Atmel Corporation
CMOS Flash Memory

AIMEL

Y -

Is a Registered Trademark of Atmel Corporation, 2125 O’Nel Drive,
San Jose, CA 95131, TEL (408) 441-0311, FAX (408) 436-4300.



Important Notice

Atmel guarantees that its circuits will be free from defects of material and workmanship
under normal use and service, and that these circuits will perform to current specifications in
accordance with, and subject to, the Company’s standard warranty which is detailed in
Atmel’s Purchasing Order Acknowledgment.

Atmel reserves the right to change devices or specifications detailed in this data book at any
time without notice, and assumes no responsibility for any errors within this document.
Atmel does not make any commitment to update this information. Atmel assumes no
responsibility for the use of any circuits described in this data book, nor does the Company
assume responsibility for the functioning of undescribed features or parameters.

In the absence of a written agreement to the contrary, Atmel assumes no liability with respect
to the use of semiconductor devices described in this data book for applications assistance,
customers’ product design or infringement of patents or copyrights of third parties.

Atmel’s products are not authorized for use as critical components in life support devices or
systems and the use as such implies that user bears all risk of such use.

If Atmel is an approved vendor on a Standard Military Drawing (SMD), the Atmel similar
part number specification is compliant with the SMD.

Trademarks or registered trademarks used in this document may be the property of Atmel
and others.

© Atmel Corporation, 1993

Printed on recycled paper.

®



Thank you for your interest in Atmel’s expanding
family of nonvolatile Flash memory integrated
circuits.

Atmel is the leading supplier of 5-volt-only and
3-volt-only read and write Flash PEROMs. The
Flash memory family is specified over commercial as
well as military temperature ranges and is available
in through-hole and surface mount packages (such as
PLCC and TSOP).

Atmel Corporation, founded in 1984, designs,
develops, manufactures and markets, on a worldwide
basis, a wide variety of complex integrated ciurcuits
based on proprietary process techniques. Included in
the Company’s product offerings are several families
of nonvolatile programmable memories,
programmable logic devices and application specific
standard products.

Atmel will continue to expand this product family,
offering new densities and lower voltage products.

If you require additional literature, please contact the
literature department at (800) 292-8635. For further
assistance, please contact your local sales
representative listed on the back of this booklet.

Sincerely,

Ken Kwong

Director, Flash Memories
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Features

Fast Read Access Time - 90 ns
Five-Volt-Only Reprogramming
Page Program Operation
Single Cycle Reprogram (Erase and Program)
Internal Address and Data Latches for 64 Bytes
¢ Internal Program Control and Timer
* Hardware and Software Data Protection
e Fast Program Cycle Times
Page (64 Byte) Program Time - 10 ms
Chip Erase Time - 10 ms
DATA Polling for End of Program Detection
¢ Low Power Dissipation
80 mA Active Current
300 pA CMOS Standby Current
¢ High Reliability CMOS Technology
1000 Erase/Program Cycles
10-Year Data Retention
e Single 5V +10% Supply
e CMOS and TTL Compatible Inputs and Outputs
* Full Military, Commercial, and Industrial Temperature Ranges

Description

The AT29C256 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns
with power dissipation of just 440 mW. When the device is deselected, the CMOS standby

current is less than 300 pA. continued on next page

Pin Configurations DIP Top View
— e
Pin Name  Function WEQ 1 28 [ Vce
A2 2 27 b A4
AO - A14 | Addresses Aa7d 3 26 b A13
== - As O 4 25 0 A8
CE Chip Enable asd s 24 b A9
OE A 6 23 f Al
OE Qutput Enable ad 7 2 b oF
WE Write Enable A2 8 21 b A0
adg oo 20 p CE
1/00 - /07 | Data Inputs/Outputs A0 O 10 19 b o7
1700 @ 11 18 [ 1106
NC No Connect o1 d 12 17 b 1105
102 o 13 16 p 1104
GND O 14 15 P 1103
PLCC and LCC Top View TSOP Top View
A7 WE Vec A13 Type 1
A12 NC A14
4321323130 A1 g 232 21 0 B g MO
29 A9 ¢ 24 19 =] Vo7
A8 g 25 18 B V06
A13 = 26 17 = 105
A14 G 27 16 b Vo4
VCC_— E) 28 15 B /03
WE &/ 1 14 B GND
A12 = 2 13 =) Vo2
a7 2, 11280 oo
A5 g 5 10 B A0
A4 LH 76 9 g B A

Note: PLCC package pins 1 and
17 are DON'T CONNECT.
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29C256 does not require high input voltages for program-
ming. Five-volt-only commands determine the operation of the
device. Reading data out of the device is similar to reading from
a static RAM. Reprogramming the AT29C256 is performed on
a page basis; 64 bytes of data are loaded into the device and then
simultaneously programmed. The contents of the entire device
may be erased by using a six-byte software code (although era-
sure before programming is not needed).

Block Diagram

During a reprogram cycle, the address locations and 64 bytes of
data are internally latched, freeing the address and data bus for
other operations. Following the initiation of a program cycle,
the device will automatically erase the page and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of I/O7. Once
the end of a program cycle has been detected a new access for a
read, program or chip erase can begin.

. DATA INPUTS/OUTPUTS
GND —» /00 - 1107
- TYYIIYY!
oF — —_ _
W OE, CEAND WE DATA LATCH
WE —> LoaIC INPUT/OUTPUT
CE — BUFFERS
—{  YDECODER Y.GATING
ADDRESS
INPUTS CELL MATRIX
X DECODER
—

Device Operation

READ: The AT29C256 is accessed like a static RAM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

BYTE LOAD: _ A byte load is performed by applying a low
pulse on the WE or CE input with CE or WE low (respectively)
and OE high. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first rising
edge of CE or WE. Byte loads are used to enter the 64 bytes of
a page to be programmed or the software codes for data protec-
tion and chip erasure.

PROGRAM: The device is reprogrammed on a page basis. If
a byte of data within a page is to be changed, data for the entire
page must be loaded into the device. Any byte that is not loaded
during the programming of its page will be erased to read FFh.
Once the bytes of a page are loaded into the device, they are
simultaneously programmed during the internal programming
period. After the first data byte has been loaded into the device,
successive bytes are entered in the same manner. Each new byte
to be programmed must have its high to low transition on WE
(or CE) within 150 us of the low to high transition of WE (or
CE) of the preceding byte. If a high to low transition is not de-
tected within 150 s of the last low to high transition, the load
period will end and the internal programming period will start.
A6 to Al4 specify the page address. The page address must be
valid during each high to low transition of WE (or CE). A0 to

A5 specify the byte address within the page. The bytes may be
loaded in any order; sequential loading is not required.
SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C256. Once the
software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the
user; when shipped from Atmel, the software data protection
feature is disabled. To enable the software data protection, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin each
program cycle in order for the programs to occur. All software
program commands must obey the page program timing speci-
fications. Once set, the software data protection feature remains
active unless its disable command is issued. Power transitions
will not reset the software data protection feature, however the
software feature will guard against inadvertent program cycles
during power transitions.

Once set, software data protection will remain active unless the
disable command sequence is issued.

After setting SDP, any attempt to write to the device without the
three-byte command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.

continued on next page
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Device Operation (Continued)

The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE. The 64 bytes of data must be loaded into each sector by
the same procedure as outlined in the program section under de-
vice operation.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C256 in the
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of
less than 15 ns (typical) on the WE or CE inputs will not initiate
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer and may be ac-
cessed by a hardware operation. For details, see Operating
Modes or Product Identification.

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature......................-65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6 Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 VtoVcc +0.6 V
Voltage on OF

with Respect to Ground ................. -0.6Vto +13.5V

Pin Capacitance (f=1MHz, T=257C)®

DATA POLLING: The AT29C256 features DATA polling to
indicate the end of a program cycle. During a program cycle an
attempted read of the last byte loaded will result in the comple-
ment of the loaded data on I/07. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C256
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Cout 8 12 pF Vout=0V

Note: 1. This parameter is characterized and is not 100% tested.

ATMEL 3



D.C. and A.C. Operating Range

AImEY

AT29C256-90 AT29C256-12 AT29C256-15 AT29C256-20 AT29C256-25
Operating Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
Temperature Ind. -40°C-85°C  -40°C-85°C  -40°C-85°C  -40°C-85°C
(Case) Mil. -55°C-125°C  -55°C - 125°C  -55°C - 125°C_ -55°C - 125°C
Vce Power Supply 5 V+10% 5 V+ 10% 5 V+ 10% 5V+10% 5V+10%
Operating Modes
Mode CE OE WE Ai 110
Read ViL Vi VIH Ai Dout
Program® ViL VIH ViL Ai DIN
5V Chip Erase ViL VIH ViL Ai
Standby/Write Inhibit ViH x( X X High Z
Write Inhibit X X ViH
Write Inhibit X A X
Output Disable X VIH X High Z
High Voltage Chip Erase ViL vi @ ViL X High Z
Product Identification
AT-A14 = Vi, A9 = VK, Manufacturer Code®)
Hardware ViL ViL VIH ATAT 4A°V" V'/L\g v
AR IERY =" Device Code™®
5 A0 = VL Manufacturer Code'¥)
Software® AO = Vi Device Code?)
Notes: an be Vg or V. 4. Manufacturer Code: 1F, Device Code: DC

1. Xc
2. Refer to A.C. Programming Waveforms.
3. Vu=120V+ 0.5 V.

D.C. Characteristics

S. See details under Software Product Identification Entry/Exit.

Symbol Parameter Condition Min Max Units
ILi Input Load Current ViN=0VtoVce 10 HA
ILo Output Leakage Current Vo =0 Vto Vcec 10 HA
IsB1 Ve Standby Current CMOS CE = Vcc-0.3 Vo Vee 300 pA
IsB2 Vce Standby Current TTL CE=2.0VtoVce 3 mA
lcc Vcc Active Current f =5 MHz; louT = 0 mA 80 mA
ViL Input Low Voltage 0.8 Vv
ViH Input High Voltage 2.0 Vv
VoL Qutput Low Voltage loL=2.1mA .45 Vv
VOH1 Output High Voltage loH = -400 pA 2.4 \
VOH2 Output High Voltage CMOS loH=-100 pA; Vcc =45V 4.2 \

4 AT29C256 mum———
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A.C. Read Characteristics

AT29C256- | AT29C256- | AT29C256- | AT29C256- | AT29C256-

90 12 15 20 25
Symbol | Parameter Min Max Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 90 120 150 200 250 ns
tce " | CE to Output Delay 90 120 150 200 250 | ns
toe ® | OE to Output Delay 0 40 50 | 0 70| 0 8 | 0 100 | ns

tor 4 | CE or OF to Output Float| 0 25 | 0

30 0 40 0 50 0 60 ns

Output Hold from O,

whichever occurred first

toH CE or Address, 0 0

A.C. Read Waveforms

ADDRESS X ADDRESS VALID <

CE N\
1CE —~

| tOE — N
OE
~{DF

l— tACC

OUTPUT HIGH Z

Notes:

1. CE may be delayed up to tacc - tcE after the address transition

without impact on tacc.

2. OE may be delayed up to IcE - toE after the falling edge
of CE without impact on tcg or by tacc - toE after an address
change without impact on tacc.

Input Test Waveforms and
Measurement Level

3.0v
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
tR, tF< S5 ns

tOH
OUTPUT
VALID 4

AlmEr

3. tpris specified from OE or CE whichever occurs first
(CL =5pF).
4. This parameter is characterized and is not 100% tested.

Output Test Load
5.0v

1.8K
OUTPUT

PIN
1.3K g;

100pF




A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toES Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 90 ns
tos Data Set-up Time 50 ns
tDH,10EH Data, OE Hold Time 0 ns
tWPH Write Pulse Width High 100 ns

A.C. Byte Load Waveforms- WE Controlled

OE A
tOEé—J tOEH
ADDRESS >~ X
o TtAST| —tAH
CE tCH
e ~1CS |
WE N {QQ/
h tWPH
tWP

tDS — |-——tDH
DATA IN r

A.C. Byte Load Waveforms- CE Controlled

OE A
tOES {OEH
ADDRESS >~ X
L TIAST| |—tAH
_ ~TicsT
CE KX
tWPH
tWP.

- DS —| |- tDH
DATA IN !;

6 AT 20 C 2’5 6 1000000000000 —
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tbs Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 90 ns
tBLC Byte Load Cycle Ti?ne 150 us
twpH Write Pulse Width High 100 ns

Program Cycle Waveforms

Notes:

OE

]

_ tWPH tBLC
e VAW wa Wanes
~— tDH
/L_
AO-AS
XX X )
/;
-A14 X
A6-A X
A
,
DATA
X X -
BYTEO BYTE1 BYTE 2 BYTE 62 BYTE 63
—twe—i

A6 through A 14 must specify the page address during each high to

low transition of WE (or CE).

OE must be high when WE and CE are both low.
All bytes that are not loaded within the page being programmed

will be erased to FF.

ATmEL
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Software Data "
Protection Enable Algorithm

LOAD DATA AA

ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

]
LOAD DATA AO
TO

ADDRESS 5555 @

WRITES ENABLED

i
LOAD DATA
TO

) | ENTERDATA
PROTECT STATE

PAGE (64 BYTES) X

Notes for software program code:
1. Data Format: I/O7 - I/OO (Hex);
Address Format: A14 - A0 (Hex).
2. Data Protect state will be activated at end of program cycle.
. Data Protect state will be deactivated at end of program period.
4. 64 bytes of data must be loaded.

w

Software Protected Program Cycle Waveform

Software Data o
Protection Disable Algorithm

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

LOAD DATA 80

ADDRESS 5555

i
LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 20
TO
ADDRESS 5555

EXIT DATA

PROTECT STATE

LOAD DATA
TO

PAGE (64 BYTES) @

]

!

. W tWPH tBLC
e SR Wi/ W

1 tDH
A0-A5 XBYTE ADDRESS X

5555
AB-A14 XPAGE ADDRESS
tDS

DATA X m s K X

IR

BYTE O

Notes:

BYTE 62

1. A6 through A14 must specify the page address during each high to low transition of WE (or CE)

after the software code has been entered.
2. OE must be high when WE and CE are both low.

3. All bytes that are not loaded within the page being programmed will be erased to FF.

8 AT29C256

BYTE 63

o
M)

twec—1

3)
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Data Polling Characteristics"’

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 0 ns
tOEH OE Hold Time 10 ns
toe OE to Output Delay® ns
twRr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.
Data Polling Waveforms
E ////
Toggle Bit Characteristics”
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 0 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
tOEHP OE High Pulse 150 ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms
WE

tWR
Notes: o . .

1. Toggling either OE or CE or both OE and CE will operate toggle bit.

2. Beginning and ending state of 1/06 will vary.

3. Any address location may be used but the address should not vary.

AImEL




Software Product

Identification Entry ©

LOAD DATA AA

ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 90
TO
ADDRESS 5555

PAUSE 10 mS ENTER PRODUCT

IDENTIEICATION
mope @)

Notes for software product identification:
1. Data Format: I/O7 - I/OO0 (Hex);
Address Format: Al14 - A0 (Hex).
2. Al1-Al4=Vy.
Manufacture Code is read for A0 = Vi,
Device Code is read for A0 = V.
3. The device does not remain in identification mode if
powered down.
. The device returns to standard operation mode.
. Manufacturer Code: 1F
Device Code: DC

[V

10 AT29C256 meeee——
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Software Product

Identification Exit

(0]

LOAD DATA AA
TO
ADDRESS 5555

i
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA FO

ADDRESS 5555

PAUSE 10 mS

EXIT PRODUCT
IDENTIFICATION
mopEe )
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
e TEMPERATURE . SUPPLY VOLTAGE
N N
HREIA : /
712 \‘ " . b 7
]
[ \ : 1.0
; N :
d 10 ~ d /
é 0.9 \\‘ (l: o8
€ s T~ s
T35 35 35 65 95 135 450 475 5.00 595 550
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.
ADDRESS FREQUENCY

1.1

N
° /
r
m 1.0
a
i /
z' 0.9 4
° /
d / Vee = 5
0.8 T =25C
I i~
c
c
07

Frequency (MHz)
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Ordering Information

tacc Icc (MA) ) i
Ordering Code Package Operation Range
(ns) Active | Standby 9 9 P 9
90 80 0.3 AT29C256-90DC 28D6 Commercial
AT29C256-90JC 32J (0° to 70°C)
AT29C256-90PC 28P6
90 50 0.3 AT29C256-90TC 28T Commercial
(0° to 70°C)
120 80 0.3 AT29C256-12DC 28D6 Commercial
AT29C256-12JC 324 (0° to 70°C)
AT29C256-12LC 32L
AT29C256-12PC 28P6
AT29C256-12TC 28T
AT29C256-12DI 28D6 Industrial
AT29C256-12J1 32J (-40° to 85°C)
AT29C256-12LI 32L
AT29C256-12PI 28P6
AT29C256-12DM 28D6 Military
AT29C256-12LM 32L (-55°C to 125°C)
AT29C256-12DM/883 28D6 Military/883C
AT29C256-12L.M/883 32L Class B, Fully Compliant
(-55°C to 125°C)
150 80 0.3 AT29C256-15DC 28D6 Commercial
AT29C256-15JC 32J (0°to 70°C)
AT29C256-15LC 32L
AT29C256-15DI 28D6 Industrial
AT29C256-15JI 32J (-40° to 85°C)
AT29C256-15L1 32L
AT29C256-15PI 28P6
AT29C256-15TI 28T
AT29C256-15DM 28D6 Military
AT29C256-15LM 32L (-55°C to 125°C)
AT29C256-15DM/883 28D6 Military/883C
AT29C256-15LM/883 32L Class B, Fully Compliant
(-55°C to 125°C)
200 80 0.3 AT29C256-20DC 28D6 Commercial
AT29C256-20JC 32J (0° to 70°C)
AT29C256-20LC 32L
AT29C256-20PC 28P6
AT29C256-20DI 28D6 Industrial
AT29C256-20J1 32J (-40° to 85°C)
AT29C256-20LI 32L
AT29C256-20P!I 28P6
AT29C256-20DM 28D6 Military
AT29C256-20LM 32L (-55°C to 125°C)
AT29C256-20DM/883 28D6 Military/883C
AT29C256-20LM/883 32L Class B, Fully Compliant
(-55°C to 125°C)

12 AT29C256 m———————————



Ordering Information

AT29C256

tacc lcc (mA) . .
(ns) Active | Standby Ordering Code. Package Operation Range
250 80 0.3 AT29C256-25DC 28D6 Commercial
AT29C256-25JC 32J (0° to 70°C)
AT29C256-25LC 32L
AT29C256-25PC 28P6
250 80 0.3 AT29C256-25DI 28D6 Industrial
AT29C256-25J! 32J (-40° to 85°C)
AT29C256-25L1 32L
AT29C256-25PI 28P6
AT29C256-25DM 28D6 Military
AT29C256-25LM 32L (-55°C to 125°C)
AT29C256-25DM/883 28D6 Military/883C
AT29C256-251.M/883 32L Class B, Fully Compliant
(-55°C to 125°C)
Package Type
28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
32L 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
28T 28 Lead, Thin Small Outline Package (TSOP)

ATmEL
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Features

Fast Read Access Time - 90 ns
* Five-Volt-Only Reprogramming
e Page Program Operation
Single Cycle Reprogram (Erase and Program)
Internal Address and Data Latches for 64 Bytes
Internal Program Control and Timer
Hardware and Software Data Protection
e Fast Program Cycle Times
Page (64 Byte) Program Time - 10 ms
Chip Erase Time - 10 ms
* DATA Polling for End of Program Detection
e Low Power Dissipation
50 mA Active Current
300 pA CMOS Standby Current
¢ High Reliability CMOS Technology
1000 Erase/Program Cycles
10 Year Data Retention
Single 5 V + 10% Supply
CMOS and TTL Compatible Inputs and Outputs
Full Military, Commercial, and Industrial Temperature Ranges
Pin-Compatible with 29C010 and 29C512 for Easy System Upgrades

o e o o

Description

The AT29C257 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns
with power dissipation of just 275 mW. When the device is deselected, the CMOS standby
current is less than 300 pA.

To allow for simple in-system reprogrammability, the AT29C257 does not require high input
voltages for programming. Five-volt-only commands determine the operation of the device.
Reading data out of the device is similar to reading from a static RAM. Reprogramming the
AT29C257 is performed on a page basis; 64 bytes of data are loaded into the device and then
simultaneously programmed. The contents of the entire device may be erased by using a six-
byte software code (although erasure before programming is not needed).

During a reprogram cycle, the address locations and 64 bytes of data are internally latched,
freeing the address and data bus for other operations. Following the initiation of a program
cycle, the device will automatically erase the page and then program the latched data using an
internal control timer. The end of a program cycle can be detected by DATA polling of 1/07.
Once the end of a program cycle has been detected a new access for a read, program or chip
erase can begin.

AT29C257

256K (32K x 8)
5-Volt Only
CMOS Flash
PEROM

Pin Configurations PLCC Top View
NC Ve
Pin Name  Function a 2Nc NC cgﬁ‘g‘c
AO-A14 Addresses 43 21323130
— A7 29 G A14
CE Chip Enable A6 A13
— A5 A8
OE Output Enable A4 A9
Frv A3 Al1
WE Write Enable A2 OE
1/00 - /07 | Data Inputs/Outputs 2& 12 %o
Vo0 D 13 2
NC No Connect 141516171819201 vor
Notes: 0s 12 3456
1. PLCC package pin 30 is a DON’T GND
CONNECT.

2. To upgrade to the 1-Mbit 29C010,
pin3is A1S and pin 2 is A16.

ATMEL
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Block Diagram

vee DATA INPUTS/OUTPUTS
GND —— 1100 - 107
o 4444441414
OE —* . .
OF E CEANDWE DATA LATCH
WE —> LOGIC INPUT/OUTPUT
CE BUFFERS
—|  YDECODER Y-GATING
ADDRESS
INPUTS | ~ ] »|  CELLMATRIX
X DECODER
—»]

Device Operation

READ: The AT29C257 is accessed like a static RAM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

BYTE LOAD: A byte load is performed by applying a low
pulse on the WE or CE input with CE or WE low (respectively)
and OE high. The address is latched on the falling edge of CE or
WE, whichever occurs last. The data is latched by the first rising
edge of CE or WE. Byte loads are used to enter the 64 bytes of
a page to be programmed or the software codes for data protec-
tion and chip erasure.

PROGRAM: The device is reprogrammed on a page basis. If
a byte of data within a page is to be changed, data for the entire
page must be loaded into the device. Any byte that is not loaded
during the programming of its page will be erased to read FFh.
Once the bytes of a page are loaded into the device, they are
simultaneously programmed during the internal programming
period. After the first data byte has been loaded into the device,
successive bytes are entered in the same manner. Each new byte
1o be programmed must have its high to low transition on WE
(or CE) within 150 ps of the low to high transition of WE (or
CE) of the preceding byte. If a high to low transition is not de-
tected within 150 ps of the last low to high transition, the load
period will end and the internal programming period will start.
A6 to Al4 specify the page address. The page address must be
valid during each high to low transition of WE (or CE). A0 to
AS specify the byte address within the page. The bytes may be
loaded in any order; sequential loading is not required.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C257. Once the
software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the

16

user; when shipped from Atmel, the software data protection
feature is disabled. To enable the software data protection, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin each
program cycle in order for the programs to occur. All software
program commands must obey the page program timing speci-
fications. Once set, the software data protection feature remains
active unless its disable command is issued. Power transitions
will not reset the software data protection feature, however the
software feature will guard against inadvertent program cycles
during power transitions.

Once set, software data protection will remain active unless the
disable command sequence is issued.

After setting SDP, any attempt to write to the device without the
three-byte command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE. The 64 bytes of data must be loaded into each sector by
the same procedure as outlined in the program section under de-
vice operation.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C257 in the
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Ve sense level, the device
will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of

continued on next page
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Device Operation (Continued)

less than 15 ns (typical) on the WE or CE inputs will not initiate
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer and may be ac-
cessed by a hardware or software operation. For details, see Op-
erating Modes or Software Product Identification.

DATA POLLING: The AT29C257 features DATA polling to
indicate the end of a program cycle. During a program cycle an
attempted read of the last byte loaded will result in the comple-
ment of the loaded data on 1/07. Once the program cycle has
been completed, true data is valid on all outputs and the next

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature...................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 VtoVcc +0.6 V
Voltage on OE

with Respect to Ground ................. -0.6 Vto +13.5V

Pin Capacitance (f=1MHz, T=25C)®"

cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C257
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Cout 8 12 pF Vout =0V

Note: 1. This parameter is characterized and is not 100% tested.

AIMEL 1
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D.C. and A.C. Operating Range

AT29C257-90 AT29C257-12 AT29C257-15 AT29C257-20 AT29C257-25
Operating Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
Temperature (Case) ng. -40°C -85°C  -40°C-85°C  -40°C-85°C  -40°C - 85°C
Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10% 5V+10%
Operating Modes
Mode CE OE WE Al 110
Read ViL ViL ViH Ai Dout
Program® Vi ViH ViL Ai DIN
5V Chip Erase ViL VIH ViL Ai
Standby/Write Inhibit ViH x(M X X High Z
Write Inhibit X X VIH
Write Inhibit X ViL X
Output Disable X ViH X High Z
High Voltage Chip Erase ViL vy @ ViL X High Z
Product Identification
harg v v A1-A14:0\2L\,/'t\9 =VH.  Manufacturer Code®
ardware L ViL IH
Al .AMA:o\QL\’/,ﬁg =VH. Device Code®®
A0 =V, @
Software® IL Man.ufactu re r( 4()DOde
A0 =V Device Code
Notes: 1. X can be V. or Viip. 4. Manufacturer Code: 1F, Device Code: DC

2. Refer to A.C. Programming Waveforms.
3. Vg=120V05V.

5. See details under Software Product Identification Entry/Exit.

D.C. Characteristics

Symbol  Parameter Condition Min Max Units
1L Input Load Current VIN=0VtoVcc 10 HA
ILo Output Leakage Current Vio=0VtoVcc 10 pA
IsB1 Vcce Standby Current CMOS CE = Vce-0.3V to Ve 300 A
IsB2 Ve Standby Current TTL CE=2.0VtoVce 3 mA
Icc Vcc Active Current f=5 MHz; lout = 0 mA 50 mA
ViL Input Low Voltage 0.8 V
VIH Input High Voltage 2.0 \'
VoL Output Low Voltage loL=2.1 mA .45 \
VOH1 Output High Voltage loH = -400 pA 24 \Y
VoH2 Output High Voltage CMOS loH = -100 pA; Vcc = 4.5V 4.2 Vv

18
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A.C. Read Characteristics

AT29C257- | AT29C257- | AT29C257- | AT29C257- | AT29C257-
90 12 15 20 25
Symbol | Parameter Min Max Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 90 120 150 200 250 ns
tce " | CE to Output Delay 90 120 150 200 250 ns
toe @ | OE to Output Delay 0 40 | 0 5 |0 70| 0 8 | 0 100 ns
tor ®Y |CEorOEtoOutputFloat | 0 25 | 0 30 | 0 40 | 0 50 | 0 60 ns
Output Hold from OE, CE
toH or Address, whichever 0 0 0 0 0 ns
occurred first

A.C. Read Waveforms

ADDRESS >{_ ADDRESS VALID <

CE N\

1CE —~
] {OE —~
OE
le-tDF
e tACC— ] tOH
OUTPUT HIGHZ / OUTPUT
. VALID

Notes:

1. CE may be delayed up to tacc - IcE after the address transition

w_ithout impact on tacc.

2. OE may be delayed up to tcE - to after the falling edge

(CL=5pF).
4. This parameter is characterized and is not 100% tested.

of CE without impact on tcg or by tacc - toE after an address

change without impact on tacc.

Input Test Waveforms and
Measurement Level

3.0V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
R, tF< 5 ns

Output Test Load

5.0V

OUTPUT

1.3K

L

ATmEL

PIN

100pF

3. tpris specified from OE or CE whichever occurs first

19




A.C. Byte Load Characteristics

AlmEL

Symbol Parameter Min Max Units
tas, toES Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
cs Chip Select Set-up Time 0 ns
tCH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 90 ns
tDs Data Set-up Time 50 ns
tDH,1OEH Data, OE Hold Time 0 ns
twPH Write Pulse Width High 100 ns
A.C. Byte Load Waveforms- WE Controlled
OE N N
tOES {OEH
ADDRESS >4 >
e
tAS l.—tAH

CE tCH

L TiCs

WE N KX

tWPH
tWP.
DATA IN

rtDS——

A.C. Byte Load Waveforms- CE Controlled

20

|~——tDH —j

OE A

tOES tOEH
ADDRESS X X
L TIAS | |—tAH
WE tCH
L ~tcs
CE N KX

tWPH
tWP.

DATA IN

AT29C257

['tDS——

|~——tDH ——-]>—
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tAs Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tos Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 90 ns
iBLC Byte Load Cycle Time 150 us
twPH Write Pulse Width High 100 ns

Program Cycle Waveforms

i

. tWPH tBLC
e VR w R Wand
== tDH
/L.
XX ) .
/é__
A6-A14 X X g
/L_.
oatn X X X
BYTEO BYTE1 BYTE2 BYTE 62 BYTE 63
c—

Notes: A6 through A14 must specify the page address during each high to
low transition of WE (or CE).
OE must be high when WE and CE are both low.
All bytes that are not loaded within the page being programmed
will be erased to FF.

