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Am29F032B

32 Megabit (4 M x 8-Bit)
CMOS 5.0 Volt-only, Uniform Sector Flash Memory

AMDA1

DISTINCTIVE CHARACTERISTICS

5.0V * 10%, single power supply operation

— Minimizes system level power requirements

Manutactured on 0.32 ym process technology

High performance

- Access limes as fast as 70 ns

Low power consumption

— 30 mA typical active read current

— 30 mA typical program/erase current

— «1 A typical standby current {standard access
time to active mode)

Flexibie sector architecture

- 64 uniform sectors of 64 Kbytes each

— Any combination of sectors can be erased.

-— Supports full chip erase

— Group sector protection:

- A hardware method of locking secter groups o

prevent any program or erase oparations within
that sector group

-~ Temporary Sector Group Unprotect allows code
changes in previously locked sectors

Embedded Algorithms

- Embedded Erase algorithm automatically
preprograms and erases the entire chip or any
combination of designated sectors

— Embedded Program algorithm automatically
writes and verifies bytes at specified addresses

Minimum 1,000,000 write/erase cycles
guaranteed

Package options

-~ 40-pin TSOP

— 44-pin SO

Compatible with JEDEC standards

— Pinout and software compatible with
single-power-supply Flash standard

— Suparior inadvertent write protection

Data# Polling and toggie bits

- Provides a software method of detecting
program or a@rase cycle completion

Ready/Busy output (RY/BY#)

— Provides a hardware method for detecting
program or erase cycle complation

Erase Suspend/Resume

— Suspends a sector grase operation to read data
from, or program data to, a non-erasing sector,
then resumes the erase operation

Hardware reset pin (RESET#)

~ Resets internal state machine to the read mode
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GENERAL DESCRIPTION

The Am29F032B is a 32 Mbit, 5.0 volt-only Flash
memory organized as 4,194,304 bytes of 8 bits each.
The 4 Mbytes of data are divided into 64 sectors of 64
Kbytes each for flexible erase capability. The 8 bits of
data appear on DQO-DQ7. The Am29F0328 is offered
in 40-pin TSOP and 44-pin SO packages. The
Am29F032B is manutactured using AMD's 0.32 ym
process technology. This device is designed to be pro-
grammed in-system with the standard system 5.0 volt
Ve supply. A 12.0 volt Ve is not required for program
or erase operations. The device can also be pro-
grammed in standard EPROM programmers.

The standard device offers access times of 70, 90,
120, and 150 ns, atiowing high-speed microprocessors
to operate without wait states. To efiminate bus con-

tention, the device has separate chip enabie (CE#),

write enable (WE#), and output enable (OE#) controls.

The device is entirely command set compatible with
the JEDEC singie-power-supply Flash standard. Com-
marnds are written to the command register using stan-
dard microprocessor write timings. Register contents
serve as input lo an internal state machine that con-
trois the erase and programming circuitry. Write cycles
also internally latch addresses and data needed for
the programming and erase operations. Reading data
out of the device is simitar to reading trom 12.0 volt
Flash or EPROM devices.

The device is programmed by executing the program
command sequence. This invokes the Embedded Pro-
gram algorithm-—an internal algorithm that automati-
cally times the program pulse widths and verifies
proper cell margin. The device is erased by executing
the erase command sequence. This invokes the Em-
bedded Erase aigorithm—an internal algorithm that
automatically preprograms the array (if it is not already
programmed) before executing the erase operation.
During erase, the device automatically times the erase
pulse widths and verilies proper cell margin.

The sector erase architecture allows memory seclors
to be erased and reprogrammed without affecting the

data contents of other sectors. A secior is typically
erased and verified within one sacond. The device is
erased when shipped from the factory.

The hardware sector group protection feature disables
both program and erase operations in any combination
of the eight sector groups of memory. A sector group
consists of four adjacent sectors.

The Erase Suspend feature enables the system 1o put
erase on hold for any period of time to read data from,
or program data o, a sector that is not being erased.
True background erase can thus be achieved.

The device requires only a single 5.0 volt power supply
for both read and write functions. Internally generated
and regulated voltages are provided for the program
and erase operations. A low Vg detector automati-
cally inhibits write operations during power transitions.
The host system can detect whether a program or
erase cycle is complete by using the RY/BY# pin, the
DQ7 (Data# Polling) or DQS6 (toggle) status bits. After
a program or erase cycie has been compieted, the de-
vice automatically returns to the read mode.

A hardware RESET# pin terminates any operation in
progress. The internal state machine is reset to the
read mode. The RESET# pin may be tied to the sys-
tem reset circuitry. Theredore, if a system reset occurs
during either an Embedded Program or Embedded
Erase algorithm, the device is automatically reset to
the read mode. This enables the system’s micropro-
cessor to read the boot-up firmware from the Flash
memaory.

AMD's Flash technology combines years of Flash
memory manufacturing experience to produce the
highes! levels of quality, reliability, and cost
efiectiveness. The device electrically erases all bits
within a sector simultaneously via Fowler-Nordheim
tunneling. The bytes are programmed one byte at a
time using the programming mechanism of hot elec-
tron injection.
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PRODUCT SELECTOR GUIDE
Family Part Number Am28F0328
Vo= 5.0V £5% -75
Speed Options
Vo= 50V 10% -90 -120 -150
Max access time, ns (lace) 70 90 120 150
Max CE# access time, ns (lcg) 70 90 120 150
Max OE# access time, ns (tog) 40 40 50 75
Note: See “AC Characteristics” for full specifications.
BLOCK DIAGRAM
DQo~DQ7
Veg —
V& R
Erase Voltage Input/Output
RY/BY# > Genarator Bufters
RESET# - ) AN
WE# —» State
Controf
Command ¥ l
Register PGM Voltage
r Genarator
3 Chip Enable Data
CE# _¢ Qutput Enable STB Lateh
OE# r
¥
Cegind a .
STB Y-Decodar |- Y-Gating
VCC Detactor Timer g
- )..._..,
g X-Decoder Cell Matrix
3
AC-A21 J> <
—
__.-._——__——__.j 2181CB-1
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CONNECTION DIAGRAMS
Alg === 1 40— A20
A18 ] 2O 39— A2
A7 I/ 3 38 [/ WE#
At 1 4 37 f/—/—/—/ Ot#
Als 00 8 36 ———1 RYBY#
A4 C——/—/"3 ¢ 38—
A3 ————3 7 34—
é\g ] 8 3 f——— DOS
32 ===
cer —— 0 40-Pin Standard TSOP ol =y
| seemasammmns | § | 30— Vss
RESET ————112 29 f—— Vsg
Aty =3 B——— D3
A0 14 T b2
A 118 28 I/———3 D1
A8 /18 25 f———— D0
A7 =17 24 0 A0
A6 118 < | mumamenvan B 3
AS 19 ol sum—— V]
A4 CT—20 N fpFp—— A3
216108-2
A20 = 1 40 f——— A8
A21 /] ZO 39— A8
WEs 1 3 B A7
Qs 1 4 T Al
ARYmYs C————1 s a8/ A
7 ] & 3T Al
DQs = 7 T A1
% — g gl_"—"_:: 2&2
—— — #
Voo =] 10 40-Pin Reverss TSOP 31— Vec
Vg = 44 WVWE—TI NC
Ve [———J12 20 3 RESET#
DQY /=3 28— At
DQ2 /)14 27 /—/— a0
DOt E——18 26— A8
DQO =] 16 23—/ As
A0 317 24 00 A7
At 118 WP A
A2 18 22— AS
A3 /3320 21— A4
21610B-3
S
NC 1O 1 44 Ve
RESET# 20— 143 CE#
Aty 3T [ 42 A2
FAT Y a— 141 A13
A9 5[ [ 40 Al4
A8 6] 139 A15
A7 7 "] 138 A6
A6 8] 137 A17
As o] 136 A18
Ad 10 [ 135 Al
NC 11 T so 134 NC
NC 12T [ 133 NC
A3 13 T 1 32 A20
A2 14 T 31 A21
Al 15 ] 30 WE#
A0 16 29 OE#
DQo 17 ] 28 RY/BY#
DQt 18 ] [ 127 DQ7
DQ2 19 ] 126 DQ8
DQ3 20 ] F—— 25 DQs
Vss 21 T 24 SQA
Ves 22 ] 23
ss — e 216108-4
4 Am29F032B




AMD{1
PIN CONFIGURATION LOGIC SYMBOL
AO-A21 = 22 Addresses 22
DQ0-DQ7 = 8 Data inputs/Outputs __7t> AC—A21 .
CE# = Chip Enable DQO_DQ7 <‘;_-,f>
WE# = Write Enable
OE# = Qutput Enable
RESET# = Hardware Reset Pin, Active Low P CE#
RYBY# = ReadyBusy Output —— Ok#
Vee = +5.0V single gower sugpty —m= WE#
see Product Selector Guide for -
Ejevice speed ratl;;ts and voftage RESETs RYBY
supply tolerances)
Vss = Device Ground 216108-5
NC = Pin Not Connected Internally
Am29F032B 5
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number {Valid Combination) is
formed by a combination of tha following:

