific Extended Quer@'

Addresses
(Byte Mode)

Addresses
(Word Mode)

2>
>

Description

40h 80h

% 50h o
41h 82h 052h
42h 84h C‘ 0049 \\

%/-unique ASCI! string “PRI”

43h 8gh, \: 00%\,

Major version number, ASCII

44h o) e

Minor version number, ASCII

Address Sensitive Unlock
0 = Required, 1 = Not Required

45h e‘m«h

c \J Erase Sus
pend
% ( » 8Ch®c) 0002h 0 = Not Supported, 1 = To Read Only, 2 = To Read & Write
v v
Sector Protect
47h A 000h 0 = Not Supported, X = Number of sectors per group
N q Sector Temporary Unprotect
y
48h b Oh 0001h 00 = Not Supported, 01 = Supported
o Sector Protect/Unprotect scheme
49h 92h 0004h 01 = 29F040 mode, 02 = 29F016 mode,
03 = 29F400 mode, 04 = 29LVB00A mode
Simultaneous Operation
4Ah 94h 0000h 00 = Not Supported, 01 = Supported
Burst Mode Type
4Bh 96h 0000h 00 = Not Supported, 01 = Supported
4ch 98h 0000h Page Mode Type

00 = Not Supported, 01 = 4 Word Page, 02 = 8 Word Page

Document Number: 002-01232 Rev. *A
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8.1 Hardware Data Protection

The command sequence requirement of unlock cycles for programming or erasing provides data protection against inadvertent
writes (refer to Table on page 27 for command definitions). In addition, the following hardware data protection measures prevent
accidental erasure or programming, which might otherwise be caused by spurious system level signals during V¢ power-up and
power-down transitions, or from system noise. @

8.1.1 Low V¢ Write Inhibit ’

When V¢ is less than V| o, the device does not accept any write cycles. This protects dat ing Vcc pow -U and power-down.
The command register and all internal program/erase circuits are disabled, and the de Subsequent writes are ignored
until V¢ is greater than V| xo. The system must provide the proper signals to the contr to pr v tentional writes when

Ve is greater than V| ko. &
8.1.2 Write Pulse Glitch Protection gﬂb é\@

Noise pulses of less than 5 ns (typical) on OE#, CE# or WE# do not initi& te cycle

8.1.3 Logical Inhibit K
Write cycles are inhibited by holding any one of OE# = V“_, i or WE# o initiate a write cycle, CE# and WE# must be
a logical zero while OE# is a logical one.

8.1.4 Power-Up Write Inhiblt O \Q

If WE# = CE# = V,_and OE# = V| during powe& e devncx ot accept commands on the rising edge of WE#. The internal

state machine is automatically reset to readi ay data o%

9. Command Definitio

Writing specific address and data co sor seq S |nto the command register initiates device operations. Table on page 27
defines the valid register comman e ences. ert ncorrect address and data values or writing them in the improper
sequence resets the device to arrayd

All addresses are Iatched alllng em E# or CE#, whichever happens later. All data is latched on the rising edge of WE#
or CE#, whichever hap . Refer, ppropriate timing diagrams in AC Characteristics on page 37.

Arr
The deV| atically % eadlng array data after device power-up. No commands are required to retrieve data. The device
is alsoﬁ read arr. fter completing an Embedded Program or Embedded Erase algorithm.
After the deVice acc rase Suspend command, the device enters the Erase Suspend mode. The system can read array data

using the standa imings, except that if it reads at an address within erase-suspended sectors, the device outputs status data.
After completm ramming operation in the Erase Suspend mode, the system may once again read array data with the same
exception. See Eta e Suspend/Erase Resume Commands on page 25 for more information on this mode.

The system must issue the reset command to re-enable the device for reading array data if DQ5 goes high, or while in the autoselect
mode. See Reset Command on page 22.

See also Requirements for Reading Array Data on page 9 for more information. The Read Operations on page 37 provides the read
parameters, and Figure 17.1 on page 37 shows the timing diagram.

9.2 Reset Command
Writing the reset command to the device resets the device to reading array data. Address bits are don't care for this command.

The reset command may be written between the sequence cycles in an erase command sequence before erasing begins. This
resets the device to reading array data. Once erasure begins, however, the device ignores reset commands until the operation is
complete.
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The reset command may be written between the sequence cycles in a program command sequence before programming begins.
This resets the device to reading array data (also applies to programming in Erase Suspend mode). Once programming begins,
however, the device ignores reset commands until the operation is complete.

The reset command may be written between the sequence cycles in an autoselect command sequence. Once in the autoselect
mode, the reset command must be written to return to reading array data (also applies to autoselect dL@ Erase Suspend).

If DQ5 goes high during a program or erase operation, writing the reset command returns the de\% ding array data (also

applies during Erase Suspend). \ @ .

9.3 Autoselect Command Sequence 6

The autoselect command sequence allows the host system to access the manufactu deV|ce e and determine whether
or not a sector is protected. Table on page 27 shows the address and data require . This IS an alternative to that
shown in Table on page 14, which is intended for PROM programmers and re% V|pon bit A9.

The autoselect command sequence is initiated by writing two unlock cycles d by th elect command. The device then
enters the autoselect mode, and the system may read at any address an r of t| out initiating another command
sequence. \S

A read cycle at address XX00h retrieves the manufacturer code cycle at XXO01h returns the device code. A read
cycle containing a sector address (SA) and the address 02h i de (or yte mode) returns 01h if that sector is
protected, or 00h if it is unprotected. Refer to Table on pa d Table pa e 13 for valid sector addresses.

The system must write the reset command to exit the al t mode rn to reading array data.

9.4  Word/Byte Program Cogfand S @ce

The system may program the device by wor e, depe the state of the BYTE# pin. Programming is a four-bus-cycle

operation. The program command sequenc itiated b
command. The program address al re written
not required to provide further contr mgs T
programmed cell margin. Tabl 27 sh

g two unlock write cycles, followed by the program set-up
which in turn initiate the Embedded Program algorithm. The system is
ice automatically generates the program pulses and verifies the
ddress and data requirements for the byte program command sequence.

When the Embedded Progr |thm is c the device then returns to reading array data and addresses are no longer
latched. The system can d ne the sm he program operation by using DQ7, DQ6, or RY/BY#. See Write Operation Status
on page 28 for |nform ese st

Any commands wri e deV|c the Embedded Program Algorithm are ignored. Note that a hardware reset immediately
terminates the p, |ng he Byte Program command sequence should be reinitiated once the device has reset to
reading array. (o} ensur egrlty

IIowed equence and across sector boundaries. A bit cannot be programmed from a 0 back to a 1.
o do so e operation and set DQ5 to 1, or cause the Data# Polling algorithm to indicate the operation was
owev ceedlng read will show that the data is still 0. Only erase operations can convert a 0 to a 1.

Attemptin
successful.

9.5 Ung Bypass Command Sequence

The unlock bypass feature allows the system to program bytes or words to the device faster than using the standard program
command sequence. The unlock bypass command sequence is initiated by first writing two unlock cycles. This is followed by a third
write cycle containing the unlock bypass command, 20h. The device then enters the unlock bypass mode. A two-cycle unlock
bypass program command sequence is all that is required to program in this mode. The first cycle in this sequence contains the
unlock bypass program command, AOh; the second cycle contains the program address and data. Additional data is programmed in
the same manner. This mode dispenses with the initial two unlock cycles required in the standard program command sequence,
resulting in faster total programming time. Table on page 27 shows the requirements for the command sequence.