AlmEL
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Software Data o
Protection Enable Algorithm

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO

ADDRESS 2AAA

LOAD DATA A0
TO

ADDRESS 5555 @

WRITES ENABLED

i
LOAD DATA

TO @) ENTER DATA
PAGE (64 BYTES) PROTECT STATE

Notes for software program code:
1. Data Format: 1/07 - /OO0 (Hex);
Address Format: A14 - A0 (Hex).
2. Data Protect state will be activated at end of program cycle.

3. Data Protect state will be deactivated at end of program period.

4. 64 bytes of data must be loaded.

Software Data "
Protection Disable Algorithm

Software Protected Program Cycle Waveform

LOAD DATA AA

ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

]
LOAD DATA 80

TO
ADDRESS 5555

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO

ADDRESS 2AAA

LOAD DATA 20
TO
ADDRESS 5555

EXIT DATA

PROTECT STATE

LOAD DATA

PAGE (64 BYTES) (4

)

g
OE
_
ce NSNS
wE tWR  tWPH , tBLC[;:’\l ,
thS ~ tDH
g
AO-A5 X;YTE ADDRESS )( ,
5555
//._
A6-A14 A PAGE ADDRESS ,
/;
DATA XM>[55“A°X
BYTE 0 BYTE 62 BYTE 63
—twCc—

Notes: 1. A6 through A14 must specify the page address during each high to low
transition of WE (or CE) after the software code has been entered.

2. OE must be high when WE and CE are both low.

3. All bytes that are not loaded within the page being programmed will

be erased to FF.

AT29C257
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Data Polling Characteristics”’

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 0 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
twR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.
Data Polling Waveforms
WE
—
CE SN\
tOEH
OE T N\ /T \
iDH — }
- FOE higHz S—{WR
1107 \ / \_/‘//
/L
A0-A14 An X an X an T Aan X A
7/
. s oee (1
Toggle Bit Characteristics”
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 0 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
tOEHP OE High Pulse 150 ns
tWR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See tog spec in A.C. Read Characteristics.

Toggle Bit Waveforms
WE

tWR

Notes:

1. Toggling either OE or CE or both OE and CE will operate toggle bit.
2. Beginning and ending state of I/O6 will vary.

3. Any address location may be used but the address should not vary.

ATmEL
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Software Product

Identification Entry ©’

LOAD DATA AA
TO
ADDRESS 5555

]
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 90
TO
ADDRESS 5555

PAUSE 10 mS ENTER PRODUCT

IDENTIEIGATION
MODE &%

Notes for software product identification:
1. Data Format: I/O7 - /OO (Hex);
Address Format: A14 - A0 (Hex).
2. Al1-Al4=VyL.
Manufacture Code is read for A0 = Vi,
Device Code is read for A0 = Viu.
3. The device does not remain in identification mode if
powered down.
4. The device returns to standard operation mode.
5. Manufacturer Code: 1F
Device Code: DC

24 AT 29 C 25 7 s
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Software Product

Identification Exit

(O]

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA FO

ADDRESS 5555

PAUSE 10 mS

EXIT PRODUCT
IDENTIFICATION
mopEe @)
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00— QON=——mF 0=z

O0—- AOeN-—-—-—mJFI~0=

NORMALIZED SUPPLY CURRENT vs.

e TEMPERATURE
) [ N
1.3 ] ‘:
1.2 :
]
1.1 \\ l'
1.0 \\ q
0.9 \\‘ (I:
0.8 —~ ¢
"% 35 £ 65 g5 125

Temperature (C)

NORMALIZED SUPPLY CURRENT vs.
ADDRESS FREQUENCY

—
ol |
09 | 4/
L~

/ Vec=5

0.8] T-=25C
,
0.7
5

Frequency (MHz)

ATmEL

NORMALIZED SUPPLY CURRENT vs.
SUPPLY VOLTAGE

Supply Voltage (V)
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Ordering Information

tacc Icc (mA) ]
Ordering Code Package Operation Range
(ns) Active Standby g 9 P : 9
90 80 0.3 AT29C257-90JC 32J Commercial
(0° to 70°C)
120 80 0.3 AT29C257-12JC 32J Commercial
(0° to 70°C)
AT29C257-12J1 324 Industrial
(-40° to 85°C)
150 80 0.3 AT29C257-15JC 32J Commercial
(0° to 70°C)
AT29C257-15J1 32J Industrial
(-40° to 85°C)
200 80 0.3 AT29C257-20JC 32J Commercial
(0° to 70°C)
AT29C257-20JI 32J Industrial
(-40° to 85°C)
250 80 0.3 AT29C257-25JC 32J Commercial
(0° to 70°C)
AT29C257-25J1 32J Industrial
(-40° to 85°C)

Package Type
32J l 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)

26 AT 29 C 25 7 s
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Features

* Fast Read Access Time - 90 ns

* Five-Volt-Only Reprogramming

¢ Sector Program Operation
Single Cycle Reprogram (Erase and Program)
512 Sectors (128 bytes/sector)
Internal Address and Data Latches for 128 Bytes

¢ Internal Program Control and Timer
* Hardware and Software Data Protection 512K (64K X 8)
¢ Fast Sector Program Cycie Time - 10 ms
* DATA Polling for End of Program Detection 5-VolIt Only
* Low Power Dissipation
50 mA Active Current
100 nA CMOS Standby Current CMOS FlaSh
* High Reliability CMOS Technology PEROM

1000 Program Cycles per Sector
10-Year Data Retention

¢ Single 5V +10% Supply
¢ CMOS and TTL Compatible Inputs and Outputs
¢ Full Military, Commercial, and Industrial Temperature Ranges

Description

The AT29C512 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its 512K of memory is organized as 65,536 words by 8 bits. Manufactured
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 90 ns
with power dissipation of just 275 mW over the commercial temperature range. When the
device is deselected, the CMOS standby current is less than 100 pA.

continued on next page

: : H DIP Top View
Pin Configurations P
——
NC O 1 32 B Vec
- - NC O 2 31 b WE
Pin Name Function A5 3 30 @ NC
A2 4 29 p At4
A0 - A15 | Addresses ard s 28 b A13
=F . A6 6 27 h A8
E Chip Enable Asd 7 26 0 A9
OE Output Enable Ad O 8 25 p AN
— A3g 9 24 b OE
WE Write Enable A2 g 10 23 [ A0
At d 1 22 p CE
1/00 - /07 | Data Inputs/Outputs Ao d 12 21 p o7
oo d 13 20 b 106
NC No Connect o1 d 14 19 f 105
o2 d 15 18 b 104
GND d 16 17 p 103
PLCC and LCC Top View
A12 NC Vcc NC TSOP Top View
A15 NC WE
Type 1
A1 d b OE
2080 ', 24,6 a0 £
A8 A13 E 4 3 %0 29 g o7 CE
A14 = 5 28 =} /06
22N gs 27 B 08
WE o8, 7 2% B . vos
[ = I 240 B GND
A15 E 10 1 22 3 g voz /{e]]
A2 § 12 21 B oo
A7 pe g 1413 2049 b a1 A0
AS ad 1615 817 B a3 A2

Note: PLCC package pin 30
is a DON'T CONNECT.
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29C512 does not require high input voltages for program-
ming. Five-volt-only commands determine the operation of the
device. Reading data out of the device is similar to reading from
an EPROM. Reprogramming the AT29C512 is performed on a
sector basis; 128 bytes of data are loaded into the device and
then simultaneously programmed.

Block Diagram

During a reprogram cycle, the address locations and 128 bytes
of data are internally latched, freeing the address and data bus
for other operations. Following the initiation of a program cycle,
the device will automatically erase the sector and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of I/O7. Once
the end of a program cycle has been detected, a new access for
aread or program can begin.

VCC DATA INPUTS/OUTPUTS

GND ——» /100 - VO7
o [TYYIYYY
OE —* - I

e —] OF, CE AND WE DATA LATCH
o= LOGIC INPUT/OUTPUT
CE —* BUFFERS

— Y DECODER Y-GATING
ADDRESS |
INPUTS i CELL MATRIX
X DECODER

—

Device Operation

READ: The AT29C512 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

BYTE LOAD: Byte loads are used to enter the 128 bytes of a
sector to be programmed or the software codes for data protec-
tion. A byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

PROGRAM: The device is reprogrammed on a sector basis. If
a byte of data within a sector is to be changed, data for the entire
sector must be loaded into the device. Any byte that is not
loaded during the programming of its sector will be erased to
read FFh. Once the bytes of a sector are loaded into the device,
they are simultaneously programmed during the internal pro-
gramming period. After the first data byte has been loaded into
the device, successive bytes are entered in the same manner.
Each new byte to be programmed must have its high to low tran-
sition on WE (or CE) within 150 pis of the low to high transition
of WE (or CE) of the preceding byte. If a high to low transition
is not detected within 150 ps of the last low to high transition,
the load period will end and the internal programming period
will start. A7 to A15 specify the sector address. The sector ad-
dress must be valid during each high to low transition of WE (or
CE). A0 to A6 specify the byte address within the sector. The

bytes may be loaded in any order; sequential loading is not re-
quired.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C512. Once the
software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the
user; when shipped from Atmel, the software data protection
feature is disabled. To enable the software data protection, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin each
program cycle in order for the programs to occur. All software
program commands must obey the sector program timing spec-
ifications. Once set, the software data protection feature remains
active unless its disable command is issued. Power transitions
will not reset the software data protection feature, however the
software feature will guard against inadvertent program cycles
during power transitions.

Once set, software data protection will remain active unless the
disable command sequence is issued.

After setting SDP, any attempt to write to the device without the
three-byte command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.

continued on next page
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Device Operation (Continued)

The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE. The 128 bytes of data must be loaded into each sector by
the same procedure as outlined in the program section under de-
vice operation.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C512 in the
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of
less than 15 ns (typical) on the WE or CE inputs will not initiate
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C

Storage Temper. .-65°C to +150°C

wrage

ature ...

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 VtoVcc +0.6 V
Voltage on OE

with Respect to Ground ................. -0.6Vto +13.5V

Pin Capacitance (f=1MHz, T=257C)®"

board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29C512 features DATA polling to
indicate the end of a program cycle. During a program cycle an
attempted read of the last byte loaded will result in the comple-
ment of the loaded data on 1/0O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C512
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF ViIN=0V
Cout 8 12 pF Vour=0V

Notes: 1. This parameter is characterized and is not 100% tested.
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D.C. and A.C. Operating Range

AT29C512-90 AT29C512-12 AT29C512-15 AT29C512-20
) Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
e (Case)  Ind. 40°C-85°C __ -40°C-85°C____ -40°C-85°C ___ -40°C-85°C
Mil. -55°C - 125°C -55°C - 125°C -55°C - 125°C
Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10%
Operating Modes
Mode CE OE WE Ai /0
Read ViL ViL VIH Ai Dout
Program(z) ViL VIH ViL Ai DIN
5V Chip Erase ViL VIH ViL Ai
Standby/Write Inhibit ViH x( X X High Z
Program Inhibit X X VIH
Program Inhibit X ViL X
Qutput Disable X ViH X High Z

Product Identification

A1-A1S = Vi, A9 - Vi, Manufacturer Code
Hardware Vi ViL ViH ATATS AS = X'; )
R e Vi H, Device Code(¥
Software'® Ao=Vi Man‘ufacture 1; f):ode(“)
A0 = ViH Device Code
Notes: 1. X can be Vi or Vin. 4. Manufacturer Code: 1F, Device Code: SD
2. Refer to A.C. Programming Waveforms. 5. See details under Software Product Identification Entry/Exit.
3. V=120V 05V
D.C. Characteristics
Symbol  Parameter Condition Min Max Units
1Ll Input Load Current VIN=0VtoVce 10 pA
Lo Output Leakage Current Viro=0Vto Vce 10 uA
IsB1 Vce Standby Current CMOS CE =Vce-0.3Vto Vee Com. 100 a
Ind., Mil. 300 UA
IsB2 Vce Standby Current TTL CE =20Vto Vce 3 mA
Icc Vcc Active Current f=5MHz; lout = 0 mA 50 mA
VL Input Low Voltage 0.8 Vv
VIH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL=2.1mA .45 \
VOH1 Output High Voltage loH = -400 pA 2.4 \Y
VOH2 Output High Voltage CMOS loH =-100 uA; Vcc =45V 4.2 \Y
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A.C. Read Characteristics

AT29C512-90 | AT29C512-12 | AT29C512-15 | AT29C512-20
Symbol | Parameter Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 90 120 150 200 ns
tce | CE to Output Delay 90 120 150 200 ns
tor ® | OE to Output Delay 0 40 0 50 0 70 0 80 ns
tor @4 | CE or OF to Output Float 0 25 0 30 0 40 0 50 ns

Output Hold from OE, CE
toH or Address, whichever 0 0 0 0 ns
occurred first

A.C. Read Waveforms

ADDRESS X ADDRESS VALID
CE AN
{CE ——=
—_ {OE —
OE
- tDF
l— tACC tOH
OUTPUT HIGH Z OuTPUT
VALD

Notes:

1. CE may be delayed up to tacc - tcg after the address transition

without impact on tacc.
OE may be delayed up to tcg - toE after the falling edge

of CE without impact on tcg or by tacc - toE after an address
change without impact on tacc.

2.

Input Test Waveforms and
Measurement Level

3.0V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
R, lF< 5ns

3. tpris specified from OE or CE whichever occurs first
(CL=5pF).

4. This parameter is characterized and is not 100% tested.

Output Test Load
5.0V

OUTPUT

PIN

1.3K 100pF

AIMEL
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A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toES Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 90 ns
tos Data Set-up Time 50 ns
tDH,tOEH Data, OE Hold Time 0 ns
twPH Write Pulse Width High 100 ns
A.C. Byte Load Waveforms- WE Controlled
OE A
tOES tOEH
ADDRESS X
TIAST| |—tAH

CE tCH

o N

WE N KX

tWPH
tWP
DATA IN

l—~tDS-—

——tDH T

A.C. Byte Load Waveforms- CE Controlled

32

OE

ADDRESS >

DATA

— [tOES’] ’HEH h
< X
tAS | tAH
% tCH
~icS T
N KX
tWPH

IN

tWP-

!'tDS—-

——tDH ——1
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tbs Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 90 ns
tBLC Byte Load Cycle Time 150 us
tWPH Write Pulse Width High 100 ns

Program Cycle Waveforms
OE

j

A0-A6 X X :
/l_.
A7-A15 X g
/___

DATA X X X
BYTEO BYTE1 BYTE 2 BYTE 126 BYTE 127 /L—
—twc—

Notes: A7 through A15 must specify the sector address during each high to
low transition of WE (or CE).
OE must be high when WE and CE are both low.
All bytes that are not loaded within the sector being programmed
will be erased to FF.

AlmEL



Software Data o
Protection Enable Algorithm

AImEL

Software Data "
Protection Disable Algorithm

LOAD DATA AA LOAD DATA AA
TO TO
ADDRESS 5555 ADDRESS 5555
LOAD DATA 55 LOAD DATA 55
TO TO
ADDRESS 2AAA ADDRESS 2AAA
i ]
LOAD DATA A0 LOAD DATA 80
TO TO
ADDRESS 5555 WRITES ENABLED @ ADDRESS 5555
LOAD DATA LOAD DATA AA
TO (@) | ENTERDATA TO
SECTOR (128 BYTES) ' | PROTECT STATE ADDRESS 5555
i
LOAD DATA 55
Notes for software program code: TO
1. Data Format: 1/O7 - I/OO (Hex); ADDRESS 2AAA
Address Format: A14 - A0 (Hex).
2. Data Protect state will be activated at end of program cycle. LOAD%? TA 20
3. Data Protect state will be deactivated at end of program period. ADDRESS 5555
4. 128 bytes of data MUST BE loaded. 1]
LOAD DATA

SECTOR (128 BYTES) @

Software Protected Program Cycle Waveform

Notes:

34

EXIT DATA
PROTECT STATE

!

T

JRRR

. tWPH tBLC
WE

1 tDH
AO-A6 )@YTE ADDRESS )(

5555
A7-A15 Xsecmn ADDRESS
tDS

DATA X AA 55 A0 X X

BYTE O

AT through A15 must specify the sector address during each high to low
transition of WE (or CE) after the software code has been entered.

OE must be high when WE and CE are both low.

All bytes that are not loaded within the sector being programmed
will be erased to FF.

AT29C512

BYTE 126

BYTE 127

—twC—

!
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Data Polling Characteristics"’

Symbol Parameter Min Typ Max Units
{DH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® 100 ns
twR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.
Data Polling Waveforms
‘—W—'E— I/II
Toggle Bit Characteristics”
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
toEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms

WE /

tWR

Notes:

1. Toggling either OE or CE or both OE and CE will operate toggle bit.
2. Beginning and ending state of /06 will vary.

3. Any address location may be used but the address should not vary.

ATmEY




Software Product

Identification Entry

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

]
LOAD DATA 90
TO

ADDRESS 5555

PAUSE 10 mS ENTER PRODUCT

IDENTIFIGATION
MoDE @)

Notes for software product identification:
1. Data Format: I/O7 - I/OO (Hex);
Address Format: A14 - AO (Hex).
2. A1-Al15=ViL.
Manufacture Code is read for A0 = Vi,
Device Code is read for A0 = Vin.
3. The device does not remain in identification mode if
powered down.
. The device returns to standard operation mode.
. Manufacturer Code: 1F
Device Code: 5D

WA

36 /AT 29 C 512 s
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Software Product

Identification Exit

O]

LOAD DATA AA
TO
ADDRESS 5555

]
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA FO
TO
ADDRESS 5555

PAUSE 10 mS

EXIT PRODUCT
IDENTIFICATION
MoDE 4
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
e TEMPERATURE e SUPPLY VOLTAGE
N N
HRETA : e
T2 \ T " r
1
i 1.1 \\ l: 1.0
; 1.0 \‘\ : o8 /
(': 0.9 \‘ (I:
¢ 0.8 \ ¢ 0.6
-55 -25 35 65 95 125 "450 475 5.00 5.25 550
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.
ADDRESS FREQUENCY

1.1

N
0 /
r
m 1.0
a
I /
i
0.9 -
4
[ /
d / Vee =5
0.8] T =25C
1 -
c
c
0.7

Frequency (MHz)
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Ordering Information

tacc Icc (mA) . .
Ordering Code Package Operation Range
(ns) Active Standby 9 g P 9
90 50 0.1 AT29C512-90DC 32D6 Commercial
AT29C512-90JC 32J (0° to 70°C)
AT29C512-90PC 32P6
90 50 0.3 AT29C512-90DI 32D6 Industrial
AT29C512-90JI 32J (-40° to 85°C)
AT29C512-90PI 32P6
120 50 0.1 AT29C512-12DC 32D6 Commercial
AT29C512-12JC 32J (0° to 70°C)
AT29C512-12PC 32P6
AT29C512-12TC 32T
120 50 0.3 AT29C512-12DI 32D6 Industrial
AT29C512-12JI 32J (-40° to 85°C)
AT29C512-12PI 32P6
AT29C512-12DM 32D6 Military
(-55°C to 125°C)
AT29C512-12DM/883 32D6 Military/883C

Class B, Fully Compliant
(-55°C to 125°C)

150 50 0.1 AT29C512-15DC 32D6 Commercial
AT29C512-15JC 32J (0° to 70°C)
AT29C512-15PC 32P6
AT29C512-15TC 32T

150 50 0.3 AT29C512-15DI 32D6 Industrial
AT29C512-15J1 32J (-40° to 85°C)
AT29C512-15PI 32P6
AT29C512-15DM 32D6 Military

(-55°C to 125°C)

AT29C512-15DM/883 32D6 Military/883C

Class B, Fully Compliant
(-55°C to 125°C)

200 50 0.1 AT29C512-20DC 32D6 Commercial
AT29C512-20JC 32J (0° to 70°C)
AT29C512-20PC 32P6

200 50 0.3 AT29C512-20DI 32D6 Industrial
AT29C512-20JI 32J (-40° to 85°C)
AT29C512-20PI 32P6
AT29C512-20DM 32D6 Military

(-55°C to 125°C)

AT29C512-20DM/883 32D6 Military/883C

Class B, Fully Compliant
(-565°C to 125°C)
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Ordering Information

Package Type
32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)
32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
327 32 Lead, Thin Small Outline Package (TSOP)

AlmEL

39



AIMEL

A T729/C'5 "1 2 1



————————ssssssssssssm A T29C010

Features

e o o o o

Fast Read Access Time - 90 ns
Five-Volt-Only Reprogramming
Sector Program Operation
Single Cycle Reprogram (Erase and Program)
1024 Sectors (128 bytes/sector)
Internal Address and Data Latches for 128 Bytes
Internal Program Control and Timer
Hardware and Software Data Protection
Fast Sector Program Cycle Time - 10 ms
DATA Polling for End of Program Detection
Low Power Dissipation
50 mA Active Current
100 pA CMOS Standby Current
High Reliability CMOS Technology
1000 Program Cycles per Sector
10-Year Data Retention
Single 5 V +10% Supply
CMOS and TTL Compatible Inputs and Outputs
Full Military, Commercial, and Industrial Temperature Ranges

Description

The AT29CO010 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its one megabit of memory is organized as 131,072 words by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 90 ns with power dissipation of just 275 mW over the commercial temperature range.
When the device is deselected, the CMOS standby current is less than 100 pA.

continued on next page

A N . DIP Top View
Pin Configurations P
——
NC O 1 32 b Vec
- - A6 o 2 31 i WE
Pin Name  Function A5 0 3 30 p NC
A2 4 29 1 A14
AO - A16 | Addresses ard s 28 b A13
— - A6 6 27 p A8
E Chip Enable Asd 7 26 0 A9
OE Output Enable AdQ 8 25 0 At
— - A g o 24 b OF
WE Write Enable A2 d 10 23 i A10
A1 d 1 22 3 CE
1/00 - I1/07 | Data Inputs/Outputs A0 O 12 21 b o7
voo d 13 20 b 1106
NC No Connect ot d 14 19 b 105
o2 d 15 18 [ 1104
GND O 16 17 b 1103
PLCC and LCC Top View TSOP Top View
A12 A16 Vec NC Type 1
A15 NC WE
43 21323130 AT eJO T, %2, B a0 &
2 A8 At E 4 3 30 29 g o7 CE
Al4 3 = 5 28 p o6
—— NC g 6 27 B /05
WE 9 7 6 B 104
vce g 8 25 P 103
Ne 7 g e 24°0 B GND
A6 g 10 23 B 102
A15 g 1 22 =} o1
A!ZE 12 21 g /00
AT ped 1413 049 5 a1 A0
A5 ME 16 15 18 45 g Az A2

Note: PLCC package pin 30
is a DON’T CONNECT.

ATmEL

1 Megabit
(128K x 8)
5-Volt Only
CMOS Flash
PEROM
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29C010 does not require high input voltages for program-
ming. Five-volt-only commands dctermine the operation of the
device. Reading data out of the device is similar to reading from
an EPROM. Reprogramming the AT29C010 is performed on a
sector basis; 128 bytes of data are loaded into the device and
then simultaneously programmed.

Block Diagram

During a reprogram cycle, the address locations and 128 bytes
of data are internally latched, freeing the address and data bus
for other operations. Following the initiation of a program cycle,
the device will automatically erase the sector and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of I/07. Once
the end of a program cycle has been detected, a new access for
aread or program can begin.

VGG DATA INPUTS/OUTPUTS
GND —» /00 - 1107
- [TYYYIYY
OE — __ »
OE E CEANDWE DATA LATCH
WE —* LOGIC INPUT/OUTPUT
CE —»f BUFFERS
—!  YDECODER Y-GATING
ADDRESS
INPUTS > CELL MATRIX

—

X DECODER

Device Operation

READ: The AT29C010 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

BYTE LOAD: Byte loads are used to enter the 128 bytes of a
sector to be programmed or the software codes for data protec-
tion. A byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

PROGRAM: The device is reprogrammed on a sector basis. If
a byte of data within a sector is to be changed, data for the entire
sector must be loaded into the device. Any byte that is not
loaded during the programming of its sector will be erased to
read FFh. Once the bytes of a sector are loaded into the device,
they are simultaneously programmed during the internal pro-
gramming period. After the first data byte has been loaded into
the device, successive bytes are entered in the same manner.
Each new byte to be programmed must have its high to low tran-
sition on WE (or CE) within 150 us of the low to high transition
of WE (or CE) of the preceding byte. If a high to low transition
is not detected within 150 ps of the last low to high transition,
the load period will end and the internal programming period
will start. A7 to A16 specify the sector address. The sector ad-
dress must be valid during each high to low transition of WE (or
CE). A0 to A6 specify the byte address within the sector. The
bytes may be loaded in any order; sequential loading is not rc-
quired.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C010. Once the
software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the
user; when shipped from Atmel, the software data protection
feature is disabled. To enable the software data protection, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin cach
program cycle in order for the programs to occur. All software
program commands must obey the sector program timing spec-
ifications. Once set, the software data protection featurc remains
active unless its disable command is issued. Power transitions
will not reset the software data protection feature, however the
software feature will guard against inadvertent program cycles
during power transitions.

Once set, software data protection will remain active unless the
disable command sequence is issued.

After setting SDP, any attempt to write to the device without the
three-byte command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE. The 128 bytes of data must be loaded into each sector by

continued on next page
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Device Operation (Continued)
the same procedure as outlined in the program section under de-
vice operation.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C010 in the
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of
less than 15 ns (typical) on the WE or CE inputs will not initiaie
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.¢. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densitics and, with each

Absolute Maximum Ratings*

Temperature Under Bias................ -55°C to +125°C
Storage Temperature...................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6 Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 Vto Vcec +0.6 V
Voltage on OE

with Respect to Ground ................. -0.6Vto +135V

Pin Capacitance (f=1MHz, T=25C)"

density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29C010 features DATA polling to
indicate the end of a program cycle. During a program cycle an
attempted read of the last byte loaded will resalt in the comple-
ment of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C010
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I[/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire devicc may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Cout 8 12 pF Vout=0V

Note: 1. This parameter is characterized and is not 100% tested.
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D.C. and A.C. Operating Range

AT29C010-90 AT29C010-12 AT29C010-15 AT29C010-20
Operati Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
perating [ ) o ) o 0 o 0
Temperature (Case) Ind. -40°C -85°C -40°C - 85°C -40°C - 85°C -40°C -85°C
Mil. -55°C - 125°C -55°C - 125°C -55°C - 125°C
Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10%
Operating Modes
Mode CE OE WE Ai /10
Read ViL ViL VIH Ai Dout
Program(z) ViL VIH ViL Ai DiN
5V Chip Erase ViL VIH ViL Ai
Standby/Write Inhibit VIH x( X X High Z
Program Inhibit X X VIH
Program Inhibit X ViL X
Output Disable X VIH X High Z
Product Identification
A1-A16 = ViL, A9 = Vi, @ Manufacturer Code®
Hardware ViL ViL ViH Ausiy @
Al-A16 ?g'i’ \l,\ﬁ = Vh, Device Code®)
A0 =V, )
Software® IL Man'ufactu re r( f):ode
A0 = V4 Device Code
Notes: 1. X canbe Vo or V. 4. Manufacturer Code: 1F, Device Code: DS

2. Refer to A.C. Programming Waveforms.

3. Vu=120V+0.5V.

D.C. Characteristics

5. See details under Software Product Identification Entry/Exit.

Symbol Parameter Condition Min Max Units
LI Input Load Current ViN=0VtoVce 10 pA
ILo Qutput Leakage Current Viio=0VtoVce 10 pA
IsB1 Vcc Standby Current CMOS CE = Vce- 0.3V to Vee Com. 100 uA
Ind., Mil. 300 pA
IsB2 Ve Standby Current TTL CE=2.0VtoVce 3 mA
Icc Vcc Active Current f =5 MHz; louT = 0 mA 50 mA
ViL Input Low Voltage 0.8 \'
ViH Input High Voltage 2.0 \
VoL Output Low Voltage loL=2.1 mA .45 \
VOH1 Output High Voltage loH = -400 pA 2.4 \
VoHz2 Output High Voltage CMOS loH=-100 pA;Vcc =45V 4.2 \'
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A.C. Read Characteristics

AT29C010-90 | AT29C010-12 | AT29C010-15 | AT29C010-20
Symbol | Parameter Min Max Min Max Min Max | Min Max Units
tacc Address to Output Delay 90 120 150 200 ns
tce M | CE to Output Delay 90 120 150 200 ns
toe @ | OE to Output Delay 40 0 50 0 70 80 ns
tor @4 | CE or OE to Output Float 0 25 0 30 40 0 50 ns
Output Hold from OE, CE
toH or Address, whichever 0 0 0 0 ns
occurred first
A.C. Read Waveforms
ADDRESS 4 ADDRESS VALID g
CE \l 1
tCE —
[ tOE —=
OE
r—tDF
l—— tACC tOH
OUTPUT HIGH Z QUTPUT
VALID

Notes:

1. CE may be delayed up to tacc - tcE after the address transition

without impact on tacc.
2. OE may be delayed up to IcE - toE after the falling edge

of CE without impact on tcg or by tacc - tog after an address
change without impact on tacc.