AM29F0328 -75 E |
———— -— T
[—————— OPTIONAL PROCESSING
Blank = Standard Processing
B = Burn-in
{Contact an AMD representative for more information)
TEMPERATURE RANGE
C = Commarcial (0°C to +70°C)
{ = Industrial (—40°C to +85°C)
£ = Extandad (~-55°C to +125°C)
PACKAGE TYPE
E = 40-Pin Thin Small Outline Package
{TSOP) Standard Pinout (TS 040)
F = 40-Pin Thin Small Outline Package
{TSOP) Raverse Pinout {TSR040)
S = 44-Pin Small Qutline Package (SO 044)
SPEED CPTION
See Praduct Selector Guide and Valid Comtrnations
DEVICE NUMBER/DESCRIPTION
Am28F0328
32 Magabit (4 M x 8-Bit) CMOS 5.0 Voit-only Sector Erase Flash Memory
5.0 V Read, Program, and Erase
Valid Combinations Valid Combinations
Valid Combinations list configurations planned 1o be support-
AM26F032B-75 EC, El, FC, Fi, 5C, SI ed in voluma for this device. Consult the local AMD sales of-
fice to confirm availability of specific valid combinations and
AM29F0328-80 EC. EL EE. FC. FI. FE to chack on newly released combinations.
AM29F0328-120 SCZ SG: SE’ I
AM29F032B-150

Am23F032B
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DEVICE BUS OPERATIONS

This section describes the requirements and use of the
device bus operations, which are initiated through the
internal command register. The command register it-
self does not occupy any addressable memory loca-
tion. The register is composed of latches that store the
commands, along with the address and data informa-
tion needed to execute the command. The contents of

the register serve as inputs to the internal state ma-
chine. The state machine outputs dictate the function of
the device. The appropriate device bus operations
tabie lists the inputs and control leveis required, and the
resulting output. The following subsections describe
each of these operations in further detail.

Table 1. AmM29F032B Device Bus Operations

Operation CE# OE¥ | WE# RESET# A0-A21 DQo-DQ7
Read L L H H Ap Dour
Write L H L H Ay D
CMOS Standby Vec 205V X X Veet 05V X High-Z
TTL Standby H X X H X High-Z
Output Disable L H H H X Migh-Z
Hardwars Heset X X X L X High-Z
{;;nem Sector Unprotect X X X Vi An D,
Legend:

Lwlogiclow=V,, H=Logic High=V,, Vi =120+ 05V, X = Don't Care, Dy = Data In, Do,y = Data Out, Ay = Address in
Note: See the sections on Sector Protection and Temporary Sector Unprotect for more information.

Requirements for Reading Array Data

To read array data from the outputs, the system must
drive the CE# and OE# pins to V. CE# is the power
control and selects the device. OE# is the output con-
trol and gates array data to the output pins. WE#
shouid remain at Vy,.

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 com-
mand 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” for more information. Refer
to the AC Read Operations table for timing specifica-
tions and to the Read Operations Timings diagram for
the timing waveforms. lcc, in the DC Characteristics
{able represents the active current specification for
reading array data.

Writing Commands/Command Sequences

To write a command or command sequence (which in-
cludes programming data to the device and erasing

sectors of memory), the system must drive WE# and
CE# 10 Vy, and OE# 1o V.

An erase operation can erase one sector, multiple sec-
tors, or the entire device. The Sector Address Tables indi-
cate the address space that each sector occupies. A
“sector address” consists of the address bits required fo
uniquely select a sector. See the “Command Defintions”
section for details on erasing a sector or the entire chip,
or suspending/resuming the erase operation.

After the system writes the autoselect command se-
quence, the device enters the autoselect mode. The sys-
tem can then read autoselect codes from the internal
register {which is separate from the memory array) on
DQ7-DQ0. Standard read cycie timings apply in this
mode. Refer to the *Autoselect Mode” and “Autcselect
Command Sequence” sections for more information.

lecz in the DC Characteristics table represents the ac-
tive current specification for the write mode. The “AC
Characteristics™ section contains timing specification
tables and timing diagrams for write operations.

Program and Erase Operation Status

During an erase or program operation, the system may
check the status of the operation by reading the status
bits on DQ7-DQO. Standard read cycle timings and I
read specifications apply. Reler to “Write Operation

Am28F032B 7
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Status” for more information, and to each AC Charac-
teristics section for timing diagrams.

Standby Mode

When the system is not reading or writing to the device,
it can place the device in the standby mods. In this
mode, current consumgption is greatly reduced, and the
outputs are placed in the high impedance state, inde-
pendent of the OE# input.

The device enters the CMOS standby mode when CE#
and RESET# pins are both held at Voo + 0.5 V. (Note
that this is a more restricted voltage range than Vy,.}
The device enters the TTL standby mode when CE#
and RESET# pins are both held at V,,;. The device re-
quires standard access lime (ig) for read access when
the device is in either of these standby modes, belore it
is ready to read data.

The device also enters the standby mode when the
RESET# pin is driven low. Refer to the next sec-
tion, “RESET#: Hardware Reset Pin".

if the device is deselected during erasure or program-
ming, the device draws active current until the
operation is completed.

In the DC Characteristics tables, lo., represents the
standby current specification.

RESET#: Hardware Reset Pin

The RESET# pin provides a hardware method of reset-
ting the device to reading array data. When the system
drives the RESET# pin low for at least a period of tga
the device immediately terminates any operation in
progress, lristates all data output pins, and ignores aii

read/write attempts for the duration of the RESET#
puise. The device also resets the internal state ma-
chine to reading array data. The operation that was in-
terrupted 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 vy, the device enters
the TTL standby mode; if RESET# is held at Vgg t
0.5V, the device enters the CMOS standby mode.

The RESET# pin may be tied to the system reset cir-
cuitry. A system reset would thus also reset the Flash
memory, enabling the system to read the boot-up firm-
ware from the Flash memory.

if RESET# is asserted during a program or erase opera-
tion, the RY/BY# pin remains a 0" (busy) until the internal
reset operation is complete, which requires a time of
tneapy (during Embedded Algorithms). The system can
thus monitor RY/BY# 1o determine whether the reset op-
eration is complete. f RESET# is asserted when a pro-
gram or erase operation is not executing (RY/BY# pin is
“17), the reset operation is completed within a time of
treapy (Mot during Embedded Algorithms). The system
can read data iy, after the RESET# pin returns o Vy,.

Refer to the AC Characteristics tables for RESET# pa-
rameters and timing diagram.
Output Disable Mode

When the OE# input is at Vy,, output from the device is
disabled. The output pins are placed in the high imped-
ance state.

