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NM28F040

General Description

The NM28F040 is a 4,194,304-bit FLASH Electrically Eras-
able and Programmable Non-volatite Memory device. The
NM28F040 features a single command for Read, Auto Chip
Erase, Auto Block Erase, and Auto Program/Verify to aliow
ease of use for on-board programming.

The NM28F040 is ideally suited for applications such as
firmware storage, BIOS, engine control modes, and wireless
communication where EPROM has been used in the past.
The 16 kbyte sector size allows for easier management of
code blocks.

The NM2BF040 1s available in erther a 32-pin plastic DIP,
SOP, or forward and reverse bend TSOP packages to suit a
variety of design applications.

ADVANCE INFORMATION

March 1994

4,194,304-Bit (512k X 8) CMOS FLASH

Features

m Power supply: Vpp = 12V +0.6V, Voo = 5V +0.25V
B Mode: Read/Reset, Auto Program (byte unit), Auto
Chip Erase, Auto Block Erase (16 kbyte x 32 blocks),
Status polling

Mode Control: Command input

W/E cycle: 10,000 cycles (target)

Access time: 120ns/150ns

Power dissipation: Operating 30mA, Standby 100pA

Pin compatible with NM27C040 EPROM

Packages available: 32-pin DIP, SOP, TSOP, Reversed
TSOP
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Connection Diagrams

Dual-In-Line Package (N)
Small Outline Package (M)

Pin Names
o/
L S2Vee AD-A18 Address Input
A16—1 2 31p—Ata
a5 sobenir 1/0g-1/O7 Data Input/Output
A12—14 29[—A14 CE Chip Enable Input
A7=—5 28 —A13
s o I OE Qutput Enable input
AS—7 26— A9 Vpp Program/Erase Supply
Ad=—18 25p=A11
o P Vee Supply (5V)
a2 10 23}-at0 GND Ground
ISE IR 22 ~=CE
AQ—12 2tf=1/07
1/0 0—§13 20§4—i/0 6
1/0 1= 14 19=1/05
1/0 2415 184—1/0 4
GND—{ 1B 17p=1/0 3
TL/D/11873-1
Top View
TSOP Package (T)
Al1=41 320
AS— 2 o 31p=A10
A8~43 30 |-CE
Al3=d 4 291707
Al4—5 28=1/0 6
A17— 6 27p-1/05
At8—7 26=1/0 4
Ve ™ 8 25=1/03
Vo =19 24 [-6np
A16— 10 23p=~1/02
Als=—11 22 =1/01
Al2=—12 2tp=1/0 0
AT—13 20 p—AD
AG=1t4 1941
A5—15 18 f=—A2
Ad—118 17 p=A3
TL/D/11873-2
Reversed TSOP Package (TR)
of - 32 1 AN
ate— 31 2 [ A9
CE — 30 3 - a8
1/0 74 29 4 = A3
1/0 6—4 28 5= Atl4
1/0 5= 27 6 = A17
1/0 4= 26 7 = Al8
/03— 25 8 Ve
GND =] 24 9 b= Vpp
/0 2 23 10 — A6
/0 1— 22 11 = A15
/00— 21 12 = A12
A0 — 20 13 = A7
Al— 19 14 = A8
az— 18 15 [— A5
A3— 17 15 = A4
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Ordering Information

COMMERCIAL TEMPERATURE RANGE (0°C to +70°C)

Vee = 5.0V 5%

Parameter/Order Number

Access Time (ns)

NM28F040 N,M, T, TR 12

120

NM28F040 N,M, T, TR 15

1560

National Memory

NOR FLASH

12
=)

T 12

Access Time
12 =120ns
15 =150 ns

Package Type
N = PDIP
M = SOP
T = TSOP
TR = Reverse TSOP

Density
010 = 1 Mbit
020 = 2 Mbit
040 = 4 Mbit
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

DC and Operating Characteristics 1, - o°cto +70°C

Power Dissipation (Pp)
Lead Temp. (Soldering, 10 seconds)
Storage Temperature Range (TsTg)

Erase/Program Cycling Capability (Ngwy)

