




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M28F841 

Table 7. Status Register 

Mne- Bit Name Logic Definition Note monic Level 

'1' Ready The RY/BY output or the P/E.C. status bit may be 
checked during Program or Erase. The bit should P/ECS 7 P/E.C. Status be checked on completion before checking bits 

'0' Busy b4 or b5 for success. 

Erase '1' Suspended On an Erase Suspend instruction the ESS bit is 
set to '1' and the P/ECS bit remains at '1 '. ESS bit ESS 6 Suspend remains '1' until an Erase Resume instruction is Status '0' In Progress or given. Completed 

'1' Erase Error ES bit is set to '1' if PIE. C. has applied the 
ES 5 Erase Status maximum number of erase pulses to the block 

'0' Erase Success without achieving an erase verify. 

'1' Program Error 

PS 4 Program 
Status 

'0' Program 
Success 

'1' Vpp Low, Abort 

VPPS 3 Vpp Status 

'0' VppOK 

2 Reserved 

1 Reserved 

0 Reserved 

Note: Logic level '1' is High, '0' is Low. 

A Status Register may be read at any time, includ­
ing during the programming or erase cycles, to 
monitor the progress of the operation. In addition a 
Ready/Busy output RY/BY indicates the status of 
the P/E.C. After Programming or Erasure the com­
mand interface must be reset by giving the Read 
Memory Array instruction before the memory con­
tents can be accessed. 

PS bit set to '1' if the PIE. C. has failed to program 
a byte or word. 

If PS and ES bits are set to '1' during a sector 
erase attempt, an improper command sequence 
was entered and the instruction should be given 
again. 

VPPS bit is set if the Vpp voltage is below 
VPPH{min) when a Program or Erase instruction is 
executed and the instruction is aborted. The 
Status Register must be cleared before another 
write or erase operation is attempted. 

Bits b2, b1 and bO are reserved for future use and 
should be masked out when polling the Status 
Register. 

Power Saving 
The M28F841 memory have a number of power 
saving features. A CMOS ..§tandby mode is entered 
when the Chip Enable E and the Reset/Power 
Down RP signals are at Vee, when the supply 
current drops to typically 30!JA. A deep power down 
mode is enabled when the Reset/Power Down 
signal RP is at Vss, when the supply current drops 
to typically 0.2!JA. The time required to awake from 
the deep power down mode is 1 JlS maximum, with 
instructions to the C.l. recognized after 400ns. 

------------- �~� �~�i�t�m�=�~�~�~� --------------=5=/25 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times s 1 Ons 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. • 

Figure 3. AC Testing Input Output Waveforms 

:: =><==)( 1.5V 

AI01417 

DEVICE 
UNDER 
TEST 

1.3V 

T 
CL Includes JIG capacitance 

AIOOB28 

Table 8. Capacitance <1> (TA = 25 oc f = 1 MHz ) 
' 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance V1N = OV 8 pF 

GouT Output Capacitance VouT=OV 12 pF 

Note: 1. Sampled only, not 100% tested. 

DEVICE OPERATION 

Signal Descriptions 

AO-A19 Address Inputs. The address signals, 
inputs for the memory array, are latched during a 
write operation. 

DQO-DQ7 Data Input/Outputs. The data inputs, a 
byte to be programmed or a command to the C.!:., 
are latched on the...![sing edge of Chip Enable E 
and Write Enable W, whichever occurs first. The 
data output from the memory Array, the Electronic 
Signatu~ or the Status Registe~ valid when Chip 
Enable E and Output Enable G are active. The 
output is high impedance when the chip is dese­
lected or the outputs are disabled. 

E Chip Enable. The Chip Enable activates the 
memory control logjc, input buffers, decoders and 
sense amplifiers. E High de-selects the memory 
and reQ!Jces the power consumption to the standby 
level. E can also be used to control writing to the 
C.l. and the memory Array while W remains at a 
low level. Both addresses and_data inputs are then 
latched on the rising edge of E. 

RP Reset/Power Down. This input allows the 
memory to be placed in a deep power down mode. 
If RP is within Vss ± 0.2V the lowest supply current 
is absorbed. 

RY/BY Read/Busy. This output indicates when the 
Program Erase Controller is executing a program 
or erase. It i~lways active, even during power 
down. If RY/BY is at VoL, the PIE. C. is active. 

G Output Enable. The Output Enable gates the 
outputs through the data buffers during a read 
operation. 

W Write Enable. This controls writing to the C. I., 
Address and Input Data latches. Both Addresses 
and Input Data are latched on the rising edge of W. 

Vpp Program Supply Voltage. This supply voltage 
is used for memory Programming and Erase. 

Vee Supply Voltage. This is the main circuit sup­
ply. 

Vss Ground. This is the reference for all the voltage 
measurements. 

;;;.6/=25~-----------15i/ ~~n&U'l~'l-------------
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Table 9. DC Characteristics 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 5V ± 0.5V; Vpp = 12V ± 5%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~YIN~ Vee ±1 f!A 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 f!A 

Icc (1· 31 Supply Current (Read) TTL E = Y1L, G = Y1L, f = SMHz 30 rnA 

Supply Current (Read) CMOS E = Vss, G = Vss, f = BMHz 20 rnA 
- -

Supply Current (Standby) TTL E = V1H, RP = V1H 1 rnA 
lcc1 !1' 31 

E = Vee± 0.2V, Supply Current (Standby) CMOS RP =Vee± 0.2V 100 f!A 

lcc2 (1, 31 Supply Current (Power Down) RP = Vss ± 0.2V 5 f!A 

lcc3 !1. 31 Supply Current (Program) By1e program in progress 30 rnA 

lcc4 (1.31 Supply Current (Erase) Sector Erase in progress 30 rnA 

Ices !1. 2' 31 Supply Current (Erase Suspend) E = Y1H, Erase suspended 6 rnA 

lpp Program Current (Read) Vpp >Vee 200 f!A 

IPP1 Program Current (Standby) Vpp ~Vee ±10 f!A 

IPP2 Program Current (Power Down) RP = Vss ± 0.2V 5 f!A 

IPP3 Program Current (Program) By1e program in progress 15 rnA 

IPP4 Program Current (Erase) Sector Erase in progress 10 rnA 

lpps Program Current (Erase Suspend) Erase suspended 200 f!A 

VIL Input Low Voltage -0.5 0.8 v 

v,H Input High Voltage 2 Vee+ 0.5 v 

VoL Output Low Voltage loL=2mA 0.4 v 

VoH Output High Voltage loH =-2mA 2.4 v 

VPPL 
Program Voltage (Normal 0 Vee+ 0.5 v operation) 

VPPH 
Program Voltage 11.4 12.6 v (Program or Erase operations) 

VLKO 
Supply Voltage 2 v (Program or Erase Lock-out) 

Notes: 1. Supply Current specified with lotrr {RY/BY} = 0. 
2. Current increases to Icc + Ices during a read operation with erase suspended. 
3. CMOS levels Vee± 0.2V and Vss ± 0.2V. TTL levels V1H and v,,, 

Memory Sectors 
There are 16, 64K Byte memory sectors. Each 
sector of the memory can be erased separately, but 
only one sector at a time. The erase operation is 
managed by the P/E.C. but can be suspended in 
order to read from another sector and then re­
sumed. 

Programming and erasure of the memory is dis­
abled when the Program Supply Voltage is at VPPL· 
For successful programming and erasure the Pro­
gram Supply Voltage must be at VPPH throughout 
the operation. 

-------------l::ii ~!i~m~i!~Jj ____________ ...,07,;,:'2=5 
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Table 1 0. Read AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= SV ± O.SV; Vpp = 12V ± 5%) 

M28F841 

Symbol A It Parameter Test Condition 
-100 ·120 -150 Unit 

Min Max Min Max Min Max 

Address Valid to - -
IAVAV IRe Next Address Valid E = VJL, G = VJL 100 120 150 ns 

Address Valid to - -
IAVQV lAce Output Valid E = VJL, G = V1L 100 120 150 ns 

IPHQV IPWH 
Power Down High E = VJL, G = VJL 1 1 1 /lS to Output Valid 

IELQX (1) ILZ 
Chip Enable Low to 

G=VJL 0 0 0 ns Output Transition 

IELQV (2) Chip Enable Low to -
IcE Output Valid G =VJL 100 120 150 ns 

IGLQX (1) 
Output Enable Low -

toLZ to Output Transition E=VJL 0 0 0 ns 

IGLQV (2) 
Output Enable Low -

toE to Output Valid E=ViL 45 50 50 ns 

Output Enable High -
IEHQX loH to Output Transition G =VJL 0 0 0 ns 

IEHQZ (1) 
Chip Enable High -

1Hz to Output Hi-Z G =VJL 50 50 55 ns 

Output Enable High -
IGHQX toH to Output Transition E = VIL 0 0 0 ns 

IGHQZ (1) 
Output Enable High -

toF to Output Hi·Z E= V1L 30 40 50 ns 

IAXQX loH 
Address Transition E = VJL, G = VJL 0 0 0 ns to Output Transition 

Notes: 1. S.ampled only, not 100% tested. _ 
2. G may be delayed by up to IELav • IGLav after the falling edge of E without increasing tELav. 

Operations 

Operations are defined as specific bus cycles and 
signals which allow memory Read, Command 
Write, Output Disable, Standby, Power Down and 
Electronic Signature Read. They are shown in Ta­
ble 3. 
Read. Read operations are used to output the 
contents of the Memory Array, the Status Regist~ 
or the Electronic Sj_gnature. Both Chip Enable E 
and Output Enable G must be Low in order to read 
the output of the memory. The Chip Enable input 
also provides power control and should be used for 
device selection. Output Enable should be used to 
gate data onto the output independent of the device 
selection. A read operation will output a byte on 
DOO-D07. 

The data read depends on the previous command 
written to the C.l. (see instructions RD, RSR and 
RSIG). 

Write. Write operations are used to give Instruction 
Commands to the memory or to latch input data to 
be programm_gd. A write operation is initiated when 
Chip Enable E is LQ!V and Write Enable W is Low 
with Output Enable G High. Commands, Input Da~ 
anQ_ Addresses are latched on the rising edge of W 
or E. As for read operations data is transferred on 
DOO-D07. 

Output Disable. The data outRJ:!ts are high imped­
ance w~n the Output Enable G is High with Write 
Enable W High. 

~8/~25~-----------------------~~~~~~~~~---------------------------
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Figure 5. Read Mode AC Waveforms 
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Table 11. Byte Program, Erase Time 
{TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 5V ± 0.5V) 

Parameter Test Conditions 
M28F841 

Unit 
Min Typ Max 

Block Program Vpp = 12Vt5% 0.6 2.1 sec 

Block Erase Vpp = 12V±5% 1.6 10 sec 

Table 12. Write AC Characteristics, Write Enable Controlled 
{T A = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 5V ± 0.5V; Vpp = 12V ± 5%) 

M28F841 
Unit 

Symbol A It Parameter -100 -120 -150 

Min Max Min Max Min Max 

IAVAV twc Write Cycle Time 100 120 150 ns 

IPHWL (l) Ips Power Down High to Write Enable 1 1 1 J.lS Low 

IELWL tcs 
Chip Enable Low to Write Enable 0 0 0 ns Low 

IWLWX lwp Write Enable Low to Write Enable 40 40 40 ns Transition 

toVWH los Input Valid to Write Enable High 40 40 40 ns 

twHDX loH 
Write Enable High to Input 5 5 5 ns Transition 

IWHEH tcH 
Write Enable High to Chip Enable 10 10 10 ns High 

lwHWX IWPH 
Write Enable High to Write Enable 30 30 30 ns Transition 

IAVWH lAS Address Valid to Write Enable High 40 40 40 ns 

tVPHWH(l) tvps Vpp High to Write Enable High 100 100 100 ns 

tWHAX IAH 
Write Enable High to Address 5 5 5 ns Transition 

twHGL Write Enable High to Output 0 0 0 ns Enable Low 

twHRL Write Enable High to Ready Busy 100 100 100 
--

Low ns 

IWHOV1 121 Write Enable High to Output Valid 6 6 6 J.lS (Byte Program) 

tWHQV2 12• 31 Write Enable High to Output Valid 0.3 0.3 0.3 sec (Sector Erase) 

laWPX(l,2) tvPH Output Valid or Ready Busy High 0 0 0 ns to Vpp Transition 

Notes: 1. Sampled only, not 100% tested. _ 
2. Byte Program and Sector Erase durations are measured to completion as indicated by Status Register b7 = 1 or RYIBY = high. 

Vpp is held high until Status Register bHs b3, b4 and b5 Indicate Program or Sector Erase success. 
3. Temperature range 0 to 70 •e (grade 1) only . 
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M28F841 

Table 13. Write AC Characteristics, Chip Enable Controlled 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 5V ± 0.5V; Vpp = 12V ± 5%) 

M28F841 
Unit 

Symbol All Parameter -100 -120 -150 

Min Max Min Max Min Max 

tAVAV twc Write Cycle Time 100 120 150 ns 

tPHEL (1) Ips 
Power Down High to Chip Enable 1 1 1 J.lS Low 

IWLEL tws 
Write Enable Low to Chip Enable 0 0 0 ns Low 

IELEX tcp 
Chip Enable Low to Chip Enable 50 50 50 ns Transition 

IDVEH los Input Valid to Chip Enable High 40 40 40 ns 

IEHDX IDH 
Chip Enable High to Input 5 5 5 ns Transition 

IEHWH lcH 
Chip Enable High to Write Enable 5 5 5 ns High 

IE HEX IEPH 
Chip Enable High to Chip Enable 25 25 25 ns 
Transition 

IAVEH lAs Address Valid to Chip Enable High 40 40 40 ns 

IVPHEH (1) tvPS Vpp High to Chip Enable High 100 100 100 ns 

tEHAX tAH 
Chip Enable High to Address 5 5 5 ns 
Transition 

IEHGL 
Chip Enable High to Output 0 0 0 ns Enable Low 

tEHRL 
Chip Enable High to Ready Busy 100 100 100 ns Low 

IEHQV1 (2) 
Chip Enable High to Output Valid 6 6 6 J.lS (Byte Program) 

IEHQV2 (2• 3) 
Chip Enable High to Output Valid 0.3 0.3 0.3 sec (Sector Erase) 

tovvPx (1. 2) IVPH 
Output Valid or Ready Busy High 0 0 0 ns to Vpp Transition 

Notes: 1. Sampled only, not1 00% tested. _ 
2. Byte Program and Sector Erase durations are measured to completion as indicated by Status Register b7 = 1 or RY/BY = high. 