During the unlock bypass mode, only the Unlock Bypass Program and Unlock Bypass Reset commands are valid. To exit the unlock
bypass mode, the system must issue the two-cycle unlock bypass reset command sequence. The first cycle must contain the data
90h; the second cycle the data 00h. Addresses are don't care for both cycles. The device then returns to reading array data.

Figure 9.1 on page 24 illustrates the algorithm for the program operation. See Erase/Program Operations on page 40 for
parameters, and to Figure 17.5 on page 40 for timing diagrams.
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Figure 9.1 Program Operation

START

Write Program @
Command Sequence \
Data Poll : EQ

Embedded from System / \b
Program v
algorithm

in progress

%
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<

S
S

Increment Address

Programming
Completed

> ©

See Table on page 27 for program command sen@a

9.6 Chip Erase Cg1 %uence
i r

¢ ase command sequence is initiated by writing two unlock cycles, followed by a
set-up command. Two additiog cycles are then followed by the chip erase command, which in turn invokes the
Embedded Erase alg . i S not require the system to preprogram prior to erase. The Embedded Erase algorithm
automatically prepr; i entire memory for an all zero data pattern prior to electrical erase. The system is not

i i o% i1gs during these operations. Table on page 27 shows the address and data requirements for
Q.

the chip eras

Any ¢ ands written t p during the Embedded Erase algorithm are ignored. Note that a hardware reset during the chip
erase operation imme erminates the operation. The Chip Erase command sequence should be reinitiated once the device
has returned to rea ay data, to ensure data integrity.

The system caﬁ‘ ine the status of the erase operation by using DQ7, DQ6, DQ2, or RY/BY#. See Write Operation Status
on page 28 for i ation on these status bits. When the Embedded Erase algorithm is complete, the device returns to reading
array data and addresses are no longer latched.

Figure 9.2 on page 26 illustrates the algorithm for the erase operation. See Erase/Program Operations on page 40 for parameters,
and Figure 17.6 on page 41 for timing diagrams.
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9.7 Sector Erase Command Sequence

Sector erase is a six bus cycle operation. The sector erase command sequence is initiated by writing two unlock cycles, followed by
a set-up command. Two additional unlock write cycles are then followed by the address of the sector to be erased, and the sector
erase command. Table on page 27 shows the address and data requirements for the sector erase command sequence.

The device does not require the system to preprogram the memory prior to erase. The Embedded Era orithm automatically
programs and verifies the sector for an all zero data pattern prior to electrical erase. The system i ired to provide any
controls or timings during these operations. ¢

After the command sequence is written, a sector erase time-out of 50 us begins. During the -out period, @onal sector
addresses and sector erase commands may be written. Loading the sector erase buffer one in ? uence, and the
number of sectors may be from one sector to all sectors. The time between these additiipalteycles m ess than 50 ps,
otherwise the last address and command might not be accepted, and erasure may is reco d that processor
interrupts be disabled during this time to ensure all commands are accepted. THe intefedpts can nabled after the last Sector
Erase command is written. If the time between additional sector erase comman be ass be less than 50 us, the system
need not monitor DQ3. Any command other than Sector Erase or Erase d duri time-out period resets the
device to reading array data. The system must rewrite the command SN and a@onal sector addresses and
commands.

The system can monitor DQ3 to determine if the sector erase time

time-out begins from the rising edge of the final WE# pulse in t fimand s

h %ed ut@ DQ3: Sector Erase Timer on page 31.) The

Once the sector erase operation has begun, only the Er nd com d is'valid. All other commands are ignored. Note that
a hardware reset during the sector erase operation imme ly termi % operation. The Sector Erase command sequence
should be reinitiated once the device has returned to rg array nsure data integrity.

When the Embedded Erase algorithm is complet device (et reading array data and addresses are no longer latched.
The system can determine the status of the eraﬁ ation \ Q7, DQ6, DQ2, or RY/BY#. (Refer to Write Operation Status
on page 28 for information on these status w

Figure 9.2 on page 26 illustrates the aI?Eith or the eﬁ%aﬂon. Refer to Erase/Program Operations on page 40 for

parameters, and to Figure 17.6 on for timingr@i ms.

9.8 Erase Susp

rase’@ume Commands
The Erase Suspend comma

llows the&ﬁim to interrupt a sector erase operation and then read data from, or program data to,
any sector not selecte eraSure. T and is valid only during the sector erase operation, including the 50 ps time-out
period during the s %se com quence. The Erase Suspend command is ignored if written during the chip erase
operation or Em Progr, ithm. Writing the Erase Suspend command during the Sector Erase time-out immediately
terminates the &@ut peri%d spends the erase operation. Addresses are don’'t-cares when writing the Erase Suspend
comma

Whenthe\Erase Sus% mand is written during a sector erase operation, the device requires a maximum of 20 us to suspend
er, when the Erase Suspend command is written during the sector erase time-out, the device

the erase operation
immediately ter& e time-out period and suspends the erase operation.

After the erase tion has been suspended, the system can read array data from or program data to any sector not selected for
erasure. (The device “erase suspends” all sectors selected for erasure.) Normal read and write timings and command definitions
apply. Reading at any address within erase-suspended sectors produces status data on DQ7-DQO0. The system can use DQ7, or
DQ6 and DQ?2 together, to determine if a sector is actively erasing or is erase-suspended. See Write Operation Status on page 28
for information on these status bits.

After an erase-suspended program operation is complete, the system can once again read array data within non-suspended
sectors. The system can determine the status of the program operation using the DQ7 or DQ6 status bits, just as in the standard
program operation. See Write Operation Status on page 28 for more information.

The system may also write the autoselect command sequence when the device is in the Erase Suspend mode. The device allows
reading autoselect codes even at addresses within erasing sectors, since the codes are not stored in the memory array. When the
device exits the autoselect mode, the device reverts to the Erase Suspend mode, and is ready for another valid operation. See
Autoselect Command Sequence on page 23 for more information.
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the device has resumed erasing.

The system must write the Erase Resume command (address bits are don'’t care) to exit the erase suspend mode and continue the
sector erase operation. Further writes of the Resume command are ignored. Another Erase Suspend command can be written after

Figure 9.2 Erase Operation

START ®
Write Erase Q Q
Command Sequence %

Data Poll :

Notes

1. See Table on page 27 for erase command sequence.®

2. See DQ3: Sector Erase Timer on page 31

>
B
> &
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10. Command Definitions
S29AL016D Command Definitions

Bus Cycles (Notes 2-5)