8 Am29F032B
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Table 2. AmM29F032B Sector Address Table
Sector A21 A20 A19 A18 A17 A16 Sector Size Address Range
SA0 0 0 0 0 ] v} 64K 000000h—00FFFFh
SAt 0 [+] 0 0 0 1 64K 010000h-01FFFFh
SA2 0 4] ] 0 1 "] 64K 020000h—-02FFFFh
SA3 0 0 0 0 1 1 84K 030000h—-03FFFFh
SA4 0 0 ¢] 1 Q9 0 84K 040000h-04FFFFh
SAsS 0 o o] 1 3} 1 64K 050000h-05FFFFh
SA8 0 0 Q 1 1 Q 84K 060000h~06FFFFh
SA7 0 0 a 1 1 1 84K 070000h-07FFFFh
SA8 0 ¢] 1 [t} 0 Q 64K 080000h—08FFFFh
SA9 Q o] 1 0 o] 1 64K 08000Ch-09FFFFh
SA10 0 0 1 0 1 o 64K DAQOOCh-OAFFFFh
SAt1 0 a 1 0 1 1 64K 0BOO0Oh—-0BFFFFh
SA12 0 0 1 1 0 ¢ 64K 0C0000h—0CFFFFh
SA13 0 0 1 1 9 1 64K 0D000Oh-ODFFFFh
SAt14 [} 0 1 1 1 0 84K QEQ000h—OEFFFFh
SA1S 0 0 1 1 1 1 64K OF0000h-0FFFFFh
SA16 0 1 0 ] ] o] 64K 100000h—10FFFFh
SA17 0 1 4] 0 0 1 64K 110000h--11FFFFh
SA18 0 1 0 [ 1 0 84K 120000h-12FFFFh
SA19 0 1 4] ¢ 1 1 64K 130000h--13FFFFh
SA20 0 1 0 1 0 0 64K 140000h-14FFFFh
SAZ1 0 1 0 1 a 1 84K 150000h—-15FFFFh
SA22 0 1 [¢] 1 1 0 B4K 1680000h~16FFFFh
SA23 [+] 1 0 1 1 1 84K 170000h—1 7FFFFh
SA24 0 1 1 0 0 Q 64K 180000h~18FFFFh
SA25 0 1 1 0 [ 1 64K 190000h-19FFFFh
SA26 a i 1 0 1 0 864K 1ADOCOh~1 AFFFFh
SA27 o 1 1 0 1 1 84K 1B0000h~1BFFFFh
SA28 4] 1 1 1 0 o] 84K 1CO000h-1CFFFFh
SA29 ] 1 1 1 2} 1 84K 10000Ch—1DFFFFh
SA30 o 1 1 1 1 0 84K 1E000Ch—1 EFFFFh
SA31 0 1 1 1 1 1 64K 1FO000h-1FFFFFh
SA32 1 0 0 [+] ] 0 64K 200000h-20FFFFh
SA33 1 4] 0 0 0 1 84K 210000h-2$ FFFFh
SA34 1 ] ] Q i 0 84K 220000h-22FFFFh
SA3S 1 0 0 0 1 1 84K 230000h~23FFFFh
SA36 1 0 0 1 0 0 84K 240000h--24FFFFh
SA37 1 0 0 1 0 1 84K 250000h-25FFFFh
SA38 1 o] [+] 1 1 0 84K 260000h—268FFFFh
SA39 1 ] o] 1 1 1 64K 270000h—-27FFFFh
SA40 1 ° 1 0 0 Q 64K 280000h~28FFFFh
SA41 i 0 1 0 0 1 84K 290000h-29FFFFh
SA42 1 0 1 4] 1 0 64K 2A0000h~2AFFFFh
SA43 1 0 1 0 1 1 64K 2B000Ch~2BFFFFh
SA44 t 0 1 1 0 0 84K 2C0000h—-2CFFFFh

Am29F032B
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Table 2. Am29F032B Sector Address Table (Continued)

Sector A21 A20 A8 A1B A7 Alé Sector Size Address Range
SA4S 1 0 1 1 ] 1 84K 2D000ON-2DFFFFh
SA46 1 0 1 1 1 ] 84K 2E0000h—2EFFFFh
SA47 1 0 1 1 1 1 64K 2F0000h~2FFFFFh
SA48 1 1 V] 0 0 0 84K 300000h-30FFFFh
SA43 1 1 Q 0 0 1 84K 310000h-31FFFFh
SA50 1 1 o] 0 1 0 64K 320000h-32FFFFh
SAS51 1 1 Q ¢ 1 1 64K 330000h-33FFFFh
SA52 1 1 a 1 Q 0 84K 340000h-34FFFFh
SA53 1 1 ] 1 0 1 64K 350000h—36FFFFh
SAS54 1 1 4] 1 1 0 84K 360000h-36FFFFh
SASS i 1 0 1 1 1 64K 370000h-37FFFFh
SAS6 1 1 1 b] o] 1] 64K 380000h-38FFFFh
SAS7 1 1 1 Q 0 1 684K 390000h~-39FFFFh
SA58 1 1 1 0 1 0 84K 3A0000h-3AFFFFh
SAS9 1 1 1 ] 1 1 64K 380000h-3BFFFFh
SA50 1 1 1 1 Q 0 84K 3C0000h-3CFFFFh
SA81 1 1 1 1 ] 1 84K 300000h-3DFFFFh
SA82 1 1 1 1 1 0 64K 3E0000h-3EFFFFh
SAE3 1 1 1 1 1 1 64K 3F0000h-3FFFFFh

Note: Al sectors are 84 Kbytes in size.

Autoselect Mode

The autoselect mode provides manufaclurer and de-
vice identification, and sector group protection verifica-
tion, through identifier codes output on DQ7~-DQO.
This mode is primarily intended for programming
equipment to automatically match a device to be pro-
grammed with its corresponding programming aigo-
rithm. However, the autoselect codes can also be
accessed in-system through the command register.

When using programming equipment, the autoselect
mode requires Vig (11.5V to 12.5 V) on address pin
AQ. Address pins A6, A1, and A0 must be as shown
in Table 3. In addition, when verilying sector group

protection, the sector group address must appear
on the appropriate highest arder address bits (see
Table 4). Table 3 also shows the remaining address
bits that are don't care. When all necessary bits
have been set as required, the programming equip-
ment may then read the corresponding identifier
code on DQ7-DQO.

To access the autoselect codes in-system, the host
system can issue the autoselect command via the
command register, as shown in Table 5. This method
does not require Vi on an address ling. Refer to the
Autoselect Command Sequence section for more in-
formation.

Table 3. Am29F032B Autoselect Codes

Identifler Code on
Description A21-A18 | A17-A10 | AD | AB-A7 | A6 | A5-A2 | A1 | AO 0Q7-DQO
Manutacturer 1D: AMD X X Vip X Vi X Ve | Vi 0th
Device ID: Am29F032B X X Vio X Vi X Ve | Y 41h
Sector Group Protection | o€ O1h (protected)
Verification Group X Vio X Vi X Vi | VY
Address 00h (unprotectad)

Note: Identifier codes for manufacturer and device IDs exhibit odd parity with DQ7 defined as the parity bit,

10 Am29F0328




M Al e e

AMDQ

Sector Group Protection/Unprotection

The hardware sector group protection feature disables
both program and erase opearations in any sector
group. Each sector group consists of four adjacent
sectors. Table 4 shows how the sectors are grouped,
and the address range that each sector group con-
tains. The hardware sector group unprotection feature
re-gnables both program and erase operations in pre-
viously protected sector groups.

Sector group protection/unprotection must be imple-
mented using programming equipment. The proce-
dure requiras a high voltage (V\p) on address pin AS
and the control pins. Details on this method are pro-
vided in a supplement, publication number 22184.
Contact an AMD representative to obtain a copy of the
appropriate document,

The device is shipped with all sector groups unpro-
tected. AMD offers the option of programming and pro-
tecting sector groups at its factory prior to shipping the
device through AMD's ExpressFlash™ Service. Con-
tact an AMD representative for details.

it is possible to determine whether a sector group is
protected or unprotected. See “Autoselect Mode™ for
details.

Table 4. Sector Group Addresses

Temporary Sector Group Unprotect

This feature allows temporary unprotaction of previ-
ously protected sector groups to change data in-sys-
tem. The Sector Group Unprotect mode is activated by
setting the RESET# pin to Vig {11.5V ~ 12.5V). Dur-
ing this mode, formerly protected sector groups can be
programmed or erased by selecting the sector group
addresses. Once V| is removed from the RESET#
pin, all the previously protected sector groups are
protected again. Figure 1 shows the algorithm, and
Figure 16 shows the timing diagrams, for this feature.

Sector

Group | A2t | A20 | A19 | A8 Sectors
SGAO ] 0 0 ] SA0-SA3
SGA1 V) 0 0 1 SA4-SA7
SGA2 0 0 1 0 SAB-SA11
SGA3 o] 0 1 1 SA12-5A18
SGA4 0 1 0 1] SA16~3A19
SGAS 0 1 [+] 1 SA20-8A23
SGAB ] 1 1 0 SA24-SA27
SGA7 0 1 1 1 SA28-SA31
SGA8 1 ] 1] 0 SA32-3A35
SGAS 1 0 0 1 SA36-SA39
SGA10 1 0 1 0 SAL0-SAL3
SGA11 1 [ 1 1 SA44-SA47
SGA12 1 1 0 0 SA48-SA51
SGA13 1 1 0 1 SA52-SAS5
SGA14 1 1 1 0 SAS6-SASY
SGA1S 1 1 1 1 SAB0-SAE3

START

T

RESET# = Vy
{Note 1)

R

Perorm Erase or
Program Opaerations

'

RESET# = V,

!

Temporary Sactor Group
Unprotect Completed
{Note 2)

2161088
Notes:
1. All protected sector groups unprotected.
2. All previously protected sector groups are protected
once again.

Figure 1. Temporary Sector Group Unprotect
Operation

Am29F032B 11
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HARDWARE DATA PROTECTION

The command sequence requirement of unlock cycles
for programming or erasing provides data protection.
in addition, the following hardware data protection
measures prevent accidental erasure or programming,
which might otherwise be caused by spurious system
level signals during Voo power-up and power-down
transitions, or from system noise.

Low V. Write Inhibit

When Vg is less than V, o (see DC Characteristics
for voltage levels), the device does not accept any
write cycles. This protects data during Vo power-up
and power-down. The command register and all inter-
nal program/erase circuits are disabled. Under this
condition the device resets to the read mode. Subse-
quent writes are ignored until the V. level is greater

than Vo The system rmust ensure that the control
pins are logically correct to prevent unintentional
writes when V. is above V.