Vee is held h1gh until Status Register bits b3, b4 and b5 indicate Program or Sector Erase success. 
3. Temperature range 0 to 70 •c (grade 1) only. 
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M28F841 

Figure 8. Memory Map, Byte-wide Addresses 

TOP ADDRESS BOTTOM ADDRESS 

AO-A19 AO-A19 

OFFFFFh 

OEFFFFh 

ODFFFFh 

OCFFFFh 

OBFFFFh 

OAFFFFh 

64K BYTE SECTOR OFOOOOh 

OEOOOOh 

ODOOOOh 

OCOOOOh 

OBOOOOh 

OAOOOOh 

90000h 

SOOOOh 

70000h 

60000h 

50000h 

40000h 

30000h 

20000h 

10000h 

OOOOOh 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

--
--
--
--
--
--
--
--

9FFFFh 

SFFFFh 

?FFFFh 

6FFFFh 

SFFFFh 

4FFFFh 

3FFFFh 

2FFFFh 

1FFFFh 

OFFFFh 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

Standby,_ The memory is in standby when the Chip 
Enable E is High. The power consumption is re­
duced to the standby level and the outputs are high 
impedance, ind~endent of the Output Enable G 
or Write Enable W inputs. 

Power Down. The memory is in Power Down when 
RP is Low. The power consumption is reduced to 
the power down level and the outputs are hig!l 
impedance ind~endent of the Chip Enable E, 
Output Enable G or Write Enable W inputs. 

Electronic Signature. Two codes identifying the 
manufacturer and the device can be read from the 
memory, the manufacturer code for SGS­
THOMSON is 20h and the device code for the 
M28F841 is OFCh. These codes allow applications 
to match their interfaces to the characteristics of 
the particular manufacturer's product. 

The two Electronic Signature codes are output by 
a read operations with the Address line AO at V1L or 
V1H, following an instruction RSIG to the memory. 

Instructions and Commands 

The memory includes a Command Interface (C. I.) 
which latches commands written to the memory. 

A101494 

Instructions are made up from one or more com­
mands to perform memory Read, Read Status 
Register, Read Electronic Signature, Erase, Pro­
gram, Clear Status Register, Erase Suspend and 
Erase Resume. These instructions require from 
one to 3 operations, the first of which is always a 
write operation followed by either a further write 
operation to input address and data or to confirm 
the command, or a read operation to output data. 

A Status Register indicates the P/E.C. status 
Ready/Busy, the suspend/in-progress status of 
erase operations, the failure/success of erase and 
program operations and the low/correct value of 
the Vpp Program Supply Voltage. 

The P/E.C. sets status bits b3 to b7 and clears bit 
b6 & b7. It cannot clear bits b3 to b5. The status 
register can be read by the Read Status Register 
RSR instruction and cleared by the Clear Status 
Register CLRS instruction. The meaning of the 
register bits b3 to b7 is shown in Table 7. Bit bO to 
b2 are reserved for future use and should be 
masked out during status checks. 

The PIE. C. Ready/Busy status is also indicated by 
the RY/BY output. 

14/25 ~ SGS·lHOMSON .;__;;.::..:._ ____________ 1t."YI [ijJU©iiJ@[~§©'iffil©>IJO©lll --------------
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Figure 9. Program Flow-chart and Pseudo Code 

PG Instruction: 
-write 40h command 
- write Address & Data 
(memory enters read status 
state after the PG instruction) 

do: 
-read status register 
while b7 = 1 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) = Ready 

see Note 1 

AI01423 

M28F841 

Note: 1. Status check of b7 can be made after each byte programming or after a sequence. 

Read (RD) instruction. The Read instruction con­
sists of one write operation giving the command 
OFFh. Subsequent read operations will read data 
from the addressed byte of the memory array, until 
a new command is written to the C. I. 
Read Status Register (RSR) instruction. The 
Read Status Register instruction may be given at 
any time, including while the Program/Erase Con­
troller is active. It consists of one write operation 
giving the command 70h. Subsequent read opera­
tions output the contents of the status regis!~. Th.!! 
contents are latched on the falling edge of E or G 

signals, and can be reaQ. untl!_E or G returns to its 
initial high level. Either E or G must be toggled to 
V;H to update the latch. Additionally, any read at­
tempt during program or erase operation will auto­
matically output the contents of the status register. 
Read Electronic Signature (RSIG) instruction. 
This instruction uses 3 operations. It consists of one 
write operation giving the command 90h, followed 
by two read operations to output the manufacturer 
and device codes. The manufacturer code is output 
when the address line AO is Low and the device 
code when AO is High. 

----------- tr'l SCS·1HOMSON _________ _:.1:::.:512=5 lit.""'!, ll:ijQ~~IUE©Wl@~D©$ 
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Figure 10. Program Status Check Flow-chart and Pseudo Code 

Vpp Low 
Error(!) 

Program 
Error(!) 

If b3 = 1, Vpp low error: 
- error handler 

If b4 = 1 , Program error: 
- error handler 

AI01424 

Note: 1. If a VPP Low or Program error is found, the Status Register must be cleared (CLRS instruction) before further PIE. C. operations. 

Erase (EE) instruction. The memory can be 
erased in sectors. The Program Supply Voltage 
VPPH must be applied before the Erase {EE) in­
struction is given. This instruction uses two write 
operations. The first command written is the Erase 
Set-up command 20h. The second is the Erase 
Confirm command ODOh. During the input of the 
second command an address within the sector to 
be erased is given and this is latched into the 
memory. If the second command given is not the 
Erase Confirm command then the status register 
bits b4 & b5 are set and the instruction aborts. Read 
operations output the status register after erasure 
has started. 
During the execution of the erase by the P/E.C., the 
memory accepts only the Read Status Register 
{RSR) or Erase Suspend {ES) instructions. Status 
Register bit b7 returns '0' while the erasure is in 
progress and '1' when it is completed. After com­
pletion the Status Register bit b5 returns '1' if there 
has been an erase failure because erasure has not 
been verified after even the maximum number of 
erase pulses have been given. The Status Register 
bit b3 returns '1' if the Program Supply Voltage Vpp 
does not remain at VPPH when erasure is attempted 
and/or proceeding. 

Vpp must be at VPPH when erasing. Erase should 
not be attempted when Vpp < VPPH as the results 
will be uncertain. If Vpp falls below VppH or if RP 
goes Low the erase aborts and must be repeated, 
after having cleared the Status Register with the 
CLRS instruction. 

The execution of the erase by the P/E.C. is also 
indicated by the RY/BY output. 

A full status check can be made after sector erase. 
The status check is made on the Status Register 
bit b3 for any possible Vpp error, on bit b5 for an 
erase error or on both bits b4 & b5 for a command 
sequence error. 

Program {PG) instruction. The memory is pro­
grammed byte-by-byte. The Program Supply Volt­
age VPPH must be applied before the Program {PG) 
instruction is given and may be applied continu­
ously during programming of a sequence of bytes. 
This instruction uses two write operations. The first 
command written is the Program Set-up command 
40h {or alternatively 1 Oh). A second write operation 
latches the address and input data and starts the 
P/E.C. execution. Read operations output the 
Status Register after programming has started. 

Memory programming is only made by writing a '0' 
in place of a '1' in a byte. To write a '1' in place of a 
'0' the Sector must first be erased to all '1 's . 

.:.:16::.:12:::.5 __________ t;;; SGS-1HOMSON ----------­lA.., I l\llU©Illm~!<©'iil&OO!D©\\1 
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Figure 11. Erase Flow-chart and Pseudo Code 

Notes: 1. An Erase Suspend may be executed during this loop. 
2. See separate flow-chart. 

During the execution of the programming the mem­
ory accepts only the Read Status Register (RSR) 
instruction. The Status Register bit b7 returns '0' 
while programming is in progress and '1' when it is 
completed. After completion the Status Register bit 
b4 returns '1' if there has been a program failure. 
Status Register bit b3 returns a '1' if the Program 
Supply Voltage Vpp does not remain at VPPH when 
programming is attempted and/or during program­
ming. 

Vpp must be at VPPH when programming. Program­
ming should not be attempted when Vpp < VPPH as 

EE instruction: 
- wnte 20h command 
-write Sector Address (A 16-A20) 

& Command ODOh 
(memory enters read status register 
state after the EE instruction) 

do: 
-read status register 
while b7 = 1 (see Note 1) 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) = Ready 

see Note 2 

AI01425 

M28F841 

the results will be uncertain. Programming aborts 
if Vpp drops below VPPH or RP goes Low. If aborted 
the data may be incorrect, the Status Register must 
be cleared with the Clear Status Register (CLRS) 
instruction, the sector erased and reprogrammed. 

The execution of the pro9.@...mming by the PIE. C. is 
also indicated by the RY/BY output. 

A full status check can be made after each byte or 
after a sequence of bytes has been programmed. 
The status check is made on the Status Register 
bit b3 for any possible Vpp error and on bit b4 for a 
programming error. 

'="=' SGS-ntOMSON 17/25 --------------- IA"'f/ ~G©JJ@rn!Wi@WJ@~U©® -------------...:..:..:-==-
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Figure 12. Erase Status Check Flow-chart and Pseudo Code 

Vpp Low 
Error (1) 

Command 
Sequence Error 

Erase 
Error (1) 

If b3 = 1, Vpp low error: 
-error handler 

If b4, b5 = 1, Command Sequence error: 
-error handler 

If b5 = 1, Erase error: 
-error handler 

AI01426 

Note: 1. If Vpp Low or Erase error is found, the Status Register must be cleared (CLRS instruction) before further P/E.C. operations. 

Clear Status Register (CLRS) instruction. This 
instruction uses a single write operation which 
clears the Status Register bits b3, b4 & b5 to '0'. 
The CLRS instruction reverts the device to the 
Read Array mode and is used before any new 
operation when errors have been detected during 
programming or erasure. 

Erase Suspend (ES) instruction. An Erase op­
eration may be suspended by using this instruction 
which consists of writing the command OBOh. The 
Status Register bit b6 indicates wether the PIE. C. 
is suspended, bit b6 = '1 ', or whether the P/E.C. 
cycle was the last and the erase is complete, bit b6 
= '0'. During suspension the memory will respond 
only to Read (RD), Read Status Register (RSR) or 
Erase Resume (ER) instructions. Immediately fol­
lowing the ES instruction, read operations initially 
output the contents of the Status Register while 
erase is suspended, but if a Read (RD) instruction 
is given data may be read from other sectors of the 
memory. The Program Supply Voltage Vpp must be 
maintained at VPPH while erase is suspended. If 

Vpp does not remain at VPPH or if the RP input goes 
Low, the erase operation is aborted and Status 
Register bits b3 & b5 are set. In this case the Status 
Register must be cleared and the erase operation 
repeated to be certain to erase the sector. 

Erase Resume (ER) instruction. If an Erase Sus­
pend instruction has been previously executed, the 
erase operation may be resumed giving the com­
mand ODOh. The Status Register bit b6 will be 
cleared when erase resumes. Read operations 
output the Status Register after the erase is re­
sumed. 

Reset. After any error has occurred during pro­
gramming or erase the Status Register must be 
cleared by giving the Clear Status Register instruc­
tion before the memory array may be read. 

After a successful program or erase operation 
either the Read or Clear Status Register instruction 
must be given before the memory array may be 
read. 

.:..;18:.;;/2:;.;:5c._ ___________ ~ ~i~©IH~~9~ -------------
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Figure 13. Erase Suspend & Resume Flow-chart and Pseudo Code 

Read Data from 
any other Sector(s) 

ES instruction: 
-write OBOh command 
(memory enters read status register 
state after the ES instruction) 

do: 
- read status register 
while b7 ~ 1 
or: 
-check RY/BY output 

Low (0) ~ Busy 
High (1) ~ Suspended 

if b6 ~ 1, Erase is complete 

RD instruction: 
-write OFFh command 
-read one a more bytes 

from any other sector(s) 

ER instruction: 
-write ODOh command 

to resume erase 

AI01427 
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Figure 14. Command Interface and Program Erase Controller Flow-diagram (a) 

AI01326 

Notes: 1. If no command is writlen, the Command Interface remains in its previous valid state. Upon power-up, on exit from power-down or 
if Vee falls below VLKo, the Command Interface defaults to Read Array mode. 

2. PIE. C. status (Ready or Busy) is read on Status Register bit 7. 
3. Upon Erase command error, the P/E.C. defaults to Read status and sets bits b4 and b5 of the Status Register. Program and Erase 

commands will be accepted only after the Status Register has been reset by a CLRS command. 

::.20"'-/2::..:5;...._ ___________ ~ ~~m~J?lj ____________ _ 
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Figure 15. Command Interface and Program Erase Controller Flow-diagram (b) 

B 

AI01327 

Note: 2. P/E.C. status (Ready or Busy) is read on Status Register bit 7. 
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ORDERING INFORMATION SCHEME 

Example: M28F841 -100 N TR 

Speed Option 
-100 100ns M Oto70°C TR Tape & Reel 

-120 120ns N -40 to 125 oc Packing 

-150 150ns 6 -40to85 oc R Reverse Pinout 

.For a list of available options (Vee Range, Array Organisation, Speed, etc ... ) refer to the current Memory 
Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

==22::..:/2==5'---------------/.:;i ~~m.~'l-------------
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TSOP40 Normal Pinout - 40 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

01 

E 

e 

L 

a. 