[%]
Command L]
Sequence g First Second Third Fourth h Sixth
(Note 1) © Addr Data | Addr Data Addr Data | Addr Dat. Data | Addr Data
Read (Note 6) 1] ra | RD - f) N
Reset (Note 7) 1 XXX FO
Word 555 2AA 555
Manufacturer ID 4 AA 55 90 N 1
Byte AAA 555 AAA
i Word 555 2AA 555 22C4
Device ID, 4 AA 55 0 @ N
Top Boot Block Byte AAA 555 AAA X02
Device ID, Word 555 2AA 555 > X01 lﬁy
. 4 AA 55 90 %
& | Bottom Boot Block Byte AAA 555 A\§ xqZ Ao
[
5 a8 xxo0
= word 555 2AA 1 @ (S(fz)
8 | Sector Protect Verify N XX01
2 4 AA 5
@ | (Note 9) (SA) 00
£ Byte AAA 555 AAA
< ~ X | o
CFIQ (Note 10) Word 1 > 98
uery (Note
Byte AA IYa N

word 555 2AA b5

Program 4 3 A0 PA PD
Byte AAA { 555 o AAA
word 55W 2A N\ 555

Unlock Bypass 3 Y AA 4 { 5 20

&
Byte .AAA i AAA
Unlock Bypass Program (Note 11) x@x A0 ( A PD
Unlock Bypass Reset (Note 12) 2" XXX "90 XX 00
e NEEN 2AA 555 555 20A 555
Chip Erase 6 55 80 AA 55 10
B & \ 555 AAA AAA 555 AAA
rd 2AA 555 555 2AA
Sector Erase 6 AA 55 80 AA 55 SA 30
~ Byte A 555 AAA AAA 555
Erase Suspend (NOM XXX BO

Erase Resume

Legend

X = Dorft ¢

RA = Addressf the mem n to be read.

RD = Data read fro cati during read operation.

PA = Address of the ocation to be programmed. Addresses latch on the falling edge of the WE# or CE# pulse, whichever happens later.
PD = Data to be pro ed at location PA. Data latches on the rising edge of WE# or CE# pulse, whichever happens first.

SA = Address of the sector to be verified (in autoselect mode) or erased. Address bits A19—A12 uniquely select any sector.

Notes

1. See Table on page 9 for description of bus operations.

2. Allvalues are in hexadecimal.

3. Except for the read cycle and the fourth cycle of the autoselect command sequence, all bus cycles are write cycles.

4. Data bits DQ15-DQ8 are don't cares for unlock and command cycles.

5. Address bits A19-A11 are don’t cares for unlock and command cycles, unless SA or PA required.

6. No unlock or command cycles required when reading array data.

7. The Reset command is required to return to reading array data when device is in the autoselect mode, or if DQ5 goes high (while the device is providing status data).
8. The fourth cycle of the autoselect command sequence is a read cycle.

9. The data is 00h for an unprotected sector and 01h for a protected sector. See “Autoselect Command Sequence” for more information.

10. Command is valid when device is ready to read array data or when device is in autoselect mode.
11. The Unlock Bypass command is required prior to the Unlock Bypass Program command.
12. The Unlock Bypass Reset command is required to return to reading array data when the device is in the unlock bypass mode. FO is also acceptable.
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13. The system may read and program in non-erasing sectors, or enter the autoselect mode, when in the Erase Suspend mode. The Erase Suspend command is valid
only during a sector erase operation.

14.The Erase Resume command is valid only during the Erase Suspend mode.

11. Write Operation Status

The device provides several bits to determine the status of a write operation: DQ2, DQ3, DQ5, DQ6, D and RY/BY#. Table
on page 32 and the following subsections describe the functions of these bits. DQ7, RY/BY#, and D h offer a method for
determining whether a program or erase operation is complete or in progress. These three bits aré\diseussed fir@ .

11.1 DQ7: Data# Polling 6 Q

The Data# Polling bit, DQ7, indicates to the host system whether an Embedded Alg |s n progre mpleted, or whether
the device is in Erase Suspend. Data# Polling is valid after the rising edge of the flna pulse |n gram or erase command
sequence.

During the Embedded Program algorithm, the device outputs on DQ7 the co, nt of th programmed to DQ7. This DQ7
status also applies to programming during Erase Suspend. When the E e Progra ofithm is complete, the device outputs
the datum programmed to DQ7. The system must provide the program to read val status information on DQ?7. If a program
address falls within a protected sector, Data# Polling on DQ?7 is actl pprOX|m Iy 1 ps, then the device returns to reading
array data Q

During the Embedded Erase algorithm, Data# Polling produc n DQ?7. W& e Embedded Erase algorithm is complete, or if

the device enters the Erase Suspend mode, Data# Polli esalo 7. This is analogous to the complement/true datum
output described for the Embedded Program algorithm:; rﬂse functissW ges all the bits in a sector to 1; prior to this, the
device outputs the complement, or 0. The system mus@/ide an ithin any of the sectors selected for erasure to read
valid status information on DQ?7.

After an erase command sequence is written, |& tors sel r erasing are protected, Data# Polling on DQ?7 is active for
approximately 100 us, then the device retur ading a@va. If not all selected sectors are protected, the Embedded Erase
algorithm erases the unprotected sectors, an

nores ﬁ ted sectors that are protected.

When the system detects DQ7 has from th@p ement to true data, it can read valid data at DQ7-DQO on the following
read cycles. This is because DQ7 a ange asyn nously with DQO—DQ6 while Output Enable (OE#) is asserted low.
Figure 17.8 on page 42, illustr

Table on page 32 shows tr@;!ts for%a oIIrng on DQ7. Figure 11.2 on page 31 shows the Data# Polling algorithm.

9 @
Z ‘Q
) \"b

&b
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Figure 11.1 Data# Polling Algorithm

START

Read DQ7-DQO @
Addr = VA \

O
& &
s@
@

Notes ;
1. VA = Valid address for pr

@ming. During a@r erase operation, a valid address is an address within any sector selected for erasure. During chip erase, a valid
ector addr

address is any non-p,
2. DQ7 should be re edleven if RQ! use DQ7 may change simultaneously with DQ5.

11. Y

The RY/BY# is a dedi
RY/BY# status i i
several RY/BY

y/Busy#

open-drain output pin that indicates whether an Embedded Algorithm is in progress or complete. The
er the rising edge of the final WE# pulse in the command sequence. Since RY/BY# is an open-drain output,
an be tied together in parallel with a pull-up resistor to V.

If the output is low (Busy), the device is actively erasing or programming. (This includes programming in the Erase Suspend mode.)

If the output is high (Ready), the device is ready to read array data (including during the Erase Suspend mode), or is in the standby
mode.

Table on page 32 shows the outputs for RY/BY#. Figures Figure 17.1 on page 37, Figure 17.2 on page 38, Figure 17.5 on page 40
and Figure 17.6 on page 41 shows RY/BY# for read, reset, program, and erase operations, respectively.
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11.3 DQ6: Toggle Bit |

Toggle Bit | on DQ6 indicates whether an Embedded Program or Erase algorithm is in progress or complete, or whether the device
has entered the Erase Suspend mode. Toggle Bit | may be read at any address, and is valid after the rising edge of the final WE#
pulse in the command sequence (prior to the program or erase operation), and during the sector erase time-out.

During an Embedded Program or Erase algorithm operation, successive read cycles to any address c@DQG to toggle. (The
system may use either OE# or CE# to control the read cycles.) When the operation is complete, toggling.

.
After an erase command sequence is written, if all sectors selected for erasing are protected, DQ les for ately 100 ps,
then returns to reading array data. If not all selected sectors are protected, the Embedded e algorithm erases the unprotected
sectors, and ignores the selected sectors that are protected.