Write Pulse “Glitch” Protection

Noise puises of less than 5 ns (typical) on OE#, CE#
or WE# do not initiate a write cycle.

Logical Inhibit

Write cycles are inhibited by hoiding any one of OE# =
Vi, CE# = V,, or WE# = V. To initiate a write cycle,
CE# and WE# must be at V, while OE#is at V.

Power-Up Write inhibit

It WE# =« CE# = V, and OE# = V,, during power up,
the device does not accept commands on the rising
edge of WE#. The internal state machine is automati-
cally reset to the read mode on power-up.

COMMAND DEFINITIONS

Writing specific address and data commands or se-
quences into the command register intiates device op-
erations. The Command Definitions table defines the
valid register coramand sequences. Writing Incorrect
address and data values or writing them in the im-
proper sequence resets the device (o reading array
data.

All addresses are latched on the falling edge of WE# or
CE#, whichever happens later. All data is latched on
the rising edge of WE# or CE#, whichaver happens
first. Refer to the appropriate liming diagrams in the
“AC Characteristics” section.

Aeading Array Data

The device is automatically set to reading array data
after device power-up. No commands are required to
retrieve data. The device is also ready to read array
data after compieting an Embedded Program or Em-
bedded Erase algorithm.

After the device accepts an Erase Suspend command,
the device emers the Erase Suspend mode. The sys-
tem can read array data using the standard read tim-
ings, except that if it reads at an address within erase-
suspended sectors, the device outputs status data.
After completing a programming operation in the
Erase Suspend mode, the system may once again
read array data with the same exception. See "Erase
Suspend/Erase Resume Commands” for more infor-
mation on this mode.

The system must issue the resst command {o re-en-
able the device for reading array data if DQS goes
high, or while in the autoselect mode. See the “Reset
Command” section, next.

See also "Requirements for Reading Array Data”
in the “Davice Bus Operations” section for more

information. The Read Operations table provides
the read parameters, and Read Operation Timings
diagram shows the timing diagram.

Reset Command

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

The reset command may be written between the se-
quence cycles in an erase command sequence belore
erasing begins. This resets the device to reading array
data. Once erasure begins, however, the device ig-
nores reset commands until the operation is complete.

The reset command may be written batween the se-
quence cycles in a program command sequence be-
fore 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 se-
quence cycles in an auloselect command sequence.
Once in the autoselect mode, the reset command
must be written o return {o reading array data (also
applies to autoselect during Erase Suspend).

It DQB goes high during a program or erase operation,
writing the reset command returns the device to read-
ing array data {also applies during Erase Suspend).

Autoselect Command Sequence

The autoselect command sequence allows the host
system to access the manutacturer and devices codes,
and determine whether or not a sector is protected.
The Command Definitions table shows the address
and data requirements. This method is an alternative fo

12 Am29F0328
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that shown in the Autoselect Codes (High Voltage
Method) table, which is intended for PROM program-
mers and requires Vi on address bit AS.

The autoselect command sequence is initiated by
writing two unlock cycles, followed by the autoselect
command. The device then enters the autoselect
mode, and the system may read at any address any
number of times, without initiating another command
sequence.

A read cycle at address XX00h retrieves the manufac-
turer code. A read cycle at address XX01h returns the
davice code. A read cycle containing a sector address
{SA) and the address 02h in returns 01h if that sector
is protected, or 00h if it is unprotected. Refer {0 the
Sector Address tables for valid sector addresses.

The system must write the reset command to exit the
autoselect mode and return o reading array data.

Byte Program Command Sequence

Programming is a four-bus-cycle operation. The pro-
gram command sequence is initiated by writing two un-
lock write cycles, followed by the program set-up
command. The program address and data are written
next, which in turn initiate the Embedded Program al-
gorithm. The system is not required to provide further
controls or timings. The device automatically provides
internally generated program pulses and verify the pro-
grammed cell margin. The Command Definitions take
shows the address and data requirements for the byte
program command sequence.

When the Embedded Program algorithm is compiete,
the device then returns to reading array data and ad-
dresses are no longer lalched. The system can deter-
mine the status of the program operation by using DQ7,
DQ6, or RY/BY#. See “Write Operation Status” for in-
formation on these status bits.

Any commands written lo the device during the Em-
bedded Program Algorithm are ignored. Note that a
hardware reset immediately terminates the program-
ming operation. The program command sequence
should be reinitiated once the device has reset {0 read-
ing array data, to ensure data integrity.

Programming is allowed in any sequence and across
sector boundaries. A bit cannot be programmed
from a “0” back to a “1”. Attempting to do so may hait
the operation and set DQ5 to “1", or cause the Data#
Polling algorithm to indicate the operation was suc-
cessful. However, a succeeding read will show that the
data is still “0". Only erase operations can convert a*0”
toa“1”

START

T
!

Wnte Program
Command Sequence

u i
Data Poll
Embedded from System
Program
algonthm
in progress

Verify Data?

Increment Address Last Address?

Programming
Complsted

21610B-6

Note: See the appropriate Command Definitions table for
program command sequence.

Figure 2. Program Operation
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Chip Erase Command Sequence

Chip erase is a six-bus-Cycle operation. The chip erase
command sequence is initiated by writing two uniock
cycles, foliowed by a sef-up command. Two additional
untock write cycles are then followed by the chip erase
command, which in turn invokes the Embedded Erase
algorithm. The device does not require the system to
preprogram prior to erase. The Embedded Erase aigo-
rithm automatically preprograms and verifies the entire
memory for an all zero data pattern prior to electrical
erase. The system is not required to provide any con-
trols or timings during these operations. The Command
Definitions {abie shows the address and data require-
ments for the chip erase command sequence.

Any commands written 1o the chip during the Embed-
ded Erase algorithm are ignored. Note that a hardware
reset during the chip erase operation immediately ter-
minates the operation. The Chip Erase command se-
quence should be reinitiated once the device has
returned o reading armay data, to ensure daia integrity.

The system can determine the status of the erase
operation by using DQ7, DQ6, DQ2, or RY/BY#. See
“Write Operation Status” for information 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 3 illustrates the algorithm for the erase opera-
tion. See the Erase/Program Operations tables in "AC
Characteristics” for parameters, and 1o the Chip/Sector
Erase Operation Timings for timing waveforms.

Sector Erase Command Sequence

Sector erase is a Six bus cycle operation. The sector
erase command sequence is initiated by writing two un-
lock cycles, followed by a set-up command. Two addi-
tional uniock write cycles are then followed by the
address of the sector to be erased, and the secior
grase command. The Command Definitions table
shows the address and data requirements for the sec-
tor erase command sequence.

The device does not require the system to preprogram
the memory prior {o erase. The Embedded Erase aigo-
rithm automatically programs and verifies the sector tor
an all zero data pattern prior 10 electrical erase. The
system is not required to provide any controis or tim-
ings during these operations.

After the command sequence is written, a sector erase
time-out of 50 ys begqins. During the time-out period,
additional secfor addresses and sector erase com-
mands may be written. Loading the seclor erase buffer
may be done in any sequence, and the number of sec-
tors may be from one sector to all sectors. The time be-
tween these additional cycles must be less than 50 ys,
otherwise the last address and command might not be

accepted, and erasure may begin. it is recommended
that processor inferrupts be disabled during this time to
ensure all commands are accepted. The interrupts can
be re-enabled after the tast Sector Erase command is
written. if the time between addilional sector erase
commands can be assumed to be less than 50 us, the
system need not monitor DQ3. Any command other
than Sector Erase or Erase Suspend during the
time-cut period resets the device to reading array
data. The system must rewrite the command sequence
and any additional sector addresses and commands.

The system can monitor DQ3 to determine if the sector
erase timer has timed out. (See¢ the “DQ3: Sector Erase
Timer" section.) The time-out begins from the rising
edge of the tinal WE# pulse in the command sequence.

Once the sector erase operation has begun, only the
Erase Suspend command is valid. All other commands
are ignored. Note that a hardware reset during the
sector erase operation immediately terminates the op-
aration. The Sector Erase command sequence should
be reinitiated once the device has returned to reading
array data, to ensure data integrity.

When the Embedded Erase algorithm is complete, the
device returns 1o reading array data and addresses are
no longer latched. The system can determine the sta-
tus of the erase operation by using DQ7, DQ6, DQZ, or
RY/BY#. Refer to “Write Operation Status” for informa-
tion on these status bits.

Figure 3 iflustrates the algorithm for the erase opera-
tion. Refer to the Erase/Program Operations tables in
the "AC Characteristics” section for parameters, and o
the Sector Erase Operations Timing diagram for timing
waveforms.