Supply Voltage (Vcc) —0.6Vto +7.0V Operating Temperture Range (TopR)
Program/Erase Supply Voltage (Vpp) —0.6Vto +14.0V

Input Voltage (V|n) —0.6Vto +7.0V Input Voltage (A9) (Vip)
Input/Output Voltage (Vo) —-0.6Vto +7.0V

1.0W
260°C

—55°Cto +150°C

0°Cto +70°C
10,000 Cycle
—0.6Vto +13.5V

Symbol Parameter Min Max Units
Vee Ve Supply Voltage 4.75 5.25 v
Vio A9 Input High Voltage (during ID Read) 11.4 12.6 v
VepL Vpp Supply Voitage (during Read Operation) 0 6.5 \"
VppH Vpp Supply Voltage (during Erase/Program Operations) 114 12.6 Vv
DC Electrical Characteristics 1, = oCto +70°C, Vg = 5V 5%
Symbol Parameter Conditions Min Max Units
I Input Leakage Current 0V < VN € Veo +10 uA
Lo Output Leakage Current 0V < Vourt <€ Voo +10
VIH Input High Voltage 2.2 Vec + 05
ViL Input Low Voltage —0.5 0.8 y
Vo Output High Voltage loy = —0.40mA 2.4
VoL Output Low Voltage loL = +2.10mA 0.4
lccot Vcc Read Average Current VIN = VIH/ViL, louT = OmA 30
(Read/Signature Read) toycLe = tre (min) Cycle
locoz Ve Programming Average Current VIN = ViH/VIL, louT = OmA 20 mA
toYcLE = 9 ps
lccoa Ve Erase Average Current Vin = Vin/ViL, lout = 0mA 30
Iccst Ve Standby Current (Read) CE=VjH 1 mA
Iccse CE = Voo — 0.2V 100
lpps Vpp Standby Current 0V < Vpp < 6.5V +10
11.4V < Vpp < 12.6V 200 pA
Ipp1 Vpp Read Average Current 0V < Vpp < 6.5V, ViN = ViH/V)L +10
(Except Program and Erase) 11.4V < Vpp < 128V, Vi = Vig/ViL 200
Ipp2 Vpp Programming Average Current 11.4V < Vpp < 126V, VN = VIH/V)L 30 mA
Ipp3 Vpp Erase Average Current 11.4V < Vpp < 126V, Vi = VIH/V)L 30
o A9 Pin High Voltage Input Current 114V < Vip < 126V 200 pA

Pofilld bl & Bl Fritlacrol Qb IE e ch DG -l




AC Electrical Characteristics

Waveform for Read Operations

tre

READ OPERATION
Tp = 0°to +70°C, Vog = 5V £5%, Vpp = OV to Vg or 12.0V £5%
NM28F040
Symbol Parameter =120 =150 Units
Min Typ Max Min Typ Max
trc Read Cycle Time 120 150
tace Address Access Time 120 150
tce CE Access Time 120 150
toe OE Access Time 50 70
tcEE CE to Output Low Z 0 ns
toEE OE to Qutput Low Z 0
toH Output Data Hold Time 0
pF1 CE to Output High Z 30 30
1oF2 OE to Output High Z 30 30
AC TEST CONDITIONS
* Qutput Load TTL Gate and C_ = 100 pF
¢ |nput Pulse Rise and Fall Time (10%-90%) 5 ns max
® Input Pulse Level 0.6V/2.4V
* Timing Measurement Reference Level input 0.8V/2.0V, Output 0.8V/2.0V

i
AO-16 X ADDRESS STABLE

X aooress stame X

tacc

oy

/i SRV, T N

for1

= 77777770 | 277700777 L7770

/60 -7

7777
B

toee
topp

It

tor2

HorlL

Don't care

VALID Qutput VALID Qutput

TL/D/11873-5

Pow! bv Ibnsﬁngaml Beboniglﬂhﬁsa&&:o&.ia &20.