N 

CP 

TSOP40 

Drawing is out of scale 

mm 

Typ Min 

o.os 

0.9S 

0.17 

0.10 

19.80 

18.30 

9.90 

o.so -

0.50 

oo 

40 

,-------
1 
I 

N/2 

01 

D 

Max 

1.20 

0.1S 

1.0S 

0.27 

0.21 

20.20 

18.50 

10.10 

0.70 

so 

0.10 

N 

E 

,_/ DIE ~ . 

dJ \~-- ---' "'==l c 
TSOP-a 

I 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.390 

0.020 -

0.020 

oo 

40 

~· 

I 

I I I 
I I I 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.795 

0.728 

0.398 

-

0.028 

so 

0.004 
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TSOP40 Reverse Pinout- 40 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

D1 

E 

e 

L 

a 

N 

CP 

TSOP40 

Drawing is out of scale 

mm 

Typ Min 

o.os 

0.9S 

0.17 

0.1.0 

19.80 

18.30 

9.90 

0.50 -
o.so 

oo 

40 

~---­

~· 
I 
I 

01 

D 

Max 

1.20 

0.1S 

1.0S 

0.27 

0.21 

20.20 

18.50 

10.10 

-
0.70 

so 

0.10 

E 

N 

J DIE k . 
.)} \~-- ---' y c 
TSOP-b 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.390 

0.020 -
0.020 

oo 

40 

~· 
I I I 
I I I 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.795 

0.728 

0.398 

-

0.028 

so 

0.004 
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5044 - 44 lead Plastic Small Outline, 525 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.42 2.62 0.095 0.10S 

A1 0.22 0.2S 0.009 0.010 

A2 2.25 2.S5 0.089 0.09S 

B 0.50 0.020 

c 0.10 0.25 0.004 0.010 

D 28.10 28.30 1.106 1.114 

E 13.20 1S.40 0.520 0.528 

e 1.27 - - 0.050 - -

H 15.90 16.10 0.626 0.6S4 

L 0.80 - - O.OS1 - -
a so - - so - -

N 44 44 

CP 0.10 0.004 

8044 

.~& Au rye 
D 

I 

I 
I 

E H ! 
I 
! 

SO·b 

Drawing is out of scale 
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M28V841 
LOW VOLTAGE 

8 Megabit (1 Meg x 8, Sector Erase) FLASH MEMORY 

• SMALL SIZE PLASTIC PACKAGES TSOP40 
and S044 

• MEMORY ERASE in SECTORS 
- 16 Sectors of 64K Bytes each 

• 3V ± 0.3V SUPPLY VOLTAGE 
• 12V ± 5% PROGRAMMING VOLTAGE 
• 100,000 PROGRAM/ERASE CYCLES per 

SECTOR 
• PROGRAM/ERASE CONTROLLER 

- Program Byte-by-Byte 
- Erase by Sector, Erase Suspend/Resume 

Ready/Busy Output 
• LOW POWER CONSUMPTION 

- 30!1A Typical in Standby 
- 0.2flA Typical in Deep Power Down 

• HIGH SPEED ACCESS TIME: 100ns 
• EXTENDED TEMPERATURE RANGE 
• COMPATIBLE to 16 MEGABIT FLASH 

MEMORY 
- Equal Software Command Set 
- Pinout Compatible 

Table 1. Signal Names 

AO-A19 Address Inputs 

DQO-DQ7 Data Input I Outputs 

E: Chip Enable 

-
G Output Enable 

-w Write Enable 

-
RP Reset/Power Down 

-
RY/BY Ready/Busy Output 

Vpp Program & Erase Supply Voltage 

Vee Supply Voltage 

Vss Ground 

February 1995 

TSOP40 (N) 
10 x 20mm 

Figure 1. Logic Diagram 

44 

Vee Vpp 

PRODUCT PREVIEW 

S044 (M) 

20 8 

DQO-DQ7 

RY/BY 

M28V841 

Vss 
AI01495 

1/25 
ThiS IS prehm1nary 1nformatton on a new product now m development. Deta1ls are subject to change Without not1ce 
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Figure 2A. TSOP Pin Connections Figure 28. TSOP Reverse Pin Connections 

A19 
A18 
A17 
A16 
A1S 
A14 
A13 
A12 

E 
Vee M28V841 
Vpp (Normal) 

RP 
A11 
A10 

A9 
AS 
A7 
A6 
AS 
A4 

AI01496 

Warning: NC = No Connections 

Figure 2C. SO Pin Connections 

Vpp 
RP 

A11 
A10 

A9 
AS 
A7 
A6 
AS 
A4 

Ne 
Ne 
A3 
A2 
A1 
AO 

DQO 
DQ1 
DQ2 
DQ3 
Vss 
Vss 

AI01498 

Warning: Ne = No Connec1ions 

2/2S 
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Ne 
Ne 
w 
G 
RY/BY 
DQ7 
DQ6 
DQS 
DQ4 
Vee 
Vss 
Vss 
DQ3 
DQ2 
DQ1 
DQO 
AO 
A1 
A2 
A3 

Vee 
E 
A12 
A13 
A14 
A1S 
A16 
A17 
A1S 
A19 
Ne 
Ne 
Ne 
Ne 
w 
G 
RY/BY 
DQ7 
006 
DOS 
DQ4 
Vee 

Ne A19 
Ne A18 
w A17 
G A16 

RY/BY A1S 
DQ7 A14 
006 A13 
DQS A12 
DQ4 E 
Vee M28V841 Vee 
Vss (Reverse) Vpp 
Vss RP 
DQ3 A11 
DQ2 A10 
DQ1 A9 
DQO AS 

AO A7 
A1 A6 
A2 AS 
A3 A4 

A101497 

Warning: NC = No Connections 

DESCRIPTION 

The M28V841 FLASH MEMORY product is a non­
volatile memory that may be erased electrically at 
the sector level and programmed byte-by-byte. 
The interface is directly compatible with most mi­
croprocessors. It is intended for computer file sys­
tems and mass data storage applications. TSOP40 
and S044 packages are used. The M28V841 is 
software and pin-out, footprint compatible with the 
M28V161, 16 Megabit FLASH Memory, with the 
simple substraction of an address line. 

Organization 

The organization is 1 Meg x 8 with Address lines 
AO-A19 and Data Input/Outputs DQ0-007. Mem­
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Reset/Power 
Down input places the memory in deep power 
down. A Ready/Busy output indicates the status of 
the internal Program/Erase Controller (P/E.C.). 