Erase Suspend/Erase Resume Commands

The Erase Suspend command allows the system to in-
terrupt a sector erase operation and then read data
from, or program data to, any sector not selected for
erasure. This command is valid only during the sector
erase operation, including the 50 us time-out period
during the sector erase command sequence. The
Erase Suspend command is ignored if written during
the chip erase operation or Embedded Program aigo-
rithm. Writing the Erase Suspend command during the
Sector Erase time-out immediately terminates the
time-out period and suspends the erase operation. Ad-
dresses are “don't-cares” when writing the Erase Sus-
pend command.

When the Erase Suspend command is written during a
sector erase operation, the device requires a maximum
of 20 ys to suspend the erase operation. However,
when the Erase Suspend command is wriften during
the sector grase time-out, the device immediately ter-
minates the time-out period and suspends the erase
operation.

14 Am28F0328
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After the erase operation has been suspended, the
system can read array data from or program data to
any sector not selected for erasure. (The device “arase
suspends” all seclors selected for erasure.) Normal
read and write timings and command definitions apply.
Reading at any address within erase-suspended sec-
tors produces status data on DQ7-DQO. The system
can use DQ7, or DQ6 and DAR together, to determine
if a sector is actively erasing or is erase-suspended.
See “Write Operation Status” for information on these
status bits.

After an erase-suspended program operation is com-
plete, 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
D@6 status bits, just as in the standard program oper-
ation. See “Write Operation Status” for more informa-
tion.

The system may aiso write the autoselect command
sequence when the device is in the Erase Suspend
mode. The device allows reading autoselect codes
aven 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 o
the Erase Suspend mode, and is ready for another
valid operation. See “Autoselect Command Sequence”
for more information.

The system must wrile the Erase Resums command
{address bits are “don1 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 the de-
vice has resumed erasing.

START

|

Write Erase
Command Sequence

[ —

Data Poll

F from System
Embaddaed
Erase
algorithm
in plograss

i No

Yes
Erasure Compieted
216108-7

Notes:
1. Sea the appropriate Command Definitions table for erase
command sequence.

2. See "DQ3: Sector Erasa Timer” for more information.

Figure 3. Erase Operation
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Table 5. Am29F0328 Command Definitions

Bus Cycies (Notos 2-4)
Cs‘:;“;““;“c‘: 33 First Second Third Fourth Fifth Sixth
(Note 1) & | ader [oata| Addr |Data] Addr |Data| Addr | Data | Addr [Data| Ador | Date
Read (Nots 5) 1] RA | AD
Raset {(Note 6) 1§ XXX | Fo
Manufacturer (O 41 555 | AA | 2AA | 55 555 80 | X00 01
Autoselect | pevice 1D 4] 555 | AA [ 28a {58 sss | 90 | xo1 | a1
{Note 7)
i’ﬁz’(ﬁx‘%}p‘mw 4f 555 | aa | 2aa | 55| ss5 | 90 ?(%2 ZE?
Program 41 555 | AA | 2AA | 55 555 AQ | PA PO
Chip Erase 61 555 | AA ] 2AA | 55 555 B0 | 5585 AA 2AA | S5 5585 10
Sector Erase 61 555 AA | 2AA | 55 558 80 { 555 AA 2AA | 55 BA 30
Erase Suspend (Note 9} 1] ®XX | 80
Erase Resume (Note 10) 1] XXX [ 30 21
Legend:
X = Don't care PD = Data to be programmed at location PA. Data latches on

RA = Address of the memory location 1o be read.
RD = Data read from location AA during read operation.

PA = Address of the memory location to be programmed.
Addresses latch on the falling edge of the WE# or CE# puise,
whichever happens later.

the rising edge of WE# or CE# pulse, whichever happens
first.

SA = Addrass of the sector to be verified {in autoselect mode|
or erased. Address bils A21-A16 select a unique seclor.

SGA « Addrass of the sector group to be veritisd. Address
bits A21-A18 select a unique sector group.

Notes:
1. See Table 1 for description of bus operations.

2. All values are in hexadecimal.

3. Except when reading array or autoselect data, all bus
cyclas are write operations.

4, Address bits A21-A11 are don't cares for unfock and
command cycles, unless SA or PA required.

5. No uniock or command cycles requirsd when reading
array daia.

6. Tha 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).

7. The fourth cycle of the auteselsct command sequence is
a read cycle.

8. The data is 00h for an unprotected sector group and 01h
for a protacted sector group. See "Autosslect Command
Sequence”for more information,

9. The system may read and program in norn-erasing
sactors, or enter the autoselect mode, when in the Erase
Suspend mode. The Erase Suspend command is valid
only ouring a sector erase cperation.

10. The Erase Resume command is valid only during the
Erase Suspend moda.

16
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WRITE OPERATION STATUS

The device provides several bits to determine the sta- Algorithms) figure in the “AC Characteristics” sec-
tus of a write operation: DQ2, DQJ, DAS, DAL, DA7, tion iflustrates this.

and RY/BY3#. Table 6 and the following subsections de-
scribe the tunctions of these bits. DQ7, RY/BY#, and
DQ#6 each offer a method for determining whether a3
program or erase operation is complete or in progress.

Table 6 shows the outputs for Data# Polling on DQ7.
Figure 4 shows the Data# Polling algorithm,

These three bils are discussed first.

START
DQ7: Data# Polling
The Data# Polling bit, DQ7, indicates 10 the host i
system whether an Embedded Algorithm is in
progress or compieted, or whether the device is in _| Read DQ7-0Q0
Erase Suspend. Data# Polling is valid after the rising Addr = VA

edge of the final WE# pulse in the program or erase
command sequence.

During the Embedded Program algorithm, the device
outputs on DQ7 the complement of the datum pro- DQ7 = Data? Yes
grammed 1o DQ7. This DQ7 status aiso applies to pro-
gramming during Erase Suspend. When the
Embedded Program aigorithm is complete, the device ! No
outputs the datum programmed to DQ7. The system ;
must provide the program address to read valid status
inforration on DQ7. It a program address fails withina ~ |_No DQS « 12
protected sector, Data# Polling on DQ7 is active for ap-

proximately 2 us, then the device returns 1o reading

array data. Yeos
During the Embedded Erase algorithm, Data# Polling

produces a “0" on DQ7. When the Embedded Erase al- Read DQ7-DAC
gorithm is complete, or if the device enters the Erase Addr = VA
Suspend mode, Data# Polling produces a “1” on DQ7.

This is analogous to the complementArue datum output

described for the Embedded Program algorithm: the
erase function changes all the bits in a sector to 1"
prior to this, the device outputs the "complement,” or
“0." The system must provide an address within any of
the sectors selected for erasure to read valid status in-
formation on DQY7.

DQ7 = Data?

ARter an erase command sequence is written, if all sec-
tors selected for erasing are prolected, Data# Polling FAIL PASS
on DQ7 is active for approximately 100 ps, then the de-
vice returns 10 reading array data. if not all selected
sectors are protected, the Embedded Erase algorithm
erases the unprotected sectors, and ignores the se-

Notes:
1. VA = Valid address for programming. During a sector
erase operation, a valid address is an addrass within any

lected sectors that are protected. sector selected for arasure. During chip erase, a valid
When the system detects DQ7 has changed from adaress is any non-protected sector address.

the complement to true data, it can read valid data 2. DQ7 should be rechecked evan if DQ5 = “1” because
at DQ7~DQO on the following read cycles. This is DQ7 may change simultanecusly with DG5.

because DQ7 may change asynchronously with

DQO0-DQ6 while Qutput Enable (OE#) is asserted 216108-8
low. The Data# Polling Timings (During Embedded Figure 4. Data# Polling Algorithm
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RY/BY#: Ready/Busy#

The RY/BY# is a dedicated, open-drain output pin that
indicates whether an Embedded Aigorithm is in
progress or compiete. The RY/BY# status is valid after
the rising edge of the final WE# puise in the command
sequence. Since RY/BY# is an open-drain output, sev-
eral RY/BY# pins can be tied together in parallel with a
pull-up resistor 1o V.

i 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 6 shows the outputs for HY/BY#. The timing dia-
grams for read, reset, program, and erase shows the
relationship of RY/BY# to other signals.

DQ6:Toggle Bit |

Toggle Bt | 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# puise in the
command sequence (prior to the program or erase op-
aration}, and during the sector erase time-out.

During an Embedded Program or Erase algorithm op-
eration, successive read cycles to any address cause
DQ6 to toggle. (The system may use either OE# or
CE# to control the read cycles.) When the operation is
compiete, DQS6 stops toggling.

After an erase command sequence is written, it ail
sectors selected for erasing are protected, DQ6 tog-
gles for approximately 100 us, then returns 1o reading
array data. If not alf selected sectors are protected,
the Embedded Erase algorithm erases the unpro-
tected sectors, and ignores the selected sectors that
are protected.