AC Electrical Characteristics continueq)

COMMAND CONTROL OPERATION
Ta = 0°C 1o 70°C, Vg = 5V £5%, Vpp = 125V 5%
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Symbol Parameter 120 150 Units
Min Typ Max Min Typ Max
tas Address Setup Time 0 0
taH Address Hold time 50 60
toEs OE Setup Time 0 0
tos Data Setup Time 50 60
toH Data Hold Time 0 0 ns
tcEHL CE Low Level Hold Time 50 60
tCEHH CE High Level Hold Time 20 30
tcme Command Cycle Time 120 150
toEPS Status Polling OE Setup Time 20 30
tepw Auto Program Time 16 16 ms
tPcEW Auto Chip Erase Time 10 10
tPBEW Auto Block Erase Time 0.5 0.5 ®
tacc Address Access Time 120 150
tce CE Access Time 120 150
toe OE Access Time 50 60
tcee CE to Output Low Z
toEE OE to Output Low Z ns
ton Output Data Hold Time
toF1 CE to Qutput High Z 30 30
toee OE to Output High Z 30 30
tre Read Cycle Time 120 150
Capacitance™ 1, = 25°C,f = 1MHz
Symbol Parameter Conditions Min Typ Max Units
Cin Input Capacitance Vin =0V 4 8 pF
Cout Output Capacitance Vour = 0V 10 12 pF
*This parameter is penodically sampled and i1s not 100% tested
6




Mode Selection
Pin
Mode — —
CE OE Address 1/0 Vee Vpp Power
Read L L Read Address Data Input
P 0-Vec | Active
Read Output Deselect L H * 5v or
High impedance 12V —
Standby H * * Standby

Command Input o H (Note 1) Command Data

Program/Erase * * *

Program/Erase Status Poliing L L * 1/0 ~ 3,5,6: HZ 5V 12v Active

1/04: Fail/Pass
1/07: Ready/Busy

ID Read L L e Code Output

*Hor L

Note 1: Shown as Command Definition Table and Operation Timing Chart

Command Definition Table

X 1st Bus Cycle 2nd Bus Cycle
Function Bus Cycle
Type Address Data Type Address Data

Read 1 WRITE X 00H

ID Read 2 WRITE X 90H READ 0000/1H Mig/Dev ID
Auto Byte Program 2 WRITE X 10H WRITE Byte Address Data
Auto Chip Erase 2 WRITE X 30H WRITE X 30H
Auto Block Erase 2 WRITE X 20H WRITE Block Address DOH
Reset 2 WRITE X FFH WRITE X FFH

7
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Auto Program Operation Timing Chart

Auto Program
Setup Command Address/Data

Command = 't0H'

m =Horl
m = Don't care
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f 1 1 1
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Auto Block Erase Operation

Auto Block Erase

Setup

Auto Block

Erase Address
Command Write /Command
¥ ol |

Auto Block Erase |
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Auto Program Flow Chart

Start

}

Voo = 5V
Vep = 12V

!

Address = Don't Care
Data = 10H

Auto Program Setup Command

!

Program Address Data Wri

Data = Program Data

te

Address = Program Address

|
<

RDY/BSY (0;) = Vi
Address = Don‘t Care
CE=V,,0E =y

Fail /Pass (0,) = V).

No
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Read Command
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Data = QOH

Read Command
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Data = QOH
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Auto Chip Erase Flow Chart
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Auto Chip Erase Setup Command
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Data = 30H

|
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Data = 30H

| P
<

ROY/BSY (0;) = Vi
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Auto Block Erase Flow Chart

Start

!

Voo = 5V
Vpp = 12V

!

Auto Block Erase Setup Command Write
Address = Don't Care
Data = 20H

!

Auto Block Erase Address Command Write
Address = Block Address
(A14 - A18), Data = OOH

Read Command
Address = Don't Care
Data = 00QH
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Data = 00H

!
=
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Functional Description
OPERATING MODE

the 1/0 pins.

after Vpp changes from 0 ~ Vg to 12V.

rithm to be used based on the ID.

details.)

and A0O-A8 = 001H.