Sectors -

Erasure of the memory is in sectors. There are 16 
sectors in the memory address space, each of 64K 
bytes. Programming of each sector takes typically 
0.6 seconds and erasure 1.6 seconds, each sector 
may be programmed and erased over 100,000 
cycles. All sectors are protected from programming 

~~~~~~~9~ ----------------------------
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Table 2. Absolute Maximum Ratings (1l 

Symbol J Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

Ts1As Temperature Under Bias -50 to 125 oc 
Tsm Storage Temperature -65 to 150 oc 

v,o (2,3) Input or Output Voltages -o.s to 5 v 

Vee Supply Voltage -o.s to 5 v 

Vpp 12l Program Supply Voltage, during Erase -o.s to 14 v or Programming 

loUT 14l Output Short Circuit Current 100 mA 

Notes: 1. Except for the ratmg "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Rat~ngs" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specif1cat1on is not implied. Exposure to Absolute Max1mum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum Voltage may undershoot to -2V dunng transition and for less than 20ns. 
3. Maximum DC voltage on 1/0 is Vee+ 0.5V, overshoot to 5V allowed for less than 20ns. 
4. Only one output shorted at a time for no longer than 1 second. 

Table 3. Operations 

Operation E G w -
RY/BY 12l RP DQO- 007 

Read v,L ViL ViH v,H VoH Data Output 

Write v,L V1H V1L v,H VoLiVoH Data Input 

Output Disable ViL V1H v,H v,H VoH Hi-Z 

Standby v,H X X v,H VoH Hi-Z 

Power Down X X X v,L VoH Hi-Z 

Notes: 1. X = .Yu. or V1H, VPP = VPPL or VPPH 
2. RYIBY ~VoL when the P/E.C. IS executing a Sector Erase or Write operation. It is at VoH when the P/E.C. is not busy, in the Erase 

Suspend or Power Down modes. 

Table 4. Electronic Signature 

Code E G w 
Manufact. Code V1L v,L v,H 

Device Code V1L v,L v,H 

DESCRIPTION (cont'd) 

or erasure when the ReseVPower Down RP signal 
is Low. Sector erase may be suspended while data 
is read from other sectors of the memory, then 
resumed. 

Bus operations 

Five operations can be performed by the appropri­
ate bus cycles, Read a Byte from the Array, Output 

RP AO RY/BY DQ0-007 

v,H v,L VoH 20h 

v,H v,H VoH OFDh 

Disable, Standby, Power Down and Write a Com­
mand of an Instruction. 

Command Interface 
Commands can be written to a Command Interface 
(C. I.) latch to perform read, programming, erasure 
and to monitor then memory's status. When power 
is first applied, on exit from power down or if Vee 
falls below VLKO, the command interface is reset to 
Read Memory Array. 

~ ~~m~l~~lj ____________ ....::3::.:,2:::::5 
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Table 5. Instructions 

Mne· Instruction Cycles 
1st Cycle 2nd Cycle 

monic 
Operation Address (t) Data Operation Address (ll Data 

Read 
Read '2l 

Read Data RD Memory 1+ Write X OFFh Address Output Array 

Read Status 
RSR Status 1+ Write X ?Oh Read (2) X Register 

Register Output 
-

Read 
Read (2) Signature Code RSIG Electronic 3 Write X 90h Adress (3l Input Signature 

EE Erase 2 Write X 20h Write Sector ODOh Address 

PG Program 2 Write X 40h or 10h Write Address Data Input 

Clear 
CLRS Status 1 Write X 50h 

Register 

ES Erase 1 Write X OBOh 
Suspend 

ER Erase 1 Write X ODOh 
Resume 

Notes: 1. X= Don't Care. 
2. The first cycle of the RD, RSR or RSIG instruction is followed by read operations to Read Memory Array, Read Status Register 

or Read Electronic Signature codes. Any number or read cycles may be performed after an RD, RSR or RSIG instructions. 
3. Signature address bit AO=VIL will output Manufacturer code. Address bit AO=VIH will output Dev1ce code. Other address bits are 

Ignored. 

Table 6. Commands Instructions and Commands 

Hex Code 

DOh 

10h 

20h 

40h 

50h 

70h 

90h 

OBOh 

ODOh 

OFFh 

Command 

Invalid/Reserved 

Alternative Program Set-up 

Erase Set-up 

Program Set-up 

Clear Status Register 

Read Status Register 

Read Electronic Signature 

Erase Suspend 

Erase Resume/Erase Confirm 

Read Memory Array I Reset 

Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec­
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller handles all tim­
ing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com­
posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the Array, the Electronic 
Signature or the Status Register. 

For added data protection, the instructions for byte 
program and sector erase consist of two com­
mands that are written to the memory and which 
start the automatic P/E.C. operation. Byte pro­
gramming takes typically 9fl.S, sector erase typically 
1.6 seconds. Erasure of a memory sector may be 
suspended in order to read data from another 
sector and then resumed. 

~4/=25~----------------------- ~~it~~~~9~---------------------------
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Table 7. Status Register 

Mne-
Bit Name Logic Definition Note monic Level 

'1' Ready The RY/BY output or the PIE. C. status bit may be 
checked during Program or Erase. The bit should P/ECS 7 P/E.C. Status be checked on completion before checking bits 

'0' Busy b4 or b5 for success. 

Erase '1' Suspended On an Erase Suspend instruction the ESS bit is 
set to '1' and the P/ECS bit remains at '1 '. ESS bit ESS 6 Suspend remains '1' until an Erase Resume instruction is Status '0' In Progress or 
given. Completed 

'1' Erase Error ES bit is set to '1 ·if PIE. C. has applied the 
ES 5 Erase Status maximum number of erase pulses to the block 

'0' Erase Success without achieving an erase verify. 

'1' Program Error PS bit set to '1' if the P/E.C. has failed to program 
a by1e or word. 

PS 4 Program 
If PS and ES bits are set to '1' during a sector Status 

'0' Program erase attempt, an improper command sequence 
Success was entered and the instruction should be given 

again. 

'1' Vpp Low, Abort VPPS bit is set if the Vpp voltage is below 

VPPS 3 Vpp Status 

'0' VppOK 

2 Reserved 

1 Reserved 

0 Reserved 

Note: Log1c level '1' 1s H1gh, '0' IS Low. 

A Status Register may be read at any time, inciud­
ing during the programming or erase cycles, to 
monitor the progress of the operation. In addition a 
Ready/Busy output RY/BY indicates the status of 
the P/E.C. After Programming or Erasure the com­
mand interface must be reset by giving the Read 
Memory Array instruction before the memory con­
tents can be accessed. 

VPPH(min) when a Program or Erase instruction is 
executed and the instruction is aborted. The 
Status Register must be cleared before another 
write or erase operation is attempted. 

Bits b2, b1 and bO are reserved for future use and 
should be masked out when polling the Status 
Register. 

Power Saving 

The M28V841 memory have a number of power 
saving features. A CMOS .§tandby mode is entered 
when the Chip Enable E and the Reset/Power 
Down RP signals are at Vee, when the supply 
current drops to typically 30J.1A. A deep power down 
mode is enabled when the Reset/Power Down 
signal RP is at Vss, when the supply current drops 
to typically 0.2~tA. The time required to awake from 
the deep power down mode is lJlS maximum, with 
instructions to the C.l. recognized after 400ns. 

~ ~~©m=:~~li _____________ 5_/2_5 

675 



M28V841 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes 

Input Pulse Voltages 

s; 10ns 

Oto3V 

Input and Output liming Ref. Voltages 1 .5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

::~1.5V 
AI01417 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

t.3V 

T 
CL mcludes JIG capacitance 

AI01418 

Table 8. Capacitance <1> (TA = 25 ac f = 1 MHz ) 
' 

Symbol Parameter Test Condition Min Max Unit 

c,N Input Capacitance V1N = OV 8 pF 

Co liT Output Capacitance VouT=OV 12 pF 

Note: t. Sampled only, nett 00% tested. 

DEVICE OPERATION 

Signal Descriptions 

AO-A19 Address Inputs. The address signals, 
inputs for the memory array, are latched during a 
write operation. 

DQO-DQ7 Data Input/Outputs. The data inputs, a 
byte to be programmed or a command to the C. I., 
are latched on the _rising edge of Chip Enable E 
and Write Enable W, whichever occurs first. The 
data output from the memory Array, the Electronic 
Signatu~ or the Status Registe~ valid when Chip 
Enable E and Output Enable G are active. The 
output is high impedance when the chip is dese­
lected or the outputs are disabled. 

E Chip Enable. The Chip Enable activates the 
memory control logjc, input buffers, decoders and 
sense amplifiers. E High de-selects the memory 
and re~ces the power consumption to the standby 
level. E can also be used to control writing to the 
C.l. and the memory Array while W remains at a 
low level. Both addresses and_data inputs are then 
latched on the rising edge of E . 

RP Reset/Power Down. This input allows the 
memory to be placed in a deep power down mode. 
If RP is within Vss ± 0.2V the lowest supply current 
is absorbed. 

RY/BY Read/Busy. This output indicates when the 
Program Erase Controller is executing a program 
or erase. It i~lways active, even during power 
down. If RY/BY is at VoL, the P/E.C. is active. 

G Output Enable. The Output Enable gates the 
outputs through the data buffers during a read 
operation. 

W Write Enable. This controls writing to the C. I., 
Address and Input Data latches. Both Addresses 
and Input Data are latched on the rising edge of W. 
Vpp Program Supply Voltage. This supply voltage 
is used for memory Programming and Erase. 

Vee Supply Voltage. This is the main circuit sup­
ply. 

Vss Ground. This is the reference for all the voltage 
measurements. 

.:::.6/=25::...._ ___________ ~ litn&¥~~~~Jl 
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Table 9. DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; Vpp = 12V ± 5%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV $ V1N S Vee ±1 flA 

ILO Output Leakage Current OV s Vour s Vee ±10 J.lA 

Icc 11 ·3) 
Supply Current (Read) TTL E = VJL, G = VJL, f = 8MHz 30 rnA 

- -
Supply Current (Read) CMOS E = Vss, G = Vss, f = 8MHz 20 rnA 

Supply Current (Standby} TTL E = VJH, RP = VJH 1 rnA 
lee1 11 ' 3) 

E =Vee± 0.2V, Supply Current (Standby) CMOS RP = Vee± 0.2V 100 flA 

lee2 11 ·3) Supply Current (Power Down) RP = Vss ± 0.2V 5 flA 
lee3 11 · 3) Supply Current (Program) By1e program in progress 30 rnA 

lee4 11 ·3) Supply Current (Erase) Sector Erase in progress 30 rnA 

lees (1. 2. 3) Supply Current (Erase Suspend) 
-
E = VJH, Erase suspended 6 rnA 

(pp Program Current (Read) Vpp >Vee 200 (lA 

IPP1 Program Current (Standby) Vpp S Vee ±10 flA 

IPP2 Program Current (Power Down) RP = Vss ± 0.2V 5 flA 

IPP3 Program Current (Program) Byte program in progress 15 rnA 

IPP4 Program Current (Erase) Sector Erase in progress 10 rnA 

)pps Program Current (Erase Suspend) Erase suspended 200 flA 

VJL Input Low Voltage -0.5 0.8 v 
VJH Input High Voltage 2 Vee+ 0.3 v 
VoL Output Low Voltage loL=2mA 0.4 v 
VoH Output High Voltage loH =-2mA 2.4 v 

VPPL 
Program Voltage (Normal 0 Vee+ 0.3 v operation) 

VPPH 
Program Voltage 11.4 12.6 v 
(Program or Erase operations) 

VLKO Supply Voltage 2 v (Program or Erase Lock-out) 

Notes: 1. Supply Current specified w1th lour (RY/BY) = 0. 
2. Current increases to Icc + Ices during a read operation with erase suspended. 
3. CMOS levels Vee± 0.2V and Vss ± 0.2V. TTL levels V1H and VJL. 

Memory Sectors 
There are 16, 64K Byte memory sectors. Each 
sector of the memory can be erased separately, but 
only one sector at a time. The erase operation is 
managed by the PIE. C. but can be suspended in 
order to read from another sector and then re­
sumed. 

Programming and erasure of the memory is dis­
abled when the Program Supply Voltage is at VPPL· 
For successful programming and erasure the Pro­
gram Supply Voltage must be at VPPH throughout 
the operation. 

_____________ ~ ~~@mg:~~~/j ____________ _:.7.:..:,2:::.5 
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Table 1 0. Read AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; VPP = 12V ± 5%) 

M28V841 

Symbol All Parameter Test Condition -100 -120 -150 Unit 

Min Max Min Max Min Max 

IAVAV IRe 
Address Valid to 

E = VIL, G = VIL 100 120 150 ns 
Next Address Valid 

IAVQV lAce 
Address Valid to 

E = V!L, G = V!L 100 120 150 ns Output Valid 

Power Down High - -
IPHQV IPWH to Output Valid E = V1L, G = V1L 1 1 1 ~s 

IELQX (1) 
Chip Enable Low to -

ILZ Output Transition G =VIL 0 0 0 ns 

IELQV (2) IcE 
Chip Enable Low to G =VIL 100 120 150 ns 
Output Valid 

IGLQX (1) 
Output Enable Low -

0 loLZ to Output Transition E = V1L 0 0 ns 

IGLQV (2) 
Output Enable Low -

toE to Output Valid E = V1L 45 50 50 ns 

Output Enable High -
IEHQX loH to Output Transition G =VIL 0 0 0 ns 

IEHQZ (1) 
Chip Enable High -

55 1Hz to Output Hi-Z G =VIL 50 50 ns 

Output Enable High -
IGHQX loH to Output Transition 

E = VIL 0 0 0 ns 

tGHQZ (1) toF 
Output Enable High 

E=VIL 30 40 50 ns 
to Output Hi-Z 

Address Transition - -
0 tAx ax toH to Output Transition E = VIL, G = VIL 0 0 ns 

Notes: 1. S.ampled only, not 100% tested. _ 
2. G may be delayed by up to tELav - toLav after the falling edge of E without increasing tELav. 

Operations 

Operations are defined as specific bus cycles and 
signals which allow memory Read, Command 
Write, Output Disable, Standby, Power Down and 
Electronic Signature Read. They are shown in Ta­
ble 3. 

Read. Read operations are used to output the 
contents of the Memory Array, the Status Regis!~ 
or the Electronic SJgnature. Both Chip Enable E 
and Output Enable G must be Low in order to read 
the output of the memory. The Chip Enable input 
also provides power control and should be used for 
device selection. Output Enable should be used to 
gate data onto the output independent of the device 
selection. A read operation will output a byte on 
DOO-D07. 

The data read depends on the previous command 
written to the C.l. (see instructions RD, RSR and 
RSIG). 

Write. Write operations are used to give Instruction 
Commands to the memory or to latch input data to 
be programmed. A write operation is initiated when 
Chip Enable E is LQ_w and Write Enable W is Low 
with Output Enable G High. Commands, Input Data 
anc:!_ Addresses are latched on the rising edge of W 
or E. As for read operations data is transferred on 
DOO-D07. 

Output Disable. The data outR_l,!ts are high imped­
ance w~n the Output Enable G is High with Write 
Enable W High. 

=8/=25~-----------------------~~~~~~91---------------------------
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M28V841 

Table 11. Byte Program, Erase Time 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 3.3V ± 0.3V) 

Parameter Test Conditions 
M28V841 

Unit 
Min Typ Max 

Block Program Vpp = 12V±5% 0.6 2.1 sec 

Block Erase Vpp = 12V±5% 1.6 10 sec 

Table 12. Write AC Characteristics, Write Enable Controlled 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 3.3V ± 0.3V; Vpp = 12V ± 5%) 

M28V841 
Unit 

Symbol A It Parameter -100 -120 -150 