Input Test Waveforms and
Measurement Level

3.0V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
IR, tF< S ns

3. tpris specified from OE or CE whichever occurs first
(CL=5pF).
4. This parameter is characterized and is not 100% tested.

Output Test Load

5.0V
1.8K
OUTPUT
PIN
1.3K 100pF

4
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A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toes Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tCH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 90 ns
tps Data Set-up Time 50 ns
tDH,1OEH Data, OE Hold Time 0 ns
twPH Write Pulse Width High 100 ns
A.C. Byte Load Waveforms- WE Controlled
OE A _.l
t0ES tOEH
ADDRESS > <
TIAST| —tAH

CE tCH

L TTICS |

WE ™ KX

tWPH
tWP
tDS—~| |~——1tDH
DATA IN <F
A.C. Byte Load Waveforms- CE Controlled
OE S
tOES tOEH
ADDRESS X
TAST| l—tAH

WE tCH

o TTICS |

CE KX

tWPH

46

tWP-

tDS —
DATA IN [(

-——tDH —;;

AT29C010 m————————




EEsssssssssssssss—————————eessssssssssss - A T29C010

Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
tAH _ Address Hold Time 50 ns
tos Data Set-up Time 50 ns
toH Data Hold Time 0 ns
twp Write Pulse Width 90 ns
tBLC Byte Load Cycle Time 150 us
twPH Write Pulse Width High 100 ns

Program Cycle Waveforms
OE

]

_ tWPH : IBLCH ,
WE /—‘\_H_/_/ —
~{ tDH
/;
AO-A6 X X p2 X g
A__
A7-A1
6 X =
DATA X XX~
BYTEO BYTE1 BYTE2 BYTE 126 BYTE 127
F—twCc—

Notes: A7 through A 16 must specify the sector address during each high to
low transition of WE (or CE).
OE must be high when WE and CE are both low.
All bytes that are not loaded within the sector being programmed
will be erased to FF.
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Software Data

Protection Enable Algorithm

AIMEL

Software Data N
Protection Disable Algorithm ¢

LOAD DATA AA LOAD DATA AA
TO
ADDRESS 5555 ADDRESS 5555
{ i
LOAD DATA 55 LOAD DATA 55
TO TO
ADDRESS 2AAA ADDRESS 2AAA
3 i
LOAD DATA A0 LOAD DATA 80
TO TO
ADDRESS 5555 WRITES ENABLED @ ADDRESS 5555
i
LOAD DATA LOAD DATA AA
TO (4) | ENTERDATA TO
SECTOR (128 BYTES) PROTECT STATE ADDRESS 5555
{
LOAD DATA 55
Notes for software program code: TOo
1. Data Format: /07 - /OO (Hex); ADDR%SS 2AAA
Address Format: A14 - AQ (Hex).
2. Data Protect state will be activated at end of program cycle. LOAD-%\ TA 20
3. Data Protect state will be deactivated at end of program period. ADDRESS 5555 EXIT DATA
4. 128 bytes of data MUST BE loaded. 1 PROTECT STATE
LOAD DATA
TO @
SECTOR (128 BYTES)

Software Protected Program Cycle Waveform

ES

B —

]

!

WE
tAS D
g
7
AO-A6 XBYTE ADDRESS X
2AAA 5555
/L_
A7-A16 SECTOR ADDRESS
tDS A
DATA X m s ka0 X XX p
BYTE 0 BYTE126  BYTE127
f—twc—

Notes: 1. A7 through A16 must specify the sector address during each high to low
transition of WE (or CE) after the software code has been entered.
2. OE must be high when WE and CE are both low.
3. All bytes that are not loaded within the sector being programmed

will be erased to FF.

a8 AT29C010
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Data Polling Characteristics"

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay'® ns
twRr Write Recovery Time 0 ns
Note: 1. These parameters are characterized and not 100% tested.
2. See tog spec in A.C. Read Characteristics.
Data Polling Waveforms
'—WE I///
—a
CE
OE ] ~
tDH -
tOE HIGH Z
1107
/L
A0-A16 Aan X an X a7 A X Ay
7
. T (!
Toggle Bit Characteristics
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay®® ns
tOEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms
WE s

tWR

Notes:

1. Toggling either OE or CE or both OE and CE will operate toggle bit.
2. Beginning and ending state of I/O6 will vary.

3. Any address location may be used but the address should not vary.

AlmEY

49



Software Product

Identification Entry

LOAD DATA AA
TO
ADDRESS 5555

i
LOAD DATA 55
TO
ADDRESS 2AAA

}
LOAD DATA 90
TO
ADDRESS 5555

PAUSE 10 mS ENTER PRODUCT

IDENTIFIGATION
mopE ?4)

Notes for software product identification:
1. Data Format: I/O7 - /OO (Hex);
Address Format: A14 - AO (Hex).
2. A1-Al16=ViL
Manufacture Code is read for A0 = Vi
Device Code is read for A0 = Vi
3. The device does not remain in identification mode if
powered down.
4. The device returns to standard operation mode.
5. Manufacturer Code: 1F
Device Code: DS

50 JA"T2/9/C 01 0 10—

AIMEL

Software Product

Identification Exit

)

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA FO

ADDRESS 5555

PAUSE 10 mS

EXIT PRODUCT
IDENTIFICATION
MoDEe 4
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NORMALIZED SUPPLY CURRENT vs. NORMALIZED SUPPLY CURRENT vs.
e TEMPERATURE e SUPPLY VOLTAGE
N N /
% 13 o
312 \ T " Y
1 ]
zi 1.1 \\ s
; 1.0 \‘\ ; 08 /
(': 0.9 ~— é
c .. ~—~— C
35 3s 35 65 95 125 AT) 475 5.00 5.5 550
Temperature (C) Supply Voltage (V)

NORMALIZED SUPPLY CURRENT vs.
ADDRESS FREQUENCY

N
o /
r
m 1.0
a
| /
' o9 ]
z
L] /
d / vee = 5y

08 T=25C
| =
c
c

0.7

0

Frequency (MHz)
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Ordering Information

tacc Icc (mA) A .
Ordering Code Package Operation Range
(ns) Active Standby 9 9 pera 9
90 50 0.1 AT29C010-90DC 32D6 Commercial
AT29C010-90JC 32J (0° to 70°C)
AT29C010-90LC 32L
AT29C010-90PC 32P6
AT29C010-90TC 32T
90 50 0.3 AT29C010-90D! 32D6 Industrial
AT29C010-90JI 32J (-40° to 85°C)
AT29C010-90LI 32L
AT29C010-90PI 32P6
120 50 0.1 AT29C010-12DC 32D6 Commercial
AT29C010-12JC 32J (0° to 70°C)
AT29C010-12LC 32L
AT29C010-12PC 32P6
AT29C010-12TC 32T
120 50 0.3 AT29C010-12DI 32D6 Industrial
AT29C010-12JI 32J (-40° to 85°C)
AT29C010-12LI 32L
AT29C010-12PI 32P6
AT29C010-12DM 32D6 Military
AT29C010-12LM 32L (-55°C to 125°C)
AT29C010-12DM/883 32D6 Military/883C
AT29C010-12LM/883 32L Class B, Fully Compliant
(-55°C to 125°C)
150 50 0.1 AT29C010-15DC 32D6 Commercial
AT29C010-15JC 324 (0° to 70°C)
AT29C010-15LC 32L
AT29C010-15PC 32P6
AT29C010-15TC 32T
150 50 0.3 AT29C010-15DI 32D6 Industrial
AT29C010-15J1 32J (-40° to 85°C)
AT29C010-15LI 32L
AT29C010-15PI 32P6
AT29C010-15DM 32D6 Military
AT29C010-15LM 32L (-55°C to 125°C)
AT29C010-15DM/883 32D6 Military/883C
AT29C010-15LM/883 32L Class B, Fully Compliant
(-55°C to 125°C)
200 50 0.1 AT29C010-20DC 32D6 Commercial
AT29C010-20JC 32J (0° to 70°C)
AT29C010-20LC 32L
AT29C010-20PC 32P6
200 50 0.3 AT29C010-20DI 32D6 Industrial
AT29C010-20JI 32J (-40° to 85°C)
AT29C010-20LI 32L
AT29C010-20P! 32P6
AT29C010-20DM 32D6 Military
AT29C010-20LM 32L (-55°C to 125°C)
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Ordering Information

ta‘csc): Actixl/zc (m;)andby Ordering Code Package Operation Range
200 50 0.3 AT29C010-20DM/883 32D6 Military/883C
AT29C010-20LM/883 32L Class B, Fully Compliant
(-55°C to 125°C)
Package Type

32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)

32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)

32L 32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)

32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

327 32 Lead, Thin Small Outline Package (TSOP)

AlmEL
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Features

Fast Read Access Time - 70 ns
* Five-Volt-Only Reprogramming
¢ Sector Program Operation
Single Cycle Reprogram (Erase and Program)
512 Sectors (128 words/sector)
Internal Address and Data Latches for 128 Words
Internal Program Control and Timer
Hardware and Software Data Protection
Fast Sector Program Cycle Time - 10 ms
DATA Polling for End of Program Detection
Low Power Dissipation
100 mA Active Current
400 pnA CMOS Standby Current
¢ High Reliability CMOS Technology
1,000 Erase/Program Cycles
10-Year Data Retention
¢ Single 5V +10% Supply
e CMOS and TTL Compatible Inputs and Outputs
¢ Full Military, Commercial, and Industrial Temperature Ranges

Description

The AT29C1024 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its one megabit of memory is organized as 65,536 words by 16 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 70 ns with power dissipation of just 550 mW. When the device is deselected, the
CMOS standby current is less than 400 pA.

To allow for simple in-system reprogrammability, the AT29C1024 does not require high input
voltages for programming. Five-volt-only commands determine the operation of the device.
Reading data out of the device is similar to reading from an EPROM. Reprogramming the

continued on next page
Pin Configurations
Pin Name Function
A0 - A15 Addresses
CE Chip Enable
OE QOutput Enable
WE Write Enable
Data
00 - 11015 Inputs/Outputs
NC No Connect
TSOP Top View
Type 1
PLCC and LCC Top View CC
NC 40 1 JJ 8 PB-— NC
1013 V015 NC VCC NC At4 a 0go 2 47 BOE o
V014 CE NC WE A5 ' oa2d % 45 B o
A3 g 5 44 B 02
s Mg w9 B9 o
1012 A13
11011 A2 A6 pc g8 s 04 g [o]e] o5
11010 A1 28 A7E 10 " 39 g 06 or
Vo9 A0 vss g 12 37 P vss
1108 A9 Ao g %y 36 . P 08
GND GND A10 g 14 a 35 B 0o °
NC NC A1 15 10
Vo7 A8 N B 2o B2 on
1106 A7 A13 g 18 31 b o2
105 5 16 30 { A6 A14 a5 G 90 19 0 55 B 014 O13
104 517 19 21 23 25 27 29 A5 NG wEd L o B =" o1s
18 20 22 24 26 28 oo WEd 2 2827 b CE Ne
/02 UQONC A1 A3 NC o 2428 cC 2 55 B NC
1103 /01 OE A0 A2 A4 B

AIMEL

AT29C1024

1 Megabit
(64K x 16)
5-Volt Only
CMOS Flash
PEROM

Preliminary
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Description (Continued)

AT29C1024 is performed on a sector basis; 128 words of data
are loaded into the device and then simultaneously
programmed.

During a reprogram cycle, the address locations and 128 words
of data are internally latched, freeing the address and data bus
for other operations. Following the initiation of a program cycle,

Block Diagram

the device will automatically erase the sector and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of 1/O7 or
1/015. Once the end of a program cycle has been detected, a
new access for a read or program can begin.

Vee DATA INPUTS/OUTPUTS
GND ——» /100 - /1015
- EEARAAAAAARARRAY
cE— __
e E, CEANDWE DATA LATCH
WE — LOGIC INPUT/OUTPUT
CE —» BUFFERS
5 —|  YDECODER Y-GATING
ADDRESS | __
INPUTS CELL MATRIX
X DECODER
—

Device Operation

READ: The AT29C1024 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

DATA LOAD: Data loads are used to enter the 128 words of
a sector to be programmed or the software codes for data protec-
tion. A data load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

PROGRAM: The device is reprogrammed on a sector basis. If
a word of data within a sector is to be changed, data for the
entire sector must be loaded into the device. Any word that is
not loaded during the programming of its sector will be erased
to read FFh. Once the words of a sector are loaded into the de-
vice, they are simultaneously programmed during the internal
programming period. After the first data word has been loaded
into the device, successive words are entered in the same man-
ner: Each new word to be programmed must have its high to low
transition on WE (or CE) within 150 ps of the low to high tran-
sition of WE (or CE) of the preceding word. If a high to low
transition is not detected within 150 ps of the last low to high
transition, the load period will end and the internal program-
ming period will start. A7 to A15 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). AO to A6 specify the word address within the

56

sector. The words may be loaded in any order; sequential load-
ing is not required.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C1024. Once the
software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the
user; when shipped from Atmel, the software data protection
feature is disabled. To enable the software data protection, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin each
program cycle in order for the programs to occur. All software
program commands must obey the sector program timing spec-
ifications. Once set, software data protection will remain active
unless the disable command sequence is issued. Power transi-
tions will not reset the software data protection feature, however
the software feature will guard against inadvertent program cy-
cles during power transitions.

After setting SDP, any attempt to write to the device without the
three-word command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-word command code
is given, a sector of data is loaded into the device using the sec-
tor programming timing specifications.

AT 20 C 102 7 000000000000
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Device Operation (Continued)

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C1024 in the
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of
less than 15 ns (typical) on the WE or CE inputs will not initiate
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for various Flash densities and, with each density’s
sector size in a memory map, have the system software apply the
appropriate sector size.

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature...................... -65°C to +150°C
All Input Voltages

{(inciuding N.C. Pins)

with Respect to Ground ................. -0.6Vto +6.25V

All Output Voltages
with Respect to Ground ............ -0.6 VtoVcc +0.6 V

Voltage on OE
with Respect to Ground ................. -0.6Vto+13.5V

Pin Capacitance (f=1MHz, T=257C)"

For details, see Operating Modes (for hardware opecration) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29C1024 features DATA polling
to indicate the end of a program cycle. During a program cycle
an attempted read of the last word loaded will result in the com-
plement of the loaded data on I/O7 and I/O15. Once the program
cycle has been completed, true data is valid on all outputs and
the next cycle may begin. DATA polling may begin at any time
during the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C1024
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in 1/06 and
1/014 toggling between one and zero. Once the program cycle
has completed, I/O6 and 1/014 will stop toggling and valid data
will be read. Examining the toggle bit may begin at any time
during a program cycle.

OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-word software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Cout 8 12 pF Vout=0V

Note: 1. This parameter is characterized and is not 100% tested.
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D.C. and A.C. Operating Range

AT29C1024-70  AT29C1024-90  AT29C1024-12 AT29C1024-15
) Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
R o re (Case) N0, 40°C-85°C _ -40°C-85°C  -40°C-85°C __ -40°C-85°C
Mil. -55°C - 125°C -55°C - 125°C
Vcc Power Supply 5V+10% 5V+10% 5V+10% 5V+10%
Operating Modes
Mode CE OE WE Ai /0
Read ViL ViL ViH Ai Dout
Program(z) VIL VIH ViL Ai DIN
5V Chip Erase ViL ViH ViL Ai
Standby/Write Inhibit ViH x( X X High Z
Program Inhibit X X VIH
Program Inhibit X ViL X
Qutput Disable X ViH X High Z

Product Identification

- - _ 3)
AT-A15 = ViL, A9 = Vi, Manufacturer Code

A0 =V,
Hardware Vic Vi Vi A1-A15 " Vi, AISLD =y, © Device Code*)
= VIH
Software'® A0 =ViL Man.ufacturelz Sode(‘”
A0 = Vi Device Code
Notes: 1. X canbe Vo or V. 4. Manufacturer Code: 1F, Device Code: 25
2. Refer to A.C. Programming Waveforms. S. See details under Software Product Identification Entry/Exit.
3. Vu=120V+0S5V.
D.C. Characteristics
Symbol  Parameter Condition Min Max Units
L) Input Load Current VIN=0VtoVcc 10 uA
ILo Output Leakage Current Vio=0VtoVce 10 A
- Com. 400 pA
IsB1 Vcce Standby Current CMOS CE =Vcc-0.3Vto Vce Ind.. M. 200 A
IsB2 Ve Standby Current TTL CE =2.0Vto Vcc 3 mA
Icc Vcc Active Current f=5MHz; louT=0mA 100 mA
ViL Input Low Voltage 0.8 \'
ViH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL=2.1mA .45 \
VOH1 Output High Voltage loH = -400 pA 2.4 \
VoH2 Output High Voltage CMOS loH=-100 pA;Vcc =45V 4.2 Vv
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A.C. Read Characteristics

AT29C1024-70 | AT29C1024-90 | AT29C1024-12 | AT29C1024-15
Symbol | Parameter Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 70 90 120 150 ns
tce (" |CEto Output Delay 70 90 120 150 ns
toe @ | OE to Output Delay 35 45 0 60 0 70 ns
tor @# | CE or OE to Output Float 0 25 0 25 0 30 0 40 ns
Output Hold from OE, CE
toH or Address, whichever 0 0 0 0 ns
occurred first

A.C. Read Waveforms

ADDRESS >{_ ADDRESS VALID <
CE W A
tCE
] e —
OE
- tDF

le— tACC — tOH

OUTPUT HIGHZ / OUTPUT
VALID

Notes:

1. CE may be delayed up to tacc - tck after the address transition

without impact on tacc.

2. OE may be delayed up to tcg - tog after the falling edge
of CE without impact on Icg or by tacc - tog after an address
change without impact on tacc.

Input Test Waveforms and
Measurement Level

3.0V
AC AC
DRIVING MEASUREMENT
LEVELS LEVEL
0.0V
R, tF< 5 ns

3. tpris specified from OE or CE whichever occurs first
(CL = 5pF).

4. This parameter is characterized and is not 100% tested.

Output Test Load
5.0V

1.8K
OUTPUT

L

1.3K 100pF

ATmEY
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A.C. Word Load Characteristics

Symbol Parameter Min Max Units
tas, tOES Address, OE Set-up Time 0 ns
taH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twe Write Pulse Width (WE or CE) 70 ns
tDs Data Set-up Time 50 ns
tDH, toEH Data, OE Hold Time 0 ns
twPH Wirite Pulse Width High 100 ns
A.C. Word Load Waveforms- WE Controlled
OE A
tOEéﬁ‘ tOEH
ADDRESS >4
L T1AST| —tAH
TiCS
WE J KXY
tWPH
tWP.
DATA IN

/{ftDS——

——tDHT

A.C. Word Load Waveforms- CE Controlled

60

OE -

tOES tOEH
ADDRESS

tAS | |—tAH
WE t tCH
L tCS ™|
cE J KX

tWPH
tWP

DATA IN

[thS—~

——1DH ——]
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tps Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 70 ns
twLe Word Load Cycle Time 150 us
twPH Write Pulse Width High 100 ns

Program Cycle Waveforms
OE

}

o {WPH WL
WE ‘
.
AO-A
0-A6 X X .
/;
A7-A15 X .
/L._
DATA X X X
WORD 0 WORD 1 WORD 2 WORD 126 WORD 127

twc—
Notes: A7 through A15 must specify the sector address during each high to
low transition of WE (or CE).
OE must be high when WE and CE are both low.
All words that are not loaded within the sector being programmed
will be erased to FF.

ATMEL



Software Data .
Protection Enable Algorithm

LOAD DATA AAAA
TO
ADDRESS 5555

LOAD DATA 5555
TO

ADDRESS 2AAA

]
LOAD DATA AOAO
TO

ADDRESS 5555

i
LOAD DATA

TO @
SECTOR (128 WORDS)

)

Notes for software program code:

1. Data Format: I/O1S - I/00 (Hex);
Address Format: A14 - AO (Hex).

2. Write Protect state will be activated at end of write period even
if no other data is loaded.

3. Write Protect state will be deactivated at end of write period
even if no other data is loaded.

4. 128 words of data MUST BE loaded.

ATMEL

WRITES ENABLED @

ENTER DATA
PROTECT STATE

Software Data y
Protection Disable Algorithm ¢

LOAD DATA AAAA

ADDRESS 5555

!
LOAD DATA 5555
TO
ADDRESS 2AAA

LOAD DATA 8080

ADDRESS 5555

LOAD DATA AAAA

ADDRESS 5555

LOAD DATA 5555
TO
ADDRESS 2AAA

]
LOAD DATA 2020
TO
ADDRESS 5555

EXIT DATA

PROTECT STATE

LOAD DATA XXXX
TO @
SECTOR (128 WORDS)

Software Protected Program Cycle Waveform

Notes:
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1.

OE ’
- tWR  tWPH tWL ,
WE
tAS tAH tDH
g
AO-A6 WORD ADDRESS
X X )
2AAA 5555
/;
A7-A15
A XSECTOR ADDRESS
g
DATA X AAAA 5555 AOAO X X X .
WORD 0 WORD 126  WORD 127
twc—

2. OE must be high when WE and CE are both low.

3.

AT29C1024

All words that are not loaded within the sector being programmed
will be erased to FF.

AT through A15 must specify the same page address during each high to low
transition of WE (or CElg_f_(cr the software code has been entered.
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Data Polling Characteristics”

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 0 ns
tOEH OE Hold Time 0 ns
toE OE to Output Delay® ns
tWR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See tog spec in A.C. Read Characteristics.
Data Polling Waveforms
WE 14—
—
CE
OE ] ~ /M
tDH
tOE  HIGHZ S tWR
1107 OR
11015
vy
7/
A0-A15 An X an X L, An < Any
. s e (1
Toggle Bit Characteristics”
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay® ns
tOEHP OE High Pulse 150 ns
tWR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.

2. See tog spec in A.C. Read Characteristics.

Toggle Bit Waveforms

WE

cE M\ TN

OE

1/06 OR
11014

Notes:

1. Toggling either OE or CE or both OE and CE will operate toggle bit.

2. Beginning and ending state of I/O6 and 1/014 may vary.

3. Any address location may be used but the address should not vary.

AIMEL
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Software Product

Identification Entry

LOAD DATA AAAA
TO
ADDRESS 5555

LOAD DATA 5555
TO
ADDRESS 2AAA

i
LOAD DATA 9090
TO
ADDRESS 5555

PAUSE 10 mS ENTER PRODUCT

IDENTIEICATION
MoDE 23

Notes for software product identification:
1. Data Format: 1/O15 - I/O0 (Hex);
Address Format: A14 - A0 (Hex).
2. A1-A15=ViL
Manufacture Code is read for AQ = Vi
Device Code is read for AO = Viu.
3. The device does not remain in identification mode if
powered down.
4. The device returns to standard operation mode.
5. Manufacturer Code: 1F
Device Code: 25

64 AT29C1024 messssssssss——
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Software Product

Identification Exit

@

LOAD DATA AAAA
TO

ADDRESS 5555

i
LOAD DATA 5555
TO
ADDRESS 2AAA

LOAD DATA FOFO
TO
ADDRESS 5555

PAUSE 10 mS

EXIT PRODUCT
IDENTIEICATION
MODE ¥
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T=25C

Frequency (MHz)
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NORMALIZED SUPPLY CURRENT vs.
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Ordering Information

tacc Icc (mA) . .
(ns) Active | Standby Ordering Code Package Operation Range
70 50 0.1 AT29C1024-70JC 44J Commercial
AT29C1024-70LC 441 (0° to 70°C)
AT29C1024-70TC 48T
70 50 0.3 AT29C1024-70J1 44J Industrial
AT29C1024-70LI 44L (-40° to 85°C)
AT29C1024-70TI 48T
90 50 0.1 AT29C1024-90JC 44 Commercial
AT29C1024-90LC 441 (0° to 70°C)
AT29C1024-90TC 48T
90 50 0.3 AT29C1024-90JI 44J Industrial
AT29C1024-90LI 44 (-40° to 85°C)
AT29C1024-90TI 48T
120 50 0.1 AT29C1024-12JC 44J Commercial
AT29C1024-12LC 441 (0° to 70°C)
AT29C1024-12TC 48T
120 50 0.3 AT29C1024-12J1 44J Industrial
AT29C1024-12LI 441 (-40° to 85°C)
AT29C1024-12TI 48T
AT29C1024-12LM 441 Military
(-55°C to 125°C)
150 50 0.1 AT29C1024-15JC 44 Commercial
AT29C1024-15L.C 441 (0° to 70°C)
AT29C1024-15TC 48T
150 50 0.3 AT29C1024-15JI 44J Industrial
AT29C1024-15LI 441 (-40° to 85°C)
AT29C1024-15TI 48T
AT29C1024-15LM 44L Military
(-55°C to 125°C)

Package Type
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 44 Lead, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
48T 48 Lead, Thin Small Outline Package (TSOP)
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Features

* Fast Read Access Time - 100 ns
¢ Five-Volt-Only Reprogramming
¢ Sector Program Operation
Single Cycle Reprogram (Erase and Program)
1024 Sectors (256 bytes/sector)
Internal Address and Data Latches for 256 Bytes
Internal Program Control and Timer
Hardware and Software Data Protection
2 - 16KB Boot Blocks with Lockout
Fast Sector Program Cycle Time - 10 ms
DATA Polling for End of Program Detection
Low Power Dissipation
50 mA Active Current
100 pA CMOS Standby Current
¢ High Reliability CMOS Technology
1000 Program Cycles per Sector
10-Year Data Retention
Single 5 V +10% Supply
CMOS and TTL Compatible Inputs and Outputs
¢ Fuli Military, Commercial, and Industrial Temperature Ranges

Description

The AT29C020 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its two megabits of memory is organized as 262,144 bytes by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 100 ns with power dissipation of just 275 mW over the commercial temperature range.
When the device is deselected, the CMOS standby current is less than 100 pA.

continued on next page

A = . DIP Top View
Pin Configurations P
———
NC O 1 32 P Vee
" " A6 2 31 b WE
Pin Name Function AMsd 3 30 p A17
A2 4 29 B A14
A0 - A17 | Addresses a7 d s 28 b A13
CE i A6 6 27 p A8
E Chip Enable asd 7 2% b Ao
OE Output Enable A 8 25 0 Al
— - A3d o 24 b OE
WE Write Enable A2 g 10 23 0 A10
A d 11 22 b CE
1/00 - 1/07 | Data Inputs/Outputs A0 12 21 b o7
voo d 13 20 [y 106
NC No Connect vo1 d 14 19 b 1105
102 o 15 18 p 104
GND O 16 17 p 1103
TSOP Top View
Type 1
A1 d 3 b 3
AQEO12 2313A10-——
A8 g 3 0° P CE
POLEE: K 2 2% B VO7 oo
—_A179 6 27 B Vo5
Weiec g s 7 % 5 B 103 04
NC g .9 24 B GND
mshied 10, 222 B 192,
A129 12 21 B oo
A7 A6 O 14 13 20 19 g At A0
AS AAE 16 15 847 B a3 A2

2 Megabit
(256K x 8)
5-Volt Only
CMOS Flash
PEROM

Preliminary
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29C020 does not require high input voltages for program-
ming. Five-volt-only commands determine the operation of the
device. Reading data out of the device is similar to reading from
an EPROM. Reprogramming the AT29C020 is performed on a
sector basis; 256 bytes of data are loaded into the device and
then simultaneously programmed.

»

Block Diagram

During a reprogram cycle, the address locations and 256 bytes
of data are internally latched, freeing the address and data bus
for other operations. Following the initiation of a program cycle,
the device will automatically erase the sector and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of I/O7. Once
the end of a program cycle has been detected, a new access for
aread or program can begin.

(Vole} DATA INPUTS/OUTPUTS
GND ——» /00 -Vo7
o (XXXXXXY
OE —* —— S
prus E CEANDWE DATA LATCH
0= LOGIC INPUT/OUTPUT
CE — BUFFERS
" Y DECODER i Y-GATING
ADDRESS q
INPUTS CELL MATRIX
X DECODER
—>
Device Operation

READ: The AT29C020 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

BYTE LOAD: Byte loads are used to enter the 256 bytes of a
sector to be programmed or the software codes for data protec-
tion. A byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

PROGRAM: The device is reprogrammed on a sector basis. If
abyte of data within a sector is to be changed, data for the entire
sector must be loaded into the device. Any byte that is not
loaded during the programming of its sector will be erased to
read FFh. Once the bytes of a sector are loaded into the device,
they are simultaneously programmed during the internal pro-
gramming period. After the first data byte has been loaded into
the device, successive bytes are entered in the same manner.
Each new byte to be programmed must have its high to low tran-
sition on WE (or CE) within 150 s of the low to high transition
of WE (or CE) of the preceding byte. If a high to low transition
is not detected within 150 ps of the last low to high transition,
the load period will end and the internal programming period
will start. A8 to A17 specify the sector address. The sector ad-
dress must be valid during each high to low transition of WE (or
CE). A0 to A7 specify the byte address within the sector. The

bytes may be loaded in any order; sequential loading is not re-
quired.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C020. Once the
software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the
user; when shipped from Atmel, the software data protection
feature is disabled. To enable the software data protcction, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin each
program cycle in order for the programs to occur. All software
program commands must obey the sector program timing spec-
ifications. Once set, the software data protection feature remains
active unless its disable command is issued. Power transitions
will not reset the software data protection feature, however the
software feature will guard against inadvertent program cycles
during power transitions.