The NM2BF040 features six modes of operation: Read, ID
Read, Auto Byte Program/Program-Verify, Auto Chip
Erase/Erase-Verify, Auto Block Erase/Erase Verify, and
Reset. Each mode Is selected by a command input through

READ MODE: When the device Is set to read mode, 1t acts
as an asynchronous BOM with the access time of 120 ns/
150 ns. The device enters read mode regardless of a read
command input in the case of Vpp = 0 to Vgg. The read
command (00H) 1s required to set the read mode 1n the case
of Vpp = 12V. The device is automatically set to read mode

ID READ MODE: The 1D read mode s utilized for recogniz-
ing the device type. There are two ways to read the device
ID. Method (A) 1s normally used for in-circuit erase and re-
programming while method (B), which is the same method
used to identify EPROMSs, is used by automated EPROM
programmers. These programmers match the program algo-

A. The ID read mode is set by a “90H"” command input with
Vpp = 12V. The “00000H” address location indicates
the manufacturer code (8FH) while the “00001H” ad-
dress location indicates the device code (38H). The ac-
cess time of the ID read is the same as a normal read
operation. (Refer to 1D Read Operation Timing Chart for

B. The ID mode can also be set by applying V|p to the A9
pin with Vpp = 0 ~ Vgc. The manufacturer code 1s read
out of the 1/0s while A10-A18 = V;_and A0-A8 =
000H. The device code is read out while A10-A18 = V|

AUTO PROGRAM MODE: The program mode Is set by en-
tering a “10H" command input at Vpp = 12V. The next bus
cycle will latch the input data and target address. The pro-
gram operation 1s enabled at the end of this second bus
cycle. The Program and program-verify are automatically
executed inside the device until complete. The status of the
device 1s output from 1/0O7 for Ready/Busy and 1/04 for
Pass/Fail. The reset command (FFH) can be used to termi-
nate the program operation.

AUTO CHIP ERASE MODE: The auto chip erase mode Is
set by a “30H” command input. The device executes the
auto erase operation by a succeeding “30H” command in-
put at the next cycle. After programming all memaory cells to
a “0” data state, the chip erase and erase-verify operation
is automatically executed inside the dewvice. The status of
the device is output from 1/07 for Ready/Busy and 1704 for
Pass/Fail. The reset command (FFH) can be used to termi-
nate the erase operation.

AUTO BLOCK ERASE MODE: The auto block erase mode
1s set by a “20H” command input. The next bus cycle will
latch the block address (A14-A18) and the command data
{DOH) and automatically execute the block erase operation.
After programming all memory cells to a “0” data state, the
block erase and erase-verify operation is automatically exe-
cuted inside the device. The status of the device is output
from 1/07 for Ready/Busy and 1/04 for Pass/Fail. The re-
set command (FFH) can be used to terminate the erase
operation.

RESET MODE: The reset mode Is used to abort a program
or erase operation and return the device to a known state.
The reset operation is activated after two successive “FFH”
command inputs. The device returns to the read mode after
6 us of recovery time.

BN E50112b6 00L99L3 148 WM
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Auto Program, Auto Erase Operations

The details of the auto program operation can be broken

down to the following steps:

1. AUTO PROGRAM SET-UP CYCLE: This cycle sets up
the device for a program operation by latching a “10H”
command at the rising edge of CE.

. ADDRESS/DATA LATCH CYCLE: The address location
is latched at the falling edge of CE while the data is
latched at the rising edge of CE. The program operation
starts at the rising edge of CE in this second cycle.

. AUTO PROGRAM CYCLE: The latched input data is au-
tomatically programmed into the selected address loca-
tion.

. AUTO VERIFY CYCLE: After the program cycle is com-
pleted, the data is automatically verified to see that it was
written correctly.

AUTO PROGRAM OPERATION
~—Loop—=
/o | !

/CE 4
In 0-7 ~L10H] Out 4 L;::S_.
1/0 ouT 7 Busy T Ready

1) Aute  2) Address 3) Auto 4) Auto 5) Auto 6) Status

A A G

TL/D/11873-13

5. AUTO PROGRAM AND VERIFY LOOP CYCLE: The
program and verify cycles explained above automatically
repeat until the written data is verified correct.