Min Max Min Max Min Max 

IAVAV twc Write Cycle Time 100 120 150 ns 

IPHWL (l) Ips Power Down High to Write Enable 1 1 1 J.lS Low 

IELWL lcs 
Chip Enable Low to Write Enable 0 0 0 ns Low 

IWLWX lwP 
Write Enable Low to Write Enable 40 40 40 ns Transition 

tovwH los Input Valid to Write Enable High 40 40 40 ns 

IWHDX IDH 
Write Enable High to Input 5 5 5 ns Transition 

IWHEH lcH Write Enable High to Chip Enable 10 10 10 ns High 

IWHWX IWPH Write Enable High to Write Enable 30 30 30 ns Transition 

IAVWH lAs Address Valid to Write Enable High 40 40 40 ns 

IVPHWH(l) lvPs Vpp High to Write Enable High 100 100 100 ns 

IWHAX IAH Write Enable High to Address 5 5 5 ns Transition 

twHGL 
Write Enable High to Output 0 0 0 ns Enable Low 

IWHRL 
Write Enable High to Ready Busy 100 100 100 ns Low 

IWHQV1 (2) Write Enable High to Output Valid 6 6 6 J.lS (Byte Program) 

IWHQV2 (2. a) Write Enable High to Output Valid 0.3 0.3 0.3 sec (Sector Erase) 

tawPx 11 ·2> IV PH Output Valid or Ready Busy High 0 0 0 ns to Vpp Transition 

Notes: 1. Sampled only. not 100% tested. _ 
2. Byte Program and Sector Erase durations are measured to completion as indicated by Status Register b7 = 1 or RY/BY = high. 

Ypp is held high until Status Register bits b3, b4 and b5 indicate Program or Sector Erase success. 
3. Temperature range 0 to 70 "e (grade 1) only . 
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M28V841 

Table 13. Write AC Characteristics, Chip Enable Controlled 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; Vpp = 12V ± 5%) 

M28V841 
Unit 

Symbol All Parameter -100 -120 -150 

Min Max Min Max Min Max 

;AVAV !we Write Cycle Time 100 120 150 ns 

IPHEL (1) Ips Power Down High to Chip Enable 1 1 1 f!S Low 

IWLEL tws Write Enable Low to Chip Enable 0 0 0 ns Low 

IE LEX lcp Chip Enable Low to Chip Enable 50 50 50 ns Transition 

IDVEH tos Input Valid to Chip Enable High 40 40 40 ns 

IEHDX loH Chip Enable High to Input 5 5 5 ns Transition 

IEHWH tcH 
Chip Enable High to Write Enable 5 5 5 ns High 

IEHEX IE PH 
Chip Enable High to Chip Enable 25 25 25 ns Transition 

IAVEH lAs Address Valid to Chip Enable High 40 40 40 ns 

IVPHEH (1) lvps Vpp High to Chip Enable High 100 100 100 ns 

IEHAX IAH 
Chip Enable High to Address 5 5 5 ns Transition 

IEHGL 
Chip Enable High to Output 0 0 0 ns Enable Low 

IEHRL Chip Enable High to Ready Busy 100 100 100 ns Low 

IEHQV1 (2) Chip Enable High to Output Valid 6 6 6 f!S (By1e Program} 

IEHQV2 12· a) Chip Enable High to Output Valid 0.3 0.3 0.3 sec (Sector Erase} 

tawPx 11 · 21 IVPH Output Valid or Ready Busy High 0 0 0 ns to Vpp Transition 

Notes: 1. Sampled only, not 100% tested. _ 
2. Byte Program and Sector Erase durations are measured to completion as indicated by Status Register b7 = 1 or RY/BY =high. 

VPP is held high until Status Register bits b3, b4 and b5 indicate Program or Sector Erase success. 
3. Temperature range 0 to 70 oe (grade 1) only . 
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M28V841 

Figure 8. Memory Map, Byte-wide Addresses 

TOP ADDRESS BOTTOM ADDRESS 

AO-A19 AO-A19 

OFFFFFh 

OEFFFFh 

ODFFFFh 

OCFFFFh 

OBFFFFh 

OAFFFFh 

64K BYTE SECTOR OFOOOOh 

OEOOOOh 

ODOOOOh 

OCOOOOh 

OBOOOOh 

OAOOOOh 

90000h 

BOOOOh 

70000h 

60000h 

50000h 

40000h 

30000h 

20000h 

10000h 

OOOOOh 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

--
--
--
--
--
--
--
--

9FFFFh 

BFFFFh 

7FFFFh 

6FFFFh 

5FFFFh 

4FFFFh 

3FFFFh 

2FFFFh 

1FFFFh 

OFFFFh 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

Standby,_ The memory is in standby when the Chip 
Enable E is High. The power consumption is re­
duced to the standby level and the outputs are high 
impedance, ind~endent of the Output Enable G 
or Write Enable W inputs. 

Power Down. The memory is in Power Down when 
RP is Low. The power consumption is reduced to 
the power down level and the outputs are hig!l 
impedance ind_§)endent of the Chip Enable E, 
Output Enable G or Write Enable W inputs. 

Electronic Signature. Two codes identifying the 
manufacturer and the device can be read from the 
memory, the manufacturer code for SGS­
THOMSON is 20h and the device code for the 
M28V841 is OFDh. These codes allow applications 
to match their interfaces to the characteristics of 
the particular manufacturer's product. 

The two Electronic Signature codes are output by 
a read operations with the Address line AO at v,L or 
VJH, following an instruction RSIG to the memory. 

Instructions and Commands 
The memory includes a Command Interface (C. I.) 
which latches commands written to the memory. 

AI01494 

Instructions are made up from one or more com­
mands to perform memory Read, Read Status 
Register, Read Electronic Signature, Erase, Pro­
gram, Clear Status Register, Erase Suspend and 
Erase Resume. These instructions require from 
one to 3 operations, the first of which is always a 
write operation followed by either a further write 
operation to input address and data or to confirm 
the command, or a read operation to output data. 

A Status Register indicates the P/E.C. status 
Ready/Busy, the suspend/in-progress status of 
erase operations, the failure/success of erase and 
program operations and the low/correct value of 
the Vpp Program Supply Voltage. 

The P/E.C. sets status bits b3 to b7 and clears bit 
b6 & b7. It cannot clear bits b3 to b5. The status 
register can be read by the Read Status Register 
RSR instruction and cleared by the Clear Status 
Register CLRS instruction. The meaning of the 
register bits b3 to b7 is shown in Table 7. Bit bO to 
b2 are reserved for future use and should be 
masked out during status checks. 

The P/E.C. Ready/Busy status is also indicated by 
the RY/BY output. 

..;_14=/2=5 __________ ~'I SGS·THOMSON -----------­
.. ....,~ llllO©IJJ@I§Il.l<~~ 
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Figure 9. Program Flow-chart and Pseudo Code 

PG instruction: 
-write 40h command 
-write Address & Data 
(memory enters read status 
state after the PG instruction) 

do: 
- read status register 
while b7 = 1 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) = Ready 

see Note 1 

AI01423 

M28V841 

Note: 1. Status check of b7 can be made after each byte programming or after a sequence. 

Read (RD) instruction. The Read instruction con­
sists of one write operation giving the command 
DFFh. Subsequent read operations will read data 
from the addressed byte of the memory array, until 
a new command is written to the C. I. 

Read Status Register (RSR) instruction. The 
Read Status Register instruction may be given at 
any time, including while the Program/Erase Con­
troller is active. It consists of one write operation 
giving the command ?Dh. Subsequent read opera­
tions output the contents of the status regist~. Th~ 
contents are latched on the falling edge of E or G 

signals, and can be reaQ_ unt{E or G returns to its 
initial high level. Either E or G must be toggled to 
V;H to update the latch. Additionally, any read at­
tempt during program or erase operation will auto­
matically output the contents of the status register. 

Read Electronic Signature (RSIG) instruction. 
This instruction uses 3 operations. It consists of one 
write operation giving the command 9Dh, followed 
by two read operations to output the manufacturer 
and device codes. The manufacturer code is output 
when the address line AD is Low and the device 
code when AD is High. 

_____________ ~ ~~m~i!~lj ____________ 1.:..:5::..::'2=5 
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Figure 10. Program Status Check Flow-chart and Pseudo Code 

Vpp Low 
Error(1) 

Program 
Error(1) 

If b3 ~ 1, Vpp low error: 
-error handler . 

If b4 ~ 1, Program error: 
-error handler 

AI01424 

Note: 1. If a Vpp Low or Program error is found, the Status Register must be cleared (CLRS instruction) before further PiE. C. operations. 

Erase (EE) instruction. The memory can be 
erased in sectors. The Program Supply Voltage 
VPPH must be applied before the Erase (EE) in­
struction is given. This instruction uses two write 
operations. The first command written is the Erase 
Set-up command 20h. The second is the Erase 
Confirm command ODOh. During the input of the 
second command an address within the sector to 
be erased is given and this is latched into the 
memory. If the second command given is not the 
Erase Confirm command then the status register 
bits b4 & b5 are set and the instruction aborts. Read 
operations output the status register after erasure 
has started. 

During the execution of the erase by the P/E.C., the 
memory accepts only the Read Status Register 
(RSR) or Erase Suspend (ES) instructions. Status 
Register bit b7 returns '0' while the erasure is in 
progress and '1' when it is completed. After com­
pletion the Status Register bit b5 ret:Jrns '1' if there 
has been an erase failure because erasure has not 
been verified after even the maximum number of 
erase pulses have been given. The Status Register 
bit b3 returns '1' if the Program Supply Voltage Vpp 
does not remain at VPPH when erasure is attempted 
and/or proceeding. 

Vpp must be at VPPH when erasing. Erase should 
not be attempted when Vpp < VPPH as the results 
will be uncertain. If Vpp falls below VPPH or if RP 
goes Low the erase aborts and must be repeated, 
after having cleared the Status Register with the 
CLRS instruction. 

The execution of the erase by the P/E.C. is also 
indicated by the RY/BY output. 

A full status check can be made after sector erase. 
The status check is made on the Status Register 
bit b3 for any possible VPP error, on bit b5 for an 
erase error or on both bits b4 & b5 for a command 
sequence error. 

Program (PG) instruction. The memory is pro­
grammed byte-by-byte. The Program Supply Volt­
age VPPH must be applied before the Program (PG) 
instruction is given and may be applied continu­
ously during programming of a sequence of bytes. 
This instruction uses two write operations. The first 
command written is the Program Set-up command 
40h (or alternatively 1 Oh). A second write operation 
latches the address and input data and starts the 
P/E.C. execution. Read operations output the 
Status Register after programming has started. 

Memory programming is only made by writing a '0' 
in place of a '1' in a byte. To write a '1' in place of a 
'0' the Sector must first be erased to all '1 's . 

..:.;16::::,2::::5:__ ___________ /::fi ~itm~~~~~ ____________ _ 
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Figure 11. Erase Flow-chart and Pseudo Code 

Notes: 1. An Erase Suspend may be executed during this loop. 
2. See separate flow-chart. 

During the execution of the programming the mem­
ory accepts only the Read Status Register (RSR) 
instruction. The Status Register bit b7 returns '0' 
while programming is in progress and '1' when it is 
completed. After completion the Status Register bit 
b4 returns '1' if there has been a program failure. 
Status Register bit b3 returns a '1' if the Program 
Supply Voltage Vpp does not remain at VPPH when 
programming is attempted and/or during program­
ming. 

Vpp must be at VPPH when programming. Program­
ming should not be attempted when Vpp < VPPH as 

EE instruction: 
-write 20h command 
-write Sector Address (A 16-A20) 

& Command ODOh 
(memory enters read status register 
state after the EE instruction) 

do: 
- read status register 
while b7 = 1 (see Note 1) 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) =Ready 

see Note 2 

AI01425 

M28V841 

the results will be uncertal!:h_Programming aborts 
if Vpp drops below VPPH or RP goes Low. If aborted 
the data may be incorrect, the Status Register must 
be cleared with the Clear Status Register (CLRS) 
instruction, the sector erased and reprogrammed. 

The execution of the pro9..@...mming by the PIE. C. is 
also indicated by the RY/BY output. 

A full status check can be made after each byte or 
after a sequence of bytes has been programmed. 
The status check is made on the Status Register 
bit b3 for any possible Vpp error and on bit b4 for a 
programming error. 

_____________ ~iii ~~m~~~4 ____________ 1:..:.7:..:,2:.::5 
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Figure 12. Erase Status Check Flow-chart and Pseudo Code 

Vpp Low 
Error (1) 

Command 
Sequence Error 

Erase 
Error (1) 

If b3 = 1, Vpp low error: 
-error handler 

If b4, b5 = 1, Command Sequence error: 
-error handler 

If b5 = 1, Erase error: 
-error handler 

AI01426 

Note: 1. If Vpp Low or Erase error is found, the Status Register must be cleared (CLRS instruction) before further P/E.C. operations. 

Clear Status Register (CLRS) instruction. This 
instruction uses a single write operation which 
clears the Status Register bits b3, b4 & b5 to '0'. 
The CLRS instruction reverts the device to the 
Read Array mode and is used before any new 
operation when errors have been detected during 
programming or erasure. 

Erase Suspend (ES) instruction. An Erase op­
eration may be suspended by using this instruction 
which consists of writing the command OBOh. The 
Status Register bit b6 indicates wether the P/E.C. 
is suspended, bit b6 = '1 ', or whether the PIE. C. 
cycle was the last and the erase is complete, bit b6 
= '0'. During suspension the memory will respond 
only to Read (RD), Read Status Register (RSR) or 
Erase Resume (ER) instructions. Immediately fol­
lowing the ES instruction, read operations initially 
output the contents of the Status Register while 
erase is suspended, but if a Read (RD) instruction 
is given data may be read from other sectors of the 
memory. The Program Supply Voltage Vpp must be 
maintained at VPPH while erase is suspended. If 

Vpp does not remain at VPPH or if the RP input goes 
Low, the erase operation is aborted and Status 
Register bits b3 & b5 are set. In this case the Status 
Register must be cleared and the erase operation 
repeated to be certain to erase the sector. 

Erase Resume (ER) instruction. If an Erase Sus­
pend instruction has been previously executed, the 
erase operation may be resumed giving the com­
mand ODOh. The Status Register bit b6 will be 
cleared when erase resumes. Read operations 
output the Status Register after the erase is re­
sumed. 

Reset. After any error has occurred during pro­
gramming or erase the Status Register must be 
cleared by giving the Clear Status Register instruc­
tion before the memory array may be read. 

After a successful program or erase operation 
either the Read or Clear Status Register instruction 
must be given before the memory array may be 
read. 

.:.:18::.!12::::5 ___________ ru SGS·lHOMSON ------------
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Figure 13. Erase Suspend & Resume Flow-chart and Pseudo Code 

Read Data from 
any other Sector(s) 

ES instruction: 
-write OBOh co<nmand 
(memory enters read status register 
state after the ES instruction) 

do: 