After setting SDP, any attempt to write to the device without the
three-byte command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-byte command code is
given, a sector of data is loaded into the device using the sector
program timing specifications.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C020 in the
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Device Operation (Continued)

following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of
less than 15 ns (typical) on the WE or CE inputs will not initiate
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.c. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size ina memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29C020 features DATA polling to
indicate the end of a program cycle. During a program cycle an
attempted read of the last byte loaded will result in the comple-
ment of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C020
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature..................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6 Vio +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 VtoVcc +0.6 V
Voltage on OE

with Respect to Ground ................. -0.6Vto+13.5V

OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

BOOT BLOCK PROGRAMMING LOCKOUT: The
AT29C020 has two designated memory blocks that have a pro-
gramming lockout feature. This feature prevents programming
of data in the designated block once the feature has been en-
abled. Each of these blocks consists of 16K bytes; the program-
ming lockout feature can be set independently for either block.
While the lockout feature does not have to be activated, it can be
activated for either or both blocks.

These two 16K memory sections are referred to as boot blocks.
Secure code which will bring up a system can be contained in a
boot block. The AT29C020 blocks are located in the first 16K
bytes of memory and the last 16K bytes of memory. The boot
block programming lockout feature can therefore support sys-
tems that boot from the lower addresses of memory or the higher
addresses. Once the programming lockout feature has been ac-
tivated, the data in that block can no longer be erased or pro-
grammed; data in other memory locations can still be changed
through the regular programming methods. To activate the lock-
out feature, a series of seven program commands to specific ad-
dresses with specific data must be performed. Please see Boot
Block Lockout Feature Enable Algorithm.

If the boot block lockout feature has been activated on either
block, the chip erase function will be disabled.

BOOT BLOCK LOCKOUT DETECTION: A software
method is available to determine whether programming of ei-
ther boot block section is locked out. See Software Product
Identification Entry and Exit sections. When the device is in the
software product identification mode, a read from location
00002H will show if programming the lower address boot block
is locked out while reading location 1FFFFH will do so for the
upper boot block. If the data is FE, the corresponding block can
be programmed; if the data is FF, the program lockout feature
has been activated and the corresponding block cannot be pro-
grammed. The software product identification exit mode should
be used to return to standard operation.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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Pin Capacitance

AIMEL

(f=1MHz, T=25C)©®

Typ Max Units Conditions
CIN 4 6 pF ViN=0V
Cout 8 12 pF Vour=0V
Note: 1. This parameter is characterized and is not 100% tested.
D.C. and A.C. Operating Range
AT29C020-10 AT29C020-12 AT29C020-15 AT29C020-20
Operai Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C 0°C - 70°C
perating ) 0 ) ) ) ) &) )
Temperature (Case)  nd- -40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C
Mil. -55°C - 125°C -55°C - 125°C
Vcc Power Supply 5V+10% 5V+10% 5V +10% 5V+10%
Operating Modes
Mode CE OE WE Al /0
Read ViL ViL ViH Ai Dout
Program®® ViL VIH ViL Ai DIN
5V Chip Erase ViL ViH ViL Ai
Standby/Write Inhibit ViH x() X X High Z
Program Inhibit X X ViH
Program Inhibit X ViL X
Output Disable X VIH X High Z
Product Identification
A1-A17 = Vi, A9 = Vi, @ Manufacturer Code®
Hardware ViL Vi ViH A0 = ViL
A1-A1 7A=0\-/__|L\,/I»:9 = VH, Device Code“)
A0 =V )
Software® IL Man‘ufactu re r( f):ode
AO = Vi Device Code

Notes: 1. X canbe VL or V.
2. Refer to A.C. Programming Waveforms.

3. Vu=120V+05V.

4. Manufacturer Code: 1F, Device Code: DA
S. See details under Software Product Identification Entry/Exit.

D.C. Characteristics

Symbol Parameter Condition Min Max Units
ILI Input Load Current ViN=0VtoVcc 10 A
ILo Output Leakage Current Vio=0VtoVce 10 pA
IsB1 Vce Standby Current CMOS CE =Vcc-0.3Vto Vee Com. 100 uA
ind., Mil. 300 A
IsB2 Vce Standby Current TTL CE=2.0VtoVcc 3 mA
Icc Vcc Active Current f=5MHz; lout = 0 mA 50 mA
ViL Input Low Voltage 0.8 Vv
VIH Input High Voltage 2.0 \"
VoL Output Low Voltage loL=2.1 mA .45 \
VoH1 Output High Voltage loH = -400 pA 2.4 \
VoH2 Output High Voltage CMOS loH=-100 pA; Vcc =45V 4.2 Vv
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A.C. Read Characteristics

AT29C020-10 | AT29C020-12 | AT29C020-15 | AT29C020-20
Symbol | Parameter Min Max Min Max Min Max Min Max Units
tacc Address to Output Delay 100 120 150 200 ns
tce Y | CE to Output Delay 100 120 150 200 ns
toe @ | OE to Output Delay 0 50 50 0 70 0 80 ns
tor ¥ | CE or OE to Output Float 0 25 30 0 40 0 50 ns
Output Hold from OE, CE
toH or Address, whichever 0 0 0 ns
occurred first
A.C. Read Waveforms
ADDRESS X ADDRESS VALID Y
CE AN
tCE ——f
_ tOE —=
OE
= tDF
le— tACC ——» tOH
OUTPUT HIGH Z OUTPUT
VALID

Notes:

1.

2.

CE may be delayed up to tacc - IcE after the address transition
without impact on tacc.

OE may be delayed up to tcE - toE after the falling edge

of CE without impact on IcE or by tacc - toE after an address
change without impact on tacc.

Input Test Waveforms and

Measurement Level
3.0V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
R, LF< S ns

AIMEL

3. tpris specified from OE or CE whichever occurs first
(CL=5pF).
4. This parameter is characterized and is not 100% tested.

Output Test Load
5.0V

OUTPUT
PIN

1.3K g 100pF

7




A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toes Address, OE Set-up Time 0 ns
tAH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tCH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 90 ns
tps Data Set-up Time 50 ns
tDH,tOEH Data, OE Hold Time 0 ns
twPH Write Pulse Width High 100 ns

A.C. Byte Load Waveforms- WE Controlled

OE A o ._:‘
ADDRESS >~ X
. "IAST| —tAH
CE tCH
L tCS
WE ™ KXY
tWPH
tWP.

tDS - ~——tDH
DATA IN F

A.C. Byte Load Waveforms- CE Controlled

OE A t\
ADDRESS ><ﬁ X
o tAS | |—tAH
L TiCS T
CE X
tWPH
WP
tDS —| {-——tDH—f
DATA IN E
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tAs Address Set-up Time 0 ns
tAH Address Hold Time 50 ns
tos Data Set-up Time 50 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 90 ns
tBLc Byte Load Cycle Time 150 us
twPH Write Pulse Width High 100 ns

Program Cycle Waveforms

]

e T\ ST

_ tWPH 1BLC

e YAV wa Wand
{DH
/L_
AO-A7 XL X X g
/;
A8-A17 X X gl
L
DATA X D G
BYTEO BYTE 1 BYTE 2 BYTE 254 BYTE 255

F—twc—

Notes: A8 through A17 must specify the sector address during each high to
low transition of WE (or CE).
OE must be high when WE and CE are both low.
All bytes that are not loaded within the sector being programmed
will be erased to FF.
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Software Data o
Protection Enable Algorithm

AIMEL

Software Data o
Protection Disable Algorithm

LOAD DATA AA LOAD DATA AA
TO TO
ADDRESS 5555 ADDRESS 5555
i
LOAD DATA 55 LOAD DATA 55
TO TO
ADDRESS 2AAA ADDRESS 2AAA
LOAD DATA A0 LOAD DATA 80
TO TO
ADDRESS 5555 WRITES ENABLED & ADDRESS 5555
1
LOAD DATA LOAD DATA AA
TO (4) | ENTER DATA TOo
SECTOR (256 BYTES) PROTECT STATE ADDRESS 5555
1
LOAD DATA 55
Notes for software program code: TO
1. Data Format: 1/O7 - I/O0 (Hex); Galzeli 2P )
Address Format: Al4 - AQ (Hex).
2. Data Protect state will be activated at end of program cycle. LOAD?S TA 20
3. Data Protect state will be deactivated at end of program period. ADDRESS 5555
4. 256 bytes of data MUST BE loaded. I
LOAD DATA
TO

SECTOR (256 BYTES)

)

Software Protected Program Cycle Waveform

Notes:

74

1.

EXIT DATA
PROTECT STATE

T

/;
£ T N\ S\ T
— % , tBLCH ,
WE
=1 tDH
A0-A7 XBYTE ADDRESS X
5555
A8-A17 XSECTOR ADDRESS
tDS
DATA X m )[ s o X X_ X

BYTE 0

A8 through A17 must specify the sector address during each high to low
transition of WE (or CE) after the software code has been entered.

2. OE must be high when WE and CE are both low.

3.

All bytes that are not loaded within the sector being programmed
will be erased to FF.

AT29C020

BYTE 254

BYTE 255
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Data Polling Characteristics"’

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
twR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See tog spec in A.C. Read Characteristics
Data Polling Waveforms
‘W—E I/l/
—
Toggle Bit Characteristics”
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
tOEHP OE High Pulse 150 ns
tWR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics

Toggle Bit Waveforms

tWR

Notes: .

1. Toggling either OE or CE or both OE and CE will operate toggle bit.
2. Beginning and ending state of I/O6 will vary.

3. Any address location may be used but the address should not vary.

AIMEL
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Software Product "
Identification Entry

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

LOAD DATA 90
TO
ADDRESS 5555

PAUSE 10 mS ENTER PRODUCT
IDENTIEICATION
MoDE )

Notes for software product identification:
1. Data Format: 1/07 - I/OO (Hex);
Address Format: A14 - A0 (Hex).
2. Al1-A17=VL
Manufacture Code is read for AO = Vpi;
Device Code is read for AQ = Viu.
3. The device does not remain in identification mode if
powered down.
. The device returns to standard operation mode.
. Manufacturer Code: 1F
Device Code: DA

(VN

Software Product

Identification Exit

LOAD DATA AA
TO

ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA FO
TO

ADDRESS 5555

PAUSE 10 mS EXIT PRODUCT
IDENTIFICATION
MODE ¢
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Boot Block Lockout a
Feature Enable Algorithm ©

LOAD DATA AA

ADDRESS 5555

]
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 80
TO
ADDRESS 5555

]
LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

LOAD DATA 40

ADDRESS 5555

/ N\

LOAD DATA 00 LOAD DATA FF

TO TO
ADDRESS 00000H @ ADDRESS FFFFFH @

i !

PAUSE 10 mS PAUSE 10 mS

Notes for boot block lockout feature enable:
1. Data Format: 1/07 - /OO (Hex);
Address Format: A14 - A0 (Hex).
2. Lockout feature set on lower address boot block.
3. Lockout feature set on higher address boot block.



Ordering Information

tacc Icc (mA) ) )
Ordering Code Package Operation Range
(ns) Active Standby 9 9 P 9
100 50 0.1 AT29C020-10DC 32D6 Commercial
AT29C020-10PC 32P6 (0° to 70°C)
AT29C020-10TC 32T
100 50 0.3 AT29C020-10DI 32D6 Industrial
AT29C020-10PI 32P6 (-40° to 85°C)
AT25C020-10Ti 32T
120 50 0.1 AT29C020-12DC 32D6 Commercial
AT29C020-12PC 32P6 (0° to 70°C)
AT29C020-12TC 32T
120 50 0.3 AT29C020-12DI 32D6 Industrial
AT29C020-12PI 32P6 (-40° to 85°C)
AT29C020-12TI 32T
150 50 0.1 AT29C020-15DC 32D6 Commercial
AT25C020-15PC 32P6 {0° to 70°C)
AT29C020-15TC 32T
150 50 0.3 AT29C020-15DI 32D6 Industrial
AT29C020-15PI 32P6 (-40° to 85°C)
AT29C020-15TlI 32T
AT29C020-15DM 32D6 Military
(-55°C to 125°C)
AT29C020-15DM/883 32D6 Military/883C
Class B, Fully Compliant
(-55°C to 125°C)
200 50 0.1 AT29C020-20DC 32D6 Commercial
AT29C020-20PC 32P6 (0° to 70°C)
AT29C020-20TC 32T
200 50 0.3 AT29C020-20DI 32D6 Industrial
AT29C020-20PI 32P6 (-40° to 85°C)
AT29C020-20TlI 32T
AT29C020-20DM 32D6 Military
(-55°C to 125°C)
AT29C020-20DM/883 32D6 Military/883C
Class B, Fully Compliant
(-55°C to 125°C)
Package Type
32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
32T 32 Lead, Thin Small Outline Package (TSOP)
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Features

¢ Fast Read Access Time - 120 ns
¢ Five-Volt-Only Reprogramming
e Sector Program Operation
Single Cycle Reprogram (Erase and Program)
1024 Sectors (512 bytes/sector)
Internal Address and Data Latches for 512 Bytes
Internal Program Control and Timer
Hardware and Software Data Protection
2 - 16KB Boot Blocks with Lockout
Fast Sector Program Cycle Time - 10 ms
DATA Polling for End of Program Detection
Low Power Dissipation
50 mA Active Current
100 pA CMOS Standby Current
¢ High Reliability CMOS Technology
1000 Program Cycles
10-Year Data Retention
¢ Single 5V £ 10% Supply
e CMOS and TTL Compatible Inputs and Outputs

e o o o o o

Description

The AT29C040 is a five-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its four megabit of memory is organized as 524,288 words by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 120 ns with power dissipation of just 275 mW over the commercial temperature range.
When the device is deselected, the CMOS standby current is less than 100 pA. The program-
ming algorithm is identical to other devices in Atmel’s five-volt-only Flash PEROM family.
To allow for simple in-system reprogrammability, the AT29C040 does not require high input
voltages for programming. Five-volt-only commands determine the operation of the device.
Reading data out of the device is similar to reading from an EPROM. Reprogramming the
continued on next page

Pin Conflguratlons- DIP, Flatpack Top View

v
" - asd 1 320 Vee
Pin Name Function A6 2 31 g WE
Aasg 3 30 b A17
AO - A18 | Addresses A125 4 29 O At14
F - A7TH 5 28 p A13
CE Chip Enable A6 6 27 p A8
— 2
OE Output Enable ﬁiE ; 22 3 ﬁ?1
WE Write Enable ode &by
/00 - 1/07 | Data Inputs/Outputs man 2R
NC No Connect oo d 13 20 b 108
vo1 d 14 19 fi V05
o2 g 15 18 p Vo4
GND ] 16 17 b1 vo3
TSOP Top View
Type 1
NC o1 w0, B NC
A N gY 2 % B NS o
A9 g s 37 B A0 —
A8 9" 5 %, B CE
A13d 6 3 B 107
A4 A17 E 7 g /o6
WE1 ng 3233:|V°5I/04
vee d 10 31 b o3
A8 8 1 0. B GND
At6 g 12 29 B 1oz
AtS g1 13 8 5, 8 100 Vo1
AvAsz‘s 25ng1 A0
A5 s oist? %nha A
NC ne | 20 19 22 B ne NC

4 Megabit
(512K x 8)
5-Volt Only
CMOS Flash
PEROM
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Description (Continued)
AT29C040 is performed on a sector basis; 512 bytes of data are
loaded into the device and then simultaneously programmed.

During a reprogram cycle, the address locations and 512 bytes
of data are internally latched, freeing the address and data bus
for other operations. Following the initiation of a program cycle,

Block Diagram

the device will automatically erase the sector and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of I/O7. Once
the end of a program cycle has been detected, a new access for
aread or program can begin.

VGG DATA INPUTS/OUTPUTS
GND —» . /00 - 1O7
- TYYYIVY
OE —* —— _ >
e OF, CEAND WE DATA LATCH
iy LOGIC INPUT/QUTPUT
CE — BUFFERS
" Y DECODER > Y-GATING
ADDRESS i
INPUTS . CELL MATRIX
X DECODER
——»]

Device Operation

READ: The AT29C040 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

BYTE LOAD: Byte loads are used to enter the 512 bytes of a
sector to be programmed or the software codes for data protec-
tion. A byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the firstrising edge of CE
or WE.

PROGRAM: The device is reprogrammed on a sector basis. If
abyte of data within a sector is to be changed, data for the entire
sector must be loaded into the device. Any byte that is not
loaded during the programming of its sector will be erased to
read FFh. Once the bytes of a sector are loaded into the device,
they are simultaneously programmed during the internal pro-
gramming period. After the first data byte has been loaded into
the device, successive bytes are entered in the same manner.
Each new byte to be programmed must have its high to low tran-
sition on WE VE (or CE) within 150 ps of the low to high transition
of WE (or CE) of the preceding byte. If a high to low transition
is not detected within 150 ps of the last low to high transition,
the load period will end and the internal programming period
will start. A9 to A18 specify the sector address. The sector ad-
dress must be valid during each high to low transition of WE (or
CE). A0 to A8 specify the byte address within the sector. The
bytes may be loaded in any order; sequential loading is not re-
quired.

SOFTWARE DATA PROTECTION: A software controlled
data protection feature is available on the AT29C040. Once the
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software protection is enabled a software algorithm must be is-
sued to the device before a program may be performed. The
software protection feature may be enabled or disabled by the
user; when shipped from Atmel, the software data protcction
feature is disabled. To enable the software data protection, a se-
ries of three program commands to specific addresses with spe-
cific data must be performed. After the software data protection
is enabled the same three program commands must begin each
program cycle in order for the programs to occur. All software
program commands must obey the sector program timing spec-
ifications. Once set, the software data protection feature remains
active unless its disable command is issued. Power transitions
will not reset the software data protection feature, however the
software feature will guard against inadvertent program cycles
during power transitions.

After setting SDP, any attempt to write to the device without the
three-byte command sequence will start the internal write tim-
ers. No data will be written to the device; however, for the dura-
tion of twc, a read operation will effectively be a polling opera-
tion.

After the software data protection’s three-byte command codc is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.

The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE. The 512 bytes of data must be loaded into each sector by
the same procedure as outlined in the program section under de-
vice operation.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29C040 in the
following ways: (a) Vcc sense— if Vcc is below 3.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device

continued on next page
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Device Operation (Continued)

will automatically time out 5 ms (typical) before programming.
(c) Program inhibit— holding any one of OE low, CE high or
WE high inhibits program cycles. (d) Noise filter— pulses of
less than 15 ns (typical) on the WE or CE inputs will not initiate
a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29C040 features DATA polling to
indicate the end of a program cycle. During a program cycle an
attempted read of the last byte loaded will result in the comple-
ment of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29C040
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

Absolute Maximum Ratings*

Temperature Under Bias................ -55°C to +125°C
Storage Temperature..................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6 Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6VtoVcc +0.6V
Voltage on OE

with Respect to Ground ................. -0.6Vto +13.5V

BOOT BLOCK PROGRAMMING LOCKOUT: The
AT29C040 has two designated memory blocks that have a pro-
gramming lockout feature. This feature prevents programming
of data in the designated block once the feature has been en-
abled. Each of these blocks consists of 16K bytes; the program-
ming lockout feature can be set independently for either block.
While the lockout feature does not have to be activated, it can be
activated for either or both blocks.

These two 16K memory sections are referred to as boot blocks.
Secure code which will bring up a system can be contained in a
boot block. The AT29C040 blocks are located in the first 16K
bytes of memory and the last 16K bytes of memory. The boot
block programming lockout feature can therefore support sys-
tems that boot from the lower addresses of memory or the higher
addresses. Once the programming lockout feature has been ac-
tivated, the data in that block can no longer be erased or pro-
grammed; data in other memory locations can still be changed
through the regular programming methods. To activate the lock-
out feature, a series of seven program commands to specific ad-
dresses with specific data must be performed. Please see Boot
Block Lockout Feature Enable Algorithm.

If the boot block lockout feature has been activated on either
block, the chip erase function will be disabled.

BOOT BLOCK LOCKOUT DETECTION: A software
method is available to determine whether programming of ei-
ther boot block section is locked out. See Software Product
Identification Entry and Exit sections. When the device is in the
software product identification mode, a read from location
00002H will show if programming the lower address boot block
is locked out while reading location 1FFFFH will do so for the
upper boot block. If the data is FE, the corresponding block can
be programmed; if the data is FF, the program lockout feature
has been activated and the corresponding block cannot be pro-
grammed. The software product identification exit mode should
be used to return to standard operation.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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Pin Capacitance (f=1MHz, T=25C)®

Typ Max Units Conditions
CiN 4 6 pF ViN=0V
Cout 8 12 pF Vout=0V
Note: 1. This parameter is characterized and is not 100% tested.
D.C. and A.C. Operating Range
AT29C040-12 AT29C040-15 AT29C040-20
) Com. 0°C - 70°C 0°C - 70°C 0°C - 70°C
Operating Ind -40°C - 85°C -40°C - 85°C 40°C - 85°C
Temperature (Case) : - _ -
Mil. - -55°C - 125°C -55°C - 125°C
Vcc Power Supply 5V+10% 5V+10% 5V+10%
Operating Modes
Mode CE OE WE Ai /0
Read ViL ViL ViH Ai Dout
Program(z) ViL ViH ViL Ai DIN
Standby/Write Inhibit ViH x( X X High Z
Program Inhibit X X ViH
Program Inhibit X ViL X
Output Disable X ViH X High Z
Product Identification
A18 = vy @
At-A18 _A\é"l' O:‘z =Wh, Manufacturer Code¥
Hardware ViL ViL VIH — )]
A1-A18 =AV';' Aa =Vh, Device Code!
A0 = VL Manufacturer Code!)
fiware'®
Software A0 =ViH Device Code*)
Notes: 1. X canbe Vo, or V. 4. Manufacturer Code: 1F, Device Code: SB

2. Refer to A.C. Programming Waveforms.
3. Vg=120 V05 V.

5. See details under Software Product Identification Entry/Exit.

D.C. Characteristics

Symbol Parameter Condition Min Max Units
IL) Input Load Current ViIN=0VtoVcc 10 uA
ILo Output Leakage Current Vio=0VtoVcec 10 pA
IsB1 Vce Standby Current CMOS CE =Vce-0.3Vito Vee com. 100 uA
Ind., Mil. 300 A
IsB2 Vce Standby Current TTL CE=2.0Vto Vcc 3 mA
lcc Vcc Active Current f=5MHz; lout =0 mA 50 mA
ViL Input Low Voltage 0.8 \
VIH Input High Voltage 2.0 \
VoL Output Low Voltage loL=2.1mA .45 )
VOH1 Output High Voltage IoH = -400 pA 2.4 \"
VoOH2 Output High Voltage CMOS loH=-100 uA; Vcc =45V 4.2 \"
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A.C. Read Characteristics

AT29C040-12 AT29C040-15 AT29C040-20
Symbol | Parameter Min Max Min Max Min Max Units
tacc Address to Output Delay 120 150 200 ns
tce " | CE to Output Delay 120 150 200 ns
toe @ | OE to Output Delay 0 50 0 70 0 80 ns
tor 4 | CE or OE to Output Float 0 30 0 40 0 50 ns
Output Hold from OE, CE or
toH Address, whichever occurred first 0 0 ) 0 ns
A.C. Read Waveforms
ADDRESS > ADDRESS VALID X
1
CE AN
tCE —=
[ tOE —=
OE
l-tDF
le— tACC tOH
OUTPUT HIGH Z/ OUTPUT
VALID

Notes:

1.

CE may be delayed up to tacc - tcg after the address transition
without impact on tacc.

2. OE 2 may be delayed up to ICE - toE after the falling edge

of CE without impact on tcg or by tacc - tog after an address
change without impact on tacc.

nput Test Waveforms and

Measurement Level
3.0V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
R, tF< 5 ns

AIMEL

3. tpris specified from OE or CE whichever occurs first
(CL = 5pF).
4. This parameter is characterized and is not 100% tested.

Output Test Load
5.0V

OUTPUT
PIN

g 100pF

1.3K
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A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toES Address, OE Set-up Time 10 ns
tAH Address Hold Time 50 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 90 ns
tbs Data Set-up Time 50 ns
tDH,tOEH Data, OE Hold Time 10 ns
tWPH Write Pulse Width High 100 ns

A.C. Byte Load Waveforms- WE Controlled

OE A

tOES 1OEH
ADDRESS >
L TIAST| —tAH
CE ~— tCH
L TS|
WE N

tWPH
tWP -

DATA IN

/E*tDS——

A.C. Byte Load Waveforms- CE Controlled

84

OE

tOES ]
ADDRESS
tAS™| l-_tAH
-WE -—L tCH
_ tCS™|
CE N
tWPH
WP,
DS —| |———tDH
DATA IN F
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 10 ms
tas Address Set-up Time 10 ns
tAH Address Hold Time 50 ns
tbs Data Set-up Time 50 ns
tDH Data Hold Time 10 ns
twp Write Pulse Width 90 ns
tBLc Byte Load Cycle Time 150 us
twPH Write Pulse Width High 100 ns

Program Cycle Waveforms

i

e T N/ /ST

- {WPH 1BLC

we VR W wa Wand
tDH
/;
A0-A8 XX X -
/4._.
A9-A18 X X gl
/é___.
DATA X X X gl
BYTEO BYTE 1 BYTE 2 BYTE 510 BYTE 511

c—

Notes: A9 through A18 must specify the sector address during each high to
low transition of WE (or CE).
OE must be high when WE and CE are both low.
All bytes that are not loaded within the sector being programmed
will be erased to FF.

ATmEL



Software Data o
Protection Enable Algorithm

Notes for software program code:
1. Data Format: 1/07 - I/OO (Hex);
Address Format: A14 - A0 (Hex).
2. Data Protect state will be activated at end of program cycle.
3. Data Protect state will be deactivated at end of program period.
4. 512 bytes of data MUST BE loaded.

ATEY

Software Data .
Protection Disable Algorithm

LOAD DATA AA LOAD DATA AA
TO TO
ADDRESS 5555 ADDRESS 5555
LOAD DATA 55 LOAD DATA 55

TO
ADDRESS 2AAA ADDRESS 2AAA
LOAD DATA AO LOAD DATA 80

TO
ADDRESS 5555 WRITES ENABLED @ ADDREfs 5555
LOAD DATA LOAD DATA AA

TO (4) | ENTERDATA To

SECTOR (512 BYTES) | pROTECT STATE ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

LOAD DATA 20
TO
ADDRESS 5555

LOAD DATA
TO

SECTOR (512 BYTES) ¥

Software Protected Program Cycle Waveform

Notes:

86

1.

EXIT DATA
PROTECT STATE

/;.
OE
_ P
E T/ SN
__ tWPH , tBLCH
~—1 tDH
g
AO-A BYTE ADDRESS
088 X X -
5555
/L_
A9-A
9-A18 A XSECTOR ADDRESS
/L_
DATA )( AA { 55 A0 >< X X g
BYTE 0 BYTES10  BYTES511
—twec—

A9 through A18 must specify the sector address during each high to low
transition of WE (or CE) after the software code has been entered.

2. OE must be high when WE and CE are both low.

3.

All bytes that are not loaded within the sector being programmed
will be erased to FF.

AT29C040
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Data Polling Characteristics"’

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toe OE to Output Delay'® ns
twRr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See tog spec in A.C. Read Characteristics.
Data Polling Waveforms
WE 7 //
cE SN NN
— tOEH
OE Bl N\ /T \
tDH = 1= o - t0E == tWR
HIGH 2
1107 \ I \_/—/ #
A0-A18 An X  An X An /j/ An m
7/
. . . 1
Toggle Bit Characteristics”’
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay® ns
toEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.

2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms

WE

Notes: 1. Toggling either OE or CE or both OE and CE will operate toggle bit.
The tognp specification must be met by the toggling input(s).
2. Beginning and ending state of /06 will vary.
3. Any address location may be used but the address should not vary.

ATmEL

tWR

87



Software Product

Identification Entry

LOAD DATA AA
TO
ADDRESS 5555

]
LOAD DATA 55

TO
ADDRESS 2AAA

LOAD DATA 90
TO
ADDRESS 5555

PAUSE 10 mS

Notes for software product identification:

1. Data Format: 1/O7 - /OO0 (Hex);

Address Format: A14 - A0 (Hex).

2. A1-A18=VyL

ENTER PRODUCT
IDENTIFICATION
mopE @3)

Manufacture Code is read for A0 = Vi;

Device Code is read for A0 = Viu.

3. The device does not remain in identification mode if

powered down.

