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1-Mbit (131,072-Word x 8-Bit) CMOS FLASH

General Description

The NM28F010 1s a 1,048,576-bit FLASH Electncally Eras-
able and Programmable non-volatle Memory device. The
NM28F010 stores data reliably even after 10,000 program
and erase cycles. The NM28F010 features single command
control for read, chip erase, and programming operations to
allow ease of use for on-board programming.

The NM28F010 s ideally suited for applications such as
firmware storage, BIOS, engine control, and wireless com-
munication—where EPROM has been used in the past.
The NM28F010 is available in either a 32-pin plastic DIP,
SOP, PLCC, or forward and reverse bend TSOP packages
to suit a variety of applications.

Features
® Power supply: Vpp
Vee
B Mode: Read/Reset
Program (byte)
Chip Erase
® Mode Control: command input
m Program: 10 ps typical per byte
(loops = 10 us x 25 max.)
m Erase: 1 sec typical psr chip
(loops = 10 ms x 1,000 max.)
® W/E Cycles: 10,000 cycles minimum target
| Access Time: 100 ns/120 ns
B Power Dissipation: Operating = 30 mA
Standby = 100 pA
B Packages available: 32-pin DIP, SOP, TSOP, TRSOP,
PLCC
B Pin compatible with NM27C010 EPROM
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= BV +0.26V
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Connection Diagrams

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

AQ-16 Address Input

00-07 Data Input/Output

CE Chip Enable Input

OE Output Enable Input

WE Write Enable Input

NC Non Connection

Vep Program/Erase Supply

Vee Supply (5V)

GND Ground

Reversed TSOP Package (TR)
ot 32 O 1At
A10—] 31 2 A9
CE—{ 30 3l-a8
07— 29 4—-at3
06 4 28 Sh=Atl4
05—{27 6f=NC
04— 26 k2
0325 ] SR
GND—] 24 9 Vep

02— 23 10f~Ats
01— 22 11}—a15
00— 21 12p=A12
A0— 20 13f=a7
a1 19 14}— A6
A2— 18 15—A5
A3—17 16— A4
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Connection Diagrams (continued)
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Ordering Information

COMMERCIAL TEMPERATURE RANGE
(0°C to +70°C) Ve = 5.0V £5%

Parameter/Order Number Access Time (ns)
NM28F010 N,M,V,T,TR 10 100
NM28F010 N,M,V,T,TR 12 120
NM28F010 N,M,V,T,TR 15 150

National Memory
NOR FLASH

28F 010 T 10
_L Access Time
10 = 100 ns
12 =120 ns
15 = 150 ns
Package Type
N = PDIP
M = SOP
V = PLCC
T = TSOP
Density
010 = 1 Mbit
040 = 4 Mbit

TR = Reversed TSOP
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Soldering Temperature Time

(TsoLper) 260°C/sec.—10°C/sec.

Office/Distributors for availability and specifications. Storage Temperature (TsTg) —55°C—+ 150°C
Supply Voltage (Vcc) —0.6V-+7.0v Operating Temperature (TopR) 0°C-+70°C
Program/Erase Supply Voltage (Vep) —0.6V-+14.0V Erase/Program Cycling Capability (Ngw) 10,000 Cycles
Input Voltoge (Vin) ~0.6V-+7.0V Input Voltage (A9) (Vip) ~0.6V—+13.5V
Input/Output Voltage (Vo) —0.6V-+7.0V

Power Dissipation (Pp) 1.0W

AC Electrical Characteristics

READ OPERATION Ty = 0°C-+70°C, Vgc = 5V +5%, Vpp = OV-Vgg or 120V £5%

Symbol Parameter 120 Units

Min Typ Max Min Typ Max

tre Read Cycle Time 100 120

tacc Address Access Time 100 120

tce CE Access Time 100 120

toe OE Access Time 40 50

toee CE to Qutput Low Z 0 ns
toEE OE to Qutput Low Z 0

toH Output Data Hold Time 0 0

toFy CE to Output High Z 30 30

tor2 OE to Output High Z 30 30
AC Test Condition

* Qutput Load: 1 TTL Gate and C|_ = 100 pF
© input Pulse Rise and Fall Time (10% ~ 90%): 5 ns Max.
* Input Puise Level: 0.6V/2.4V