The system can use DQ6 and DQ2 together 1o deter-
mine whether a sector is actively erasing or is erase-
suspended. When the device is actively erasing (that is,
the Embedded Erase algorithm is in progress}, DQ6
toggles. When the device enters the Erase Suspend
mode, DQS stops loggling. However, the system must
also use DQ2 to determine which sectors are erasing
or erase-suspended. Alternatively, the system can use
DQ7 (see the subsection on “DQ7: Data# Polling™).

it a program address falis within a protected sector,
DQB toggles for approximately 2 ys after the program
command sequence is written, then relurns to reading
array data.

DQ$6 also toggles during the erase-suspend-program
mode, and stops toggling once the Embedded Pro-
gram algorithm is compiete.

The Write Operation Status table shows the outputs for
Toggie Bit | on DQ6. Refer to Figura 5 for the toggle bit
algorithm, and to the Toggle Bit Timings figure in the
“AC Characteristics™ section for the timing diagram.
The DQ2 vs. DQ6 figure shows the dilferences be-
tween DQ2 and DQ6 in graphical form. See also the
subsection on “DQ2: Toggle Bit i1”.

DQ2: Toggle Bit Il

The “Toggle Bit 1" on DQ2, when used with DQ6, indi-
cates whether a particular sector is actively erasing
{that is, the Embedded Erase algorithm is in progress),
or whether that sector is erase-suspended. Toggle Bit
It is valid after the rising edge of the final WE# pulse in
the command sequence.

DQ2 toggles when the system reads at addresses
within those sectors that have been selected for era-
sure. {The system may use either OE# or CE# 1o con-
trol the read cycles.) But DQ2 cannot distinguish
whether the sector is actively erasing or is erase-sus-
pended. DQSG, by comparison, indicates whether the
device is actively erasing, or is in Erase Suspend, but
cannot distinguish which sectors are selected for era-
sure. Thus, both status bits are required for sector and
mode information. Refer to Table 6 to compare outputs
for DQ2 and DQS6.

Figure 5 shows the toggle bit algorithm in flowchart
form, and the section "DQ2: Toggle Bit II" explains the
algorithm. See also the “DQ6: Toggle Bit 1" subsection.
Refer to the Toggie Bit Timings figure for the toggle bit
timing diagram. The DQ2 vs. DQ6 figure shows the dil-
ferences between DQ2 and DQS in graphical form.

Reading Toggle Bits DQ6/DQ2

Refer to Figure 5 for the lollowing discussion. When-
ever the system inilially begins reading toggle bit sta-
tus, it must read DQ7-DCO at least twice in a row to
determine whether a toggle bit is toggling. Typically, a
system would note and store the value of the toggie 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 toggie bit is not toggling, the device has
compieted the program or erase operation. The sys-
tem can read array data on DQ7~DQ0 on the following
read cycle.

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

The remaining scenario is that the system initially de-
termines that the toggle bit is toggiing and DQ5 has not
gone high. The system may continue to monitor the
toggie bit and DQS through successive read cycles, de-
termining the status as described in the previous para-
graph. Aiternativety, it may choose to perform other
system tasks. In this case, the system must start at the
beginning of the algorithm when i returns to determing
the status of the operation (top of Figure 5).

DQ5: Exceeded Timing Limits

DQS indicates whether the program or erase time has
exceeded a specified internal pulse count limit. Under
these conditions DQS produces a “1” This is a failure
condilion that indicates the program or erase cycle was
not successfully completed.

The DQS failure condition may appear if the system
tries 1o program a “1”{o a location that is previously pro-
grammed 1o “0." Only an erase operation can change
a “0” back to a “1." Under this condition, the device
halits the operation, and when the operation has ex-
ceeded the timing fimits, DQS produces a “1”

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

DQ3: 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 o the chip erase command.) f addi-
tional sectors are selected for erasure, the entire time-
out also applies after each additional seclor 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 ad-
ditional sector erase commands will always be less
than 50 ys. See also the “Sector Erase Command Se-
quence” section.

After the sector erase command sequence is written,
the system should read the status on DQ7 (Data# Poil-
ing) or DQ6 (Toggie Bit 1) to ensure the device has ac-
cepted the command sequence, and then read DQ3. i
DQ3 is“1”, the internally controlled erase cycle has be-
gun; 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 DQ3 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 ac-
cepted. Table 6 shows the outputs for DQ3.

START

{

Read DQ7-DQO

!

—» Read DQ7-0Q0

(Note 13

Toggle Bit
= Toggle?

Read DQ7-DQ0 | (Notes
Twics 12}

Toggle Bit
= Toggle?

f

Program/Erase
Qperation Not
Complate, Write
Rasat Command

Program/Erase
Operation Complete

Notes:
1. Read toggle bit twice to determine whether or not it is
toggling. See text.

2. Recheck toggle bit because it may stop toggling as DQS
changes to “1". See text.

216108-9
Figure 5. Toggle Bit Algorithm
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Table 6. Wrlte Operation Status

pQ? Das DQ2
Operation {Note 1) DQS {Nots 2) DQ3 {Note 1} RY/BY#

Standard | Embedded Program Algorithm DQ7# Toggle 0 N/A No toggle 0
Mode Embadded Erase Algorithm 0 Toggle 0 1 Toggle o

Reading within Erase
Erass Su ded Sector 1 No toggle 0 N/A Toggle 1
Suspend | Reading within Non-Erase
Mode Suspe Sector Data Data Data Data Data 1

Erase-Suspend-Program DQ7# Toggle 0 N/A N/A 0
Notes:

1. DQ7 and DQ2 require a valid address when reading status information. Refer 1o the appropniate subsection for further details.

2. DQS switches to '1'when an Embedded Program or Embedded Erase operation has exceeded the maximum timing limits.
See "DQS: Exceeded Timing Limits” for morg information.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Ternperature Commercial (C) Devices
Pi:fic Pi‘*ages --------------- ~65°C to +150°C Ambient Temperature (Ty). ... ... .. .. 0°C to +70°C
Ambient i
with Fower Applied. .-~ ssictowzme ousirial () Devices . .
Voltage with Respect to Ground Ambient Temperature (Ta). . .. .. .. .. —40°C to +85°C
Extended (E) Devices

Veg (Note 1). ... —20VI0 7.0V bient Temperature (Ty). ... .. . -55°C 10 +125°C

AS, OE#, RESET#(Note 2). . .. . -2.0V1013.0V Ve Supply Voltages

Aliotherpins {(Note 1) ... . ... ... -20Vio 7.0V Voo for + 5% devices B 475V 10 45.25 ¥
Output Short Circult Current (Note 3) ... . 200MA =" for & 10% devices. ... +4.50 V10 +5.50 V
Notes:

1. Minimum DC vollage on input or O pins is 0.5 V.
During voltage transitions, inputs may overshoot Vgg 1o
-2.0V for periods of up to 20 ns. See Figurs 6. Maximum
DC woltage on output and KO pins is Ve + 0.5 V. During
voltage transitions, outputs may overshoatto V. + 2.0V
for periods up to 20 ns. See Figure 7.

2 Minimum DC input voltage on A9, OE#, RESET# pins is
~0.5V. During voltage transitions, A9, OE#, RESE T# pins
may overshoot Vgg fo 2.0 V for periods of up to 20 ns. See
Figure 6. Maximum DC input voltage on A9, OE#, and
RESET#is 13.0 V which may overshoot to 13.5 V for
periods up 0 20 ns.

3. No more than one output shorted at a time. Duration of
the short circuit should not be greater than one second.

Stresses greater than those listed in this section may cause
permanent damage to the device. This is a stress rating only;
functional operation of the device at thase or any other condi-
tions above those indicated in the operational sections of this
specification is not implied. Exposure of the davice to absolite
maximum rating conditions for extended periods may affect de-
vice refiability.

Cperating ranges define those limits between which the
functionality of the device js guaranteed.