The system can use DQ6 and DQ2 together to determine whether a sector is actlv n orise ﬁzu pended. When the
device is actively erasing (that is, the Embedded Erase algorithm is in progress Ies Wh evice enters the Erase
Suspend mode, DQ6 stops toggling. However, the system must also use DQ?2 tg etermlne c ors are erasing or erase-
suspended. Alternatively, the system can use DQ7 (see DQ7: Data# Polllng e 28).

If a program address falls within a protected sector, DQ6 toggles for app Iy 1 us@e program command sequence is

Table on page 32 shows the outputs for Toggle Bit | on DQ6 1.2 0n shows the toggle bit algorithm in flowchart
form, and Reading Toggle Bits DQ6/DQ2 on page 30 expl algorlth igure 17.9 on page 42 shows the toggle bit timing
diagrams. Figure 17.10 on page 43 shows the difference%feen DQ\ Q6 in graphical form. See also the subsection on

DQ2: Toggle Bit Il on page 30. Q
11.4 DQ2: Toggle Bit Il
The “Toggle Bit II” on DQ2, when used Wlth |nd|ci$@iher a particular sector is actively erasing (that is, the Embedded

Erase algorithm is in progress), or whe hat' sector i seé-suspended. Toggle Bit Il is valid after the rising edge of the final WE#
pulse in the command sequence.

written, then returns to reading array data %
DQ6 also toggles during the erase-suspend-program mode, and \ gllna o] Embedded Program algorithm is complete.

DQ2 toggles when the system r t addres witAin those sectors that have been selected for erasure. (The system may use
either OE# or CE# to control th cycles Q2 cannot distinguish whether the sector is actively erasing or is erase-
suspended. DQ6, by comp , Indicat er the device is actively erasing, or is in Erase Suspend, but cannot distinguish
which sectors are selec d fo rasure. oth status bits are required for sector and mode information. Refer to Table

on page 32 to compar puts for

show%D e bit algorlthm in flowchart form, and the section Reading Toggle Bits DQ6/DQ2 on page 30

Figure 11.2 on p
. See alsBthevDQ6: Toggle Bit | on page 30 subsection. Figure 17.9 on page 42 shows the toggle bit timing
diagram. .10 on p@ shows the differences between DQ2 and DQ6 in graphical form.

11.5

Refer to Figure page 31 for the following discussion. Whenever the system initially begins reading toggle bit status, it must
read DQ7-DQO st twice in a row to determine whether a toggle bit is toggling. Typically, the system would note and store the
value of the toggle bit after the first read. After the second read, the system would compare the new value of the toggle bit with the
first. If the toggle bit is not toggling, the device has completed the program or erase operation. The system can read array data on

DQ7-DQO on the following read cycle.

h oggle Bits DQ6/DQ2
a

However, if after the initial two read cycles, the system determines that the toggle bit is still toggling, the system also should note
whether the value of DQ5 is high (see the section on DQ5). If it is, the system should then determine again whether the toggle bit is
toggling, since the toggle bit may have stopped toggling just as DQ5 went high. If the toggle bit is no longer toggling, the device has
successfully completed the program or erase operation. If it is still toggling, the device did not complete the operation successfully,
and the system must write the reset command to return to reading array data.

The remaining scenario is that the system initially determines that the toggle bit is toggling and DQ5 has not gone high. The system
may continue to monitor the toggle bit and DQ5 through successive read cycles, determining the status as described in the previous
paragraph. Alternatively, it may choose to perform other system tasks. In this case, the system must start at the beginning of the
algorithm when it returns to determine the status of the operation (top of Figure 11.2 on page 31).
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Figure 11.2 Toggle Bit Algorithm

START
1 (Note 1)

—— 6\\9@
Read DQ7-DQO Q
> @

Toggle Bit
=Toggle?

\% Program/Erase
\ Operation Not Program/Erase

Complete, Write Operation Complete
Reset Command
Notes
1. Read toggle bit etermine thegor not it is toggling. See text.
2. Recheck cause it m ggling as DQ5 changes to 1. See text.
11.6 Q : eded Timing Limits
DQ5 indicates the program or erase time has exceeded a specified internal pulse count limit. Under these conditions DQ5
produces a 1. a failure condition that indicates the program or erase cycle was not successfully completed.

The DQ5 failure condition may appear if the system tries to program a 1 to a location that is previously programmed to 0. Only an
erase operation can change a 0 back to a 1. Under this condition, the device halts the operation, and when the operation has
exceeded the timing limits, DQ5 produces a 1.

Under both these conditions, the system must issue the reset command to return the device to reading array data.

11.7 DQS3: Sector Erase Timer

After writing a sector erase command sequence, the system may read DQ3 to determine whether or not an erase operation has
begun. (The sector erase timer does not apply to the chip erase command.) If additional sectors are selected for erasure, the entire
time-out also applies after each additional sector erase command. When the time-out is complete, DQ3 switches from 0 to 1. The
system may ignore DQ3 if the system can guarantee that the time between additional sector erase commands will always be less
than 50 ps. See also Sector Erase Command Sequence on page 25.
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After the sector erase command sequence is written, the system should read the status on DQ7 (Data# Polling) or DQ6 (Toggle Bit
I) to ensure the device has accepted the command sequence, and then read DQ3. If DQ3 is 1, the internally controlled erase cycle
has begun; all further commands (other than Erase Suspend) are ignored until the erase operation is complete. If DQ3 is 0, the
device will accept additional sector erase commands. To ensure the command has been accepted, the system software should
check the status of DQS3 prior to and following each subsequent sector erase command. If DQ3 is high on the second status check,
the last command might not have been accepted. Table shows the outputs for DQ3.

Write Operation Status Q .
P

e -

DQ7 DQ5
Operation (Note 2) DQ6 (Note 1) RY/B, \

Standard Embedded Program Algorithm DQ7# Toggle 0 ﬁ‘
Mode Embedded Erase Algorithm 0 Toggle 0 w

Reading within Erase

Suspended Sector 1 No toggle 0 ) L
Erase
Suspend Reading within Non-Erase @
Mode Suspended Sector Data Data Data @ ( 3 !

Erase-Suspend-Program DQ7# Toggle Q @ N/A ( \IIA 0

Notes
1. DQ5 switches to 1 when an Embedded Program or Embedded Erase operation @ceeded th @T\ timing limits. See DQ5: Exceeded Timing Limits

on page 31 for more information. %‘
2. DQ7 and DQ?2 require a valid address when reading status informatio@ e ap rop@ubsection for further details.
12. Absolute Maximum Ratings O \(;)\

Storage Temperature Plastic Packages e. “ —65°C to +150°C
Ambient Temperature with Power Applied M et —65°C to +125°C
Voltage with Respect to Ground m‘ . N

Vee (Note 1) ~ -~ o _05Vto+4.0V

-0.5Vto+125V

(" A ~0.5V 10 Veet0.5 V

A9, OE#, and RESET# (Note 2)
All other pins (Note 1)

Output Short Circuit Current (Note 3 § 200 mA
Notes &‘
1. Minimum DC voltage on input or I/O\ins i . ing voltage transitions, input or I/O pins may overshoot Vgg to —2.0 V for periods of up to 20 ns. See Figure 13.1
on page 33. Maximum D! ge on input or M@ piRis is Vcc +0.5 V. During voltage transitions, input or I/O pins may overshoot to V¢ +2.0 V for periods up to 20 ns.