« Timing Measurement Reference Level: Input 0.8V/2.0V,
Output 0.8V/2.0V
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AC Electrical Characteristics (contnueq)
COMMAND CONTROL OPERATION Tp = 0°C~70°C, Vg = 5V +5%, Vpp = 12.0V 5%

Symbol Parameter 100 120 Units

Min Typ Max Min Typ Max

tas Address Setup Time 0 0

tAH Address Hold Time 50 60

tcEs CE Setup Time (WE Contro!) 0 0

toeH CE Hold Time (WE Control) 0 0

toES OE Setup Time 0 0

toEH OE Hold Time 0 ]

twes WE Setup Time (CE Control) 0 0

tWEH WE Hold Time (CE Control) 0 0 ns
tos Data Setup Time 40 50

toH Data Hold Time 0 0

tWELH WE Low Level Hold Time 50 60

twEHH WE High Level Hold Time 20 20

tCEHL CE Low Level Hold Time 50 60

tCEHH CE High Level Hold Time 20 20

teme Command Cycle Time 100 120

tpH Program Hold Time 9 10 9 10

tPRV Program Recovery Time 6 6 we
tEH Erase Hold Time g 10 9 10 ms
teRv Erase Recovery Time 6 6 ps
tace Address Access Time 100 120

tce CE Access Time 100 100

toe OE Access Time 40 50

tceE CE to Output Low Z 0 40 0 50

toee OE to Output Low 2 0

toH Output Data Hold Time 0 "
1DF1 CE to Output High Z 30 30

tpe2 OE to Output High Z 30 30

tve Verify Cycle Time 100 120

tRe Read Cycle Time 100 120
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DC Electrical Characteristics 1, = 0°c~ +70°C, v = 5V 5%

Symbol Parameter Condition Min Max Units
M Input Leakage Current 0V < Viy € Voo +10 A
o Output Leakage Current 0V < Vourt € Voo +10
ViH Input High Voltage 2.2 Ve + 0.5 v
ViL Input Low Voltage -05 0.8
VoH QOutput High Voltage lon = —0.40mA 24 v
VoL Output Low Voltage loL = +2.10mA 04
lccot Vg Read Average Current VIN = VIH/VIL, lour = 0mA 30
(Read/Signature Read) teycle = tac {min) cycle
lccoz Ve Programming Average Current ViN = VIR/VIL, louT = OmA 10
toycle = G pus
lccos Ve Erase Average Current VIN = VIH/VIL, lour = O0mA 15 mA
Iccos Vg Program Verify Average Current VIN = VIN/V)L, louT = 0 mA 15
lccos Ve Erase Verify Average Current VIN = VIN‘VIL, lout = OmA 15
lccst Vge Standby Current (Read) CE =Vp 1
lcosz CE = Vg — 0.2V 100
Ipps Vpp Standby Current 0V < Vpp < 8.5V +10
11.4V < Vpp < 126V 200 pA
Ippy Vpp Read Average Current 0V < Vpp £ 6.5V, VN = Vin/VL +10
11.4V < Vpp < 12,6V, VN = Vip/ViL 200
Ipp2 Vpp Programming Average Current 11.4V < Vpp < 126V, V)N = ViR/ViL 30
Ipp3 Vpp Erase Average Current 11.4V < Vpp < 126V, VN = Vin/ViL 30 mA
lppa Vpp Program Verify Average Current 11.4V < Vpp < 126V, VN = Vig/ViL 1
lpps Vpp Erase Verify Average Current 11.4V < Vpp € 126V, Viy = Vin/ViL 1
o A9 Pin High Voltage Input Current 114V < Vip < 12.6V 200 pA
Capacitance* 7, = 25°C,f = 1 MHz
Symbol Parameter Conditions Min Typ Max Units
CiN Input Capacitance ViN = 0V 4 8 pF
Cout Output Capacitance Vourt = 0V 10 12 pF
*This parameter 1s peniodically sampled and is not 100% tested.
DC and Operating Characteristics 1, = o°c-+70c
Symbol Parameter Min Max Units
Ve Vcc Supply Voltage 4.75 5.25
Vip A9 Input High Voltage (during ID Read) 114 126 y
VpepL Vpp Supply Voltage (during Read Operation) 0 6.5
VppH Vpp Supply Voltage (during Erase/Program Operations) 11.4 12.6
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Mode Selection