- read status register 
whileb7= 1 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) = Suspended 

if b6 = 1, Erase is complete 

RD instruction: 
-write OFFh command 
- read one a more bytes 

from any other sector(s) 

ER instruction: 
-write ODOh command 

to resume erase 

AI01427 
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Figure 14. Command Interface and Program Erase Controller Flow-diagram (a) 

AI01326 

Notes: 1. If no command is written, the Command Interface remains in its previous valid state. Upon power-up, on exit from power-down or 
if Vee falls below VU<o, the Command Interface defaults to Read Array mode. 

2. PIE. C. status (Ready or Busy) is read on Status Register bit 7. 
3. Upon Erase command error, the PIE. C. defaults to Read status and sets bits b4 and b5 of the Status Register. Program and Erase 

commands will be accepted only after the Status Register has been reset by a CLRS command. 

=.;20:;.:,2::..::5 ____________ 1i1i ~~m~~~~ ____________ _ 
690 



M28V841 

Figure 15. Command Interface and Program Erase Controller Flow-diagram (b) 

8 

AI01327 

Note: 2. P/E.C. status (Ready or Busy) is read on Status Register bit 7. 
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ORDERING INFORMATION SCHEME 

Example: M28V841 -100 N TR 

Speed Option 

-100 100ns M 0 to 70 oc TR Tape & Reel 

-120 120ns N TSOP40 -40 to 125 oc Packing 

-150 150ns 10x20mm 
6 -40 to 85 oc R Reverse Pinout 

For a list of available options (Vee Range, Array Organisation, Speed, etc ... ) refer to the current Memory 
Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~22~/_25~------------------------ ~~i~~~~~~JI ----------------------------
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TSOP40 Normal Pinout - 40 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

Ai 

A2 

B 

c 
D 

01 

E 

e 

L 

a 

N 

CP 
TSOP40 

Drawing IS out of scale 

mm 

Typ Min 

o.os 
0.9S 

0.17 

0.10 

19.80 

18.30 

9.90 

0.50 

O.SO 

oo 
40 

~----

1 
I 

N/2 

TSOP-a 

01 

D 

N 

Max 

1.20 

0.1S 

1 .OS 

0.27 

0.21 

20.20 

18.SO 

10.10 

0.70 

so 

0.10 

E 

i 
i 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.390 

0.020 

0.020 

oo 

40 

~' 

I 

I I I 
I I I 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.79S 

0.728 

0.398 

-

0.028 

so 

0.004 
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TSOP40 Reverse Pinout - 40 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

01 

E 

e 

L 

a 

N 

CP 
TSOP40 

Drawing is out of scale 

mm 

Typ Min 

o.os 
0.9S 

0.17 

0.10 

19.80 

18.30 

9.90 

o.so 
o.so 

oo 

40 

~----

1 
I 

01 

D 

Max 

1.20 

0.1S 

1.0S 

0.27 

0.21 

20.20 

18.50 

10.10 

-
0.70 

so 

0.10 

E 

N 

Jtrrt-._;;;;,;;;;..DIE -~ C 

TSOP-b 

I 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.390 

0.020 -

0.020 

oo 

40 

~' 
I I I 
I I I 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.79S 

0.728 

0.398 

-

0.028 

so 

0.004 
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S044 - 44 lead Plastic Small Outline, 525 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.42 2.62 0.095 0.103 

A1 0.22 0.23 0.009 0.010 

A2 2.25 2.35 0.089 0.093 

B 0.50 0.020 

c 0.10 0.25 0.004 0.010 

D 28.10 28.30 1.106 1.114 

E 13.20 13.40 0.520 0.528 

e 1.27 - - 0.050 - -

H 15.90 16.10 0.626 0.634 

L 0.80 - - 0.031 - -

a 30 - - 30 - -

N 44 44 

CP 0.10 0.004 

8044 

B~& Au rye 
D 

I 
I 
I 
I 

E H I 

SO-b 

Drawing is out of scale 
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~ SGS·1HOMSON II..., L ~D©OO@~[b~©'TI'OO@[R!]O©~ M28V161 
LOW VOLTAGE 

16 Megabit (2 Meg x 8, Sector Erase) FLASH MEMORY 

• SMALL SIZE PLASTIC PACKAGES TSOP48 
and S044 

• MEMORY ERASE in SECTORS 
- 32 Sectors of 64K Bytes each 

• 3.3V ± 0.3V SUPPLY VOLTAGE 
• 12V ± 5% PROGRAMMING VOLTAGE 
• 1 00,000 PROGRAM/ERASE CYCLES per 

SECTOR 
• PROGRAM/ERASE CONTROLLER 

- Program Byte-by-Byte 
- Erase by Sector, Erase Suspend/Resume 

Ready/Busy Output 
• LOW POWER CONSUMPTION 

- 30!1A Typical in Standby 
- 0.21lA Typical in Deep Power Down 

• HIGH SPEED ACCESS TIME: 1 OOns 
• EXTENDED TEMPERATURE RANGE 
• COMPATIBLE to 8 MEGABIT FLASH 

MEMORY 
- Equal Software Command Set 
- Pinout Compatible 

Table 1. Signal Names 

AO·A20 Address Inputs 

DQO-DQ7 Data Input I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable 

RP Reset/Power Down 

-
RY/BY Ready/Busy Output 

Vpp Program & Erase Supply Voltage 

Vee Supply Voltage 

Vss Ground 

January 1995 

TSOP48 (N) 
12x20mm 

Figure 1. Logic Diagram 

Vee Vpp 

PRODUCT PREVIEW 

5044 (M) 

21 8 

AO-A20 

w 

E 

G 

M28V161 

Vss 

DQO-DQ7 

RY/BV 

AI011388 

1/25 
Th1s is preliminary mformallon on a new product now in development Details are subject to change without notice. 
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Figure 2A. TSOP Pin Connections 

NC 
NC 

A19 
A1S 

A17 
A16 
A1S 

A14 

A13 
A12 

E 
Vee 
Vpp 

RP 
A11 
A10 

A9 
AS 
A7 
AS 
AS 

A4 

NC 
NC 

Warning: NC = No Connec1ions 

Figure 2C. SO Pin Connections 

Vpp 
RP 

A11 
A10 

A9 
AS 

A7 

AS 
AS 
A4 
NC 
NC 
A3 

A2 
A1 

AO 
DOO 

NC 
NC 
A20 
NC 
w 
G 
RY/BY 
D07 
DOS 

DOS 
D04 

Vee 
Vss 
Vss 
D03 

D02 
D01 
DOO 

AO 
A1 

A2 
A3 

NC 
NC 

vee 
E 
A12 
A13 
A14 
A15 

A16 
A17 

A1S 
A19 

NC 
NC 
A20 
NC 
w 
G 
RY/BY 

D01 D07 
D02 DOG 
D03 DOS 

Vss D04 

Vss~~------~--vcc 

Warning: NC = No Connections 

Figure 28. TSOP Reverse Pin Connections 

NC NC 
NC NC 

A20 A19 
NC A1S 

w A17 

G A16 
RYiBY A1S 

D07 A14 
DOS A13 

DOS A12 
D04 E 
Vee Vee 
Vss Vpp 
Vss RP 
D03 A11 

D02 A10 
D01 A9 
DOO AS 

AO A7 
A1 AS 

A2 AS 

A3 A4 

NC NC 
NC NC 

Warning: NC = No Connections 

DESCRIPTION 

The M28V161 FLASH MEMORY product is a non­
volatile memory that may be erased electrically at 
the sector level and programmed byte-by-byte. 
The interface is directly compatible with most mi­
croprocessors. It is intended for computer file sys­
tems and mass data storage applications. TSOP48 
and S044 packages are used. The M28V161 is 
software and pin-out, footprint compatible with the 
M28F841 and M28V841, 8 Megabit FLASH Mem­
ory, with the simple addition of an address line. 

Organization 

The organization is 2 Meg x 8 with Address lines 
AO-A20 and Data Input/Outputs DQO-DQ7. Mem­
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Reset/Power 
Down input places the memory in deep power 
down. A Ready/Busy output indicates the status of 
the internal Program/Erase Controller (P/E.C.). 

Sectors 

Erasure of the memory is in sectors. There are 32 
sectors in the memory address space, each of 64K 
bytes. Programming of each sector takes typically 
0.6 seconds and erasure 1.6 seconds, each sector 
may be programmed and erased over 100,000 
cycles. All sectors are protected from programming 

:::.2,.:::;25:;__ ___________ EY ~~m~~~~ ------:---------
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsrAs Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature --65 to 150 oc 

Vro 12· 31 Input or Output Voltages -Q.6 to 5 v 
Vee Supply Voltage -Q.6 to 5 v 

Vpp 121 Program Supply Voltage, during Erase -o.6to 14 v or Programming 

louT 141 Output Short Circuit Current 100 rnA 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum Voltage may undershoot to -2V during transition and for less than 20ns. 
3. Maximum DC voltage on 1/0 is Vee+ O.SV, overshoot to SV allowed for less than 20ns. 
4. Only one output shorted at a time for no longer than 1 second. 

Table 3. Operations 

Operation E G w RP RY/BY(21 DQO-DQ7 

Read VrL VrL VrH VrH VoH Data Output 

Write VrL VrH VrL VrH VoLiVoH Data Input 

Output Disable VrL VrH VrH VrH VoH Hi-Z 

Standby VrH X X VrH VoH Hi-Z 

Power Down X X X VrL VoH Hi-Z 

Notes: 1. X =Jill or V1H, Vpp = VPPL or VPPH 

2. RYIBY =VoL when the P/E.C. is executing a Sector Erase or Write operation. It is at VoH when the P/E.C. is not busy, in the Erase 
Suspend or Power Down modes. 

Table 4. Electronic Signature 

Code E G w 
Manufact. Code VrL VrL VrH 

Device Code VrL VrL VrH 

DESCRIPTION (cont'd) 

or erasure when the Reset/Power Down RP signal 
is Low. Sector erase may be suspended while data 
is read from other sectors of the memory, then 
resumed. 

Bus operations 

Five operations can be performed by the appropri­
ate bus cycles, Read a Byte from the Array, Output 

RP AO RY/BY DQO-DQ7 

VrH VrL VoH 20h 

VrH VrH VoH 58h 

Disable, Standby, Power Down and Write a Com­
mand of an Instruction. 

Command Interface 

Commands can be written to a Command Interface 
(C. I.) latch to perform read, programming, erasure 
and to monitor then memory's status. When power 
is first applied, on exit from power down or if Vee 
falls below VLKO, the command interface is reset to 
Read Memory Array. 

------------- i..V ~~m~~~91--------------'3"'/2:::::.5 
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Table 5. Instructions 

Mne- Instruction Cycles 
1st Cycle 2nd Cycle 

monic 
Operation Address 11) Data Operation Address 11) Data 

Read 
Read 12) Read Data RD Memory 1+ Write X OFFh 

Address Output Array 

Read Status 
RSR Status 1+ Write X 70h Read 12) X Register 

Register Output 

Read 
Read 12) Signature Code RSIG Electronic 3 Write X 90h Adress 13) Input 

Signature 

EE Erase 2 Write X 20h Write Sector ODOh Address 

PG Program 2 Write X 40h or 10h Write Address Data Input 

Clear 
CLRS Status 1 Write X 50h 

Register 

ES Erase 1 Write X OBOh 
Suspend 

ER Erase 1 Write X ODOh 
Resume 

Notes: 1. X = Don't Care. 
2. The first cycle of the RD. RSR or RSIG instruction is followed by read operations to Read Memory Array, Read Status Register 

or Read Electronic Signature codes. Any number or read cycles may be performed after an RD, RSR or RSIG mstructiOns. 
3. Signature address bit AO=VIL Will output Manufacturer code. Address bit AO=ViH Will output Device code. Other address bits are 

ignored. 

Table 6. Commands Instructions and Commands 

Hex Code 

DOh 

10h 

20h 

40h 

50h 

70h 

90h 

OBOh 

ODOh 

OFFh 

Command 

Invalid/Reserved 

Alternative Program Set-up 

Erase Set-up 

Program Set-up 

Clear Status Register 

Read Status Register 

Read Electronic Signature 

Erase Suspend 

Erase Resume/Erase Confirm 

Read Memory Array I Reset 

Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec­
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller handles all tim­
ing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com­
posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the Array, the Electronic 
Signature or the Status Register. 

For added data protection, the instructions for byte 
program and sector erase consist of two com­
mands that are written to the memory and which 
start the automatic P/E.C. operation. Byte pro­
gramming takes typically 9f.LS, sector erase typically 
1.6 seconds. Erasure of a memory sector may be 
suspended in order to read data from another 
sector and then resumed . 

..::..:412~5:.__ __________ ru SGS•1HOMSON -----------
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Table 7. Status Register 

Mne- Bit Name Logic Definition Note monic Level 

'1' Ready The RY/BY output or the PIE. C. status bit may be 
checked during Program or Erase. The bit should P/ECS 7 P/E.C. Status be checked on completion before checking bits 

'0' Busy b4 or b5 for success. 

Erase '1' Suspended On an Erase Suspend instruction the ESS bit is 
set to '1' and the P/ECS bit remains at '1'. ESS bit ESS 6 Suspend remains '1' until an Erase Resume instruction is Status '0' In Progress or 
given. Completed 

'1' Erase Error ES bit is set to '1' if PIE. C. has applied the 
ES 5 Erase Status maximum number of erase. pulses to the block 

'0' Erase Success without achieving an erase verify. 

'1' Program Error PS bit set to '1' if the PIE. C. has failed to program 
a byte or word. 

PS 4 Program 
If PS and ES bits are set to '1' during a sector Status 

'0' Program erase attempt, an improper command sequence 
Success was entered and the instruction should be given 

again. 

'1' Vpp Low, Abort VPPS bit is set if the Vpp voltage is below 

VPPS 3 Vpp Status 

'0' VppQK 

2 Reserved 

1 Reserved 

0 Reserved 

Note: Logrc level '1' rs Hrgh, ·a· is Low. 

A Status Register may be read at any time, includ­
ing during the programming or erase cycles, to 
monitor the progress of the operation. In addition a 
Ready/Busy output RY/BY indicates the status of 
the P/E.C. After Programming or Erasure the com­
mand interface must be reset by giving the Read 
Memory Array instruction before the memory con­
tents can be accessed. 

VPPH(min) when a Program or Erase instruction is 
executed and the instruction is aborted. The 
Status Register must be cleared before another 
write or erase operation is attempted. 

Bits b2, b1 and bO are reserved for future use and 
should be masked out when polling the Status 
Register. 

Power Saving 
The M28V161 memory have a number of power 
saving features. A CMOS _§tandby mode is entered 
when the Chip Enable E and the Reset/Power 
Down RP signals are at Vee, when the supply 
current drops to typically 30J.LA. A deep power down 
mode is enabled when the Reset/Power Down 
signal RP is at Vss, when the supply current drops 
to typically 0.2J.LA. The time required to awake from 
the deep power down mode is 1J.Ls maximum, with 
instructions to the C.l. recognized after 400ns. 

------------- J:.V ~itm!l1~~914 --------------'5:.;.:12=5 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times 5 1 Ons 

Input Pulse Voltages Oto3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

SV~1.5V 
ov ____/\_________ 

A101417 

DEVICE 
UNDER 
TEST 

1.3V 

T 
CL includes JIG capacitance 

OUT 

AI01418 

Table 8 Capacitance (t) (T A = 25 oc f = 1 MHz ) 
' 

Symbol Parameter Test Condition Min Max Unit 

c,N Input Capacitance 

CouT Output Capacitance 

Note: 1. Sampled only, not 100% tested. 

DEVICE OPERATION 

Signal Descriptions 

AO-A20 Address Inputs. The address signals, 
inputs for the memory array, are latched during a 
write operation. 

DQO-DQ7 Data Input/Outputs. The data inputs, a 
byte to be programmed or a command to the C.[:, 
are latched on the_.![sing edge of Chip Enable E 
and Write Enable W, whichever occurs first. The 
data output from the memory Array, the Electronic 
Signatu@ or the Status Registelj§; valid when Chip 
Enable E and Output Enable G are active. The 
output is high impedance when the chip is dese­
lected or the outputs are disabled. 

E Chip Enable. The Chip Enable activates the 
memory control logjc, input buffers, decoders and 
sense amplifiers. E High de-selects the memory 
and reQ1Jces the power consumption to the standby 
level. E can also be used to contiQ! writing to the 
C.l. and the memory Array while W remains at a 
low level. Both addresses and_data inputs are then 
latched on the rising edge of E. 

V1N =OV 8 pF 

VouT=OV 12 pF 

RP Reset/Power Down. This input allows the 