See Figure 13.2 on
2. Minimum DC in;@3 on pins wend RESET# is -0.5 V. During voltage transitions, A9, OE#, and RESET# may overshoot Vgg to —2.0 V for periods of up
a

to 20 ns. See Fi .1 on page um DC input voltage on pin A9 is +12.5 V which may overshoot to 14.0 V for periods up to 20 ns.

3. No mor, @output may b ed to ground at a time. Duration of the short circuit should not be greater than one second.

4. Stre&bﬁ) those listed solute Maximum Ratings may cause permanent damage to the device. This is a stress rating only; functional operation of the
device at thgse or any 0?& tions above those indicated in the operational sections of this data sheet is not implied. Exposure of the device to absolute maximum
rating conditions for e% eriods may affect device reliability.

13. Operating Ranges

Industrial (1) Devices
Ambient Temperature (Tp) -40°C to +85°C

Extended (N) Devices
Ambient Temperature (Tp) -40°C to +125°C

Vcc Supply Voltages
V¢ for standard voltage range 2.7 V to 3.6 V

Operating ranges define those limits between which the functionality of the device is guaranteed.
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Figure 13.1 Maximum Negative Overshoot Waveform

N VXXX
05V

20V —m —m = — =

Figure 13.2 Maximum Positive Oversh

14. DC Characteristics

14.1 CMOS Compati %

20 ns

20 ns

[

20 ns

Qo .
«AQ}%
>

20 ns @

8&
<

\

L0

Q
<

N —
t@Test Conditions

Parameter Descripti( Min Typ Max Unit
Iy Input Load Curren \ V'N\_VSS o Vee, +1.0
7~ e = Vee max
hd
It A9 Input Lo rent )| Ve = Vee maxi A9=125V 35 iy
ILo Outﬁs%ge Currgn xom_:VVss toVee, +1.0
N cc = Vce max
W 6 10 MHz 15 30
CE# =V OE#_V,
& @' Byte Mot 5 MHz 9 16
Ve Actiy, & rrent 1 MHz 2 4
|CC1 N mA
(Noges & 10 MHz 18 35
CE#=V, OE#_Vj
Word Mode 5 MHz ° 16
1 MHz 2 4
V¢ Active Write Current _ _
lcc2 (Notes 2, 3, 5) CE#=V, OE#=Vy 20 35 mA
lecs V¢ Standby Current (Notes 2, 4) CE#, RESET# = Vc10.3V 0.2 HA
V¢ Standby Current During Reset _
lcca (Notes 2, 4) RESET# = Vgg+0.3V 0.2 5 A
lecs Automatic Sleep Mode Vi =Vcc+03V; 0.2 UA

(Notes 2, 4, 6)

Vi = Vgg£0.3V

Document Number: 002-01232 Rev. *A
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Parameter Description Test Conditions Min Typ Max Unit
Vi Input Low Voltage -0.5 0.8
Vin Input High Voltage 0.7 X Ve Vee +0.3
Voltage for Autoselect and Temporary _
Vio Sector Unprotect Vec =33V s 125
VoL Output Low Voltage loL =4.0 mMA, Ve = Vee min 045,
N
Vori ) lon =-2.0 mA, Vec = Ve min 24 x
Output High Voltage 4 A >3
Vorz lon = -100 YA, Ve = Ve min Vcc—0.4
Viko Low V¢ Lock-Out Voltage 2.3 .5
Notes

1.

a b~ w N

Typical sleep mode current is 200 nA.
. Not 100% tested.

The Icc current listed is typically less than 2 mA/MHz, with OE# at V. Typical Vg is 3.0 V.
. Maximum Ic¢ specifications are tested with V¢ = Vecmax.

. lcc active while Embedded Erase or Embedded Program is in progress.

. At extended temperature range (>+85°C), typical current is 5 pA and maximum current is 10
. Automatic sleep mode enables the low power mode when addresses remain stable for tp

5
S «O

14.2 Zero Power Flash \Q% @
Figure 14.1 Iccq Current vs. 1@(8 owi x and Automatic Sleep Currents)
&>
g 20
IR
-1 L 4
Q’b &
Ez 10 @ @@
N
\é@) \Q
&o ~ I I | I I ;
@ 500 1000 1500 2000 2500 3000 3500
6 Timein ns
Note

Addresses are switching at 1 MHz

Document Number: 002-01232 Rev. *A
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Figure 14.2 Typical Iccq vS. Frequency
10

Supply Current in mA

4 \@u .&Q&t’z
2 \\D K
0 ".)O f\O

Note

> O
15. Test Conditions{\'% &
(b .

%) _

P NIEE

&Q \'@% Test
&0

Note
Diodes are IN3064 or equivalent.
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Test Specifications

Test Condition

90 | unit
Output Load 1 TTL gate
Output Load Capacitance, C_
(including jig capacitance) 30 100 @_
Input Rise and Fall Times

Input Pulse Levels

0.0 or Ve

\

Input timing measurement reference levels

0.5 Ve

Output timing measurement reference levels

ostC&

<

16. Key to Switching Waveforms

v

> &

Waveform

Inputs

AN

‘:,'outputs@ A

g. O‘
Chan HtolL K

s

- ing from @

XXX

Don't Care, Any Change

P |tted
¢ Q‘

Py _ N
A

D

Changing, State Unknown

Does Nohm&
\ 4

\"4
\ Center Line is High Impedance State (High Z)

&
o

Document Number: 002-01232 Rev. *A
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17. AC Characteristics

17.1 Read Operations

Parameter Speed Options Q i

JEDEC Std Description Test Setup 70 nit
*
tavav tre Read Cycle Time (Note 1) Min 70 9 ,OQ
tavoy tacc | Address to Output Delay gléz Z ://'I'I: Max 7 0 Q\
te ov tce Chip Enable to Output Delay OE#=V,_ Max N 90 @
teLov toe Output Enable to Output Delay ax Y
teHQzZ toF Chip Enable to Output High Z (Note 1)
teHoz tor Output Enable to Output High Z (Note 1) X %\A 5, ns
tsriw | Latency Between Read and Write Operations \ in (W
Read N , Min )
¢ Output Enable
OEH | Hold Time (Note 1) Toggle and N\ 10
Data# Polling ’
Output Hold Time From Addresses, CE# or OE#, )y

1. Not 100% tested.

2. See Figure 15.1 on page 35 and Table on page 36 for test @cations. @
AR\
Qaure 1@1 Operations Timings

(%) 2
4?‘\" tRC

Addresses ! é\xr QAa Addresses Stable :><
Q SN
tacc
CE# /

I 7

taxax fon Whichever Occurs First (Note 1) Qo s Min 0
Notes O

<IDF »

tog > /

«——— tCE ——>

—»| IOH |=—

HIGH z 7 3 HIGH Z
Outputsé <<<<( Output Valid >>>S—
RESET# _/*

RY/BY#

Document Number: 002-01232 Rev. *A Page 37 of 53
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17.2 Hardware Reset (RESET#)
Parameter
JEDEC Std Description Test Setup All Speed Options Unit
t RESET# Pin Low (During Embedded Algorithms) to Max 20
READY | Read or Write (See Note) . &
t RESET# Pin Low (NOT During Embedded Algorithms) to Max 500 ‘\ *
READY | Read or Write (See Note) @
thp | RESET# Pulse Width ns
tRH RESET# High Time Before Read (See Note)
Min
tapp | RESET# Low to Standby Mode ~
tre RY/BY# Recovery Time
Note
Not 100% tested. @
Figure 17.2 Timi sé
RY/BY#
CE#, OE#
\ N
RESET# L @
< R A
&2 D
&et Timin’gs during Embedded Algorithms
b Reset Tim& ing Embedded Algorithms
tRea\dy >
RY/BY#
. [/
Q7 -
) - [
1
[
1

o
-

17.3 Word/Byte Configuration (BYTE#)

Parameter Speed Options
JEDEC Std Description 70 | 9 Unit
teL FLAELFH CE# to BYTE# Switching Low or High Max 5
tr oz BYTE# Switching Low to Output HIGH Z Max 16 ns
trHov BYTE# Switching High to Output Active Min 70 | 90