. STATUS READ CYCLE: The status of the device is out-
put on 1/04 and 1/07 when CE and OE are low during
the program, verify or program/verify loop cycles. The
verify result is output through 1704 (“L” for “Pass” or
“H” for “Fail”). The device status is output through 1/07
(“H” for “Ready” or “L” for “Busy’). “Ready” means
that the operation has completed and the device can
accept a new command. “‘Busy” means the device is still
executing the last command and cannot be accessed
except to Reset the device. This cycle must be kept ac-
tive (CE, OE = ‘L") for a minimum of 30 ns.

14
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AUTO CHIP ERASE OPERATION

Auto Program, Auto Erase Operations continued)

The details of the auto chip erase operation can be broken
down to the following steps:

1. AUTO CHIP ERASE SET-UP CYCLE: This cycle sets up
the device for a chip erase operation by latching a “30H"
command at the rising edge of CE.

2. AUTO CHIP ERASE COMMAND CYCLE: This cycle ver-
ifies that an auto chip erase operation is to be carried out
by latching a second “30H” at the nising edge of CE. This
second latching cycle is needed to prevent accidental
erasure of data due to possible external noise issues.
The set-up command will be reset if any other command
except the second “30H" 1s input. The following internal
operations start at the rising edge of CE.

3. AUTO PRE-PROGRAM CYCLE: Data “0” i1s automatl-
cally programmed into all memory cells of the device be-
fore the erase operation can be carried out. The pre-pro-
gramming 1s executed in a similar manner to the auto
program operation inside the device. The address Is in-

~+— gop—
/ot | i
/e _
In 0-7 —30H 30H Out 4 '—FF:sls—
1/0 ouT 7 Busy " Ready
1) Auto  2) Auto  3) Auto 4) Auto5) Auto 6) Auto Chip 7) Startup
Chip Chip Pre- Chip  Verify Erase Read
223; E;:s;andProgram Erase Verify Loop

TL/D/11873-14

cremented by an internal address counter. This pre-pro-
gram operation is needed to prevent over erasing of cells
that originally contained “1" data.

4. AUTO CHIP ERASE CYCLE: The chip erase operation is
executed automatically after pre-programming is com-
plete.

5. AUTO VERIFY CYCLE: The verify operation is automati-
cally executed after the chip erase has completed. The
address is again incremented by the internal counter un-
til all address locations are verified. The internal counter
will stop at a failed address location.

6. AUTO CHIP ERASE/VERIFY LOOP CYCLE: The auto
chip erase and verify cycles above will automatically re-
peat when the verify cycle fails.

7. STATUS READ CYCLE: The auto chip erase operation
finishes when the verify operation for all memory cells
successfully completes. The status read cycle operation
1s the same as outlined for a program operation.

I (501126 00L9965 T10 WA
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AUTO BLOCK ERASE OPERATION

Auto Program, Auto Erase Operations (continued)

~— Loop—

The details of the auto block erase operation can be broken
down to the following steps:

1. AUTO BLOCK ERASE SET-UP CYCLE: This cycle sets
up the device for a block erase operation by latching a
*20H” command at the rising edge of CE.

2. BLOCK ADDRESS/AUTO BLOCK ERASE COMMAND
CYCLE: The block address (A14—A18; other addresses
are “H or “L") for the block to be erased is latched at
the falling edge of CE. This cycle also verifies that an
auto chip erase operation is to be carried out by requiring
that “DOH” be latched at the subsequent rising edge of
CE. This second latching cycle 1s needed to prevent ac-
cidental erasure of data due to possible external noise
issues. The set-up command will be reset if any other
command except "“DOH” s input in this second cycle.
The following internal operations start at the rising edge
of CE.

3. AUTO PRE-PROGRAM CYCLE: Data “0” is automat-
cally programmed into all memory cells of the selected
block before the erase operation can be carried out. The

_ f
/OE I
/CE
Fail
in 0-7 —120H—{DoH] Out 4 T Pass —
1/0 ouT 7 Busy I Ready
1) Auto 2) Block 3) Auto 4) Auto5) Auto 8) Auto Block 7) Startup
Block Address Pre- Block  Verify Erase Read
Erase /Auto Program Erase Verify Loop
Biock
Erase
Command

TL/D/11873-15

pre-programming is executed in a similar manner to the
auto program operation inside the device. The address is
incremented by an internal address counter up to the last
address of the selected block. This pre-program is need-
ed to prevent over erasing of cells that originally con-
tained 1" data.