memory to be placed in a deep power down mode. 
If RP is within Vss ± 0.2V the lowest supply current 
is absorbed. 

RY /BY Read/Busy. This output indicates when the 
Program Erase Controller is executing a program 
or erase. It i~lways active, even during power 
down. If RY/BY is at VoL, the P/E.C. is active. 

G Output Enable. The Output Enable gates the 
outputs through the data buffers during a read 
operation. 

W Write Enable. This controls writing to the C. I., 
Address and Input Data latches. Both Addresses 
and Input Data are latched on the rising edge of W. 

Vpp Program Supply Voltage. This supply voltage 
is used for memory Programming and Erase. 

Vee Supply Voltage. This is the main circuit sup­
ply. 

Vss Ground. This is the reference for all the voltage 
measurements. 

=6/2=5 ___________ ID'I SGS-ntOMSON 
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Table 9. DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; Vpp = 12V ± 5%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ Y1N ~Vee ±1 J.LA 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 J.LA 

Icc 11 · 31 
Supply Current (Read) TTL E = V1L, G = V1L, f = 8MHz 30 rnA 

Supply Current (Read) CMOS E = Vss, G = Vss, f = 8MHz 20 rnA 
- -

Supply Current (Standby) TTL E = Y1H, RP = YIH 1 rnA 
lcc1 11 ' 31 

E =Vee± 0.2V, Supply Current (Standby) CMOS RP = Vee± 0.2V 100 J.LA 

lcc2 11 · 31 Supply Current (Power Down) RP = Vss ± 0.2V 5 J.LA 

lcc3 11 · 31 Supply Current (Program) Byte program in progress 30 rnA 

lcc4 11 · 31 Supply Current (Erase) Sector Erase in progress 30 rnA 

Ices 11 · 2· 31 Supply Current (Erase Suspend) E = Y1H, Erase suspended 6 rnA 

)pp Program Current (Read) Vpp >Vee 200 J.lA 

IPP1 Program Current (Standby) Vpp ~Vee ±10 J.LA 

IPP2 Program Current (Power Down) RP = Vss ± 0.2V 5 J.LA 

IPP3 Program Current (Program) Byte program in progress 15 rnA 

IPP4 Program Current (Erase) Sector Erase in progress 10 rnA 

IPPS Program Current (Erase Suspend) Erase suspended 200 J.LA 

VIL Input Low Voltage -0.5 0.8 v 
YIH Input High Voltage 2 Vee+ 0.3 v 
VoL Output Low Voltage loL=2mA 0.4 v 
VoH Output High Voltage loH =-2mA 2.4 v 

YPPL 
Program Voltage (Normal 0 Vee+ 0.3 v operation) 

YPPH 
Program Voltage 11.4 12.6 v (Program or Erase operations) 

YLKO 
Supply Voltage 2 v (Program or Erase Lock-out) 

Notes: 1. Supply Current specified with lour (RY/BY) = 0. 
2. Current increases to Icc + Ices during a read operation with erase suspended. 
3. CMOS levels Vee± 0.2V and Vss ± 0.2V. TTL levels VtH and VIL. 

Memory Sectors 
There are 32, 64K Byte memory sectors. Each 
sector of the memory can be erased separately, but 
only one sector at a time. The erase operation is 
managed by the P/E.C. but can be suspended in 
order to read from another sector and then re­
sumed. 

Programming and erasure of the memory is dis­
abled when the Program Supply Voltage is at VPPL· 
For successful programming and erasure the Pro­
gram Supply Voltage must be at VPPH throughout 
the operation. 

-------------~ ~~~:~~Jl--------------'7-"'/2~5 
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Table 10. Read AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; Vpp = 12V ± 5%) 

M28V161 

Symbol A It Parameter Test Condition -100 -120 -150 Unit 

Min Max Min Max Min Max 

IAVAV IRe 
Address Valid to E = VIL. G = VIL 100 120 150 ns Next Address Valid 

IAVQV lAce 
Address Valid to E = ViL, G = ViL 100 120 150 ns Output Valid 

Power Down High - -
IPHQV IPWH to Output Valid E = V1L, G = V1L 1 1 1 J.LS 

IELQX (1) 
Chip Enable Low to -

ILZ Output Transition G =VIL 0 0 0 ns 

IELQV (2) Chip Enable Low to -
IcE Output Valid G =VIL 100 120 150 ns 

IGLQX (1) 
Output Enable Low -

0 loLZ to Output Transition E=VIL 0 0 ns 

IGLQV (2) Output Enable Low -
toE to Output Valid E= V1L 45 50 50 ns 

Output Enable High -
tEHQX toH to Output Transition G=VIL 0 0 0 ns 

tEHOZ (1) Chip Enable High -
50 55 1Hz to Output Hi-Z G=VIL 50 ns 

Output Enable High -
0 tGHQX toH to Output Transition E= VIL 0 0 ns 

IGHQZ (1) Output Enable High -
40 50 I oF to Output Hi-Z E=VIL 30 ns 

tAXQX loH 
Address Transition E = VIL, G = VIL 0 0 0 ns to Output Transition 

Notes: 1 . .Sampled only, noll 00% tested. _ 
2. G may be delayed by up to IELav- IGLav after the falling edge of E without increasing IELav. 

Operations 

Operations are defined as specific bus cycles and 
signals which allow memory Read, Command 
Write, Output Disable, Standby, Power Down and 
Electronic Signature Read. They are shown in Ta­
ble 3. 

Read. Read operations are used to output the 
contents of the Memory Array, the Status Regist~ 
or the Electronic Signature. Both Chip Enable E 
and Output Enable G must be Low in order to read 
the output of the memory. The Chip Enable input 
also provides power control and should be used for 
device selection. Output Enable should be used to 
gate data onto the output independent of the device 
selection. A read operation will output a byte on 
DOO-D07. 

The data read depends on the previous command 
written to the C.l. (see instructions RD, RSR and 
RSIG). 

Write. Write operations are used to give Instruction 
Commands to the memory or to latch input data to 
be programmgd. A write operation is initia_!gd when 
Chip Enable E is LQ_w and Write Enable W is Low 
with Output Enable G High. Commands, Input Da~ 
anQ_Addresses are latched on the rising edge of W 
or E. As for read operations data is transferred on 
D00-D07. 

Output Disable. The data out~ts are high imped­
ance wt:!g_n the Output Enable G is High with Write 
Enable W High. 

""'8/.::.25:::..._ ____________ l.V ~itmgm~~~~ ____________ _ 
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Table 11. Byte Program, Erase Time 
{TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 3.3V ± 0.3V) 

Parameter Test Conditions 
M28V161 

Unit 
Min Typ Max 

Sector Program Vpp = 12V ± 5% 0.6 2.1 sec 

Sector Erase Vpp = 12V±5% 1.6 10 sec 

Table 12. Write AC Characteristics, Write Enable Controlled 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; Vpp = 12V ± 5%) 

M28V161 
Unit 

Symbol All Parameter -100 -120 -150 

Min Max Min Max Min Max 

IAVAV I we Write Cycle Time 100 120 150 ns 

IPHWL (1) Ips Power Down High to Write Enable 1 1 1 flS Low 

IELWL tcs 
Chip Enable Low to Write Enable 0 0 0 ns Low 

IWLWX twp Write Enable Low to Write Enable 40 40 40 ns Transition 

tovwH los Input Valid to Write Enable High 40 40 40 ns 

lwHDX loH Write Enable High to Input 5 5 5 ns Transition 

lwHEH lcH Write Enable High to Chip Enable 10 10 10 ns High 

twHWX IWPH 
Write Enable High to Write Enable 30 30 30 ns Transition 

IAVWH lAs Address Valid to Write Enable High 40 40 40 ns 

lvPHWH (1) lvps Vpp High to Write Enable High 100 100 100 ns 

twHAX tAH 
Write Enable High to Address 5 5 5 ns Transition 

IWHGL 
Write Enable High to Output 0 0 0 ns Enable Low 

twHRL 
Write Enable High to Ready Busy 100 100 100 ns Low 

IWHQV1 (2) 
Write Enable High to Output Valid 6 6 6 flS (By1e Program) 

IWHQV2 (2• 3) Write Enable High to Output Valid 0.3 0.3 0.3 sec (Sector Erase) 

tawPx'1· 21 lvPH Output Valid or Ready Busy High 0 0 0 ns to Vpp Transition 

Notes: 1. Sampled only, not 100% tested. _ 
2. Byte Program and Sector Erase durations are measured to completion as indicated by Status Register b7 = 1 or RY/BY = high. 

VPP is held high until Status Register bits b3, b4 and b5 indicate Program or Sector Erase success. 
3. Temperature range 0 to 70 oe (grade 1) only . 
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M28V161 

Table 13. Write AC Characteristics, Chip Enable Controlled 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 3.3V ± 0.3V; Vpp = 12V ± 5%) 

M28V161 
Unit 

Symbol Alt Parameter -100 -120 -150 

Min Max Min Max Min Max 

IAVAV twc Write Cycle Time 100 120 150 ns 

IPHEL (1) Ips Power Down High to Chip Enable 1 1 1 f!S Low 

IWLEL tws 
Write Enable Low to Chip Enable 0 0 0 ns Low 

IE LEX tcp Chip Enable Low to Chip Enable 50 50 50 ns Transition 

tovEH tos Input Valid to Chip Enable High 40 40 40 ns 

IEHDX loH Chip Enable High to Input 5 5 5 ns Transition 

IEHWH lcH 
Chip Enable High to Write Enable 5 5 5 ns High 

IE HEX IE PH 
Chip Enable High to Chip Enable 25 25 25 ns Transition 

IAVEH lAs Address Valid to Chip Enable High 40 40 40 ns 

lvPHEH (1) tvps Vpp High to Chip Enable High 100 100 100 ns 

IEHAX IAH 
Chip Enable High to Address 5 5 5 ns Transition 

IEHGL 
Chip Enable High to Output 0 0 0 ns Enable Low 

IEHRL 
Chip Enable High to Ready Busy 100 100 100 ns Low 

IEHQV1 (2) Chip Enable High to Output Valid 6 6 6 f!S (Byte Program) 

IEHQV2 12· 3) 
Chip Enable High to Output Valid 0.3 0.3 0.3 sec (Sector Erase) 

tavvPx 11 · 2) IV PH Output Valid or Ready Busy High 0 0 0 ns to Vpp Transition 

Notes: 1. Sampled only, not 100% tested. _ 
2. Byte Program and Sector Erase durations are measured to completion as indicated by Status Register b7 = 1 or RY/BY = high. 

VPP is held high until Status Register bits b3, b4 and bS indicate Program or Sector Erase success. 
3. Temperature range 0 to 70 'e {grade 1) only . 
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M28V161 

Figure B. Memory Map, Byte-wide Addresses 

TOP ADDRESS 

AO-A20 

1FFFFFh 

1EFFFFh 

1DFFFFh 

1CFFFFh 

1BFFFFh 

1AFFFFh 

19FFFFh 

18FFFFh 

17FFFFh 

16FFFFh 

15FFFFh 

14FFFFh 

13FFFFh 

12FFFFh 

11FFFFh 

10FFFFh 

OFFFFF 

OEFFFF 

ODFFFF 

OCFFFF 

OBFFFF 

OAFFFF 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

9FFFF 

BFFFF 

7FFFF 

GFFFF 

5FFFF 

4FFF 

3FFF 

2FFF 

1FFF 

OFFF 

Fh 

Fh 

Fh 

Fh 

Fh 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

64K BYTE SECTOR 

BOTIOM ADDRESS 

AO-A20 

1F OOOOh 

OOOOh 

DOOOOh 

COOOOh 

BOOOOh 

AOOOOh 

90000h 

BOOOOh 

70000h 

60000h 

50000h 

40000h 

30000h 

20000h 

10000h 

OOOOOh 

1E 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

OFOOOOh 

OEOOOOh 

ODOOOOh 

OCOOOOh 

OBOOOOh 

OAOOOOh 

90000h 

BOOOOh 

70000h 

60000h 

50000h 

40000h 

30000h 

20000h 

10000h 

OOOOOh 
AI01419 
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Figure 9. Program Flow-chart and Pseudo Code 

PG instruction: 
-write 40h command 
- wnte Address & Data 
(memory enters read status 
state after the PG instruction} 

do: 
- read status register 
while b7 = 1 
or: 
-check RY/BY output 

Low (0} = Busy 
High (1} = Ready 

see Note 1 

AI01423 

M28V161 

Note: 1. Status check of b7 can be made after each byte programming or after a sequence. 

Standb~ The memory is in standby when the Chip 
Enable E is High. The power consumption is re­
duced to the standby level and the outputs are high 
impedance, ind~endent of the Output Enable G 
or Write Enable W inputs. 

Power Down. The memory is in Power Down when 
RP is Low. The power consumption is reduced to 
the power down level and the outputs are higjl 
impedance ind~endent of the Q_hip Enable E, 
Output Enable G or Write Enable W inputs. 

Electronic Signature. Two codes identifying the 
manufacturer and the device can be read from 
the memory, the manufacturer code for SGS­
THOMSON is 20h and the device code for the 
M28V161 is 58h. These codes allow applications 
to match their interfaces to the characteristics of 
the particular manufacturer's product. 

The two Electronic Signature codes are output by 
a read operations with the Address line AO at V1L or 
V1H, following an instruction RSIG to the memory. 

Instructions and Commands 

The memory includes a Command Interface (C.I.) 
which latches commands written to the memory. 
Instructions are made up from one or more com­
mands to perform memory Read, Read Status 
Register, Read Electronic Signature, Erase, Pro­
gram, Clear Status Register, Erase Suspend and 
Erase Resume. These instructions require from 
one to 3 operations, the first of which is always a 
write operation followed by either a further write 
operation to input address and data or to confirm 
the command, or a read operation to output data. 

A Status Register indicates the P/E.C. status 
Ready/Busy, the suspend/in-progress status of 

_____________ ii1i ~~m~~~------------1.:..:5::.:,2:::.5 
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Figure 10. Program Status Check Flow-chart and Pseudo Code 

Vpp Low 
Error(!) 

Program 
Error(!) 

If b3 = 1, Vpp low error: 
- error handler 

If b4 = 1, Program error: 
- error handler 

AI01424 

Note: 1. If a Vpp Low or Program error is found, the Status Register must be cleared (CLRS instruction) before further PIE. C. operations. 

DEVICE OPERATION {cont'd) 

erase operations, the failure/success of erase and 
program operations and the low/correct value of 
the Vpp Program Supply Voltage. 

The PIE. C. sets status bits b3 to b7 and clears bit 
b6 & b7. It cannot clear bits b3 to b5. The status 
register can be read by the Read Status Register 
RSR instruction and cleared by the Clear Status 
Register CLRS instruction. The meaning of the 
register bits b3 to b7 is shown in Table 7. Bit bO to 
b2 are reserved for future use and should be 
masked out during status checks. 

The PIE. C. Ready/Busy status is also indicated by 
the RY/BY output. 

Read {RD) instruction. The Read instruction con­
sists of one write operation giving the command 
OFFh. Subsequent read operations will read data 
from the addressed byte of the memory array, until 
a new command is written to the C. I. 
Read Status Register {RSR) instruction. The 
Read Status Register instruction may be given at 
any time, including while the Program/Erase Con­
troller is active. It consists of one write operation 
giving the command 70h. Subsequent read opera­
tions output the contents of the status regist~. T~ 
contents are latched on the falling ~ge of E or G 
signals, and can be rea.Q. untlL E or G returns to its 
initial high level. Either E or G must be toggled to 
V1H to update the latch. Additionally, any read at­
tempt during program or erase operation will auto­
matically output the contents of the status register. 

Read Electronic Signature (RSIG) instruction. 
This instruction uses 3 operations. It consists of one 
write operation giving the command goh, followed 
by two read operations to output the manufacturer 
and device codes. The manufacturer code is output 
when the address line AO is Low and the device 
code when AO is High. 

Erase (EE) instruction. The memory can be 
erased in sectors. The Program Supply Voltage 
VPPH must be applied before the Erase {EE) in­
struction is given. This instruction uses two write 
operations. The first command written is the Erase 
Set-up command 20h. The second is the Erase 
Confirm command ODOh. During the input of the 
second command an address within the sector to 
be erased is given and this is latched into the 
memory. If the second command given is not the 
Erase Confirm command then the status register 
bits b4 & b5 are set and the instruction aborts. Read 
operations output the status register after erasure 