Document Number: 002-01232 Rev. *A
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Figure 17.3 BYTE# Timings for Read Operations

cer  \ /

OE#
B BYTE#
BYTE# DQO-DQ14
Switching
from word
to byte
mode DQ15/A-1

L tEL

BYTE# O Q
|
BYTE# @ ) %
Switching K

from byte to DQO-DO14 Data Output ! Data Output
word mode (DQO-DQ7) /™ (DQO-DQ14)
A I

Dlel& ()N / Addess X DQ15 \

\ "4 ;\ Input Output /

% I :
\ :4— tFHQV —»:

Q Figure 17.4 BYTE# Timings for Write Operations

— The falling edge of the last WE# signal

BYTE# :\—:—/

(tSE'; -
tas ro
> & tyoLp (tan)

Note
Refer to the Erase/Program Operations table for tyg and tay specifications.
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17.4 Erase/Program Operations
Parameter Speed Options
JEDEC Std Description 70 90 Unit
tavav twe Write Cycle Time (Note 1) 70 90
tavwi tas Address Setup Time 0 @
twLAX tan Address Hold Time 45 &
tovwH tps Data Setup Time 35 5 ¥
tWHDX toH Data Hold Time 0
toes Output Enable Setup Time Min 0 @Q
—— —— Read R_ecovery Time Before Write K
(OE# High to WE# Low)
terwL tes CE# Setup Time ¥
tWHEH tcH CE# Hold Time
twLwH twp Write Pulse Width
tWHWL twpH Write Pulse Width High
tsrw Latency Between Read and Write Operations ns
tWHWHL tWHWHL Programming Operation (Note 2) oy @ us
twHWH2 twhwH2 | Sector Erase Operation (Note 2) r\Q _& 0.7 sec
tycs Vcc Setup Time (Note 1) N7 y\) v 50 us
tre Recovery Time from RY/BY# f 0\‘% Min 0
tgusy Program/Erase Valid to Delay \\' Max 90 e

Notes
1. Not 100% tested.

\
(o
Q<7Progr

2. See Erase and Programming Performanc&%% for morma!lon.
’Er@ 17.5 Program Operation Timings
Co

and Sequence (last two cycles)

~— tAs —
-

Read Status Data (last two cycles)

Addre @{

<

Data /——{

{ PD /1
N\ 17
—PtBusy<—L

RY/BY#

tycs r€—

tRg—>

Vee
Notes

1. PA = program address, PD = program data, Doy is the true data at the program address.

2. lllustration shows device in word mode.

Document Number: 002-01232 Rev. *A
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Figure 17.6 Chip/Sector Erase Operation Timings
Erase Command Sequence (last two cycles) Read Status Data

~—— tyc —>| le——taAs— >

Addresses :>§ 2AAh z SA X:XXXXXX : VA VA

555h for chip erase 1

cer / i \ ikl I Q

— |
twp [

la—1cs
—

tbs
—|

Data { 55n

RY/BY#

Notes &
1. SA = sector address (for Sector Erase), VA = Valid A@

2. lllustration shows device in word mode.

Addres@

6 tce P
@CE# z ¢
-, ' o bk tcp
Ka SR, ‘.
6@ > tWDH
! 'oH
pata " Vaiid In . Bl >
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Figure 17.8 Data# Polling Timings (During Embedded Algorithms)

[e——tRc —>|
r

L
oo X XX w XX w X

[ tACC >

CE# /P\F 7 / @

o TN

Kl

le—toEH —>=| <_tDF_>‘ /)
WE# Vi 1/
- tOH >
DQ7 < complement
o008 T K vason S

HighZ

—> tgusy
RY/BY#
Note

VA = Valid address. lllustration shows first status cycle after command s%

Figure 17.9 Bit Timm\@'ing Embedded Algorithms)

st status re@le, and array data read cycle.

N
Addesses X %}@ VA ><7Z>< VA X va
/ VAN /\

CE#

h

T\
7N\ i

N

<—tpE—>| 17

<—toH >

“ Highz
6/DQ2 9 L vaidSaus > Valid Status 1 Valid Status vaid Data
‘ Y, TT

(first read) (second read) (stops toggling)
N>
R /

Note

Document Number: 002-01232 Rev. *A

VA = Valid address;uired for DQ6. lllustration shows first two status cycle after command sequence, last status read cycle, and array data read cycle.
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Figure 17.10 DQ2 vs. DQ6 for Erase and Erase Suspend Operations
EmEbr(latc?cried Erase Enter Erase Erase
Erasing Suspend Suspend Program Resume
WE# |||||||||||| Erase |_| Erase Suspend |||||||| Erase
Read

E IS d E Erase
Suspend ras??eggpen |'| @ Complete
Program

DQ2

Note

The system may use CE# or OE# to toggle DQ2 and DQ6. DQ2 toggles only when read at an addres@ an erase—s@ sector.

17.5 Temporary Sector Unprotect \ &é
Parameter N
o
JEDEC Std Description ‘Q @AII Speed Options Unit
tviDrR V|p Rise and Fall Time (See Note) ( ) i 500 ns
N

trsp RESET# Setup Time for Temporary Wr UnprotectA m 4 us

Note <JJ (O

Not 100% tested.

@
s%ere 17.11 T&
o

rary Sector Unprotect/Timing Diagram
.

/1
11 A\
9 - >

@ 0 Program or Erase Command Sequence
’QQ ‘ \;/_\—/%/

I W

RY/BY#

tyibr

/]
11

\ f

Document Number: 002-01232 Rev. *A
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Figure 17.12 Sector Protect/Unprotect Timing Diagram

RESET#

SA, A6, >< Valid® >< T
Al, AO / ya
- X

Sector Protect/Unprotect

Data 60h ><
Sector Protect: 150 pys

#— Sector Unprotect: 15 ms —®
CE#
&
WE#

OE# Q
Note Q
1.%dss

For sector protect, A6 = 0, A1 = 1, AO = 0. For sector unprotect, A6

17.6 Alternate CE# Con#rolled Er rogram Operations

Parameter P Speed Options
- . -
JEDEC Std ‘ 7* 2] M)n 70 90 Unit
tavav twe wfite Gy&fe Time (\ote 1)\ Min 70 90 ns
tAVEL tas Ad s Setup ”4 Min 0 ns
teLAx tAbie ddress HWW Min 45 45 ns
toven ¢ Data Seip me Min 35 45 ns
tEHDX Daj Thne Min 0 ns
< \ toes Wﬁable Setup Time Min 0 ns
t - t ¢ Recovery Time Before Write Min 0 ns
GHEL GHEL E# High to WE# Low)
twiLEL . WE# Setup Time Min 0 ns
tEHWH It WE# Hold Time Min 0 ns
teLEH tep CE# Pulse Width Min 35 35 ns
teHEL tepH CE# Pulse Width High Min 30 ns
tsr/w Latency Between Read and Write Operations Min 20 ns
Byte Typ 5
tWHWH1 BWHWHL Programming Operation (Note 2) us
Word Typ 7
tWHWH2 tWHWH2 Sector Erase Operation (Note 2) Typ 0.7 sec
Notes