20 ns 20 ns

~0.5V

20V — =

20ns

21610-10

Figure 6. Maximum Negative
Overshoot Wavetorm

20 ns

20V

20 ns 20 ns

21610-11

Figure 7. Maximum Positive
Overshoot Waveform

Am29F032B 21




AMDQQ

DC CHARACTERISTICS
TTL/NMOS Compatible
Parameter
Symbol Parametar Description Test Description Min Typ Max Unit
iy Input Load Current Vi = Vg 10 Vo, Voo = Voo Max +1.0 pA
e A9 Input Load Current Vee= Voo Max, A9« 120V 50 pA
Lo Qutput Leakage Current Vout = Vsg 10 Vee, Veg = Ve Max 1.0 WA
lacs V.. Read Current {Note 1) CE#=V, OE#=V, 30 40 mA
loca Ve Write Current (Notes 2,3) [ CE¥ =V, OE#=V,, 40 60 mA
e |G f‘ggﬂdzz&;"”“ CE# =V, RESET#=V,, 04| 10 | ma
lece ;’gégé%daﬁ‘:;;‘g) Vee = Vi Max, RESET# =V, o4l 10 | ma
Vi Input Low Lave! -0.5 0.8 v
Vi Input High Level 2.0 Vee+05{ V
Vo ;?g'aag;: for Autosalact and Sector Vee=5.0V 115 125 y
Vo Qutput Low Vohage oL = 12 MA, Voo = Vo Min 0.45 v
Vou Qutput High Level lop = =2.5 MA Ve = Voo Min 2.4 v
Vike Low V¢ Lock-out Voltage 3.2 42 \
CMOS Compatible
Parameter
Symbol Parameter Description Tast Description Min Typ Mayx Unit
I input Load Current Viy = Vg 10 Ve, Vg = Ve Max +1.0 HA
b AS Input Load Currant Vep =~ Voo Max, A3 120V 50 uA
ho Qutput Leakage Currant Vour = Vgs 10 Vee, Veg = Voo Max 1.0 WA
leey Ve Read Current {Note 1) CE# =V, OE#aV,, 30 40 mA
loca Ve Write Current (Notes 2, 3} CE# =V, QE#=V,, 30 40 mA
lecs Ve Standby Current CE# =V, £ 05V, 3 5 A
(CE# Controfled) RESET# =V £ 05Y
oo | \SESETs ormoted) RESETH = Vg £ 05 V s 5| oA
V. input Low Level 0.5 0.8 v
Vi Input High Level 0.7x Vo Vee+ 031 V
Vo :‘;’;ag:cg ;”r;‘;’:::"d Vec = 5.0V 11.5 125 |V
Vor Output Low Voltage fo = 12 mA, Ve = Ve Min 0.45 v
Vors Output High Voltage lopy = ~2.5 mA, Vo= Voo Mi‘n 0.85 V¢ v
Vorg lon = —100 pA, Ve = Voo Min Vee ~ 0.4 %
Viko Low V¢ Lock-out Voltage 32 4.2 %

Notes for DC Characteristica (both tables):

1. The lge current is typically less than 1 mA/MHz, with CE# at V,,

2l active while Embedded Program or Embedded Erase algonithm is in progress.
3 Not 100% tested.
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TEST CONDITIONS Table 7. Test Specifications
50V Test Candition -75 | Allothers| Unit
— Output Load 1 TTL gate
Davics 2.7k Output Load Capacitance. C, | 4 100 .
Under | {including jig capacitance) P
Tost input Rise and Fall Times 5 20 ns
T G 6.2kQ Input Puise Levals 00-30(045-24 | V
i. input timing measurement R
== = ? referance levels HS 08 v
y Qutput timing measurement 15 2.0 v
Note: Diodes are IN3064 or equivalent - referance lavels A
21610B-12
Figure 8. Test Setup
KEY TO SWITCHING WAVEFORMS
WAVEFORM INPUTS OUTPUTS

Steady

AN\

Changing from Hto L

L7

Changing trom L to H

XXX

Don't Care, Any Change Permitted

Changing, Stata Unknown

Does Not Apply

Center Lina is High Impedance State (High Z)

KS000010-PAL

Am29F03
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AMD{\
AC CHARACTERISTICS !
Read-only Operations :
Parameter Symbot Test Speed Options
JEDEC | Standard Parameter Description Setup -75 -90 -120 -150 | Unit
tavav tac Read Cycle Time (Note 1) Min 70 90 120 150 ns
CE#t = Vi
tavoy tace Addrass to Qutput Delay OE Max 70 90 120 150 ns i
#=V, ;
teiov ez |Chip Enable to Qutput Delay OE# =V, [Max| 70 90 | 120 | 150 | ns i
tarav toe Qutput Enable to Output Delay Max{ 40 40 50 55 ns
Read Min 0 ns
: Qutput Enable Hold -
o8 [Time {Note 1) oggle and - . .
Datai# Poliing Min 1o ns
Chip Enabie to Qutput High Z ¥
tercz tor | (Note 1) Max| 20 20 30 s | ons ¥
Cutput Enable to Output High Z
toraz tor {Note 1) Max 20 20 30 35 ns
) Output Hoid Time From Addressas CE# .
taxax lon | or OE# Whichever Occurs First Min 0 s
. RESET# Pin Low to Read Mode
i traacy (Note 1) Max 20 us
Notes:
1. Not 100% tested.
2. Refer to Figure 8 and Tabie 7 for test specifications.
- g
‘ Addresses Addresses Stable
' e P p 0 ]
f CE# N e
L—l Lt~ LOF — ol
OE# \ oE -+ /
togH
WE# _ - 1CF i
i 1O [
HIGH Z HIGH Z
Qutputs {({’ Qutput Valid >»>
RESET¢ f
RYBY# OV
21610813

Figure 9. Read Operation Timings
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AC CHARACTERISTICS
Hardware Reset (RESET#)
Parametar
JEDEC | Std | Dsscription Tast Setup Ali Speed Options Unit
' RESET# Pin Low (During Enibeddad M 20
READY | Algorithms) to Read or Write (See Nots) ax He
RESET# Pin Low {NOT During Embeddad
taaoy Algorithms) to Read or Writa (See Note) Max 500 ns
tae | RESETH Pulse Width Min 500 ns
tay | RESET# High Timae Before Read (See Note) Min 50 ns
tug | RY/BY# Recovery Time Min c ns
Note: Not 100% tasted.
RYBY#
CE#, OE#
= tan
RESET# 5r [
et { gy~
[rat————~ tRaady ———
Reset Timings NOT during Embedded Algorithms
"""""""""""""""" Reset Timings during Embeddd Algorithms
{Ready ‘J
RY/BY# 11 1
i
[N tag __N]
Iy i
11
CE#, OE#
i
— 1f
RESET# - .Jl/
ety ——— 3
216108-°4
Figure 10. RESET#Timings
Am29F032B 25
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AC CHARACTERISTICS
Write {Erase/Program) Operations
Paramaeter Speed Options
JEDEC Std Pararmeter Description -75 -90 -120 <150 | Unit
Lavay twe Write Cycle Time (Note 1) Min 70 30 120 150 ns
tavwe fag Address Setup Timse Min 0 ns
SWLAX tar Address Hoid Time Min 40 45 50 50 ns
tovwr tos Data Setup Time Min 40 45 50 50 ns
baOX tons Data Hoid Time Min 0 ns
N : -
e we tes CE# Setup Time Min 0 ns
twher ten CE# Hold Time Min 0 ns
e lwe | Write Pulse Width Mn | 40 | 45 | 50 | s0 | ns
Lywa, twey | Writa Pulse Width High Min 20 ns
TwHWH1 twwnis | Byt Programming Operation (Note 2) Typ 7 us
Typ 1 sec
twewrz | twiwre | Sector Erase Operation (Note 2}

Max 8 sec
tycs | Ve Set Up Time (Note 1) Min 50 Hs
tausy | WE# to RY/BY# Valid Mo | 40 | 40 | 50 | 60 | ns

Notes:

1. Not 100% tested.
2. Sse tha “Erase And Programming Performance” section for more wformation.
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AC CHARACTERISTICS

Addresses

CE#

CE#

WE#

Data

RY/BY#

Vee

Nota: PA « program address, PD = program data, D,z is the trug data at the program address.

Program Command Sequenca (last two cycles)

T PV

Read Status Data (last two cycles)

fo—— fwg ,

X[ sssh X PA }(@XZX PA X e X
1
e (A} [ !
H
ey !

—>{tGHWL}-(-—- o 1’/1 | __
___/ i \_/U
wp - 4———-——7:- IWHWHY --———-v~>-;
4 LA
/ "\K___/ :
s o lypn "'{ E
——a {ng '
o pet— !
/———-—< ACh } PD /- < Status *__

1

— - lBUS Y i trg -~
\{ i
Iz
1 c i1
VCS e /li
i
t

*

Figure 11

. Program Operation Timings

21610815
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AC CHARACTERISTICS
—— tyg —— [——Ias —w}
Addresses :X 2AAR SA
555h for chip erase

—a taLy P !
CEs / \ / \ / _:\
—ﬁtm‘_[“ i
OE# i l ey e
twp [
WE# / N ¥,
[ty
le—1cs
— g e
-’-!DH"’
Data { ssh oh
10 for Chip Erase i
—-—-—b-tausvh; &}<-qu——><

—>f tycg e
Voo 7[“

Note: SA = Sector Address. VA = Valid Addrass lor reading status data.