. AUTO BLOCK ERASE CYCLE: The block erase opera-

tion automatically after pre-programming 1s complete.

. AUTO VERIFY CYCLE: The verify operation is automnati-

cally executed after the block erase has completed. The
address is again incremented by the internal counter un-
til all address locations within the block are verified. The
internal counter will stop at a failed address location.

. AUTO BLOCK ERASE/VERIFY LOOP CYCLE: The

auto block erase and verify cycles above will automati-
cally repeat when the verify cycle fails.

. STATUS READ CYCLE: The auto block erase operation

fimshes when the verify operation for all memory cells
within the selected block successfully completes. The
status read cycle operation is the same as outlined for a
program operation.

B L5011l2k 00L99kE 957 IR
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POWER ON/OFF SEQUENCE

The following sequences are needed to protect against data POWER OFF: Vpp must be turned off after Ve stabilizes
corruption during power on and power off conditions: to within 5V £ 5% and while CE is high. Voo

POWER ON:  Vpp must be applied only after Ve stabilizes can only be turned off after Vpp has reached
to within 5V +5% and while CE Is high. ov.

(1) Power ON Sequence

Vee L : :;

Vg 12v

/

Vig —

® o ////////} i

s - 18 T T T

Power On Vpp  lus Operation
Power On TL/D/11873-16
(2) Power OFF Sequence
Vee
NN

12V
Vep

GND

(2]
m

T TR

»-5s AT

Operation

Vep Vee
Power Off  Power Off
TL/D/11873-17

17
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Weight 1 10g (Typ)

32-Pin Plastic Small OQutline Package (M)
Order Number NM28F040MXXX

Physical Dimensions miimeters
Unit: mm
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Weight: 4.53g (Typ)
32-Pin Dual-In-Line Package (N)
Order Number NM28FO040NXXX
32 17 Unit. mm
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NM28F040 4,194,304-Bit (512k X 8) CMOS FLASH

Physical Dimensions milimeters (Continued)
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DETAIL A

TYPICAL

32-Pin Thin Small Outline Package (T)
Order Number NM28F040TXXX
32-Pin Reverse Thin Small Outline Package (TR)
Order Number NM28FO40TRXXX
Package Number MBH32A

LIFE SUPPORT POLICY

Lit # 112308001

- |<—0.95— 1.06

0.150£0.008
(LEADFRAME THICKNESS)

MBH324 (REVB)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

Telex 51202 NSHKL
Fex (852) 736 9960

Ciba Prefecture 261
Tol (043) 299-2300
Fax (043) 299 2500

Fax (0-81-41) 10-35-06
Fax (55 11) 212 1181

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
National Semiconductor National National National National Semiconductores National Semiconductor
Corporation GmbH Japan Lid. Hong Kong Ltd. Do Brazit Ltda. {Australia) Pty, Lid.
2900 Drwe 10 Chemical 13th Floor, Straight Block Av Bng Fana Lima, 1409 16 Business Park Or
PO Box 58090 D-82256 Furstenfeldbruck  Engineenng Center QOcean Centre, 5 Canton Rd 8 Andar Notting Hill VIC 3168
Santa Clara, CA 95052-8090  Germany Bldg 7F Tsimshatsui, Kowloon Cep-G1451, Paulistano, Australia
Tal 1(800) 272-9959 Tel (08141} 1030 171, Nakase, Mihama-Ku Hong Kong Sao Paulo, SP, Brazil Tel (3) 558-9999
TWX (910) 339-9240 Telex 527648 Chiba-City, Tel (852) 737-1600 Tel (55-11) 212-5066 Fax (3) 558-9998

Telex 391 1131931 NSBR BR

Natonal doss not assume any responsibility for use of any circurtry descnbed no circurt patent licenses are implied and National reserves the nght at any b
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NM28F040 4,194,304-Bit (512k X 8) CMOS FLASH

Physical Dimensions milimeters (Continued)
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