Pin
Mode — —— —
CE WE OE Address 170 Vee Vpp Power
R
ead Read L H L Read Address Data Output 0~Vee Active
Output Diselect L * * 5v or
High Impedance 12v B
Standby H * * * Standby
Command | WE Control L r H (Note 1)
Input — Command Data
P CE Control r L H (Note 1)
Program/Erase H H * 5V 12v Active
Program/Erase Verify L H L (Note 1) Data Cutput
ID Read L H L “or/ Code Output
Note 1: Shown as Command Definition Table and Operation Timing Chart
*HorL
Command Definition Table
1st Bus Cycle 2nd Bus Cycle
Function Bus Cycle
Type Address Data Type Address Data
Read 1 WRITE * 00H
ID Read 2 WRITE * 90H READ 0000/1H Mfg/Dev ID
Chip Erase 2 WRITE * 20H WRITE * 20H
Erase Verity 2 WRITE Byte Address AOH READ * EV Data
Program Setup/Begin 2 WRITE * 40H WRITE Byte Address WR Data
Program Venfy 2 WRITE Byte Address COH READ * WYV Data
Reset 2 WRITE * FFH WRITE * FFH
*Horl

Waveform for Read Operations
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Program Operation Timing Chart
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Chip Erase Operation Timing Chart
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* WE Control

ID Read Operation Timing Chart
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Programming Flow Chart

ADDR = First Location

PROGRAM COUNT: N=1

N=N+ 1

Fail
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Chip Erase Flow Chart
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Operating Mode

The NM28BF010 features seven modes of operation: Read,
ID Read, Program, Program-Verify, Chip Erase, Erase-Veri-
fy, and Reset. Each mode 1s selected by a command input
through the 1/0 pins.

READ MODE

When the device Is set to read mode, it acts as an asyn-
chronous ROM with the access time of 100 ns/120 ns. The
device enters read mode regardless of a read command
input in the case of Vpp = 0~Vgg. The read command
(OOH) is required to set the read mode in the case of Vpp =
12V. The device I1s automatically set to read mode after Vpp
transitions from 0~ Vg to 12V.

1D READ MODE

The ID read mode is utilized for recognizing the device type.
The ID read mode is set by a ‘“90H"” command input with
Vpp = 12V. The “0” address data indicates the manufac-
turer code (8FH) while “1” address data indicates the de-
vice code (CBH). The access time of the ID read is the
same as a normal read operation. The ID mode can also be
set by applying V|4 to the A9 pin at Voo = 0~Vee. The
manufacturer code is read out at A10-16 = V)_ and
A0-8 = O000H while the device code i1s read out at
A10-16 = V| and A0O-8 = 001H.

PROGRAM MODE

The program mode is set by entering a “40H” command
input at Vpp = 12V. The next bus cycle will latch the input
data and program address. The program operation I1s en-
abled at the end of this second bus cycle. The program
operation can be terminated by either entering a program-
verify command (COH) or the reset command (FFH).

PROGRAM-VERIFY MODE

The program-verify mode is used to verify that the data was
successfully programmed into the device. The program-
verify mode is set by a “COH"” command input during the
program operation. The programmed data is read out at the
next bus cycle.

CHIP ERASE MODE

The chip erase mode is set by a “20H" command input. The
device executes the erase operation by a succeeding
“20H" command input at the next cycle. This second latch
cycle is needed to prevent accidental erasure of data due to
external noise. The chip erase operation is terminated by
erther the erase-verify command (AOH) or the reset com-
mand (FFH).

ERASE-VERIFY MODE

The erase-verfy mode 1s used to verify that the data was
successfully erased from the device. The erase-verify mode
is set by a “AOH” command input. The data at the address
specified, during the command input cycle, is read out at the
next bus cycle.

RESET MODE

The reset mode Is used 1o abort a program or erase opera-
tion and return the device to a known state. The reset oper-
ation 1s activated after two successive “FFH"” command in-
puts. The device returns to the read mode after 6 ps of
recovery time.