RY/BY# N i /i
]
14

21810-16
Flgure 12, Chip/Sector Erase Operation Timings
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AC CHARACTERISTICS

td—tgc———-’!
Addresses X VA VA X S gx VA X

Ll- tacc =
. tog o ,
CE# !‘E AN / \ / "
]
P -
. tcn toe e || I
Ce# % /
ot LOEH —m] e tor "'{ 1
WE# 1A
A D
Hhgh 2
oar Qo P — e e S v DL
High Z
Dao-Das &< Status Daw f——& status Data | XTrue Valid Data i
%1 tgusy
RYBY# i
i
Note:
VA = Viaiid address. Hlustration shows first stalus cycle after command sequence, last stalus read cycle, and array data read cycle.
21610B-17

Flgure 13. Data# Polling Timings (During Embedded Algorithms)

tt— R ———
Addresses VA VA )é{)( VA X va )C

fest~ L0 —md

7 /M Fa\ /~

OE#

WE# J 1f
DOE/DQ2 2002 varasans pr—Evai Sanis py—H—vald Statis 23— Vaird Data_p—

(first read) (second read) (stops toggiing)
“‘“ﬁ'ﬂj\*
RY/BY# 1 /
[}

Note:
VA = Valid address; not required for DQS. fllustration shows first two stalus cycle after command sequenice, last status read cycle,

and array data read cycle.

]

216108-18
Figure 14. Toggle Bit Timings (During Embedded Algorithms)
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AC CHARACTERISTICS
Enter E
Embedded rase Enter Erass Erase
Erasing Suspend Suspend Program Rasume
T e T oy | i
WE# Erase Erase Suspend Erase E Erase
Read Suspend Erase;qi:gpend rase Cemplete
Program
/l 7,/
DQs
bQz

Note: The system may use OE# or CE# to toggle DQ2 and DQ6. DQ2 toggles only whan read at an address within the
grase-suspended sector.

21610B-19 :
Figure 15. DQ2 vs. DG6 i
Temporary Sector Unprotect
Parameter
JEDEC Std | Description All Speed Options Unit
tyon | Vip Rise and Fall Time (See Note} Min 500 ns
RESET# Setup Time for Temporary Sector )
tasp Unprotect P porary Min 4 us !
Note: Not 100% tasted.
12V 1 ?
"""""""" ' 1 -
RESET#
QorsSV Qors5V
WiDR [e—- ~—— tyiDR
Program or Erase Command Sequancs
N\,
\ /T, /
[— g p e
1 ——
RY/BY# \ .
216108-20

Figure 16. Temporary Sector Group Unprotect Timings
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AC CHARACTERISTICS
Write (Erase/Program) Operations—Alternate CE# Controlled Writes
Parameter Symbol Speed Options
JEDEC | Standard Parameter Description -75 -90 -120 <150 | Unit
tavay twe Write Cycle Time (Note 1) Min 70 90 120 150 ns
taver tas Addrass Setup Tims Min g ns
teax tan Address Hold Time Min 40 45 50 50 ns
toven tps Data Setup Timae Min 40 45 50 50 ns
tenpx ton Address Hold Time Min 0 ns
toper e Read Recover Time Before Write Min 0 ns
b L tws CE# Setup Time Min 0 ns
e tynd CE# Hold Time Min 0 ns
teren ten Write Pulse Width Min 40 45 j‘ 50 50 as
teye tepm Write Pulse Width High Min 20 ns
| PP vt Byte Pragramming Opsration {Note 2) Typ 7 us
Typ 1 56C
Loz torwe Sector Erase Oparation (Note 2) o 2 -

1. Not 100% tested.
2. See the ‘Erase And Programming Performance” section for more information.
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AC CHARACTERISTICS

555 for program PA for program

2AA lor erase

|

SA for sector erase

355 for chio erase

I

Addresses x i

]
i

gH — et
WE# [/ y j \

bt tw -—-b”‘tp.s-lv
—ef tAH [

/

Data# Polling

X

+

1
[ taHEL

i1
17

-
Ot# 1

" lop ot {NHWH1 O 2 ]

f
7

AN Z—

CE# / A‘ws\.

L tcpH J ‘-/F

bt 1LY ]

)

’l,t

Data /

AN e

- 1ng
ton

AD *ar program PO tor peogram
55 fkr grase 30 for sector grase
10 for chip erase

I 7
VR G TS

RAESET#

.
e

RY/BY#

Notes:

1. PA = Program Address, PD = Program Data, SA = Sector Address. DQ7# = Complement of Data input, Dy, y = Array Data.
2. Figure indicatas the last two bus cycies of the command sequenca.

Nj—/

216108-21

Figure 17. Alternate CE# Controlled Write Operation Timings
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ERASE AND PROGRAMMING PERFORMANCE

Paramelar Typ {(Note 1) Max (Nots 2) Unit Comments
Sector Erase Time ! 8 S8C 1 Excludes 0Ch programming priot 1o
Chip Erase Time 64 sec erasure {Note 4)
Byte Programming Time 7 300 HS Excludes systam-level overhead
Chip Programming Time (Note 3) 28.8 86.4 sec |(Note 5]
Notes:

1. Typical program and erase times assumae the foilowing conditions: 25°C, 5.0 V Vi, 1,000,000 cycles. Additionally.
programming typicals assume checkerboard pattern.

2. Under worst case conditions of 30°C., Ve = 4.5 V. 1,000,000 cycles (4.75 V for - 75},

3. The typical chip programming time is considerably less than the maximum chip programming time listed, since most bytes
program faster than the maximum byte program time listed. If the maximum byte program time given is exceeded. only then does
the device sat DQ5 = 1. See the section on DQS for further infarmation.

4. In the pre-programming step of the Embedded Erase algorithm, afl bytes are programmed 1o 00h belore erasure.

5. System-lavel overhead is the lime required to execute the four-bus-cycle sequence for programming. See Table 5 for further
information on command definitions.

6. The device has a minimum erase and program cycle endurance of 1,000.000 cycles.

LATCHUP CHARACTERISTIC

Description Min Max
Input Voltage with respect 1o Vgg on VO pins -10V Ve + 1.0V
V¢ Current ~100 mA +100 mA

Note:includes afl pins except V. Test conditions: Vo = 5.0 Volt, one pin at a time.

TSOP AND SO PIN CAPACITANCE

Paramater
Symbol Paramaeter Description Test Conditions Min Max Unit
Cw Input Capacitance V=0 6 75 of
Cour Qutput Capacitance Veyr =0 8.5 12 pF
Cha Control Pin Capacitance V=0 75 9 pf
Notes:

1. Sampied, not 100% tested.
2. Test conditions T, = 25°C, f = 1.0 MHz.
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PHYSICAL DIMENSIONS
SO 044-44-Pin Small Qutline Package (measured in millimeters)

b
15.70
16.30
I |
TOP VIEW
28.00 N
‘ 28.40 ‘
% 280 }z/[ E 1 LM-:' }‘——% 30
. MAX. ’ N )
}— SEATING t 8o *—.()468‘-‘
Q.38 “ 0.10 i PLANE 100
0.50 0.35
END VIEW
SIDE VIEW 16-038-3044-2
SC 044
OF83
8-8-96 v
34 Am29F0328
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PHYSICAL DIMENSIONS
TS 040-40-Pin Standard Thin Small Outline Package (measured in millimeters)

908 0.0
/ 620 [ az
Y ' 4 Gages Line
L‘ﬂ 1
o}
/ 5 L 0.25MM (0.0008") BSC
Paraiial 1o Seating Plane e 050 L
a0
Detad A
[@] o.08mm (0,001 @{C]A-B B
0.17
677
e NS
~~ With Plating ~0.25 BASIC
¥ ” ¥
as /// o% -t
Y 8 p———
i 2B e
1 =
0.17
"'6755"'\'33““"‘“‘ XaAorB
Section 8-8 Detait B 16-038.TSOP.2_AB
S 046 )
£Co8
5-27-98 v
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PHYSICAL DIMENSIONS
TSR040-40-Pin Reversed Thin Small Quttine Package (measured in millimeters)

/-—~ 1o, !
i

8 : L
I : M
LB i

008 .10
/om[ B
ey ! Gage Lina
e T F
5 l L 5 25MM (0.0038" BSC
Paralis 10 Seating Mare e o8y 1,
Qs
Oelat A
@] 00em 00031 B[CTAB )
— 237 ;
027 }
e
it Platng —~0.25 BASIC
f ¥ — ‘
W7 // ot !
0.2 /é 5.18 F——
& ; —
T ‘ —
555 J Base Mesai X=AorB
Secton B-8 Detan 8 16-038-T50P-2_AB
TSR
e
52798
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REVISION SUMMARY
Revision B Operating Ranges

Corrected t inptions 1-
Distinctive Characteristics ~ambient” emperature range descriptions 1
Changed typicat active read current {0 30 mA to match
DC Characteristics table.
Trademaerks
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