1. Not 100% tested.
2. See Erase and Programming Performance on page 45 for more information.

Document Number: 002-01232 Rev. *A
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Figure 17.13 Alternate CE# Controlled Write Operation Timings

555 for program PA for program
2AA for erase SA for sector erase

555 for chip erase Data# PoIIing
il

| | /
paseses YT WO = X @)
~he _>”<-tAS—_: tan [ ®

WE# /_\ tWH_»J/t\\J // Q @Q

> 7 lGHEL /
1
OE#
< tcp <——— twHwH1 or 2
QO
CE# / I i/ Jl 1
‘tWS‘ < tcpy >
| «—tgusy

Data / W
—»| RH | A0 for program PD for grogea
55 for erase 30 for % e

for chip'erase
RESET# K@
RY/BY# 6
Notes &x @

1. PA = program address, PD = progral DQ7# = gon@nt of the data written to the device, Doyt = data written to the device.
2. Figure indicates the last two bus gyele§,of the comman\ nce.

3. Word mode address used as an
%@)ning Performance
-

18. Erase %ro
) | —
h Typ (Note 1) Max (Note 2) Unit Comments

>

eter
0.7 10 S Excludes 00h programming
Chip Erase Tithe o 25 s prior to erasure (Note 4)
Byte Programming Mﬁ 7 210 us
Word Programminw 7 210 ps Excludes system level
Chip Programming Time Byte Mode 1 33 S overhead (Note 5)
(Note 3) Word Mode 7.2 21.6 S

Notes
1. Typical program and erase times assume the following conditions: 25°C, Ve = 3.0V, 100,000 cycles, checkerboard data pattern.

2. Under worst case conditions of 90°C, V¢ = 2.7 V, 1,000,000 cycles.

3. The typical chip programming time is considerably less than the maximum chip programming time listed, since most bytes program faster than the maximum program
times listed.

4. In the pre-programming step of the Embedded Erase algorithm, all bytes are programmed to 00h before erasure.

5. System-level overhead is the time required to execute the two- or four-bus-cycle sequence for the program command. See Table on page 27 for further information on
command definitions.

6. The device has a minimum erase and program cycle endurance of 100,000 cycles per sector.
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19. TSOP, SO, and BGA Pin Capacitance

Parameter Symbol Parameter Description Test Setup Package Typ Max Unit
) TSOP, SO 6 7.5 pF
Cin Input Capacitance ViN=0
BGA 4.2 5.0 ﬁ‘
c o c 0 TSOP, SO 8.5 N
utput Capacitance V =
ouT out BGA 54 k ‘pF @ *
TSOP, SO 75 > 9 ¥ oF
Cin2 Control Pin Capacitance ViN=0
BGA 3 7
Notes
1. Sampled, not 100% tested.

2. Test conditions Ty = 25°C, f = 1.0 MHz. ®
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20. Physical Dimensions

20.1 TS 048—48-Pin Standard TSOP

STANDARD PIN OUT (TOP VIEW) o X2 TS Q
/ ‘ \ @ ’

— O [
=
=

SEE DETAIL B
E \/ \/
% ==

D1
D
= . 1
2X (N/2 TIPS) v{ %
T
s SEEDETALA —~ f

(~
OQ @ WITH PLATING
A C) % % ,/% cl
K N2 A

GAUGE PLANE

0.25MM (0.0098") BSC

PARALLEL TO
SEATING PLA|

- X=AORB

DETAIL B

ES:

Jedec | MO-142 (D)2 g\ CONTROLLING DIMENSIONS ARE IN MILLIMETERS (mm).
Symbol | N (DIMENSIONING AND TOLERANCING CONFORMS TO ANSI Y14.5M-1982)
'mbol
yA — A PIN 1 IDENTIFIER FOR REVERSE PIN OUT (DIE UP).
AL | 0.05 A PIN 1 IDENTIFIER FOR REVERSE PIN OUT (DIE DOWN), INK OR LASER MARK.
A2 |0.95 | 1@ A TO BE DETERMINED AT THE SEATING PLANE [-C-]. THE SEATING PLANE IS DEFINED AS THE PLANE OF
bl 0.17 | 020 | 0.23 CONTACT THAT IS MADE WHEN THE PACKAGE LEADS ARE ALLOWED TO REST FREELY ON A FLAT
b 017 | 022 | 027 HORIZONTAL SURFACE.
cl [o10 | — [o16 A DIMENSIONS D1 AND E DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE MOLD PROTUSION IS
c 010 | — | 021 0.15mm (.0059") PER SIDE.
D [19.80 | 20.00 |20.20 A DIMENSION b DOES NOT INCLUDE DAMBAR PROTUSION. ALLOWABLE DAMBAR PROTUSION SHALL BE
D1 1830 | 18.40 | 18550 0.08 (0.0031") TOTAL IN EXCESS OF b DIMENSION AT MAX. MATERIAL CONDITION. MINIMUM SPACE
E 1190 | 12.00 | 12.10 BETWEEN PROTRUSION AND AN ADJACENT LEAD TO BE 0.07 (0.0028").
e 0.50 BASIC A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10MM (.0039") AND
L 050 | 060 | 0.70 0.25MM (0.0098") FROM THE LEAD TIP.
2 0 — 8 LEAD COPLANARITY SHALL BE WITHIN 0.10mm (0.004") AS MEASURED FROM THE SEATING PLANE.
R 008 | — 0.20 A DIMENSION "e" IS MEASURED AT THE CENTERLINE OF THE LEADS.
N 48

3355\ 16-038.10c

Note
For reference only. BSC is an ANSI standard for Basic Space Centering.
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20.2 VBK048—48-Ball Fine-Pitch Ball Grid Array (FBGA) 8.15 mm x 6.15 mm

(o.10 J(ax)
D} A (01}
| <
| b 0 0 0o ODON >,
i gT 120 00QO | /
! 1 1 0000 O O—
4 S | E EL
| & 0O og 0O - =
) 3
| ole; (egeXeRe /)
‘ &o 000
‘ G D C A’ ‘
PINAl/lN (B \AICORNER
CORNER
TOP VIEW
| B@TTOM VIEW
A | e ¢ QO
[ O 0000l )

SEATING PLANE

SIDE VIEW
NOTES:
PACKAGE VBK 048
1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994.
JEDEC N/A
- 2. ALL DIMENSIONS ARE IN MILLIMETERS.
8.15 mm x 6.1 m 3. BALL POSITION DESIGNATION PER JESD 95-1, SPP-010 (EXCEPT
PACK. AS NOTED).
SYMBOL | MIN | N AX Nofe 4. [e] REPRESENTS THE SOLDER BALL GRID PITCH.
A Y S| 100 ov \THICKNESS 5. SYMBOL "MD" IS THE BALL ROW MATRIX SIZE IN THE
01%\ — L dHT "D" DIRECTION.
0 BODY THICKNESS SYMBOL "ME" IS THE BALL COLUMN MATRIX SIZE IN THE
"E" DIRECTION.
DY SIZE
N IS THE TOTAL NUMBER OF SOLDER BALLS.
BODY SIZE
/6\ DIMENSION b IS MEASURED AT THE MAXIMUM BALL

BALL FOOTPRINT
BALL FOOTPRINT
ROW MATRIX SIZE D DIRECTION
ROW MATRIX SIZE E DIRECTION

DIAMETER IN A PLANE PARALLEL TO DATUM C.