4. The device returns to standard operation mode.

5. Manufacturer Code: 1F
Device Code: 5B

Software Product

Identification Exit "’

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

LOAD DATA FO

ADDRESS 5555

|

PAUSE 10 mS

EXIT PRODUCT
IDENTIFICATION
MODE ¢

AIMEL

Boot Block Lockout o
Feature Enable Algorithm

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 80
TO
ADDRESS 5555

LOAD DATA AA

T
ADDRESS 5555

i
LOAD DATA 55

ADDRESS 2AAA

LOAD DATA 40

ADDRESS 5555

/ AN

LOAD DATA 00 LOAD DATA FF

TO TO
ADDRESS 00000H @ ADDRESS FFFFFH @

!

PAUSE 10 mS PAUSE 10 mS

Notes for boot block lockout feature enable:
1. Data Format: I/O7 - /OO (Hex);
Address Format: A14 - A0 (Hex).
2. Lockout feature set on lower address boot block.
3. Lockout feature set on higher address boot block.
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Ordering Information

tacc Icc (MA) ) :
Ordering Code Package Operation Range
(ns) Active Standby d 9 P : 9
120 50 0.1 AT29C040-12DC 32D6 Commercial
AT29C040-12PC 32P6 (0° to 70°C)
AT29C040-12TC 40T
120 50 0.3 AT29C040-12DI 32D6 Industrial
AT29C040-12PI 32P6 (-40° to 85°C)
150 50 0.1 AT29C040-15DC 32D6 Commercial
AT29C040-15PC 32P6 (0° to 70°C)
AT29C040-15TC 40T
150 50 0.3 AT29C040-15DI 32D6 Industrial
AT29C040-15F| 32F (-40° to 85°C)
AT29C040-15PI 32P6
AT29C040-15DM 32D6 Military
AT29C040-15FM 32F (-55°C to 125°C)
200 50 0.1 AT29C040-20DC 32D6 Commercial
AT29C040-20PC 32P6 (0° to 70°C)
200 50 0.3 AT29C040-20DI 32D6 Industrial
AT29C040-20FI 32F (-40° to 85°C)
AT29C040-20PI 32P6
AT29C040-20DM 32D6 Military
AT29C040-20FM 32F (-55°C to 125°C)
Package Type
32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
32F 32 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack)
32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
40T 40 Lead, Thin Small Outline Package (TSOP)

AIMEL

89



920

AImEL

JA\T729)/C 022 () 15000



s A T 291 V256

Features

Single 3.3V + 10% Supply
Three-Volt-Only Read and Write Operation
Software Protected Programming
Low Power Dissipation

15 mA Active Current

20 uA CMOS Standby Current
Fast Read Access Time - 200 ns
¢ Sector Program Operation

Single Cycle Reprogram (Erase and Program)

512 Sectors (64 bytes/sector)

Internal Address and Data Latches for 64 Bytes

Fast Sector Program Cycle Time - 20 ms Max.
Internal Program Control and Timer
DATA Polling for End of Program Detection
High Reliability CMOS Technology

1000 Program Cycles per Sector

10-Year Data Retention
CMOS and TTL Compatible Inputs and Outputs
¢ Commercial and Industrial Temperature Ranges

Description

256K (32K x 8)
3-Volt Only
CMOS Flash
PEROM

The AT29LV256 is a three-volt-only in-system Flash Programmable Erasable Read Only
Memory (PEROM). Its 256K of memory is organized as 32,768 words by 8 bits. Manufac-
tured with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to
200 ns with power dissipation of just 54 mW over the commercial temperature range. When
the device is deselected, the CMOS standby current is less than 20 pnA.

continued on next page

Pin Configurations DIP Top View

— \J

WEQ 1 28 0 Vee

A2 2 27 b A4
Pin Name Function A7d 3 26 b A13

A6 4 25 0 A8
AO - A14 | Addresses A5 5 24 0 A9
— - ad 6 23 b ANt
CE Chip Enable asd 7 22 b OF
== A s 21 p A0
OE Output Enable ard 9 20 b CE
WE : A0 O 10 19 p 1107
WE Write Enable voo d 11 18 i 1106
1/00 - /07 | Data Inputs/Outputs 101 d 12 17 p 1105

102 ¢ 13 16 [ 104
NC No Connect GND ] 14 15 b 103

PLCC, LCC Top View

13 1

14151617181920

O's 12 NC345
GND

Note: PLCC package pins 1 and
17 are DON'T CONNECT.

TSOP Top View

A7 WE Vee A13 Type 1
A12 NC A14
g B —
4321323130 a1 d 23 2 20 b e MO
:6 29 LEDN e 1970 B o VO7
5 9
g 26 =} [l{e]:]
% ) ¥ il B
A3 NC — 28
—_— =i B
A2 OE a2Ve ! 1314 B BN o
A1 A10 ae 783, Wy 12 g vor o
r:g 12 22 %7 IVt I o' B A A1
6
A2
1100 21 G 1/06 A3 7 8 b
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29L.V256 does not require high input voltages for program-
ming. Three-volt-only commands determine the operation of
the device. Reading data out of the device is similar to reading
from an EPROM. Reprogramming the AT29LV256 is per-
formed on a sector basis; 64 bytes of data are loaded into the
device and then simultaneously programmed.

During a reprogram cycle, the address locations and 64 bytes of
data are captured at microprocessor speed and internally

Block Diagram

latched, freeing the address and data bus for other operations.
Following the initiation of a program cycle, the device will au-
tomatically erase the sector and then program the latched data
using an internal control timer. The end of a program cycle can
be detected by DATA polling of I/O7. Once the end of a pro-
gram cycle has been detected, a new access for a read or pro-
gram can begin.

ve DATA INPUTS/OUTPUTS
GNg —— /00 - VO7
NYYYYYY!
e >
o E CEANDWE DATA LATCH
WE —* LOGIC INPUT/OUTPUT
CE —f BUFFERS
—|  YDECODER Y-GATING
ADDRESS | ||
INPUTS CELL MATRIX
X DECODER
—]

Device Operation

READ: The AT29LV256 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

SOFTWARE DATA PROTECTION PROGRAMMING: The
AT29L V256 has 512 individual sectors, each 64 bytes. Using
the software data protection feature, byte loads are used to enter
the 64 bytes of a sector to be programmed. The AT29L V256 can
only be programmed or reprogrammed using the software data
protection feature. The device is programmed on a sector basis.
If a byte of data within the sector is to be changed, data for the
entire 64-byte sector must be loaded into the device. The
AT29L V256 automatically does a sector erase prior to loading
the data into the sector. An erase command is not required.

Software data protection protects the device from inadvertent
programming. A series of three program commands to specific
addresses with specific data must be presented to the device be-
fore programming may occur. The same three program com-
mands must begin each program operation. All software pro-
gram commands must obey the sector program timing specifica-

tions. Power transitions will not reset the software data protec-
tion feature, however the software feature will guard against in-
advertent program cycles during power transitions.

Any attempt to write to the device without the three-byte com-
mand sequence will start the internal write timers. No data will
be written to the device; however, for the duration of twc, aread
operation will effectively be a polling operation.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

The 64 bytes of data must be loaded into each sector. Any byte
that is not loaded during the programming of its sector will be
erased to read FFh. Once the bytes of a sector are loaded into the
device, they are simultaneously programmed during the internal
programming period. After the first data byte has been loaded
into the device, successive bytes are entered in the same man-
ner. Each new byte to be programmed must have its high to low
transition on WE (or CE) within 150 s of the low to high tran-

continued on next page
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Device Operation (Continued)

sition of WE (or CE) of the preceding byte. If a high to low
transition is not detected within 150 ps of the last low to high
transition, the load period will end and the internal program-
ming period will start. A6 to A14 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). A0 to AS specify the byte address within the
sector. The bytes may be loaded in any order; sequential loading
is not required.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29LV256 in the
following ways: (a) Ve sense— if Ve is below 1.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 10 ms (typical) before program-
ming. (c) Program inhibit— holding any one of OE low, CE
high or WE high inhibits program cycles. (d) Noise filter—
pulses of less than 15 ns (typical) on the WE or CE inputs will
not initiate a program cycle.

INPUT LEVELS: While operating with a 3.3 V £10% power
supply, the address inputs and control inputs (OE, CE and WE)
may be driven from 0 to 5.5 V without adversely affecting the
operation of the device. The I/0 lines can only be driven from 0
to 3.6 volts.

PRODUCT IDENTIFICATION: The product identification
mode identifics the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In

Absolute Maximum Ratings*

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 Vto Vcc +0.6 V
Voltage on A9

(including N.C. Pins)

with Respect to Ground ................. -0.6 Vto +135V

Pin Capacitance (f=1MHz T=25C)®

addition, users may wish to use the software product identifica-
tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29LV256 features DATA polling
to indicate the end of a program cycle. During a program cycle
an attempted read of the last byte loaded will result in the com-
plement of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29LV256
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in /06 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ralings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Court 8 12 pF Vout=0V

Note: 1. These parameters are characterized and not 100% tested.
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D.C. and A.C. Operating Range

AT29LV256-20 AT29LV256-25
Operating Com. 0°C - 70°C 0°C - 70°C
Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C
Vce Power Supply 33V+03V 3.3V+0.3V
Operating Modes
Mode CE OE WE Ai /0
Read ViL ViL VIH Ai Dout
Program® ViL VIH Vi Ai DIN
Standby/Write Inhibit Vi4 x{ X X High Z
Program Inhibit X X ViH
Program Inhibit X ViL X
Output Disable X ViH X High Z
Product Identification
A1-A14 = ViL, A9 = VH @, Manufacturer Code®)
Hardware ViL ViL VH e
A0SV W7 Device Code!
Software'® A0 =V Man.ufacturer( “C):ode(“)
A0 =VH Device Code
Notes: 1. X can be ViL or Vin. 4. Manufacturer Code: 1F, Device Code: BC.
2. Refer to A.C. Programming Waveforms. 5. See details under Software Product Identification Entry/Exit.
3. Vy=120V+05V.
D.C. Characteristics
Symbol  Parameter Condition Min Max Units
[N Input Load Current VIN=0VtoVce 1 uA
Lo Output Leakage Current Viio=0Vto Vce 1 UA
IsB1 Ve Standby Current CMOS ~ GE = Voo - 0.3 Vo Voo — 2o 20 BA
Ind. 50 HA
IsB2 Vce Standby Current TTL CE=2.0VtoVcc 1 mA
Icc Vcc Active Current f=5MHz;louT=0mA;Vcc=36V 15 mA
ViL Input Low Voltage 0.6 \
ViH Input High Voltage 2.0 \
VoL Output Low Voltage loL=1.6mA;Vcc=3.0V .45 \Y
VoH QOutput High Voltage loH=-100 uA; Vcc=3.0V 2.4 Vv
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A.C. Read Characteristics

AT29LV256

AT29LV256-20 AT29LV256-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce | CE to Output Delay 200 250 ns
toe @ | OE to Output Delay 0 100 0 120 ns
tor @4 | CE or OE to Output Float 0 50 0 60 ns
o |ampsameE | o -

A.C. Read Waveforms

ADDRESS >{_ ADDRESS VALID j><
1
i
LICE——
_ tOE —~
OE
- tDF
le— tACC ——»| tOH
OUTPUT HIGH Z OUTPUT
N VALID

Notes:

1. CE may be delayed up to tacc - IcE after the address transition

without impact on tacc.

2. OE may be delayed up to tcE - toE after the falling edge
of CE without impact on tcg or by tacc - toE after an address
change without impact on tacc.

Input Test Waveforms and
Measurement Level

2.4V

AC AC

DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.4V
tR,tF< 5 ns

3. 1pris specified from OE or CE whichever occurs first
(CL=5pF).

4. This parameter is characterized and is not 100% tested.

Output Test Load
3.3V

1.8K
OUTPUT

PIN
1.3K g

100pF

AlmEL
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A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, tOES Address, OE Set-up Time 10 ns
taH Address Hold Time 100 ns
tcs Chip Select Set-up Time 0 ns
tCH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tos Data Set-up Time 100 ns
tDH,loEH Data, OE Hold Time 10 ns
twPH Write Pulse Width High 200 ns

1.2)

A.C. Byte Load Waveforms

WE Controlled
OE )
tOES tOEH
ADDRESS >4 X
L TIAST| —tAH
CE tCH
L TiCcS |
WE N KXY
tWPH
tWP.
tDS— |-——tDH
DATA IN r
CE Controlled
OE S
tOES tOEH
ADDRESS >~ X
L TIAST| —tAH
WE tCH
- TICS T
CE N KX
tWPH
tWP.
tDS— ~———tDH
DATA IN [\‘ ;
Notes:
1. The software data protection commands must be applied prior 2. A complcte sector (64 bytes) should be loaded using these
to byte loads. waveforms as shown in the Software Protected Byte Load

waveforms (see previous page).
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 20 ms
tas Address Set-up Time 10 ns
tAH Address Hold Time 100 ns
tps Data Set-up Time 100 ns
tDH Data Hold Time 10 ns
twp Wirite Pulse Width 200 ns
tBLC Byte Load Cycle Time 150 us
twpPH Write Pulse Width High 200 ns

Software Protected Program Waveform

o8

]

tWPH , tBLCH ,
~— tDH ,
><_J 'YTE ADDRESS 7

B’ /L_
5555 X /;

PAGE ADDRESS ¢
/;
G XX

BYTE 0 BYTE 62 BYTE 63

— two—

Notes:

1. OE must be high when WE and CE are both low.

2. A6 through A 14 must specify the sector address during each
high to low transition of WE (or CE) after the software code
has been entered.

Programming Algorithm ’

LOAD DATA AA

ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA A0
TO

ADDREfS 5555 WRITES ENABLED P

LOAD DATA

TO 3) ENTER DATA
SECTOR (64 BYTES) PROTECT STATE

3. All bytes that are not loaded within the sector being pro-
grammed will be erased to FF.

Notes for software program code:
1. Data Format: I/O7-1/00 (Hex);
Address Format: A14-A0 (Hex).

2. Data Protect state will be re-activated at end of program cycle.

3. 64 bytes of data MUST BE loaded.

Almgt
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Data Polling Characteristics"’

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay(z) ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Data Polling Waveforms

/L

Toggle Bit Characteristics"’

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay(z) ns
tOEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms

Notes:
1. Toggling cither OE or CE or both OE and CE will operate 2. Beginning and ending state of /06 will vary.
toggle bit. 3. Any address location may be used but the address should not vary.
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Software Product o
Identification Entry

LOAD DATA AA
TO
ADDRESS 5555
i

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 90
TO
ADDRESS 5555

i
PAUSE 20 mS

ENTER PRODUCT
IDENTIEICATION
MoDE 23

Notes for software product identification:
1. Data Format: I/O7 - /OO (Hex);
Address Format: A14 - AQ (Hex).
2. Al1-Al4=Vy..
Manufacture Code is read for AQ = ViL;
Device Code is read for A0 = V.
3. The device does not remain in identification mode if
powered down.
4. The device returns to standard operation mode.
5. Manufacturer Code: 1F
Device Code: BC

Software Product o
Identification Exit

LOAD DATA AA
TO
ADDRESS 5555

i
LOAD DATA 55

TO
ADDRESS 2AAA

i
LOAD DATA FO
TO
ADDRESS 5555

i

PAUSE 20 mS

EXIT PRODUCT
IDENTIFICATION
MopE )
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Ordering Information

tacc Icc (mA) . .

(ns) Active | Standby Ordering Code Package Operation Range

200 15 0.02 AT29LV256-20DC 28D6 Commercial
AT29LV256-20JC 32J (0° to 70°C)
AT29LV256-20PC 28P6
AT29LV256-20TC 28T

15 0.05 AT29LV256-20DI 28D6 Industrial

AT29LV256-20JI 32J (-40° to 85°C)
AT29LV256-20PI 28P6

250 15 0.02 AT29LV256-25DC 28D6 Commercial
AT29LV256-25JC 32J (0° to 70°C)
AT29LV256-25PC 28P6
AT29LV256-25TC 28T

15 0.05 AT29LV256-25DI 28D6 Industrial
AT29LV256-25JI 32J (-40° to 85°C)
AT29LV256-25PI 28P6
Package Type

28D6 28 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)

32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) -

28P6 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

28T 28 Lead, Thin Small Outline Package (TSOP)
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Features

Single 3.3V + 10% Supply

Three-Volt-Only Read and Write Operation
Software Protected Programming

Low Power Dissipation

15 mA Active Current

20 pA CMOS Standby Current
Fast Read Access Time - 200 ns

Sector Program Operation

Singie Cycle Reprogram (Erase and Program)
512 Sectors (128 bytes/sector)

Internal Address and Data Latches for 128 Bytes

Fast Sector Program Cycle Time - 20 ms Max.
Internal Program Control and Timer
DATA Polling for End of Program Detection
High Reliability CMOS Technology
1000 Program Cycles per Sector

10-Year Data Retention

CMOS and TTL Compatible Inputs and Outputs
Commercial and Industrial Temperature Ranges

Description

The AT29LV512 is a three-volt-only in-system Flash Programmable Erasable Read Only
Memory (PEROM). Its 512K of memory is organized as 65,536 words by 8 bits. Manufactured
with Atmel’s advanced nonvolatile CMOS technology, the device offers access times to 200
ns with power dissipation of just 54 mW over the commercial temperature range. When the

device is deselected, the CMOS standby current is less than 20 pA.

Pin Configurations

Pin Name Function

AO - A15 | Addresses
CE Chip Enable
OE Output Enable
WE Write Enable

1/00 - 1/07 | Data Inputs/Outputs

NC

No Connect

PLCC, LCC Top View

A12 NC Vcc NC
A15 NC WE

4 3 21323130
29

3 21

14151617181920

10's 1 2
GN

3456
D

Note: PLCC package pin 30
is a DON'T CONNECT.

continued on next page

512K (64K x 8)
3-Volt Only
CMOS Flash
PEROM

DIP Top View
———
Ne d 1 32 E Vee
NC g 2 31 b WE
Als O 3 30 b NC
A2 g 4 29 b A4
A7 5 28 p A13
A6 6 27 p A8
Asq 7 26 [ A9
Acd 8 25 b Al
A3 g 9 24 b OF
A2 d 10 23 b A10
A1 d 11 22 b CE
A0 O 12 21 b o7
100 ¢ 13 20 b 106
o1 o 14 19 b 1105
102 d 15 18 B 1104
GND d 16 17 b 103
TSOP Top View
Type 1
O 1
4 3 ’
5
6
8 7
9
10
1
12
1213
16 15

Almgt
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29LV512 does not require high input voltages for program-
ming. Three-volt-only commands determine the operation of
the device. Reading data out of the device is similar to reading
from an EPROM. Reprogramming the AT29LV512 is per-
formed on a sector basis; 128 bytes of data are loaded into the
device and then simultaneously programmed.

During a reprogram cycle, the address locations and 128 bytes
of data are captured at microprocessor speed and internally

Block Diagram

latched, freeing the address and data bus for other operations.
Following the initiation of a program cycle, the device will au-
tomatically erase the sector and then program the latched data
using an internal control timer. The end of a program cycle can
be detected by DATA polling of I/O7. Once the end of a pro-
gram cycle has been detected, a new access for a read or pro-
gram can begin.

vee DATA INPUTS/OUTPUTS
GND ——» 00 -VO7
L ZEEEXX X,
OE —* _ _ >
oF E AND WE DATA LATCH
e " LOG‘C | INPUT/OUTPUT
CE — BUFFERS
—] YDECODER Y-GATING
ADDRESS ~
INPUTS 1 CELL MATRIX
X DECODER
—>

Device Operation

READ: The AT29LV512 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

SOFTWARE DATA PROTECTION PROGRAMMING: The
AT29LV512 has 512 individual sectors, each 128 bytes. Using
the software data protection feature, byte loads are used to enter
the 128 bytes of a sector to be programmed. The AT29LV512
can only be programmed or reprogrammed using the software
data protection feature. The device is programmed on a sector
basis. If a byte of data within the sector is to be changed, data for
the entire 128-byte sector must be loaded into the device. The
AT29LV512 automatically does a sector erase prior to loading
the data into the sector. An erase command is not required.

Software data protection protects the device from inadvertent
programming. A series of three program commands to specific
addresses with specific data must be presented to the device be-
fore programming may occur. After writing the three-byte com-
mand sequence (and after twc), the entire device is protected.
The same three program commands must begin each program
operation. All software program commands must obey the sec-
tor program timing specifications. Power transitions will not

102

reset the software data protection fcature, however the software
feature will guard against inadvertent program cycles during
power transitions.

Any attempt to write to the device without the three-byte com-
mand sequence will start the internal write timers. No data will
be written to the device; however, for the duration of twc, aread
operation will effectively be a polling operation.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulsc on the
WE or CE input with CE or WE low (respectively) and OE high.

The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

The 128 bytes of data must be loaded into each sector. Any byte
that is not loaded during the programming of its sector will be
erased to read FFh. Once the bytes of a sector are loaded into the
device, they are simultaneously programmed during the internal
programming period. After the first data byte has been loaded
into the device, successive bytes are entered in the same man-
ner. Each new byte to be programmed must have its high to low
transition on WE (or ¢ CE) within 150 ps of the low to high tran-
sition of WE (or CE) of the preceding byte. If a high to low
transition is not detccted within 150 ps of the last low to high

continued on next page
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Device Operation (Continued)

transition, the load period will end and the internal program-
ming period will start. A7 to A15 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). A0 to A6 specify the byte address within the
sector. The bytes may be loaded in any order; sequential loading
is not required.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29LV512 in the
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Ve sense level, the device
will automatically time out 10 ms (typical) before program-
ming. (c) Program inhibit— holding any one of OE low, CE
high or WE high inhibits program cycles. (d) Noise filter—
pulses of less than 15 ns (typical) on the WE or CE inputs will
not initiate a program cycle.

INPUT LEVELS: While operating with a 3.3 V £10% power
supply, the address inputs and control inputs (OE, CE and WE)
may be driven from 0 to 5.5 V without adversely affecting the
operation of the device. The I/O lines can only be driven from 0
t0 3.6 volts.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature...................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 Vto Vcc +0.6 V
Voltage on A9

(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +135V

Pin Capacitance (f=1MHz, T=25C)®

tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29LV512 features DATA polling
1o indicate the end of a program cycle. During a program cycle
an attempted read of the last byte loaded will result in the com-
plement of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: Inaddition to DATA polling the AT29LV512
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.

OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Cout 8 12 pF Vout=0V

Note:

1. These parameters are characterized and not 100% tested.
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D.C. and A.C. Operating Range

AT29LV512-20 AT29LV512-25
Operating Com. 0°C - 70°C 0°C - 70°C
Temperature (Case)  |nd. -40°C - 85°C -40°C - 85°C
Vce Power Supply 3.3V+03V 3.3V+03V

Operating Modes
Mode CE OE WE Ai 110
Read ViL ViL VIH Ai Dout
Program(z) Vi VIH ViL Ai DiN
Standby/Write Inhibit ViH X X X High Z
Program Inhibit X X ViH
Program Inhibit X ViL X
Output Disable X ViH X High Z
Product Identification
A15 = v ®
AT-A15 = Vi, A9 = Vi ™™, Manufacturer Code
Hardware ViL Vi VIH ATAS A\(/) — X';_ VG "
0T Vi HE Device Code!®
A0 =V Manufacturer Code'®
Software'® L an.u ac urer(4)ode
A0 =V Device Code
Notes: 1. X canbe Vo or V. 4. Manufacturer Code: 1F, Device Code: 3D.
2. Refer to A.C. Programming Waveforms. 5. See details under Software Product Identification Entry/Exit.
3. Vu=120V+05V.
D.C. Characteristics
Symbol Parameter Condition Min Max Units
ILi Input Load Current ViN=0VtoVce 1 pA
ILo Output Leakage Current Viio=0Vto Vce 1 LA
—_— Com. 20 LA
| Vcc Standby Current CMOS CE=Vcc-03VtoV
SB1 cc y cc cc ind. 50 UA
IsB2 Ve Standby Current TTL CE=2.0Vto Vce 1 mA
Icc Vcc Active Current f=5MHz; lout=0mA; Vcc=3.6V 15 mA
ViL Input Low Voltage 0.6 Vv
VIH Input High Voltage 2.0 \'
VoL Qutput Low Voltage loL=1.6mA;Vcc=3.0V .45 Vv
VoH Output High Voltage loH = -100 pA; Vec =3.0V 2.4 Vv
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A.C. Read Characteristics

AT29LV512-20 AT29LV512-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce (" | CE to Output Delay 200 250 ns
toe @ | OF to Output Delay 0 100 0 120 ns
tor 4 | CE or OF to Output Float 0 50 0 60 ns
Output Hold from OE, CE or Address,
toH whichever occurred first 0 0 ns
A.C. Read Waveforms
ADDRESS ADDRESS VALID <

CE N
{CE —

o {OE — S
OF ﬂr %
tDF

OUTPUT HIGH Z

e— tACC —— tOH

Notes:

1. CE may be delayed up to tacc - tc after the address transition

without impact on tacc.
2. OE may be delayed up to tck - toE after the falling edge

of CE without impact on IcE or by tacc - tog after an address
change without impact on tacc.

Input Test Waveforms and
Measurement Level

2.4V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.4V
R, tF<5 ns

OuTPUT
VALID

3. tpris specified from OE or CE whichever occurs first
(CL=5pF).
4. This parameter is characterized and is not 100% tested.

Output Test Load
3.3V

OUTPUT
PIN

1.3K i 100pF



A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toEs Address, OE Set-up Time 10 ns
tAH Address Hold Time 100 ns
‘tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tos Data Set-up Time 100 ns
tDH,tOEH Data, OE Hold Time 10 ns
twPH Write Pulse Width High 200 ns

A.C. Byte Load Waveforms

1.2)

WE Controlled

OE A R
tOES {OEH
ADDRESS >
L TIAST| |—tAH
CE tCH
o TiCs |
we ] X
tWPH
tWP.
tDS — {———tDH
DATA IN 1(
CE Controlled
OE A
tOES tOEH
ADDRESS
L tAS™| |—tAH
WE tCH
- TICS |
CE X
tWPH
tWP,
DATA IN

Notes:

1. The software data protection commands must be applied prior

to byte loads.
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2. A complete sector (128 bytes) should be loaded using these

waveforms as shown in the Software Protected Byte Load
waveforms (sce previous page).
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Program Cycle Characteristics

Symbol Parameter Min Max Units
| twe Write Cycle Time 20 ms
tas Address Set-up Time 10 ns
tAH Address Hold Time 100 ns
tDs Data Set-up Time 100 ns
tDH Data Hold Time 10 ns
twp Write Pulse Width 200 ns
tBLC Byte Load Cycle Time 150 us
tWPH Write Pulse Width High 200 ns

Software Protected Program Waveform

o @

cE TN/ N\ S\ S\

]

WPH BL
t tBLC ,
WE
~—1 tDH
/L_
AO-A6 BYTE ADDRESS
X X )
@) 5555 ,
A7-A15 SECTOR ADDRESS
tDS X
3) /L..
DATA AA 55 A0 X X X .
BYTE 0 BYTE126  BYTE 127
—twCc—
Notes: —
1. OE must be high when WE and CE are both low. 3. All bytes that are not loaded within the sector being pro-
2. A7 through A15 must specify the sector address during each grammed will be erased to FF.
high to low transition of WE (or CE) after the software code
has been entered.
. - (1)
Programming Algorithm
LOAD DATA AA
TO
ADDRESS 5555
LOAD DATA 55
TO
ADDRESS 2AAA
i
LOAD DATA A0
ADDRESS 5555 WRITES ENABLED @ Notes for software program code:
1. Data Format: I/O7-1/00 (Hex);
LOAD DATA Address Format: A14-A0 (Hex).
To 3) | ENTER DATA 2. Data Protect state will be re-activated at end of program cycle.
SECTOR (128 BYTES) PROTECT STATE

3. 128 bytes of data MUST BE loaded.
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Data Polling Characteristics"”

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
twRr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Data Polling Waveforms
E //IL

—

cE SN NN

tOEH
= _ Zany
| \__/ _/ \_/ \

tDH ]
tOE HIGH Z S IWR
1107 \ 7 \_/"//
A0-A15 An X A X a7 A X A

Toggle Bit Characteristics"

sl

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay(z) ns
tOEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

13)

Toggle Bit Waveforms
WE /

Notes:
1. Toggling cither OE or CE or both OE and CE will operate 2. Beginning and ending state of I/O6 will vary.
toggle bit. 3. Any address location may be used but the address should not vary.

108 AT29LV512 s ——



 —————— Sy N LIRS P

Software Product

Identification Entry

Notes for software product identification:

Data Format: I/O7 - [/O0 (Hex);

Address Format: A14 - A0 (Hex).

Al-Al15=Vy.

Manufacture Code is read for AQ = Vi;

Device Code is read for A0 = Vyy.

- The device does not remain in identification mode if
powered down.

- The device returns to standard operation mode.

. Manufacturer Code: 1F
Device Code: 3D

1.

2.