Program, Erase Operation

PROGRAM OPERATION

The program operation is executed by entering two succes-
sive command input cycles. The first cycle i1s used to input a
“40H” command and the second cycle to enter the program
address and data. The program operation starts from the
rising edge of WE at the end of the second cycle and fin-
ishes with the rising edge of WE during the program-verify
command input cycle. Although this time period needs to be
externally controlled to be within the 10 us requirement, the
program operation 1s stopped by an internal tmer, 10 ps
after the program operation starts. The device then enables
to acquire the next program-verify command. The program
address is acquired at the falling edge of WE and data is
acquired at the nsing edge of WE in the second bus cycle.
The program-venfy operation can be executed 6 ps after
the rising edge of WE in the program-venfy command cycle.
The program operation completes when the output data
from program-verify coincides with the input data. The pro-
gram loop can be implemented a maximum of 25 times until
coincidence. (Refer to the program operation flow chart.)

CHIP ERASE OPERATION

The device must be pre-programmed to set ali bits to 0"
betore a chip erase operation can be performed.

The chip erase operation is executed by two succeeding
input command cycles of “20H". The operation starts from
the nising edge of WE after the second erase command
input and finishes at the nsing edge of WE in the erase-veri-
fy command (AOH) cycle.

Although this time period needs to be externally controtled
to be within the 10 ms requirement, the erase operation is
stopped by internal timer 10 ms after the program operation
starts. The device then enables to acquire the next erase-
verify command. The erase-verify operation can be execut-
ed 6 us after the rising edge of WE in the erase-verify com-
mand cycle. The address of the data to be verified is latched
at the falling edge of WE and the verify command is latched
at the rising edge of WE in the erase-venfy cycle. If the
verified output data 1s “FFH”, the address I1s incremented
until the last address. If the data is not “FFH”, the erase
operation is reexecuted untl success or up to 1000 times
maximum. (Refer to chip erase flow chart).
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Power On/Off Sequence
The following sequences are needed to protect against data corruption during power on and off conditions:
POWER ON: Vpp must be applied only after V¢ stabilizes to within 5V +5% and while CE is high.

POWER OFF: Vpp must be turned off after Vg stabilizes to within 5V +5% and while CE is high. Vg can only be turned off
after Vpp has reached OV.

(1) Supply Power on Sequence

12v

/’
GND
YiH—

o 18 A T T,

[o]3

Power On Vop  1HS Operation

Power On
TL/D/11872-14

(2) Supply Power down Sequence

12V

N
Ver \
GND

W7 AL

Y

Operation Vep 1 us Power Off
Power Off

TL/D/11872-15
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Physical Dimensions i

nches (millimeters)

32-Lead Plastic Leaded Chip Carrier (PLCC)
Order Number NM28F0 10VXXX
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Physical Dimensions mitimeters (Continued)

0 ~ 15°

Weight- 4.53g (Typ)

32-Lead Plastic Dual-In-Line Package (N)
Order Number NM28F0 1ONXXX

Unit: mm
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1 16
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Physical Dimensions milimeters (Continued)

TR
P

0_0.25J 0.4-0.6

DETAIL A

TYPICAL

32-Lead Thin Small Outline Package (T)
Order Number NM28F010TXXX
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Physical Dimensions miiimeters (Continued)
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TYPICAL

MBH5ZA (REVB)

32-Lead Reversed Thin Small Outline Package (TR)
Order Number NM28F010TRXXX
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. . . Lit # 112305-001
Physical Dimensions milimeters (Continued)
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Weight: 4.53g (Typ)

0.19 #0.1

TL/D/11872-21
32-Lead Plastic Small Outline Package (M)
Order Number NM28F0 10MXXX

NM28F010 1-Mbit (131,072-Word x 8-Bit) CMOS FLASH

LIFE SUPPORT POLICY

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
E; SEMICONDUCTOR CORPORATION. As used herein:

o 1. Life support devices or systems are devices or 2. A critical component is any component of a life
n systems which, (a) are intended for surgical implant support device or system whose failure to perform can
a into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
g failure to perform, when properly used in accordance support device or system, or to affect its safety or
0 with instructions for use provided in the labeling, can effectiveness.
8 be reasonably expected to result in a significant injury
to the user.

s ]
n E National Semiconductor National National National National Semiconductores National Semiconductor
-~ Corporation GmbH Japan Ltd. Hong Kong Lid. Do Brazil Ltda. {Australia) Pty, Ltd.