A SD AND SE ARE MEASURED WITH RESPECT TO DATUMS
A AND B AND DEFINE THE POSITION OF THE CENTER
SOLDER BALL IN THE OUTER ROW.

0.40 BSC.

SOLDER BALL PLACEMENT

DEPOPULATED SOLDER BALLS

Document Number: 002-01232 Rev. *A

WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN

PN 6 48 TOTAL BALL COUNT THE OUTER ROW PARALLEL TO THE D OR E DIMENSION,
ob o b g3 [ 043 [BALLDIAMETER RESPECTIVELY, SD OR SE = 0.000.
e & soBsc. BALL PITCH WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN

THE OUTER ROW, SD OR SE =
NOT USED.

"+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED
BALLS.

& Al CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK

MARK, METALLIZED MARK INDENTATION OR OTHER MEANS.

3338\ 16-038.25b
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20.3

STANDARD FORM (DIE UP) PINOUT (TOP VIEW)

A

D

Ay

SEE
/DETAIL "B”

|
T
\

WITH LEAD FINISH
1

% &

0l

c SIS

GAUGE PLANE

SEATING PLANE

S0044—44-Pin Small Outline Package (SOP) 28.20 mm x 13.30 mm

SECT A @\
% A DETAIL "B Dwg rev AC; 10/99
) NOTES:
PACKAGE
§ PN = 1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (mm).
MO-18 A 2. DIMENSIONING AND TOLERANCING CONFORM TO ASME Y14.5M—1994.
et N MAX PIN 1 IDENTIFIER FOR STANDARD FORM (DIE UP) OR REVERSE FORM
— >80 (DIE DOWN) PINOUTS.
) : /A\ DATUMS A AND B AND DIMENSIONS D AND E1 ARE DETERMINED
: 035 AT DATUM H.
2.30 245 A DIMENSION "D” DOES NOT INCLUDE MOLD FLASH, PROTUSIONS OR
— 0.50 GATE BURRS. MOLD FLASH. PROTRUSIONS OR GATE BURRS SHALL
0.40 045 NOT EXCEED 0.15 mm PER END.
— 021 DIMENSION "E1” DOES NOT INCLUDE INTERLEAD FLASH OR
XE s PROTRUSION. INTERLEAD FLASH OR PROTRUSION SHALL NOT
- : - EXCEED 0.25 mm PER SIDE.
% 28.0 £6.20 2840 /2\ DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSION/INTRUSION.
1570 16.00 1630 ALLOWABLE DAMBAR PROTRUSION SHALL NOT EXCEED 0.15 mm
1 & 13.10 13.30 1350 PER SIDE. DAMBAR INTRUSION SHALL NOT REDUCE DIMENSION
127 BSC b BY MORE THAN 0.07 mm AT LEAST MATERIAL CONDITION.
X 060 080 00 THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD
il 005 — — BETWEEN 0.10 mm AND 0.25 mm FROM THE LEAD TIPS.
5 o - - A1 IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE
TO THE LOWEST POINT OF THE PACKAGE.

Document Number: 002-01232 Rev. *A

& DIMENSION "e IS MEASURED AT THE CENTERLINE OF THE LEADS.
11. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED
FROM THFR SFATING PILANF.
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21. Revision Summary
Spansion Publication Number: S29AL016D_00

21.1 Revision A (May 4, 2004)

Initial Rel . @
nitial Release B ®
21.2 Revision Al (July 28, 2004) 6 QC)

Ordering Information
Updated ordering information: model number, speed options, and valid combin thﬂ&%SOP @ packages.
DC Characteristics B

Updated Max information for Icco. K

Physical Dimensions @ K

Updated VBK048 and TS048 drawings. &O

21.3 Revision A2 (December 17, 20@:’J \

Data Sheet Type O

Changed from Advance Information to Prellmlnar ‘\Q.:
Ordering Information @' @\
Updated ordering information: Small Outline kage o‘m

Physical Dimensions 5@ @0

Added SO044 Package. @ . %

21.4 Revism@QJuneéZOOS)
Global <

Updated status@%ata sh%
Orderj Waﬂo
Added tube and tray my

Added ExtendetT@rature range.
Valid Combin ns Table
Added two designators to packing types.

Added package types for extended temperature.
Added Note for this table.

Operating Ranges
Added Extended Temperature range information.

Erase and Programming Performance
Changed Byte Programing Time values for Typical and Maximum.

Pin Capacitance Table
Added SO package to Pin Capacitance table.
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Global
Updated Trademark.

21.5 Revision A4 (June 17, 2005)
Ordering Information Q@

Changed packing type from “1, 3" to “0, 1, 3" \ c)@ ¢
21.6 Revision A5 (May 22, 2006) Qb @Q

AC Characteristics
Added tsgpy parameter to read and erase/program operations tables. Added b@) back re /@ cycle timing diagram.
Changed maximum value for tpr and tg gz @

21.7 Revision A6 (September 7, 2007) \@ K
Command Definitions Table s\O
Changed the 2nd cycle data of the Unlock Bypass Rese@ from'

21.8 Revision A7 (November 2 97) Q\'Q\
Figure: Read Operations Timings K \
Updated figure @0 A@.

21.9 Revision A8 (F ry 27, %9)

Global \
Added obsolescence inforn@ to Cove&'ee , Distinctive Characteristics, and Ordering Information sections of data sheet.

Document %@QyP @

Docume B(slgALm bit (2 M x 8-Bit/1 M x 16-Bit), 3 V Boot Sector Flash
Docu ber: 00
v hd N N
g.of | Submission .
Rev.\ ECN % hange Date Description of Change
6 05/04/2004 |Initial release
07/28/2004 |Ordering Information

Updated ordering information: model number, speed options, and valid
combinations for TSOP and BGA

* - RYSU packages.

DC Characteristics

Updated Max information for ICC2.

Physical Dimensions
Updated VBK048 and TS048 drawings.
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any circuitry other than ci ry embodied in a Cypress product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor intended to be used for
medical, life support, life saving, critical control or safety applications, unless pursuant to an express written agreement with Cypress. Furthermore, Cypress does not authorize its products for use as
critical components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress products in life-support systems
application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Any Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide patent protection (United States and foreign),
United States copyright laws and international treaty provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create derivative works of,
and compile the Cypress Source Code and derivative works for the sole purpose of creating custom software and or firmware in support of licensee product to be used only in conjunction with a Cypress
integrated circuit as specified in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source Code except as specified above is prohibited without
the express written permission of Cypress.
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OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described herein. Cypress does not
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a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support systems application implies that the manufacturer
assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Use may be limited by and subject to the applicable Cypress software license agreement.
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