LOAD DATA AA
TO
ADDRESS 5555

i
LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 90
TO
ADDRESS 5555

PAUSE 20 mS

ENTER PRODUCT
IDENTIFICATION

Software Product .
Identification Exit

AlmE{

LOAD DATA AA
TO
ADDRESS 5555

]
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA FO
TO
ADDRESS 5555

PAUSE 20 mS

EXIT PRODUCT
IDENTIFICATION
MODE ¥
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Ordering Information

tacc Icc (MA) . .
Ordering Code Package Operation Range

(ns) Active | Standby 9 9 P 9

200 15 0.02 AT29LV512-20DC 32D6 Commercial
AT29LV512-20JC 32J (0° to 70°C)
AT29LV512-20PC 32P6

15 0.05 AT29LV512-20DI 32D6 Industrial

AT29LV512-20JI 32J (-40° to 85°C)
AT29LV512-20PI 32P6
AT29LV512-20TI 32T

250 15 0.02 AT29LV512-25DC 32D6 Commercial
AT29LV512-25JC 32J (0° to 70°C)
AT29LV512-25PC 32P6

15 0.05 AT29LV512-25DI 32D6 Industrial
AT29LV512-25J1 32J (-40° to 85°C)
AT29LV512-25PI 32P6
AT29LV512-25TI 32T
Package Type

32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)

32J 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)

32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

32T 32 Lead, Thin Small Outline Package (TSOP)
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Features

¢ Single 3.3V + 10% Supply
¢ Three-Volt-Only Read and Write Operation
* Software Protected Programming
* Low Power Dissipation
15 mA Active Current
20 uA CMOS Standby Current

Fast Read Access Time - 200 ns
* Sector Program Operation

Singie Cycle Reprogram (Erase and Program)

1024 Sectors (128 bytes/sector)

Internal Address and Data Latches for 128 Bytes
Fast Sector Program Cycle Time - 20 ms Max.
Internal Program Control and Timer
DATA Polling for End of Program Detection
High Reliability CMOS Technology

1000 Program Cycles per Sector

10-Year Data Retention
CMOS and TTL Compatible Inputs and Outputs
Commercial and Industrial Temperature Ranges

Description

The AT29LVO010 is a three-volt-only in-system Flash Programmable Erasable Read Only
Memory (PEROM). Its one megabit of memory is organized as 131,072 words by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 200 ns with power dissipation of just 54 mW over the commercial temperature range.
When the device is deselected, the CMOS standby current is less than 20 pA.

continued on next page

Pin Configurations DIP Top View
NC g 1 32 P Veo
- " A6 O 2 31 p WE
Pin Name  Function A5 3 30 p NC
A2 4 29 p A4
AO - A16 | Addresses ard s 28 b A13
CE ; A6 6 27 P A8
E Chip Enable asd 7 % b A9
OE Output Enable A4 8 25 0 A1
— - a3d o 24 b OF
WE Write Enable A2 10 23 0 A10
A1 g 1 22 b CE
1/00 - /07 | Data Inputs/Outputs A0 d 12 21 b o7
oo d 13 20 b 1106
NC No Connect o1 o 14 19 p 1105
102 g 15 18 b 104
GND O 16 17 p 103

PLCC, LCC Top View
A12 A16 Voc NC TSOP Top View
A15 NC WE Type 1

4321323130 —
A1l d OE
A7 29 G At4 adO ', 241 B a0 E
A6 28 G A13 L 300 B Loy CE
AS A8 aa?1g 4 g 8B Vo6
A4 A9 “Zncde 27 B vos
A3 A1 WE g 7 26 = o4
== VCC 9 8 25 P 103
A2 OE Ne' 20 d 0 g 2B GND
Al A10 A6 d 10 23 B 102
e Al15 = 1" 22 B /o1
A0 p 12 CE A12§ 12 21 g oo
oo Satsie17181008 9 107 MR RO epa R
A5 8 g5 181, B Ay A2

s 12 34586
GND

Note: PLCC package pin 30
is a DON'T CONNECT.

ATmEL

1 Megabit
(128K x 8)
3-Volt Only
CMOS Flash
PEROM
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT29LVO010 does not require high input voltages for program-
ming. Three-volt-only commands determine the operation of
the device. Reading data out of the device is similar to reading
from an EPROM. Reprogramming the AT29LVO010 is per-
formed on a sector basis; 128 bytes of data are loaded into the
device and then simultaneously programmed.

During a reprogram cycle, the address locations and 128 bytes
of data are captured at microprocessor speed and internally

Block Diagram

latched, frecing the address and data bus for other operations.
Following the initiation of a program cycle, the device will au-
tomatically erase the sector and then program the latched data
using an internal control timer. The end of a program cycle can
be detected by DATA polling of I/O7. Once the end of a pro-
gram cycle has been detected, a new access for a read or pro-
gram can begin.

VCC —» DATA INPUTS/OUTPUTS
GND ——» 1100 - V07
o [TYYYYITY
OE —» . .
OF 7] o cEADWE DATA LATCH
Wt LOGIC INPUT/OUTPUT
CE — BUFFERS
"~ YDECODER Y-GATING
ADDRESS | __,|
INPUTS [—™ CELLMATRIX
X DECODER
—b]

Device Operation

READ: The AT29LVO010 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

SOFTWARE DATA PROTECTION PROGRAMMING: The
AT29LV010 has 1024 individual sectors, each 128 bytes. Using
the software data protection feature, byte loads are used to enter
the 128 bytes of a sector to be programmed. The AT29LV010
can only be programmed or reprogrammed using the software
data protection feature. The device is programmed on a sector
basis. If a byte of data within the sector is to be changed, data for
the entire 128-byte sector must be loaded into the device. The
AT29LV010 automatically does a sector erase prior to loading
the data into the sector. An erase command is not required.

Software data protection protects the device from inadvertent
programming. A series of three program commands to specific
addresses with specific data must be presented to the device be-
fore programming may occur. The same three program com-
mands must begin each program operation. All software pro-
gram commands must obey the sector program timing specifica-
tions. Power transitions will not reset the software data protec-

tion feature, however the software feature will guard against in-
advertent program cycles during power transitions.

Any attempt to write to the device without the three-byte com-
mand sequence will start the internal write timers. No data will
be written to the device; however, for the duration of twc, aread
operation will effectively be a polling operation.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

The 128 bytes of data must be loaded into each sector. Any byte
that is not loaded during the programming of its sector will be
erased to read FFh. Once the bytes of a sector are loaded into the
device, they are simultaneously programmed during the internal
programming period. After the first data byte has been loaded
into the device, successive bytes are entered in the same man-
ner. Each new byte to be programmed must have its high to low
transition on WE (or CE) within 150 s of the low to high tran-
sition of WE (or CE) of the preceding byte. If a high to low
transition is not detected within 150 ps of the last low to high
transition, the load period will end and the internal program-

continued on next page
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Device Operation (Continued)

ming period will start. A7 to A16 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). A0 to A6 specify the byte address within the
sector. The bytes may be loaded in any order; sequential loading
is not required.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29LVO010 in the
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 10 ms (typical) before program-
ming. (c) Program inhibit— holding any one of OE low, CE
high or WE high inhibits program cycles. (d) Noise filter—
pulses of less than 15 ns (typical) on the WE or CE inputs will
not initiate a program cycle.

INPUT LEVELS: While operating with a 3.3 V £10% power
supply, the address inputs and control inputs (OE, CE and WE)
may be driven from 0 to 5.5 V without adversely affecting the
operation of the device. The I/O lines can only be driven from O
to 3.6 volts.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature...................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6 Vo +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 Vto Vcc +0.6 V
Voltage on A9

(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +135V

Pin Capacitance (f=1MHz, T=25C)®"

tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29LV010 features DATA polling
to indicate the end of a program cycle. During a program cycle
an attempted read of the last byte loaded will result in the com-
plement of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29LV010
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
1/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.
OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF ViIN=0V
Cout 8 12 pF VouT=0V

Note: 1. These parameters are characterized and not 100% tested.
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D.C. and A.C. Operating Range

AT29LV010-20 AT29LV010-25
Operating Com. 0°C - 70°C 0°C - 70°C
Temperature (Case)  |nd. -40°C - 85°C -40°C - 85°C
Vce Power Supply 33V+03V 33V+03V

Operating Modes
Mode CE OE WE Ai 110
Read ViL ViL VIH Ai Dout
Program(® ViL ViH ViL Ai Din
Standby/Write Inhibit ViH x{ X X High Z
Program Inhibit X X VIH
Program Inhibit X ViL X
Output Disable X VIH X High Z

Product Identification
A1-A16 = Vi, A9 =V ©®

Hard v v v AO = Vi ’ Manufacturer Code®
ardware L L IH XWX =A\(;Ii O;?. YR Device Code
s A0 = ViL Manufacturer Code*!
Software'® AO = Vi Device Code®)
Notes: 1. X canbe Vo or V. 4. Manufacturer Code: 1F, Device Code: 35.
2. Refer to A.C. Programming Waveforms. 5. See details under Software Product Identification Entry/Exit.
3. Vy=120V£05V.
D.C. Characteristics
Symbol Parameter Condition Min Max Units
1Ll Input Load Current ViN=0VtoVcc 1 pA
ILo Output Leakage Current Viyio=0VtoVcc 1 pA
IsB1 Vce Standby Current CMOS CE =Vce-0.3VtoVee com. 20 uA
Ind. 50 pA
IsB2 Ve Standby Current TTL CE=2.0VtoVce 1 mA
Icc Vcc Active Current f=5MHz; lour=0mA;Vcc=3.6V 15 mA
ViL Input Low Voltage 0.6 \
VIH Input High Voltage 2.0 \Y
VoL Qutput Low Voltage loL=1.6mA;Vcc=3.0V .45 \
VOH Output High Voltage loH =-100 pA; Vec=3.0V 2.4 \
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A.C. Read Characteristics

AT29LV010-20 AT29LV010-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce " | CE to Output Delay 200 250 ns
toe @ | OE to Output Delay 0 100 0 120 ns
tor @4 | CE or OF to Output Float 0 50 0 60 ns
Output Hold from OE, CE or Address,
tor whichever occurred first 0 0 ns
A.C. Read Waveforms
ADDRESS >< ADDRESS VALID ><
CE | \l i
tCE —
_— ——— tOE —= —
OE
r-tDF
r— tACC tOH
OUTPUT HIGH Z OUTPUT
VALID
Notes: o
1. CE may be delayed up to tacc - tcE after the address transition 3. tpris specified from OE or CE whichever occurs first
without impact on tacc. (CL = SpF).
2. OE may be delayed up to tcg - tog after the falling edge 4. This parameter is characterized and is not 100% tested.
of CE without impact on Ick or by tacc - tog after an address
change without impact on tacc.
Input Test Waveforms and Output Test Load
Measurement Level 3.3V
2.4V
1.8K
AC AC OUTPUT
DRIVING 1.5V MEASUREMENT PIN
LEVELS 0.4y LEVEL 13K 100pF
IR,tF< 5 ns i
AMMEL 115
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A.C. Byte Load Characteristics

ATmEY

Symbol Parameter Min Max Units
1As, toES Address, OE Set-up Time 10 ns
tAH Address Hold Time 100 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tbs Data Set-up Time 100 ns
tbH,toEH Data, OE Hold Time 10 ns
twPH Write Pulse Width High 200 ns
A.C. Byte Load Waveforms "*
WE Controlled
OE o .;1
— tOES tOEH
ADDRESS ><L
tAS"| —tAH
CE tCH
o ~ics T
WE N KX
tWPH
tWP.
tDS—{ |——tDH
DATA IN T :
CE Controlled
OE S
tOES tOEH
ADDRESS >
TIAS| —tAH
WE tCH
o ~ics T
CE KX
‘ tWPH
= tWP- ‘]
tDS
DATA IN

Notes:

1. The software data protection commands must be applied prior
to byte loads.
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2. A complete scctor (128 bytes) should be loaded using these
waveforms as shown in the Software Protected Byte Load
waveforms (see previous page).




Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 20 ms
tAs Address Set-up Time 10 ns
taH Address Hold Time 100 ns
tos Data Set-up Time 100 ns
tDH Data Hold Time 10 ns
twp _ Write Pulse Width 200 ns
tBLC Byte Load Cycle Time 150 us
twPH Write Pulse Width High 200 ns

Software Protected Program Waveform

Notes:

oF @

1 {DH

AP

]

T

A0-AB6

XBYTE ADDRESS X

)

5555

A7-A16

XSECTOR ADDRESS

(3)
DATA

tDS

AA 55 < A0 ><

AR

1. OE must be high when WE and CE are both low.

2. A7 through A16 must specify the sector address during each
high to low transition of WE (or CE) after the software code
has been entered.

Programming Algorithm ©

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55

ADDRESS 2AAA

1
LOAD DATA A0
TO
ADDRESS 5555

WRITES ENABLED @

LOAD DATA
TO
SECTOR (128 BYTES)

(©)]

ENTER DATA

PROTECT STATE

BYTE 0 BYTE 126 BYTE 127

i
T

twe—=1

3. All bytes that are not loaded within the sector being pro-

grammed will be erased to FF.

Notes for software program code:
1. Data Format: I/O7-1/00 (Hex);
Address Format: A14-A0 (Hex).

2. Data Protect state will be re-activated at end of program cycle.

3. 128 bytes of data MUST BE loaded.

AIMEL
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Data Polling Characteristics”

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toe OE to Output Delay® ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Data Polling Waveforms

pR—

AO-A16 am X an X A o an X A
/

Toggle Bit Characteristics"”

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
toEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms

WE s

tWR
Notes: o .
1. Toggling either OF or CE or both OE and CE will operate 2. Beginning and ending state of I/O6 will vary.
toggle bit. 3. Any address location may be used but the address should not vary.
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Software Product

Identification Entry

Notes for software product identification:

Data Format: I/O7 - /OO (Hex);

Address Format: A14 - A0 (Hex).

Al-A16=ViL.

Manufacture Code is read for AO = Vyi;

Device Code is read for AQ = Vig.

- The device does not remain in identification mode if
powered down.

- The device returns to standard operation mode.

. Manufacturer Code: 1F
Device Code: 35

1.

2.

[N

LOAD DATA AA
TO
ADDRESS 5555

]
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 90
TO
ADDRESS 5555

!

PAUSE 20 mS

Software Product »
Identification Exit

ENTER PRODUCT
IDENTIFICATION
moDEe %)

AImEL

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

1}
LOAD DATA FO
TO
ADDRESS 5555

!

PAUSE 20 mS

EXIT PRODUCT
IDENTIFICATION
MopE )
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Ordering Information

tacc lcc (MA) . !
Ordering Code Package Operation Range

(ns) Active Standby 9 9 P 9

200 15 0.02 AT29LV010-20DC 32D6 Commercial
AT29LV010-20JC 32J (0° to 70°C)
AT29LV010-20PC 32P6
AT29LV010-20TC 32T

15 0.05 AT29LV010-20DI 32D6 Industrial

AT29LV010-20J1 32J (-40° to 85°C)
AT29LV010-20PI 32P6

250 15 0.02 AT29LV010-25DC 32D6 Commercial
AT29LV010-25JC 32J (0° to 70°C)
AT29LV010-25PC 32P6
AT29LV010-25TC 32T

15 0.05 AT29LV010-25DI 32D6 Industrial
AT29LV010-25J1 32J (-40° to 85°C)
AT29LV010-25PI 32P6
Package Type

32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)

324 32 Lead, Plastic J-Leaded Chip Carrier (PLCC)

32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

32T 32 Lead, Thin Small Outline Package (TSOP)
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Features

Single 3.3V + 10% Supply
Three-Volt-Only Read and Write Operation
Software Protected Programming
Fast Read Access Time - 250 ns
Low Power Dissipation
15 mA Active Current
50 uA CMOS Standby Current
¢ Sector Program Operation
Single Cycle Reprogram (Erase and Program
512 Sectors (128 words/sector)

)

Internal Address and Data Latches for 128 Words

Fast Sector Program Cycle Time - 20 ms
Internal Program Control and Timer
DATA Polling for End of Program Detection
High Reliability CMOS Technology

1000 Program Cycles per Sector

10-Year Data Retention
CMOS and TTL Compatible Inputs and Outputs
Commercial and Industrial Temperature Ranges

Description

The AT29LV1024 is a three-volt-only in-system Flash Programmable and Erasable Read
Only Memory (PEROM). Its one megabit of memory is organized as 65,536 words by 16 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 200 ns with power dissipation of just 54 mW. When the device is deselected, the

CMOS standby current is less than 50 pA.

To allow for simple in-system reprogrammability, the AT29LV1024 does not require high
input voltages for programming. Three-volt-only commands determine the operation of the
device. Reading data out of the device is similar to reading from an EPROM. Reprogramming

Pin Configurations

continued on next page

Pin Name Function
A0 - A15 Addresses
CE Chip Enable
OE Output Enable
WE Write Enable
Data
/00 - 11015
Inputs/Outputs
NC No Connect
TSOP Top View
Type 1
PLCC and LCC Top View o ﬁ()L
NC 1
VO13 VO15 NC VCC NC At4 a0 go 3
/014 CE NC WE A15 ! A2 4 4
A3 d%s
A5 ME s 7
1012 A13
1011 A12 a6 2°H 8
1010 Al1 A7 g 10
1109 A10 MBssd 12
1108 A9 A9 d %
GND GND At0 g 14
NC NC A1 15
107 A8 a2 205
06 A7 A13 g 18
V05 5 16 30¢ A8 A4 q 19
V04517 19 21 23 25 27 29¢ A5 NC Aﬁg 202
18 20 22 24 26 28 veo WEQ 2t
02 IQONC A1 A3 NC 5 4 28

1103 1101 OE A0 A2 A4

1 Megabit
(64K x 16)
3-Volt Only
CMOS Flash
PEROM

Preliminary
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Description (Continued)

the AT29L.V1024 is performed on a sector basis; 128 words of
data are loaded into the device and then simultancously
programmed.

During a reprogram cycle, the address locations and 128 words
of data are internally latched, freeing the address and data bus
for other operations. Following the initiation of a program cycle,

Block Diagram

the device will automatically erase the sector and then program
the latched data using an internal control timer. The end of a
program cycle can be detected by DATA polling of I/O7 or
1/015. Once the end of a program cycle has been detected, a
new access for a read or program can begin.

Voo DATA INPUTS/OUTPUTS
GND ——» I/00 - 11015
- [TTYTTYYITTTeNY]
OE —* ——_ — >
e — ] E CEANDWE DATA LATCH
o= OGIC INPUT/OUTPUT
CE —» BUFFERS
" Y DECODER Y-GATING
ADDRESS "
INPUTS CELL MATRIX
X DECODER
]

Device Operation

READ: The AT29LV1024 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

SOFTWARE DATA PROTECTION PROGRAMMING: The
AT29LV1024 has 512 individual sectors, each 128 words.
Using the software data protection feature, word loads are used
to enter the 128 words of a sector to be programmed. The
AT29LV1024 can only be programmed or reprogrammed using
the software data protection feature. The device is programmed
on a sector basis. If a word of data within the sector is to be
changed, data for the entire 128-word sector must be loaded into
the device. The AT29L.V1024 automatically does a sector erase
prior to loading the data into the sector. An erase command is
not required.

Software data protection protects the device from inadvertent
programming. A series of three program commands to specific
addresses with specific data must be presented to the device be-
fore programming may occur. The same three program com-
mands must begin each program operation. All software pro-
gram commands must obey the sector program timing specifica-
tions. Power transitions will not reset the software data protec-
tion feature, however the software feature will guard against in-
advertent program cycles during power transitions.

Any attempt to write to the device without the three-word com-
mand sequence will start the internal write timers. No data will
be written to the device; however, for the duration of twc, aread
operation will effectively be a polling operation.

After the software data protection’s three-word command code
is given, a word load is performed by applying a low pulse on
the WE or CE input with CE or WE low (respectively) and OE
high. The address is latched on the falling edge of CE or WE,
whichever occurs last. The data is latched by the first rising edge
of CE or WE.

The 128 words of data must be loaded into each sector. Any
word that is not loaded during the programming of its sector will
be erased to read FFFFh. Once the words of a sector are loaded
into the device, they are simultaneously programmed during the
internal programming period. After the first data word has been
loaded into the device, successive words are entered in the same
manner. Each new word to be programmed must have its high
to low transition on WE (or CE) within 150 s of the low to high
transition of WE (or CE) of the preceding word. If a high to low
transition is not detected within 150 ps of the last low to high
transition, the load period will end and the internal program-
ming period will start. A7 to A15 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). A0 to A6 specify the word address within the
sector. The words may be loaded in any order; sequential load-
ing is not required.

continued on next page
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Device Operation (Continued)

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29L V1024 in the
following ways: (a) Vcc sense— if Ve is below 1.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 10 ms (typical) before program-
ming. (c) Program inhibit— holding any one of OE low, CE
high or WE high inhibits program cycles. (d) Noise filter—
pulses of less than 15 ns (typical) on the WE or CE inputs will
not initiate a program cycle.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.c. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for various Flash densities and, with each density’s
sector size in a memory map, have the system software apply the
appropriate sector size.

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature..................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 Vto Vcc +0.6 V
Voltage on OF

with Respect to Ground ................. -0.6 Vto +13.5V

Pin Capacitance (f=1MHz, T=257C)"

For details, sec Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29LV1024 features DATA poll-
ing to indicate the end of a program cycle. During a program
cycle an attempted read of the last word loaded will result in the
complement of the loaded data on 1/07 and I/O1S5. Once the
program cycle has been completed, true data is valid on all out-
puts and the next cycle may begin. DATA polling may begin at
any time during the program cycle.

TOGGLE BIT: In addition to DATA polling the
AT29LV1024 provides another method for determining the end
of a program or erase cycle. During a program or erase opera-
tion, successive attempts to read data from the device will result
in I/O6 and I/O14 toggling between one and zero. Once the pro-
gram cycle has completed, I/O6 and I/O14 will stop toggling
and valid data will be read. Examining the toggle bit may begin
at any time during a program cycle.

OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-word software code or high voit-
age. For details, please contact Atmel.

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Court 8 12 pF Vour=0V

Note: 1. This parameter is characterized and is not 100% tested.
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D.C. and A.C. Operating Range

AT29LV1024-20 AT29LV1024-25

Operating Com. 0°C - 70°C 0°C - 70°C

| 0 0 0 0
Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C

Mil. -55°C - 125°C
Vce Power Supply 33V+03V 3.3V+03V
Operating Modes

Mode CE OE WE Al /0
Read ViL ViL ViH Ai Dout
Program® ViL ViH ViL Ai DIN
Standby/Write Inhibit ViH x X X High Z
Program Inhibit X X ViH
Program Inhibit X ViL X
Output Disable X ViH X High Z

Product Identification

-A15 = vy @
Hardw v v v AT-A1S = ViL, OE =V, Manufacturer Code®)
ardware IL IL IH — YA
A1-A15 gg I \23 = VH, Device Code®)
A0 =V “)
Software® L Man.utactu re r( gode
A0 =V Device Code
Notes: 1. X canbe Vi or V. 4. Manufacturer Code: 1F, Device Code: 26
2. Refer to A.C. Programming Waveforms. S. See details under Software Product Identification Entry/Exit.
3. Vu=120V 05 V.
D.C. Characteristics
Symbol  Parameter Condition Min Max Units
ILI Input Load Current ViN=0VtoVce 1 uA
ILo Output Leakage Current Viio=0Vto Vcc 1 uA
— Com. 50 pA
IsB1 Vcce Standby Current CMOS CE=Vcc-0.3VtoV
S8 c y e °C Tind.. Mil. 100 WA
IsB2 Vce Standby Current TTL CE=2.0Vto Vcc 1 mA
Icc Vcc Active Current f=5 MHz; lout =0 mA 15 mA
VIiL Input Low Voltage 0.6 \
ViH Input High Voltage 2.0 Vv
VoL QOutput Low Voltage loL=2.1mA .45 1
VOH1 Output High Voltage IoH = -400 pA 2.4 \
VOH2 Output High Voltage CMOS loH=-100 uA; Vcc =45V 4.2 Vv
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A.C. Read Characteristics

AT29LV1024-20 AT29LV1024-25
Symbol | Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce ™ |CEto Output Delay 200 250 ns
toe @ | OE to Output Delay 0 100 0 120 ns
tor 4 | CE or OE to Output Float 0 50 0 60 ns
on |G telaom OF S o s, | : s

A.C. Read Waveforms

ADDRESS >{_ ADDRESS VALID X

CE N

tCE —
S 1OE —~
OE

ttDF

tOH

OUTPUT HIGHZ /

\

OUTPUT
VALID

Notes:

1. CE may be delayed up to tacc - IcE after the address transition 3. tpris specified from OE or CE whichever occurs first

without impact on tacc.

(CL = 5pF).

2. OE 2 may be delayed up to Icg - toE after the falling edge 4. This parameter is characterized and is not 100% tested.

of CE without impact on tcg or by tacc - tog after an address
change without impact on tacc.

Input Test Waveforms and
Measurement Level

3.0V
AC AC
DRIVING 1.5V MEASUREMENT
LEVELS LEVEL
0.0V
R, tF< 5 ns

Output Test Load
5.0V

OUTPUT
PIN

1.3K @ 100pF




A.C. Word Load Characteristics

Symbol Parameter Min Max Units
1as, toEs Address, OE Set-up Time 0 ns
tAH Address Hold Time 100 ns
tcs Chip Select Set-up Time 0 ns
tCH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tos Data Set-up Time 100 ns
tDH,tOEH Data, OE Hold Time 0 ns
twPH Write Pulse Width High 200 ns
A.C. Word Load Waveforms- WE Controlled
OE A
tOES tOEH
ADDRESS 4 X
TIAST| —tAH
CE ~— tCH
TiCS T
WE N KXY
tWPH
tWP.
DATA IN

‘ftDS———

-——tDH j

A.C. Word Load Waveforms- CE Controlled

126

OE

ADDRESS >

DATA

—["ioes] tOEH
b
tAS ™| |—tAH
tCH
" 1cs]
tWPH
WP

IN

[- DS —

- tDH _‘*]

AT 20 L V10 2 5000000000000
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 20 ms
tAs Address Set-up Time 0 ns
tAH Address Hold Time 100 ns
tps Data Set-up Time 100 ns
tDH Data Hold Time 0 ns
twp Write Pulse Width 200 ns
twLe Word Load Cycle Time 150 us
twPH Write Pulse Width High 200 ns

Software Protected Program Waveform

Notes: 1.

3.

OE

m

]

tWPH tWL
_
e o W -
=1 tDH
/;
AO0-A6 WORD ADDRESS
X i
5555
/;
A7-A15
A XSECTOR ADDRESS
/;
DATA X AAAA { 5555 A\ AOAO X X X ;
WORD 0 WORD 126  WORD 127
—twCc—

A7 through A15 must specify the same page address during each high to low
transition of WE (or CE) after the software code has been entered.

2. OE must be high when WE and CE are both low.
All words that are not loaded within the sector being programmed

will be erased to FF.

Programming Algorithm

LOAD DATA AAAA
TO

ADDRESS 5555

LOAD DATA 5555
TO

ADDRESS 2AAA

]
LOAD DATA AOAO
TO
ADDRESS 5555

LOAD DATA

SECTOR (128 WoRrDS) &

WRITES ENABLED

ENTER DATA
PROTECT STATE

@

Notes for software program code:
1. Data Format: I/O7-1/00 (Hex);
Address Format: A14-A0 (Hex).
2. Data Protect state will be re-activated at end of program cycle.
3. 128 words of data MUST BE loaded.
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Data Polling Characteristics"

Symbol Parameter Min Typ Max Units
toH Data Hold Time 0 ns
tOEH OE Hold Time 0 ns
toE OE to Output Delay® ns
twr Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.
Data Polling Waveforms
W“E_ llll
—
cE SN NN\
S tOEH
OE Bl ™\ /~ \
tDH —
tOE  HIGHZ S—{WR
1107 OR \ r \__/ﬁ//
11015
/L
A0-A15 An X A X an 7 a0 XX Anp
7/
. s g (1
Toggle Bit Characteristics”
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay®® ns
tOEHP OE High Pulse 150 ns
twR Write Recovery Time 0 ns
Notes: 1. These parameters are characterized and not 100% tested.

2. See toE spec in A.C. Read Characteristics.

Toggle Bit Waveforms

WE

cE N\ TN

OE

/06 OR
/1014

Notes:

1. Toggling either OE or CE or both OE and CE will operate toggle bit.
2. Beginning and ending state of I/O6 and 1/014 may vary.

3. Any address location may be used but the address should not vary.

128

tWR
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Software Product (
Identification Entry

)]

LOAD DATA AAAA
TO
ADDRESS 5555

]
LOAD DATA 5555
TO
ADDRESS 2AAA

!
LOAD DATA 9090
TO
ADDRESS 5555

PAUSE 20 mS ENTER PRODUCT

IDENTIEIGATION
MODE 23

Notes for software product identification:

1.

2.

Data Format: [/O15 - /OO (Hex);
Address Format: A14 - A0 (Hex).
Al-Al5=Vy.

Manufacture Code is read for A0 = Vy;
Device Code is read for A0 = Vig.

. The device does not remain in identification mode if

powered down.