2900 Drve 10 Chemical 13th Floor, Straight Block Av Bng Fana Lima, 1409 16 Business Park Dr
~ PO Box 58090 D-82256 Furstenfeldbruck  Engineenng Center Ocean Centre 5 Canton Rd & Andar Notting Hill, VIC 3168
[} Santa Clara, CA 95052-8090  Germany Bldg 7F Tsimshatsur Kowloon Cep—OMSI Paulistana, Australia

Tel 1{800) 272 9959 Tel (0-81 41) 103-0 1-7-1 Nakase Mihama Ku Haong Kong Sao Paulo SP, Brazil Tel (3) 558 9993
un TWX {910) 339 9240 Tolex 527649 Chiba-Crty Tel {852) 737-1600 Tel (55 11) 212 5066 Fax (3) 558-9998
_u Fax {0-81-41) 10-35-06 Ciba Prefectura 261 Telex 51292 NSHKL Telex 391-1131931 NSBR BR

Tel {043) 299-2300 Fax (B52) 736-9960 Fax (55-11) 212-1181

Fax (043) 299-2500

! National does not assume any responsibifity for use of any crcurtry descnbed, no orcurt patent licenses are imphed and National reserves the nght at any time . g 3J 9 i'
owered by ICminer.com Electronic-Library Service CopyRight 2003 ‘)20 *



Physical Dimensions i

nches (millimeters)

32-Lead Plastic Leaded Chip Carrier (PLCC)
Order Number NM28F0 10VXXX
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Physical Dimensions mitimeters (Continued)
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Unit: mm
I‘Zﬁhl_!ﬁﬁﬁl_lf_lﬁﬁl_ll_lr_lr_lrzl___
o~
- gl (=2
) I
1 = -
ey S sy S ey e e L=
1 16
42.5 MAX ,
o~ ~
L 42.0 £0.2 " 23
| | o -
Ll ~t
[ \
LTI e iyl
IRAR! |
—_z__
o 2
195 TYP | ] 1.4 #0.1 0.510.1c 5
:

ooz
5‘0 075

TL/D/11872-18

pov Y 8 b @by BB P oo TR 5ol

17




Physical Dimensions milimeters (Continued)
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DETAIL A

TYPICAL

32-Lead Thin Small Outline Package (T)
Order Number NM28F010TXXX
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Physical Dimensions miiimeters (Continued)

} 20.040.2 ]
} ’ - |<-o.95— 1.06
1 32 I
[~— —
— =
[— — {
= — 0.5 1YP
— =
— 8.0£0.2
— —
— —
—] —
—]
—
— ——
16 F—17
0.15-0.25 TYP ‘.”-;0_150 10.008
(LEADFRAME THICKNESS)
18 4£0.1
[ T 1 \,
St N,

SEE DETAIL A

1.27 MAX J\
l L \ i % 00_50
O_O‘ZS_T 0.4-0.6 f=—s]

DETAIL A
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MBH5ZA (REVB)

32-Lead Reversed Thin Small Outline Package (TR)
Order Number NM28F010TRXXX

19

Powdiliby 1y bl dvoni @ Brkn I MT on drigheodlill




. . . Lit # 112305-001
Physical Dimensions milimeters (Continued)
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Weight: 4.53g (Typ)

0.19 #0.1

TL/D/11872-21
32-Lead Plastic Small Outline Package (M)
Order Number NM28F0 10MXXX

NM28F010 1-Mbit (131,072-Word x 8-Bit) CMOS FLASH

LIFE SUPPORT POLICY

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
E; SEMICONDUCTOR CORPORATION. As used herein:

o 1. Life support devices or systems are devices or 2. A critical component is any component of a life
n systems which, (a) are intended for surgical implant support device or system whose failure to perform can
a into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
g failure to perform, when properly used in accordance support device or system, or to affect its safety or
0 with instructions for use provided in the labeling, can effectiveness.
8 be reasonably expected to result in a significant injury
to the user.
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[} Santa Clara, CA 95052-8090  Germany Bldg 7F Tsimshatsur Kowloon Cep—OMSI Paulistana, Australia
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_u Fax {0-81-41) 10-35-06 Ciba Prefectura 261 Telex 51292 NSHKL Telex 391-1131931 NSBR BR
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