. The device returns to standard operation mode.
. Manufacturer Code: 1F

Device Code: 26

Almgy

Software Product
Identification Exit

LOAD DATA AAAA
TO
ADDRESS 5555

LOAD DATA 5555
TO
ADDRESS 2AAA

LOAD DATA FOFO
TO.
ADDRESS 5555

i

PAUSE 20 mS

EXIT PRODUCT
IDENTIFICATION
MoDEe )
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Ordering Information

tacc Icc (mA) ) .
Ordering Code Package Operation Range
(ns) | Active | Standby 9 9 P 9
200 15 0.05 AT29LV1024-20JC 44J Commercial
AT29LV1024-20LC 44L (0° to 70°C)
AT29LV1024-20TC 48T
200 15 0.10 AT29LV1024-20JI 44) Industrial
AT29LV1024-20LI 44L (-40° to 85°C)
AT29LV1024-20TI 48T
250 15 0.05 AT29LV1024-25JC 44J Commercial
AT29LV1024-25LC 44L (0° to 70°C)
AT29LV1024-25TC 48T
250 15 0.10 © AT29LV1024-25Ji 44J Industrial
AT29LV1024-25L1I 44L (-40° to 85°C)
AT29LV1024-25TI 48T
Package Type
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 44 Lead, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
48T 48 Lead, Thin Small Outline Package (TSOP)
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Features

¢ Single 3.3V + 10% Supply
¢ Three-Volt-Only Read and Write Operation
¢ Software Protected Programming
* Fast Read Access Time - 250 ns
* Low Power Dissipation
15 mA Active Current
20 pA CMOS Standby Current

¢ Sector Program Operation

Single Cycle Reprogram (Erase and Program)

1024 Sectors (256 bytes/sector)

internal Address and Data Latches for 256 Bytes
2 - 16KB Boot Blocks with Lockout
Fast Sector Program Cycle Time - 20 ms
Internal Program Control and Timer
DATA Polling for End of Program Detection
High Reliability CMOS Technology

1000 Program Cycles per Sector

10-Year Data Retention
CMOS and TTL Compatible Inputs and Outputs
e Commercial and Industrial Temperature Ranges

Description

The AT29LV020 is a three-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its two megabit of memory is organized as 262,144 bytes by 8 bits. Man-
ufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 250 ns with power dissipation of just 54 mW over the commercial temperature range.

When the device is deselected, the CMOS standby current is less than 20 pA.

To allow for simple in-system reprogrammability, the AT29LV020 does not require high input
voltages for programming. Five-volt-only commands determine the operation of the device.

continued on next page

Pin Configurations DIP Top View
]
" - NCd 1 32 B Vee
Pin Name Function A6 2 31 p WE
As5d 3 30 b A17
AO - A17 | Addresses A2 4 29 b A14
CE i Aa7g 5 28 b A13
CE Chip Enable A6 6 27 p A8
o ut ble Asd 7 26 b A9
2 Output Enal Asd 8 25 O A
WE Write Enable A3Q 9 24 b OE
A2 d 10 23 b A10
/00 - 1/07 | Data Inputs/Outputs A1 Q11 22 p CE
A0 12 21 b o7
NC No Connect oo g 13 20 K 106
Vo1 d 14 19 b 1105
vo2 d 15 18 [ 1104
GND O 16 17 p 103
TSOP Top View
Type 1
A1 d
a0 g0 ', %24
A8 "9 3 30
a3 4 26 20
—_A79 6 27
WE d 7 26
vcee 9 8 25
NC = 9 24
as1eE 10, 22
MZE 12 21
A7 A6 g 1413 20 49
A5 g 4615 18 47

ajspujsgagspupagugupuinpupapaiag

ATMEL

2 Megabit
(256K x 8)
3-Volt Only
CMOS Flash
PEROM

Preliminary
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Description (Continued)

Reading data out of the device is similar to reading from an
EPROM. Reprogramming the AT29LV020 is performed on a
sector basis; 256 bytes of data are loaded into the device and
then simultaneously programmed.

During a reprogram cycle, the address locations and 256 bytes
of data are captured at microprocessor speed and internally
latched, freeing the address and data bus for other operations.

Block Diagram

Following the initiation of a program cycle, the device will au-
tomatically erase the sector and then program the latched data
using an internal control timer. The end of a program cycle can
be detected by DATA polling of I/O7. Once the end of a pro-
gram cycle has been detected, a new access for a read or pro-
gram can begin.

VCC DATA INPUTS/OUTPUTS
GND ——» 1/00 - 1O7
- YIYIIYY
OE —* ___
WE OF, CEAND WE DATA LATCH
e LOGIC INPUT/OUTPUT
CE — BUFFERS
- Y DECODER Y-GATING
ADDRESS
INPUTS CELL MATRIX
X DECODER
—

Device Operation

READ: The AT29LV020 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

SOFTWARE DATA PROTECTION PROGRAMMING: The
AT29L V020 has 1024 individual sectors, each 256 bytes. Using
the software data protection feature, byte loads are used to enter
the 256 bytes of a sector to be programmed. The AT29LV020
can only be programmed or reprogrammed using the software
data protection feature. The device is programmed on a sector
basis. If a byte of data within the sector is to be changed, data for
the entire 256-byte sector must be loaded into the device. The
AT29L V020 automatically does a sector erase prior to loading
the data into the sector. An erase command is not required.

Software data protection protects the device from inadvertent
programming. A series of three program commands to specific
addresses with specific data must be presented to the device be-
fore programming may occur. The same three program com-
mands must begin each program operation. All software pro-
gram commands must obey the sector program timing specifica-
tions. Power transitions will not reset the software data protec-
tion feature, however the software feature will guard against in-
advertent program cycles during power transitions.

Any attempt to write to the device without the three-byte com-
mand sequence will start the internal write timers. No data will
be written to the device; however, for the duration of twc, aread
operation will effectively be a polling operation.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.

The address is latched on the falling edge of CE or WE, which-
ever occurs last. The data is latched by the first rising edge of CE
or WE.

The 256 bytes of data must be loaded into each sector. Any byte
that is not loaded during the programming of its sector will be
erased to read FFh. Once the bytes of a sector are loaded into the
device, they are simultaneously programmed during the internal
programming period. After the first data byte has been loaded
into the device, successive bytes are entered in the same man-
ner. Each new byte to be programmed must have its high to low
transition on WE (or CE) within 150 ps of the low to high tran-
sition of WE (or CE) of the preceding byte. If a high to low
transition is not detected within 150 ps of the last low to high
transition, the load period will end and the internal program-
ming period will start. A8 to A17 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). A0 to A7 specify the byte address within the
sector. The bytes may be loaded in any order; sequential loading
is not required.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29LV020 in the
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 10 ms (typical) before program-
ming. (c) Program inhibit— holding any one of OE low, CE

continued on next page
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Device Operation (Continued)

high or WE high inhibits program cycles. (d) Noise filter—
pulses of less than 15 ns (typical) on the WE or CE inputs will
not initiate a program cycle.

INPUT LEVELS: While operating with a 3.3 V +10% power
supply, the address inputs and control inputs (OE, CE and WE)
may be driven from 0 to 5.5 V without adversely affecting the
operation of the device. The 1/O lines can be driven from 0 to 3.6
volts.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29LV020 features DATA polling
to indicate the end of a program cycle. During a program cycle
an attempted read of the last byte loaded will result in the com-
plement of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: Inaddition to DATA polling the AT29LV(020
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
attempts to read data from the device will result in I/O6 toggling
between one and zero. Once the program cycle has completed,
I/06 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature..................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)

with Respect to Ground ................. -0.6 Vto +6.25V
All Output Voltages

with Respect to Ground ............ -0.6 Vto Vcc +0.6 V
Voltage on A9

(including N.C. Pins)

with Respect to Ground ................. -0.6 Vto +135V

OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

BOOT BLOCK PROGRAMMING LOCKOUT: The
AT29LV020 has two designated memory blocks that have a
programming lockout feature. This feature prevents program-
ming of data in the designated block once the feature has been
enabled. Each of these blocks consists of 16K bytes; the pro-
gramming lockout feature can be set independently for either
block. While the lockout feature does not have to be activated,
it can be activated for either or both blocks.

These two 16K memory sections are referred to as boot blocks.
Secure code which will bring up a system can be contained in a
boot block. The AT29LV020 blocks are located in the first 16K
bytes of memory and the last 16K bytes of memory. The boot
block programming lockout feature can therefore support sys-
tems that boot from the lower addresses of memory or the higher
addresses. Once the programming lockout feature has been ac-
tivated, the data in that block can no longer be erased or pro-
grammed; data in other memory locations can still be changed
through the regular programming methods. To activate the lock-
out feature, a series of seven program commands to specific ad-
dresses with specific data must be performed. Please see Boot
Block Lockout Feature Enable Algorithm.

If the boot block lockout feature has been activated on either
block, the chip erase function will be disabled.

BOOT BLOCK LOCKOUT DETECTION: A software
method is available to determine whether programming of ei-
ther boot block section is locked out. See Software Product
Identification Entry and Exit sections. When the device is in the
software product identification mode, a read from location
00002H will show if programming the lower address boot block
is locked out while reading location 1FFFFH will do so for the
upper boot block. If the data is FE, the corresponding block can
be programmed; if the data is FF, the program lockout feature
has been activated and the corresponding block cannot be pro-
grammed. The software product identification exit mode should
be used to return to standard operation.

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.



Pin Capacitance (f=1MHz, T=257C)"

Typ Max Units Conditions
CiN 4 6 pF VIN=0V
Cout 8 12 pF Vour=0V

Note: 1. These parameters are characterized and not 100% tested.

D.C. and A.C. Operating Range

AT29LV020-20 AT29LV020-25

Operating Com. 0°C - 70°C 0°C - 70°C

Temperature (Case) Ind. -40°C - 85°C -40°C - 85°C

Vcc Power Supply 3.3V+03V 3.3V+03V
Operating Modes

Mode CE OE WE Ai /0

Read ViL ViL ViH Ai Dout

Program‘z) ViL VIH ViL Ai DIN

Standby/Write Inhibit VIH x( X X High Z

Program Inhibit X X VIH

Program Inhibit X ViL X

Qutput Disable X VIH X High Z

Product Identification

A7 = _vy @
A1-A17 _A\(/)|L=’ O?L‘ VK, Manufacturer Code®

Hardwar V| VIL V|
et ) ) AT =A\c/>|L-_' Oi= v Device Code'®
Software® A0 = Vi Manufacturer Code')
AO = ViH Device Code!¥
Notes: 1. Xcanbe Vi or V. 4. Manufacturer Code: 1F, Device Code: BA.
2. Refer to A.C. Programming Waveforms. S. See details under Software Product Identification Entry/Exit.
3. Vg=120V+05V.
D.C. Characteristics
Symbol Parameter Condition Min Max Units
Ll Input Load Current ViIN=0VtoVce 1 pA
ILo Output Leakage Current Viio=0VtoVcc 1 pA
I1sB1 Vcc Standby Current CMOS CE =Vcc-0.3VtoVee Com. 20 uA
Ind. 50 pA
IsB2 Vce Standby Current TTL CE=20VtoVce 1 mA
lcc Vcc Active Current f=5MHz;lout=0mA;Vcc=3.6V 15 mA
ViL Input Low Voltage 0.6 \
VIH Input High Voltage 2.0 Vv
VoL Output Low Voltage loL=1.6mMA; Vcc=3.0V 45 v
VoH Output High Voltage loH=-100 pA; Vec=3.0V 2.4 Vv
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A.C. Read Characteristics

AT29LV020-20 AT29LV020-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce (V| CE to Output Delay 200 250 ns
toe @ | OE to Output Delay 100 0 120 ns
tor @4 | CE or OE to Output Float 0 50 0 60 ns
oo | : -

A.C. Read Waveforms

Notes:

1. CE may be delayed up to tacc - IcE after the address transition

without impact on tacc.

2. OE may be delayed up to I, - tog after the falling edge
of CE without impact on tcg or by tacc - toE after an address

ADDRESS ¢

ADDRESS VALID

X

CE TN

S — tOE —=
OE

OUTPUT

— tACC—+] tOH

—

tDF

HIGH Z OUTPUT

change without impact on tacc.

Input Test Waveforms and
Measurement Level

2.4V
AC
DRIVING
LEVELS
04V
R, IF< 5 ns

AC

VALID

(CvL = 5pF).

/P—

Output Test Load

3.3v

MEASUREMENT
LEVEL

AlmEL

OUTPUT

3. tpris specified from OE or CE whichever occurs first

4. This parameter is characterized and is not 100% tested.
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A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toES Address, OE Set-up Time 10 ns
tAH Address Hold Time 100 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time . 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tos Data Set-up Time 100 ns
tDH,10EH Data, OE Hold Time 10 ns
twPH Write Pulse Width High 200 ns

A.C. Byte Load Waveforms”
WE Controlled

OES tOEH
ADDRESS X
—tAH
tCH
L tCS*
WE N KX
tWPH
tWP
tDS— |-——tDH
DATA IN ;
CE Controlled
OE A .__l
tOES tOEH
ADDRESS > X
TS| —tAH
WE tCH
L ~icS ™
CE L KX
tWPH
tWP.
tDS - ~——tDH
DATA IN /F
Notes:
1. The software data protection commands must be applied prior 2. A complete sector (256 bytes) should be loaded using these
to byte loads. waveforms as shown in the Software Protected Byte Load

waveforms (see previous page).

136 AT29LV020




e A T291L. V020

Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 20 ms
tAs Address Set-up Time 10 ns
taH Address Hold Time 100 ns
tps Data Set-up Time 100 ns
tDH Data Hold Time 10 ns
twp Write Pulse Width 200 ns
tBLC Byte Load Cycle Time 150 us
tWPH Write Pulse Width High 200 ns

Software Protected Program Waveform

—— a /L_
OE (O]
— /___
E TN\ S\ NSNS\
- tWPH tBLC ,
WE
=] tDH
g
AO0-A7 BYTE ADDRESS
Xe X )
2) 5555 ,
A8-A17 SECTOR ADDRES,
tDS X 4
3) g
DATA X >[ 5 o X X __ X .
BYTE 0 BYTE254  BYTE 255
—twCc—
Notes: —
1. OE must be high when WE and CE are both low. 3. All bytes that are not loaded within the sector being pro-
2. A8 through A17 must specify the sector address during each grammed will be erased to FF.
high to low transition of WE (or CE) after the software code
has been entered.
. - (1)
Programming Algorithm
LOAD DATA AA
TO
ADDRESS 5555
LOAD DATA 55
ADDRESS 2AAA
LOAD DATA A0
TO 5
ADDRESS 5555 WRITES ENABLED @ Notes for software program code:
) 1. Data Format: 1/07-1/00 (Hex);
LOA[T)gATA Address Format: A14-A0 (Hex).
(3) | ENTER DATA 2. Data Protect state will be re-activated at end of program cycle.
SECTOR (256 BYTES) ) | pROTECT STATE program ¢y

3. 256 bytes of data MUST BE loaded.
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Data Polling Characteristics"’

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay®® ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toEg spec in A.C. Read Characteristics.

Data Polling Waveforms

—

tDH —
1107

A0-A17

Toggle Bit Characteristics"’

Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
toEH OE Hold Time 10 ns
toE OE to Output Delay® ns
tOEHP OE High Pulse 150 ns
tWR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

13)

Toggle Bit Waveforms
WE

tWR
Notes: .
1. Toggling either OE or CE or both OE and CE will operate 2. Beginning and ending state of 1/06 will vary.
toggle bit. 3. Any address location may be used but the address should not vary.
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Software Product o
Identification Entry

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 90
TO
ADDRESS 5555

PAUSE 20 mS ENTER PRODUCT

IDENTIEICATION
MODE 23)

Notes for software product identification:
1. Data Format: 1/07 - I/O0 (Hex);
Address Format: A14 - A0 (Hex).
2. A1-A17 =V
Manufacture Code is read for AQ = Vi ;
Device Code is read for A0 = Viy.
3. The device does not remain in identification mode if
powered down.
4. The device returns to standard operation mode.
5. Manufacturer Code: 1F
Device Code: BA

Software Product o
Identification Exit

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA FO
TO
ADDRESS 5555

|

PAUSE 20 mS

EXIT PRODUCT
IDENTIFICATION
MoDE )

Boot Block Lockout o
Feature Enable Algorithm

LOAD DATA AA
TO
ADDRESS 5555

]

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 80
TO
ADDRESS 5555

LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 40
TO
ADDRESS 5555

/

N

LOAD DATA 00 LOAD DATA FF
TO TO
ADDRESS 00000H @ ADDRESS FFFFFH @

i
PAUSE 10 mS PAUSE 10 mS

Notes for boot block lockout feature enable:
1. Data Format: I/O7 - [/OO (Hex);
Address Format: A14 - A0 (Hex).
2. Lockout feature set on lower address boot block.
3. Lockout feature set on higher address boot block.

ATMEL
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Ordering Information

tacc Icc (MA) )
Ordering Code Package Operation Range
(ns) Active Standby 9 ¢ P : 9
200 15 0.02 AT29LV020-20DC 32D6 Commercial
AT29LV020-20PC 32P6 (0° to 70°C)
AT29LV020-20TC 32T
15 0.05 AT29LV020-20DI 32D6 Industrial
AT29LV020-20PI 32P6 (-40° to 85°C)
250 15 0.02 AT29LV020-25DC 32D6 Commercial
AT29LV020-25PC 32P6 (0° to 70°C)
AT29LV020-25TC 32T
15 0.05 AT29LV020-25DI 32D6 Industrial
AT29LV020-25PI 32P6 (-40° to 85°C)
Package Type
32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) |
32T 32 Lead, Thin Small Outline Package (TSOP)
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Features

o o 0o o o

Single 3.3V + 10% Supply

Three-Volt-Only Read and Write Operation

Software Protected Programming
Fast Read Access Time - 250 ns
Low Power Dissipation

15 mA Active Current

20 pA CMOS Standby Current
Sector Program Operation

Single Cycle Reprogram (Erase and Program)

1024 Sectors (512 bytes/sector)

Internal Address and Data Latches for 512 Bytes

2 - 16 KB Boot Blocks with Lockout

Fast Sector Program Cycle Time - 20 ms Max.

Internal Program Control and Timer

DATA Polling for End of Program Detection

High Reliability CMOS Technology
1000 Program Cycles per Sector
10-Year Data Retention

CMOS and TTL Compatible Inputs and Outputs
Commercial and Industrial Temperature Ranges

Description

The AT29LV040 is a three-volt-only in-system Flash Programmable and Erasable Read Only
Memory (PEROM). Its four megabit of memory is organized as 524,288 words by 8 bits.
Manufactured with Atmel’s advanced nonvolatile CMOS technology, the device offers access
times to 250 ns with power dissipation of just 54 mW over the commercial temperature range.
When the device is deselected, the CMOS standby current is less than 20 UA. The program-
ming algorithm is identical to Atmel’s 256K, 512K, and 1-megabit Flash PEROMs.

continued on next page

4 Megabit
(512K x 8)
3-Volt Only
CMOS Flash
PEROM

. . . DIP Top View
Pin Configurations
——
A8 g 1 32 0 Vee
A6 2 31 b WE
in Nam: i A5 d 3 30 0 A17
P e Function A2d 4 29 b A14
A0 - A18 | Addresses A7 O 5 28 p A13
— - A 6 27 p A8
CE Chip Enable As O 7 26 b A9
s A 8 25 b AN
OE Output Enable asd o 24 b OE
s - A2 d 10 23 b A10
WE Write Enable ar d 11 2 b ce
R A0 d 12 21 b o7
1/00 - /07 | Data Inputs/Outputs voo d 13 20 b 108
NC No Connect 101 O 14 19 b 105
102 g 15 18 [ 1/04
GND ] 16 17 p 103
TSOP Top View
Type 1
=
i o8O 5
A9 g 4
A8 g s
A13 g 6
A14 g 7
——A174 8
WE d° 9
vce g 10
A18 g 11
A6 g 12
A1S 4 nd 1413
[=
A7 a6 § 1615
AS pad 1817
NC N g 20 18

Preliminary
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Description (Continued)

To allow for simple in-system reprogrammability, the
AT?29LV040 does not require high input voltages for program-
ming. Three-volt-only commands determine the operation of
the device. Reading data out of the device is similar to reading
from an EPROM. Reprogramming the AT29LV040 is per-
formed on a sector basis; 512 bytes of data are loaded into the
device and then simultaneously programmed.

During a reprogram cycle, the address locations and 512 bytes
of data are captured at microprocessor speed and internally

Block Diagram

latched, freeing the address and data bus for other operations.
Following the initiation of a program cycle, the device will au-
tomatically erase the sector and then program the latched data
using an internal control timer. The end of a program cycle can
be detected by DATA polling of I/O7. Once the end of a pro-
gram cycle has been detected, a new access for a read or pro-
gram can begin.

VCC DATA INPUTS/OUTPUTS
GND —» /00 - 1107
L Aadapnsn
OE L
o :—7_, £ GE ANDWE DATA LATCH
WE LOGIC INPUT/OUTPUT
CE —+ BUFFERS
—1  YDECODER Y-GATING
ADDRESS
INPUTS CELL MATRIX
X DECODER
—»]

Device Operation

READ: The AT29LV040 is accessed like an EPROM. When
CE and OE are low and WE is high, the data stored at the mem-
ory location determined by the address pins is asserted on the
outputs. The outputs are put in the high impedance state when-
ever CE or OE is high. This dual-line control gives designers
flexibility in preventing bus contention.

SOFTWARE DATA PROTECTION PROGRAMMING: The
AT29LV040 has 1024 individual sectors, each 512 bytes. Using
the software data protection feature, byte loads are used to enter
the 512 bytes of a sector to be programmed. The AT29LV040
can only be programmed or reprogrammed using the software
data protection feature. The device is programmed on a sector
basis. If a byte of data within the sector is to be changed, data for
the entire 512-byte sector must be loaded into the device. The
AT29L.V040 automatically does a sector erase prior to loading
the data into the sector. An erase command is not required.

Software data protection protects the device from inadvertent
programming. A series of three program commands to specific
addresses with specific data must be presented to the device be-
fore programming may occur. The same three program com-
mands must begin each program operation. All software pro-
gram commands must obey the sector program timing specifica-
tions. Power transitions will not reset the software data protec-
tion feature, however the software feature will guard against in-
advertent program cycles during power transitions.

Any attempt to write to the device without the three-byte com-
mand sequence will start the internal write timers. No data will
be written to the device; however, for the duration of twc, aread
operation will effectively be a polling operation.

After the software data protection’s three-byte command code is
given, a byte load is performed by applying a low pulse on the
WE or CE input with CE or WE low (respectively) and OE high.
The address is latched on the falling edge of CE or WE, which-
cver occurs last. The data is latched by the first rising edge of CE
or WE.

The 512 bytes of data must be loaded into each sector. Any byte
that is not loaded during the programming of its sector will be
erased to read FFh. Once the bytes of a sector are loaded into the
device, they are simultaneously programmed during the internal
programming period. After the first data byte has been loaded
into the device, successive bytes are entered in the same man-
ner. Each new byte to be programmed must have its high to low
transition on WE (or CE) within 150 ps of the low to high tran-
sition of WE (or CE) of the preceding byte. If a high to low
transition is not detected within 150 ps of the last low to high
transition, the load period will end and the internal program-
ming period will start. A9 to A18 specify the sector address. The
sector address must be valid during each high to low transition
of WE (or CE). AO to A8 specify the byte address within the
sector. The bytes may be loaded in any order; sequential loading
is not required.

HARDWARE DATA PROTECTION: Hardware features
protect against inadvertent programs to the AT29LV040 in the
following ways: (a) Vcc sense— if Vcc is below 1.8 V (typi-
cal), the program function is inhibited. (b) Vcc power on
delay— once Vcc has reached the Vcc sense level, the device
will automatically time out 10 ms (typical) before program-
ming. (c) Program inhibit— holding any one of OE low, CE

continued on next page
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Device Operation (Continued)

high or WE high inhibits program cycles. (d) Noise filter—
pulses of less than 15 ns (typical) on the WE or CE inputs will
not initiate a program cycle.

INPUT LEVELS: While operating with a 3.3 V £10% power
supply, the address inputs and control inputs (OE, CE and WE)
may be driven from 0 to 5.5 V without adversely affecting the
operation of the device. The I/O lines can only be driven from 0
to 3.6 volts.

PRODUCT IDENTIFICATION: The product identification
mode identifies the device and manufacturer as Atmel. It may be
accessed by hardware or software operation. The hardware op-
eration mode can be used by an external programmer to identify
the correct programming algorithm for the Atmel product. In
addition, users may wish to use the software product identifica-
tion mode to identify the part (i.e. using the device code), and
have the system software use the appropriate sector size for pro-
gram operations. In this manner, the user can have a common
board design for 256K to 4-megabit densities and, with each
density’s sector size in a memory map, have the system software
apply the appropriate sector size.

For details, see Operating Modes (for hardware operation) or
Software Product Identification. The manufacturer and device
code is the same for both modes.

DATA POLLING: The AT29LV040 features DATA polling
to indicate the end of a program cycle. During a program cycle
an attempted read of the last byte loaded will result in the com-
plement of the loaded data on I/O7. Once the program cycle has
been completed, true data is valid on all outputs and the next
cycle may begin. DATA polling may begin at any time during
the program cycle.

TOGGLE BIT: In addition to DATA polling the AT29LV(040
provides another method for determining the end of a program
or erase cycle. During a program or erase operation, successive
aiiempis io read daia from ihe device wili resuii in I/06 ioggiing
between one and zero. Once the program cycle has completed,
I/O6 will stop toggling and valid data will be read. Examining
the toggle bit may begin at any time during a program cycle.

Absolute Maximum Ratings*

Temperature Under Bias................. -55°C to +125°C
Storage Temperature...................... -65°C to +150°C

All Input Voltages
(including N.C. Pins)
with Respect to Ground ................. -0.6Vto +6.25V

All Qutput Voltages
with Respect to Ground ............ -0.6 VtoVce +0.6 V

Voltage on A9
(including N.C. Pins)
with Respect to Ground ................. -0.6 Vto +13.5V

OPTIONAL CHIP ERASE MODES: The entire device may
be erased by either using a six-byte software code or high volt-
age. For details, please contact Atmel.

BOOT BLOCK PROGRAMMING LOCKOUT: The
AT29LV040 has two designated memory blocks that have a
programming lockout feature. This feature prevents program-
ming of data in the designated block once the feature has been
enabled. Each of these blocks consists of 16K bytes; the pro-
gramming lockout feature can be set independently for either
block. While the lockout featurc does not have to be activated,
it can be activated for either or both blocks.

These two 16K memory sections are referred to as boot blocks.
Secure code which will bring up a system can be contained in a
boot block. The AT29L V040 blocks are located in the first 16K
bytes of memory and the last 16K bytes of memory. The boot
block programming lockout feature can therefore support sys-
tems that boot from the lower addresses of memory or the higher
addresses. Once the programming lockout feature has been ac-
tivated, the data in that block can no longer be erased or pro-
grammed; data in other memory locations can still be changed
through the regular programming methods. To activate the lock-
out feature, a series of seven program commands to specific ad-
dresses with specific data must be performed. Please see Boot
Block Lockout Feature Enable Algorithm.

If the boot block lockout feature has been activated on either
block, the chip erase function will be disabled.

BOOT BLOCK LOCKOUT DETECTION: A software
method is available to determine whether programming of ei-
ther boot block section is locked out. See Software Product
Identification Entry and Exit sections. When the device is in the
software product identification mode, a read from location
00002H will show if programming the lower address boot block
is locked out while reading location 1FFFFH will do so for the
upper boot block. If the data is FE, the corresponding block can
be programmed; if the data is FF, the program lockout feature
has been activated and the corresponding block cannot be pro-
grammed. The software product identification exit mode should
be used to return to standard operation.

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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Pin Capacitance

AIMEL

(f=1MHz, T=25C) "

Typ Max Units Conditions
CIN 4 6 pF VIN=0V
Cout 8 12 pF Voutr=0V
Note: 1. These parameters are characterized and not 100% tested.

D.C. and A.C. Operating Range

AT29LV040-20 AT29LV040-25
Operating Com. 0°C - 70°C 0°C - 70°C
Temperature (Case)  |nd. -40°C - 85°C -40°C - 85°C
Vcc Power Supply 3.3V+03V 3.3V+03V
Operating Modes
Mode CE OE WE Ai 10
Read ViL ViL VIH Ai Dout
Program(z) ViL VIH ViL Ai DIN
Standby/Write Inhibit ViH x X X High Z
Program Inhibit X X VIH
Program Inhibit X ViL X
Output Disable X VIH X High Z
Product Identification
JA18 = vy ®
A1-A18 = Vi, A9 = Vi ™, Manufacturer Code®)
Hardware ViL Vi VIH ATATS A\(/) — Xg' VRE)
MY S A Device Code!)
A0 =V f )
Software® | Man.u acturer( f))ode
A0 = ViH Device Code
Notes: 1. X can be Vi, or Vii. 4. Manufacturer Code: 1F, Device Code: 3B.
2. Refer to A.C. Programming Waveforms. 5. See details under Software Product Identification Entry/Exit.
3. Vu=120Vt05V.
D.C. Characteristics
Symbol Parameter Condition Min Max Units
1Ll Input Load Current ViN=0Vto Vcc 1 uA
ILo Qutput Leakage Current Viyo=0VtoVcec 1 pA
IsB1 Vce Standby Current CMOS CE=Vce-0.3Vie Voo Com. 20 e
. Ind. 50 pA
IsB2 Vce Standby Current TTL CE=2.0VtoVcc 1 mA
lcc Vcc Active Current f=5MHz;louT=0mA;Vcc=3.6V 15 mA
ViL Input Low Voltage 0.6 \'
ViH Input High Voltage 2.0 \i
VoL Output Low Voltage loL=1.6mA;Vcc=3.0V .45 Vv
VoH Output High Voltage loH=-100 uA; Vec=3.0V 2.4 \"
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A.C. Read Characteristics

AT29LV040-20 AT29LV040-25
Symbol Parameter Min Max Min Max Units
tacc Address to Output Delay 200 250 ns
tce M | CE to Output Delay 200 250 ns
toe @ | OE to Output Delay 0 100 0 120 ns
tor @4 | CE or OE to Output Float 0 50 0 60 ns
Output Hold from OE, CE or Address,
toH whichever occurred first 0 0 ns ]
A.C. Read Waveforms
ADDRESS X ADDRESS VALID <
CE AN
{CE —=
_ 0 —
OE L1
-tDF
le— tACC —— tOH
OuUTPUT HIGH Z OUTPUT
VALID put
Notes: .
1. CE may be delayed up to tacc - IcE after the address transition 3. tpris specified from OE or CE whichever occurs first
without impact on tacc. (CL=5pF).
2. OE may be delayed up to icg - toE after the falling edge 4. This parameter is characterized and is not 100% tested.

of CE without impact on Icg or by tacc - toE after an address
change without impact on tacc.

Input Test Waveforms and Output Test Load
Measurement Level 3.3V
24V 1.8
AC AC OUTPUT
DRIVING 1.5V MEASUREMENT PIN
LEVELS 0.4V LEVEL 1.3K 100pF
R, IF< 5 ns g
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A.C. Byte Load Characteristics

Symbol Parameter Min Max Units
tas, toES Address, OE Set-up Time 10 ns
tAH Address Hold Time 100 ns
tcs Chip Select Set-up Time 0 ns
tcH Chip Select Hold Time 0 ns
twp Write Pulse Width (WE or CE) 200 ns
tbs Data Set-up Time 100 ns
tDH,toEH Data, OE Hold Time 10 ns
twPH Write Pulse Width High 200 ns

12)

A.C. Byte Load Waveforms

WE Controlled
OE — .__“
ADDRESS e
tAS™| —tAH
E—E_ ‘ tCH
tCS|
WE N KXY
tWPH
tWP.
tDS —{ |~——tDH
DATA IN [T
CE Controlled
OF A _4
tO0ES tOEH
ADDRESS < X
THAST| —tAH
WE tCH
L T1CS |
CE KXY
tWPH
tWP.
tDS —~ ~——tDH
DATA IN F
Notes:
1. The three byte address and data commands shown on the previ- 2. A complete sector (512 bytes) should be loaded using these
ous page must be applied prior to byte loads. waveforms as shown in the Byte Load waveforms (see previ-

ous page).
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Program Cycle Characteristics

Symbol Parameter Min Max Units
twe Write Cycle Time 20 ms
tas Address Set-up Time 10 ns
tAH Address Hold Time 100 ns
tos Data Set-up Time 100 ns
toH Data Hold Time 10 ns
twp Write Pulse Width 200 ns
tBLC Byte Load Cycle Time 150 us
twPH Write Pulse Width High 200 ns

Software Protected Program Waveform

O—E 1

]

WPH BL
_ t tBLC ,
WE
~1 tDH
/;
AO0-A8 BYTE ADDRESS
@ 5555 ,
A9-A18 XSECTOR ADDRESS
tDS F—‘
(3) /;
DATA X AA 55 A X X X .
BYTE 0 BYTES10  BYTES514
—twc—
Notes: —
1. OE must be high when WE and CE are both low. 3. All bytes that are not loaded within the sector being pro-
2. A9 through A18 must specify the sector address during each grammed will be erased to FF.
high to low transition of WE (or CE) after the software code
has been entered.
. . m
Programming Algorithm
LOAD DATA AA
TO
ADDRESS 5555
LOAD DATA 55
ADDRESS 2AAA
LOAD DATA A0
TO
ADDRESS 5555 WRITES ENABLED @ Notes for software program code:
1. Data Format: 1/07-1/00 (Hex);
LOAD DATA Address Format: A14-A0 (Hex).
To (3) | ENTERDATA 2. Data Protect state will be re-activated at end of program cycle.
SECTOR (512 BYTES) PROTECT STATE

3. 512 bytes of data MUST BE loaded.

ATMEL 147




Data Polling Characteristics”

Symbol Parameter Min Typ Max Units
toH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay‘z) ns
twr Write Recovery Time 0 ns

Notes: 1. These parameters are characterized and not 100% tested.
2. See toE spec in A.C. Read Characteristics.

Data Polling Waveforms

WE
—
CE
OE
tDH -
t0OE  HiGHZ s—{IWR
1107 \ s la
—7/F
A0-A18 An X an X a0 " { Any
. c e
Toggle Bit Characteristics"’
Symbol Parameter Min Typ Max Units
tDH Data Hold Time 10 ns
tOEH OE Hold Time 10 ns
toE OE to Output Delay® ns
toEHP OE High Pulse 150 ns
tWR Write Recovery Time 0 ns

Notes: 1. These parameters are characterized

and not 100% tested.

2. See tog spec in A.C. Read Characteristics.

(13)

Toggle Bit Waveforms

WE

Notes:

1. Toggling either OE or CE or both OE and CE will operate

toggle bit.

tWR

2. Beginning and ending state of /06 will vary.

3. Any address location may be used but the address should not vary.
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Software Product o
Identification Entry

-

LOAD DATA AA
TO
ADDRESS 5555

i
LOAD DATA 55
TO
ADDRESS 2AAA

LOAD DATA 90
TO
ADDRESS 5555

L

ENTER PRODUCT
IDENTIFIGATION
MoDE 23)

’ PAUSE 20 mS

Notes for software product identification:
1. Data Format: 1/O7 - /00 (Hex);
Address Format: A14 - A0 (Hex).
2. Al1-Al18=Vp.
Manufacture Code is read for AQ = Vy;
Device Code is read for AQ = Vi,
3. The device does not remain in identification mode if
powered down.
- The device returns to standard operation mode.
. Manufacturer Code: 1F
Device Code: 3B

[N

Software Product Y
Identification Exit ¢

LOAD DATA AA
TO
ADDRESS 5555

]
LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA FO

ADDRESS 5555
PAUSE 20 mS EXIT PRODUCT
IDENTIFICATION
MoDE 4

Boot Block Lockout o
Feature Enable Algorithm

LOAD DATA AA
TO
ADDRESS 5555

i
LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 80
T0
ADDRESS 5555

i
LOAD DATA AA
TO
ADDRESS 5555

LOAD DATA 55
TO
ADDRESS 2AAA

i
LOAD DATA 40
TO
ADDRESS 5555

/

AN

LOAD DATA 00

TO
ADDRESS 00000H @

i

LOAD DATA FF

TO
ADDRESS FFFFFH @

PAUSE 10 mS

PAUSE 10 mS

Notes for boot block lockout feature enable:
1. Data Format: I/O7 - 1/00 (Hex);
Address Format: A14 - A0 (Hex).
2. Lockout feature set on lower address boot block.
3. Lockout feature set on higher address boot block.

ATMET
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Ordering Information

tacc Icc (mA) . .
Ordering Code Package Operation Range
(ns) Active Standby 9 9 P : 9
200 15 0.02 AT29LV040-20DC 32D6 Commercial
AT29LV040-20PC 32P6 (0° to 70°C)
AT29LV040-20TC 40T
15 0.05 AT29LV040-20DI 32D6 Industrial
AT29LV040-20PI 32P6 (-40° to 85°C)
250 15 0.02 AT29LV040-25DC 32D6 Commercial
AT29LV040-25PC 32P6 (0° to 70°C)
AT29LV040-25TC 40T
15 0.05 AT29LV040-25DI 32D6 Industrial
AT29LV040-25PI 32P6 (-40° to 85°C)
Package Type
32D6 32 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
32P6 32 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
40T 40 Lead, Thin Small Outline Package (TSOP)
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Atmel Flash PEROMs

Introduction

As the industry recognizes the benefits of
field reprogrammability for systems, the
need for a cost effective, easy to update non-
volatile memory arises. To fill this role,
Flash memory devices have shown grcat
promise to become the memory of choice.
But, as with the early days of EPROM and
EEPROM devices, there is much confusion
about what features and voltages the ideal
Flash memory device should contain. The
ideal Flash device provides the designer the
cleanest hardware implementation, requir-
ing the fewest number of external compo-
nents. In addition the device should provide
the software designer with the highest level
of flexibility, yet very simple and straight-
forward commands for programming.
Atmel has developed the Flash PEROM
with these ideas in mind.

Atmel Flash PEROMs (programmable eras-
able read-only memories) are implemented
on an advanced sub-micron process using a
highly efficient memory cell to store each
bit of data. Unlike first generation Flash
memories, Fowler-Nordheim tunneling is
used in both the erasing and programming of
the memory cell. This programming method
requires only nanoamps of high voltage (15
V to 20 V) programming current, allowing

Table 1. Atmel Flash PEROM Devices

the use of an on-chip charge pump to gener-
ate the necessary programming voltages.
The low programming current also permits
sector programming. Typical first genera-
tion Flash devices are made with EPROM
cell structures which use hot electron injec-
tion for programming. Hot electron injec-
tion typically requires several milliamps of
high voltage programming current. This
current requirement is why multiple exter-
nal voltages are required for programming
and why only one byte at a time can be pro-
grammed for first generation Flash devices.

Flash PEROM Device Features
The Atmel family of Flash PEROM devices
consists of five capacities ranging from
256K to 4 megabit. All devices are single
voltage, either 3-volt-only or 5-volt-only,
and can be programmed using the same de-
terministic (i.e., fixed maximum time) pro-
gramming algorithm.

The Atmel Flash PEROM devices are all de-
signed as large memory arrays broken up
into small individually reprogrammable
sectors. For example, the AT29C010 (128K
x 8) is divided into 1024 scctors of 128
bytes. Table 1 describes this organization
for each Flash PEROM device:

Flash
Programmable
Erasable ROM

Devices Memory Number of Sgti:;gr le::at::r Device ID

5V 3V Size Sectors  (bytes) D 5V 3y
AT29C256/7 AT29LV256/7 | 32K x 8 512 64 1F DC BC
AT29C512  AT29LV512 64K x 8 512 128 1F 5D 3D
AT29CO010 AT29LVO10 128K x 8 1024 128 1F D5 35
AT29C1024 AT29LV1024 | 64K x 16 512 128" 4F 25 26
AT29C020 AT29LV020 256K x 8 1024 256 1F DA BA
AT29C040  AT29LV040 512K x 8 1024 512 iF 5B 3B

Note: 1. 128 Words.

ATmEL
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Key features are implemented on a Flash PEROM memory to
improve system performance and simplify hardware and soft-
ware development, as described below:

Small Sectors

Atmel Flash PEROMs are organized into small sectors for re-
programming. Unlike first generation devices that require eras-
ing large blocks of memory before reprogramming (at least sev-
eral thousand bytes to as much as the entire chip capacity),
Atmel’s sector organization allows for fast and easy data up-
dates. Each sector’s contents may be altered independently by
simply loading new data into the on-chip sector buffer, at full
bus speed, then waiting 10 to 20 msec while the chip’s built-in
sequencer programs the contents of the newly loaded buffer
into the array. No pre-erase is required. When only a small por-
tion of the total memory must be altered, the small sector ap-
proach saves considerable time. It also eliminates the need for
large system buffer memory space to hold unchanging informa-
tion that would have to be copied out of a large area of the Flash
component and rewritten back into it after the small portion is
updated. These differences can be very significant: Write time
for the Atmel Flash PEROM is always 10 msec per sector (20
msec for 3-volt write), while write time for large-sectored or
whole chip Flash devices is variable and can extend to several
minutes. The several-hundred-byte Flash PEROM sector typi-
cally requires no additional buffering, while the large sector de-
vices require tens to hundreds of Kbytes of system memory or
extra hardware memory to contain not-to-be-changed memory
contents during the mandatory pre-erase activity.

Data Protection

The Atmel Flash PEROM memory has both hardware and soft-
ware data protection on-chip to prevent the contents of memory
from being inadvertently altered. The following five mecha-
nisms exist on each Flash PEROM:

1. Noise Filter: All control line inputs have filtering circuitry
to eliminate any noise spikes less than 15 nsec in duration.

2. Vcc sense: If Vcc falls below 3.8 volts, (typical), program-
ming will be inhibited. For LV (low voltage) devices Vcc
sense is typically 1.8 volts.

3. Power on Delay: When Vcc rises above the Vcc sense
level a 5-msec timer is started which will inhibit program-
ming until it has completed its time-out, allowing all sys-
tem power transients to settle and initialization routines to
proceed without disturbing the Flash PEROM contents.

4. Three-Line Control: To initiate a write cycle all three con-
trol lines must be in the correct state. If OE is not high, or
CE is not low, or if WE is not low a write cycle will be
inhibited.

5. Software Data Protection (SDP): This protcction mecha-
nism is the only one that may be optionally activated or dis-
abled under software control. When it is activated, the
Flash PEROM requires a specific 3-byte temporary unlock
write sequence prior to each sector load cycle to enable
programming. If a sector load cycle is executed without
the 3-byte write sequence, no information will be altered

and the device will lock out all activity, (reads and writes),
for 10 msec. Activation is accomplished by the first occur-
rence of the specific 3-byte temporary unlock write se-
quence. Thereafter, all sector writes must be preceded by
the same 3-byte write sequence. SDP can be explicitly dis-
abled by a specific 6-byte write sequence.

Product ID

Built into every Flash PEROM is the ability to interrogate the
device to determine the manufacturer and device type. Simply
write the proper 3-byte code into the device, wait the write cycle
time (twc), and read from locations 0000H and 0001H. No spe-
cial voltages are required. Reading from location 0000H will
access the manufacturer code. All Atmel devicesread 1F. Read-
ing from location 0001H will access the device ID code. See
Table 1 for the device ID codes for each Flash device. Note that
device ID codes are different for the standard 5-volt parts and
for the 3-volt (LV) devices. Product ID information can also be
accessed by applying a 12-volt signal to pin A9. This is avail-
able to maintain compatibility with high voltage Flash or
EPROMs when used with external programming hardware.

Data Polling

Maximum programming time for a Flash PEROM is specified
as 10 msec, (20 msec for LV devices). Typically, this program-
ming time is only 5 to 7 msec, (10 to 15 msec for LV devices).
To take advantage of this typical programming time and to
speed up the overall programming process, a data polling fea-
ture is available in the Flash PEROM device. To utilize this fea-
ture, the user must read from the final address written following
a sector write. During programming, Bit 7 will be inverted from
the state in which it was written. When a read produces true data
on all outputs, the programming process is complete. The de-
vice is then ready for the next operation.

Toggle Bit

An alternate method of indicating when programming is com-
plete is to use the toggle bit. Programming completion is indi-
cated by monitoring Bit 6 of any byte location. On successive
reads from a fixed location, Bit 6 will toggle logic states during
programming. When Bit 6 does not change on successive reads,
the device has completed programming.

Flash PEROM Programming Description
Atmel Flash PEROMS are designed to allow all devices to be
programmed using the same deterministic algorithm. As shown
in the accompanying flow charts, Figure 1 through Figure 4, the
user simply has to interrogate the device ID code and set the
sector size. This operation need only be done once if the sector
size variable is saved. The sector size variable can be hard-set
in software and the device ID interrogation eliminated if only
one density device will ever be used.

Following sector size determination, a sector load cycle can be
initiated. The following will describe programming the 3 V
Flash and the 5 V Flash using software data protection. Pro-
gramming begins with a 3-byte sequence to temporarily unlock
the software data protection, followed by loading the scctor of
data to the device. This sequence of activity is shown in Figurc
5. If a complete sector of data is not loaded, the byte locations
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within the sector that were not loaded will be cleared to FF dur-
ing programming. All addresses must be within the same phys-
ical sector or errors may occur. It is not necessary to load the
sector buffer in any address order. A random addressing se-
quence is perfectly acceptable, with each byte accompanied by
its address within the sector. During the sector load cycle, a
maximum time of 150 usec (tBLC) is allowed between succes-
sive byte loads. If this byte load time is exceeded, the device
will begin programming mode prematurely.

tBLC time after loading the sector, the Flash PEROM device
will enter its programming mode. While programming, the de-
vice will ignore any further write commands and any attempt to
read will output only Data Poll and toggle bit data.

Before entering into a polling loop, it is good practice to start a
programming cycle watchdog timer. This will prevent your
software from being caught in an endless loop if something
goes wrong with programming the device.

The polling loop should consist of two operations. The first is to
check status of the watchdog timer, and the second to check

Figure 1. Software Product Identification Entry

LOAD AA TO 5555

1!

LOAD 55 TO 2AAA

]

LOAD 90 TO 5555

i
WAIT twe

1

READ DEVICE CODE
FROM LOCATION 0001

i

SET PAGE SIZE PER
DEVICE CODE

Data Poll data. The watchdog timer should never time-out in
normal programming. If a time-out does occur, check the hard-
ware and software for possible problems. To check Data Poll,
simply read the device at the address of the last byte pro-
grammed in the sector. The data should be compared against the
data that was written. When the data matches, the programming
is complete.

Before going on to another operation, it is recommended to ver-
ify that the sector was properly programmed.

Summary

Programming the Atmel Flash PEROM is a simple process,
akin to loading an SRAM. Facilities in the device minimize the
software and system overhead and architectural and circuit fea-
tures simplify the interface and speed performance, while im-
proving system integrity. The programming procedures de-
scribed above will insure that devices will always be properly
programmed, and require only about one-tenth of the typical
software, buffer memory and performance overhead of first
generation Flash components.

Figure 2. Software Product Identification Exit

LOAD AA TO 5555
¥

LOAD 55 TO 2AAA
i

LOAD FO TO 5555
]

WAIT twe
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Figure 3. Page Loop

LOAD AA TO 5555

i
(SDP TEMPORARY
LOAD 55 TO 2AAA UNLOCK SEQUENCE)

]

LOAD A0 TO 5555

i

LOAD PAGE OF DATA TO
DESIRED ADDRESS

i
START twc TIMER

!

GO TO POLLING LOOP
(OPTIONAL)

Figure 4. Polling Loop

HAS TIMER EXPIRED?

YES

NO

READ FROM LAST
BYTE WRITTEN

!

COMPARE DATA TO
EXPECTED PATTERN
(DATAPOLL)

i

IS DATA CORRECT?

NO

STOP

YES

VERIFY PROPER
PAGE PROGRAMMING

1

PROGRAMMING
CORRECT?

NO

GO TO:
POLLING LOOP

YES

PROGRAM ANOTHER
PAGE?

YES

STOP

NO

END ROUTINE

Figure 5. Timing Sequence for Protected Sector Write (AT29C010 1-Mbit Example)

— M

GO TO:
PAGE LOOP

OE

i

WE

AO-A6 X X X XBYTE ADDRESS X
@ 5555 2AAA 5555

A7-A16 XSECTOR ADDRESS

DATA X m X s X

o X

X__X

Notes:

1. OE must be high when WE and CE are both low.

2. A7 through A16 must specify the sector address during each
high to low transition of WE (or CE) after the software code
has been entered.

BYTE 0 BYTE 126

BYTE 127

T

3. All bytes that are not loaded within the sector being pro-
grammed will be erased to FF.
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Packaging Information

Packages

28D6, 28 Lead, 0.600" Wide, Non-Windowed,
Ceramic Dual Inline Package (Cerdip)
Dimensions in Inches and (Millimeters)
MIL-STD-1835 D-10 CONFIG 1

1 1.49 (37.9) |

I 1.44 (36.6) p{N—I
h

mm\\nmnnnn\ nn

610 (15.5)
510 (13.0)

Q&Tm&v;i

1.300 (33.02) REF

225 (5.72) °°5 Li2n
MAX
SEATING |
PLANE } L 060(1.52)
.200 (5.08) . _.”__ m5(3g1\
125(3.18)
023 (584)
M) 014 (356)
.110(2.79) 045 (1.14)
1090 (2.29)
620 (15.7)
"’.590 (15.0)
O REF
15
015(381) N
1008 (.203)

700 (17.8) MAX

l‘“ 098 (2.49)

32D6, 32 Lead, 0.600" Wide, Non-Windowed,
Ceramic Dual Inline Package (Cerdip)
Dimensions in Inches and (Millimeters)
MIL-STD-1835 CONFIG A

1.68 (42.7)
1.64(41.7) PIN
1
j ) j 610 (15.5)
§ 570(145)

\ \
jESRERERERE] o 1098 (2.49)
MAX.

1.500 (38.10) REF

.005(.127)
225 (5.72)
MAX
) m—
SEATING -—j——
PLANE l ‘ 060 (1.52)
200(508) | -1 ’“‘ 015 (a81)
125 (3.18) L‘
023 (584)
™ 1065 (1.65) 14355
.110(2.79) 045(1.14)
1090 (2.29)
620 (15.7)
r"‘.sgo A 5A0)*'1
9 REF
15
015(381) N
~008 (203) ™1 I~

700 (17.8) MAX

32F, 32 Lead, Non-Windowed,

Ceramic Bottom Brazed Flat Package (Flatpack)
Dimensions in Inches and (Millimeters)
MIL-STD-1835 F-18 CONFIG B

JEDEC OUTLINE MO-115

32]J, 32 Leadd, Plastic J-Leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC OUTLINE MO-52 AC

.025 (.635) X 30 45

045 (1.14)X45  PINNO. 1
PIN #11D 1370 (9.40) IDENTIFY 012 (305)
—~ l—— ) 2008 (:203)
— N T
=] R A X 1 :553 (14.0)
— — .015 (.381) 032(813) 547 (13.9) 021 (.533)
829 (21.0) e — 7026 (.660) 595 (15.1) 1013 (:330)
Friooe | —— ‘=_LL 1 e (!4 Y 530 (135)
| — —— .050 (1.27) BSC T 490 (12 4)
p—— —
f—— — 1050 (1.27) TYP 3 — oso(;g@)
| 00 (7.62) 015 (.381)
== T 430(109) 095 (2.41)
488 (124) __| I 045 (1.14) MAX 080 (1.52)
278(120) AT CONTACT POINTS 1140 (3.56)
1120 (3.05)
120 (3.05)
1006 (.152) 098 (2.49)
l‘ 7004 (.701) K
- 1
T aos (10.4) __l L] [ ¥ I [ 022 (559X 45 “MAX (3%)
355 (9.02) 1045 (1.14)
M 1026 (.660) 453 453 (11.5) 5)
072 (1.82) 4"7 a1 4)
1030 (0.76) ::: 8: 2
— ATTEL 155
——
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Packaging Information

44], 44 Leadd, Plastic J-Leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC OUTLINE MO-47 AC

32L, 32 Pad, Non-Windowed,
Ceramic Leadless Chip Carrier (LCC)
Dimensions in Inches and (Millimeters)*

LE
.600 (15.2

662 (16.8)
640 (16.3) 570 (14 5)
.080 203
PIN 1 059 (1.50)
.055 (1.40)
095 (2.41) 045 . 14) INDEX CORNER
o7s (1871)
025 (:635) y 45°
ms (:381)
012 (:305) gapiys
500 (12.7) BSC | 007 (178)
J _[ 1029 (.737)
{021 (533)

.060 (1.27) TYP —=f E

1040 {1.02) X 45 (3X)

.085 (2.16)
.065 (1.65)

[

500 (12.7) REF

*Ceramic lid standard unless specified.

.458 (11.6)
100 (2.54)
'l [" 085 (2 16)
. 045 (1.14) X 30 - 45
045(1.14)X 45 PINNO. 1 012 1
( IDENTIFY '-—‘ t- ol)g 1 :gz;
540 (13.7)
T 500 (12.7)
.032 (81 3)]_ l
1026 (.660) _L 85 (177 420(160) 1
685 “7 o .590950) o
075 (1.91)
0s0.1.27) TYP 1043 (1.09) PIN1 059 (1.49)
500 (12.7) REF sQ | -"020 (508) .055 (1.40)
120 (3.05) 085 (2.41)_ | 045 (1.13)
(‘):(()) ((i i:)) 075 (| 91) /— INDEX CORNER
165 (4.19) —L
T 025 (635) y 4
1— 075 (381)
012 (.305) papys
400 (10, 2) REF R
022 (:559) X 45 MAX (3X)
{ 029 (.737)
_§ 021(539)
050 (1.27) TYP 040 (1.02) X 45 (3X)
.085 (2.16)
300 (7.62) REF {065 (1.65)
*Ceramic lid standard unless specified.
44L, 44 Pad, Non-Windowed, 28P6, 28 Lead, 0.600" Wide,
Ceramic Leadless Chip Carrier (LCC) Plastic Dual Inline Package (PDIP)
Dimensions in Inches and (Millimeters)* Dimensions in Inches and (Millimeters)
1.47 (37.3)
662 (16.8)
.640 (16.3) 1.44 (36.6) p|N
600 (15.2) .108 (2.74)
580 (14.7) ’] " .085 (2.16) AN O OO A0\ H

566 (14.4)
530(13.5)

|=— 020 (229)
1.300 (33.02) REF

220 (5.59) 005 (.127)
MAX MIN.
SEATING _ J—
PLANE 055 (1.65)
161 (g?) 015 (.381)
125318 022(559)
.065 (1.65) 014 (356)
110 2 79 041 (1.04)
090 (2 29)
630 (16.0)
I“ 590 (15.0)
95 REF
012(.305)
1008 (203) —~
1690 (17.5)
610 (155)
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Packaging Information

Packages

32P6, 32 Lead, 0.600" Wide,
Plastic Dual Inline Package (PDIP)
Dimensions in Inches and (Millimeters)

1.67 (42.4)
1.64 (417

_(

566 (14.4)
530 (13.5)

‘\_ILJI_II_H_]LI‘

|-— 000229
1,500 (38.10) REF
‘«— 005 (127)

PLANE .l lj
L 065 (1.65)

.220 (5.59)
MAX

lg; ((g.?g) 015 (381)
' 8) 022 (.559)
085 (1.65) 014(355)
.110(2.79) 041 (1 04)
.090 (2.29)
.630(16.0
590 (15, 0)
REF
.012(.305)
.008(.203)
690 (17. 5)
610(15 5)

28T, 28 Lead, Plastic Thin Small Outline Package
(TSOP)
Dimensions in Millimeters and (Inches)*

MA00A0NNNAA0AD
INDEX
MARK —1
119 (469)  13.7 (539)
117 (461) 13.1(516)
EEEEEEEEEEYLL]
650 (0.26) ’I 270 (011)
450 (0.18) 1180 (007)
| 810(319) _| 1.25 (0.49)
7.90 (311) f 1.05 (0.41)
tniaialainininiaininiaininls
200 (.008) | f
150 (.006)
L Rer 200 (.008)
s 200 (.008)
r 150 (.006)
N N
% 700 (.028) AL’
300 (.012)

*Controlling dimension: millimeters

32T, 32 Lead, Plastic Thin Small Outline Package
(TSOP)

Dimensions in Millimeters and (Inches)*
IMTETETTHTTED A—— R

INDEX /&
MARK —1

18.5 (.728) 20.2 (.795)
18.3 (720) 19.8 (.780)

T ———— v
|——'H* ‘—L- 254 (.010)

500 (.020) BSC -152 (.006)

8.20 (.323
!‘ 730( )'l 1.20 (.047) MAX
(.307) I
.150 (.006) ’ }

.000 (.000)
0
& REF 200 (.008)
'é )= \ % 1100 (.004)
A N,
800 (.024) _Q‘ F

.400 (0.16)
*Controlling dimension: millimeters

40T, 40 Lead, Plastic Thin Small Outline Package
(TSOP)

Dimensions in Millimeters and (Inches)*
TR ——————— R

INDEX /'o
MARK 1

18.5 (.728) 20.2 (.795)
18.3 (.720) 19.8 (.780)

L

LR p——
r’”‘* 4# 254 (.010)
.500 (.020) BSC .152 (.006)
10.10 (.398)
090(3%0) | ;— 1.20 (.047) MAX
i
150 (008) | {
,000 (.000)
g nEF .200 (.008
:% £ \ 100 (.004)
- N
700 (028 ’__ %
.500 (.200)

*Controlling dimension: millimeters
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Packaging Information

48T, 48 Lead, Plastic Thin Small Outline Package

(TSOP)

Dimensions in Millimeters and (Inches)*
[01000000000000080000000

INDEX //o
MARK

18.5(728) 20.2 (795)
18.3(720) 19.8 (.780)

M e o

500 (.020) BSC 152 (.006)
12.20 (.480)
= 7100 (465) r 1.20 (.047) MAX
150(006) _|
1000 (.000)
% REF 200 (.008)
% . \ % 1100 (.004)
Wi =X
700 (.028) ,H_
500 (:200)

*Controlling dimension: millimeters
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