has started. 

During the execution of the erase by the P/E.C., the 
memory accepts only the Read Status Register 
(RSR) or Erase Suspend {ES) instructions. Status 
Register bit b7 returns '0' while the erasure is in 
progress and '1' when it is completed. After com­
pletion the Status Register bit b5 returns '1' if there 
has been an erase failure because erasure has not 
been verified after even the maximum number of 
erase pulses have been given. The Status Register 
bit b3 returns '1' if the Program Supply Voltage Vpp 
does not remain at VPPH when erasure is attempted 
and/or proceeding . 

.:.:16::.:12:::.5 __________ ~'I SGS•lHOMSON --------..,..----
~..., ~ l<"JD©IIJ@l§~!il~D©$ 
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Figure 11. Erase Flow-chart and Pseudo Code 

Notes: 1. An Erase Suspend may be executed during this loop. 
2. See separate flow-chart. 

Vpp must be at VPPH when erasing. Erase should 
not be attempted when Vpp < VPPH as the results 
will be uncertain. If Vpp falls below VPPH or if RP 
goes Low the erase aborts and must be repeated, 
after having cleared the Status Register with the 
CLRS instruction. 

The execution of the erase by the P/E.C. is also 
indicated by the RY/BY output. 

A full status check can be made after sector erase. 
The status check is made on the Status Register 
bit b3 for any possible Vpp error, on bit b5 for an 
erase error or on both bits b4 & b5 for a command 
sequence error. 

Program (PG) instruction. The memory is pro­
grammed byte-by-byte. The Program Supply Volt­
age VPPH must be applied before the Program (PG) 
instruction is given and may be applied continu­
ously during programming of a sequence of bytes. 
This instruction uses two write operations. The first 

EE instruction: 
-write 20h command 
- wnte Sector Address (A I 6-A20) 

& Command ODOh 
(memory enters read status register 
state after the EE instruction) 

do: 
-read status register 
wh1le b7 = 1 (see Note 1) 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) = Ready 

see Note 2 

AI01425 

M28V161 

command written is the Program Set-up command 
40h (or alternatively 1 Oh). A second write operation 
latches the address and input data and starts the 
P/E.C. execution. Read operations output the 
Status Register after programming has started. 
Memory programming is only made by writing a '0' 
in place of a '1' in a byte. To write a '1' in place of a 
'0' the Sector must first be erased to all '1 's. 
During the execution of the programming the mem­
ory accepts only the Read Status Register (RSR) 
instruction. The Status Register bit b7 returns '0' 
while programming is in progress and '1' when it is 
completed. After completion the Status Register bit 
b4 returns '1' if there has been a program failure. 
Status Register bit b3 returns a '1' if the Program 
Supply Voltage Vpp does not remain at VPPH when 
programming is attempted and/or during program­
ming. 

~ SGS-1HOMSON 17/25 
-------------- .._.,/ IMIU©OO©Il:~ll:~O©® ------------....:..;:..:= 
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Figure 12. Erase Status Check Flow-chart and Pseudo Code 

Vpp Low 
Error(1) 

Command 
Sequence Error 

Erase 
Error(1) 

If b3 = 1, Vpp low error: 
- error handler 

If b4, bS = 1, Command Sequence error: 
- error handler 

If bS = 1 , Erase error: 
- error handler 

AI01426 

Note: 1. If VPP Low or Erase error is found, the Status Register must be cleared (CLRS Instruction) before further PIE. C. operations. 

DEVICE OPERATION (cont'd) 

Vpp must be at VPPH when programming. Program­
ming should not be attempted when Vpp < VppH as 
the results will be uncerta!n,_Programming aborts 
if Vpp drops below VPPH or RP goes Low. If aborted 
the data may be incorrect, the Status Register must 
be cleared with the Clear Status Register (CLRS) 
instruction, the sector erased and reprogrammed. 

The execution of the prog@_mming by the P/E.C. is 
also indicated by the RY/BYoutput. 

A full status check can be made after each byte or 
after a sequence of bytes has been programmed. 
The status check is made on the Status Register 
bit b3 for any possible Vpp error and on bit b4 for a 
programming error. 

Clear Status Register (CLRS) instruction. This 
instruction uses a single write operation which 
clears the Status Register bits b3, b4 & b5 to '0'. 
The CLRS instruction reverts the device to the 
Read Array mode and is used before any new 

operation when errors have been detected during 
programming or erasure. 
Erase Suspend (ES) instruction. An Erase op­
eration may be suspended by using this instruction 
which consists of writing the command OBOh. The 
Status Register bit b6 indicates wether the P/E.C. 
is suspended, bit b6 = '1', or whether the P/E.C. 
cycle was the last and the erase is complete, bit b6 
= '0'. During suspension the memory will respond 
only to Read (RD), Read Status Register (RSR) or 
Erase Resume (ER) instructions. Immediately fol­
lowing the ES instruction, read operations initially 
output the contents of the Status Register while 
erase is suspended, but if a Read (RD) instruction 
is given data may be read from other sectors of the 
memory. The Program Supply Voltage Vpp must be 
maintained at VPPH while erase is suspended. If 
Vpp does not remain at VPPH or if the RP input goes 
Low, the erase operation is aborted and Status 
Register bits b3 & b5 are set. In this case the Status 
Register must be cleared and the erase operation 
repeated to be certain to erase the sector. 

1 .. 8::..:12::::.5 __________ t;"='l SGS·lHOMSON ------------ A.""! ,6 liJJO©JJ®Il:ll.l<©WI@IlllO©@ 
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Figure 13. Erase Suspend & Resume Flow-chart and Pseudo Code 

Read Data from 
any other Sector(s) 

Erase Resume (ER) instruction. If an Erase Sus­
pend instruction has been previously executed, the 
erase operation may be resumed giving the com· 
mand ODOh. The Status Register bit b6 will be 
cleared when erase resumes. Read operations 
output the Status Register after the erase is re­
sumed. 

ES instruction: 
-write OBOh command 
(memory enters read status register 
state after the ES instruction) 

do: 
-read status register 
while b7 = 1 
or: 
-check RY/BY output 

Low (0) = Busy 
High (1) = Suspended 

if b6 = 1, Erase is complete 

AD instruction: 
-write OFFh command 
-read one a more bytes 

from any other sector(s) 

ER instruction: 
-write ODOh command 

to resume erase 

A101427 

Reset. After any error has occurred during pro­
gramming or erase the Status Register must be 
cleared by giving the Clear Status Register instruc­
tion before the memory array may be read. 

After a successful program or erase operation 
either the Read or Clear Status Register instruction 
must be given before the memory array may be 
read. 

_____________ ~ ;~m~:~~11 ____________ 1.:..:9.:..:'2=-5 
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Figure 14. Command Interface and Program Erase Controller Flow-diagram (a) 

AI01326 

Notes: 1. If no command is written, the Command Interface remains in its previous valid state. Upon power-up, on exit from power-down or 
if Vee falls below VLKo, the Command Interface defaults to Read Array mode. 

2. P/E.C. status (Ready or Busy) is read on Status Register bit 7. 
3. Upon Erase command error, the PiE. C. defaults to Read status and sets bits b4 and bS of the Status Register. Program and Erase 

commands will be accepted only after the Status Register has been reset by a CLRS command. 

=20::..:/2=-=5'--------------~ ~~m~~~~li ____________ _ 
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Figure 15. Command Interface and Program Erase Controller Flow-diagram (b) 

B 

AI01327 

Note: 2. P/E.C. status (Ready or Busy) is read on Status Register bit 7. 

_____________ J.V ~~©m!l1:a~ ___________ __:2::..;1.;.;;'2=5 
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ORDERING INFORMATION SCHEME 

Example: 

Speed 

-100 100ns 

-120 120ns 

-150 150ns 

M28V161 -100 N 

M 

N 

TR 

o to 70 oc 
-40 to 125 oc 

6 -40 to 85 oc 

Option 

TR Tape & Reel 
Packing 

R Reverse Pinout 

For a list of available options (Vee Range, Array Organisation, Speed, etc ... ) refer to the current Memory 
Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

::::22""/2::..:5'------------- J:.V ~~m~~9~ ____________ _ 
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TSOP48 Normal Pinout - 48 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

D1 

E 

e 

L 

a 

N 

CP 

TSOP48 

Drawing is out of scale 

mm 

Typ Min 

0.05 

0.95 

0.17 

0.10 

19.80 

18.30 

11.90 

0.50 -

0.50 

oo 

48 

,-----
1 
I 

N/2 

TSOP-a 

D1 

D 

Max 

1.20 

0.15 

1.05 

0.27 

0.21 

20.20 

18.50 

12.10 

-
0.70 

so 

0.10 

N 

E 

/ 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.469 

0.020 -

0.020 

oo 

48 

~· 
I I I 
I I I 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.795 

0.728 

0.476 

-

0.028 

so 

0.004 
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TSOP48 Reverse Pinout - 48 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

01 

E 

e 

L 

a 

N 

CP 
TSOP48 

Drawing is out of scale 

mm 

Typ Min 

0.05 

0.95 

0.17 

0.10 

19.80 

18.30 

11.90 

0.50 -

0.50 

oo 

48 

~---­

g§' 

01 

0 

TSOP-b 

N 

Max 

1.20 

0.15 

1.05 

0.27 

0.21 

20.20 

18.50 

12.10 

-

0.70 

50 

0.10 

E 

I 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.469 

0.020 -

0.020 

oo 

48 

~' 

I 

' ' ' 
' ' ' 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.795 

0.728 

0.476 

-

0.028 

50 

0.004 
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5044 - 44 lead Plastic Small Outline, 525 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.42 2.62 0.095 0.103 

A1 0.22 0.23 0.009 0.010 

A2 2.25 2.35 0.089 0.093 

B 0.50 0.020 

c 0.10 0.25 0.004 0.010 

D 28.10 28.30 1.106 1.114 

E 13.20 13.40 0.520 0.528 

e 1.27 - - 0.050 - -

H 15.90 16.10 0.626 0.634 

L 0.80 - - 0.031 - -
a 30 - - 30 - -

N 44 44 

CP 0.10 0.004 

S044 

8~& 
A[J{ }yc 

D 

i 

I 
i 

E H I 

SO-b 

Drawing is out of scale 
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M29F040 
SINGLE SUPPLY 

4 Megabit (512K x 8, Sector Erase) FLASH MEMORY 

• VERY FAST ACCESS TIME: 70ns 
• 5V ± 10% SUPPLY VOLTAGE for PROGRAM 

and ERASE OPERATIONS 
• 5V ± 10% SUPPLY VOLTAGE in READ 

OPERATIONS 

• 1011s TYPICAL PROGRAMMING TIME 
• PROGRAM/ERASE CONTROLLER 

- Program Byte-by-Byte 
- Data Polling and Toggle Protocol for PIE. C. 

Status 
• MEMORY ERASE in SECTORS 

- 8 Sectors of 64K Bytes each 
- Sector Protection 
- Multisector Erase 

• ERASE SUSPEND and RESUME 
• 100,000 PROGRAM/ERASE CYCLES per 

SECTOR 
• LOW POWER CONSUMPTION 

- 25!1A Typical in Standby 
• STANDARD EPROM/OTP MEMORY 

PACKAGES: TSOP32, PLCC32 and PDIP32 

• EXTENDED TEMPERATURE RANGES 

Table 1. Signal Names 

AO-A18 Address Inputs 

000-007 Data Input I Outputs 

E Chip Enable 
-
G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

February 1995 

PRODUCT PREVIEW 

PDIP32 (P) PLee32 (K) 

~ ~~ 

TSOP32 (N) 
8 x20 mm 

Figure 1. Logic Diagram 

AO-A18 

w 

E 

G 

19 

Vee 

M29F040 

Vss 

8 

000-007 

AI01372 

1/28 
Th1s IS preliminary mformat1on on a new product now rn development Deta1ls are subject to change Without not1ce 
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Figure 2A. DIP Pin Connections 

A18 Vee 
A16 w 
A15 A17 
A12 A14 

A7 A13 

A6 AS 

A5 A9 

A4 A11 

A3 G 
A2 A10 
A1 E 
AO DQ7 

DQO DQ6 

DQ1 DQ5 

DQ2 DQ4 

Vss 003 

AI01373 

Figure 2C. TSOP Pin Connections 

A11 G 
A9 A10 

AB E 
A13 DQ7 
A14 DQ6 

A17 DQ5 
W DQ4 

Vee oa3 
A1s Vss 
A16 DQ2 

M5 001 
A12 DQO 

A7 AO 
A6 A1 
A5 A2 

A4 ----,c..:..::, _ ___JI' ..----=-:...r- A3 

Figure 28. LCC Pin Connections 
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DESCRIPTION 

The M29F040 is a non-volatile memory that may 
be erased electrically at the sector level, and pro­
grammed Byte-by-Byte. 

The interface is directly compatible with most mi­
croprocessors. PDIP32, PLCC32 and TSOP32 (8 
x 20mm) packages are used. Both normal and 
reverse pin outs are available for the TSOP32 
package. 

Organisation 

The Organisation is 512K x 8 bits with Address lines 
AO-A18 and Data Inputs/Outputs DQO-DQ7. Mem­
ory control is provided by Chip Enable, Output 
Enable and Write Enable Inputs. 

Erase and Program are performed through the 
internal Program/Erase Controller (P/E.C.). 

Data Outputs bits DQ7 and DQ6 provide polling or 
toggle signals during Automatic Program or Erase 
to indicate the Ready/Busy state of the internal 
Program/Erase Controller. 

Sectors 

Erasure of the memory is in sectors. There are 8 
sectors of 64K bytes each in the memory address 
space. Erasure of each sector takes typically 1.5 
seconds and each sector can be programmed and 

::c2/.::.28;;__ ____________ ~ ~~mg::~~~ ____________ _ 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TarAs Temperature Under Bias -50 to 125 oc 
Tsm Storage Temperature -65 to 150 oc 
Vro 121 Input or Output Voltages -o.6 to 7 v 
Vee Supply Voltage -Q.6 to 7 v 

VA9 121 A9 Voltage -Q.6 to 13.5 v 
Notes: 1. Except for the ratrng ''Operating Temperature Range", stresses above those listed rn the Table "Absolute Maximum Ratings" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condrtrons above those rndicated rn the Operating sections of this specification is not implied. Exposure to Absolute Maxrmum 
Ratrng conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum Voltage may undershoot to -2V dunng transition and for less than 20ns. 

Table 3. Operations 

Operation E G w DQO-DQ7 

Read VtL VrL VtH Data Output 

Write VtL VtH VtL Data Input 

Output Disable VtL VrH VrH Hi-Z 

Standby VtH X X Hi-Z 

Note: X = V1L or V1H 

Table 4. Electronic Signature 

Code 
- - - Other E G w AO A1 A6 A9 Addresses DQO· DQ7 

Manufaet. Code VrL VtL VrH VrL VrL VrL Vro Don't Care 20h 

Device Code VrL VrL VrH VrH VrL VrL Vro Don't Care OE2h 

Table 5. Sector Protection Status 

Code 
- - w Other E G AO A1 A6 A16 A17 A18 Addresses DQO- DQ7 

Protected Sector VrL VrL VrH VrL VrH VrL SA SA SA Don't Care 01h 

Unprotected Sector VrL VrL VrH VrL VrH VrL SA SA SA Don't Care OOh 

Note: SA= Address of sector berng checked 

---------------------------~~~@~~~9~------------------------~3-~_8 
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Table 6A. Instructions 

Mne. lnstr. Cyc. 
1st Cycle 2nd Cycle 3rd Cycle 4th Cycle 

Op. Addr. 11 ·51 Data Op. Addr. 11 •51 Data Op. Addr.l1.5l Data Op. Addr. (ll Data 

Read/ 

RD Reset 1+ Wnte X OFOh Read Read Data Read Read Data Read Read Data Memory Address Address Ad dross 
Array 

Read Read RD Memory 3+ Wnte x5555h OAAh Wnte x2AAAh 55h Wnte x5555h OFOh Read Address Data 
Array 

Read S1gnature RSIG Electron1c 3+ Wnte x5555h OAAh Wnte x2AAAh 55h Wnte x5555h 90h Read 12.31 S1gnature 
Signature Address 

Read Protect1on Protect RSP Sector 3+ Wnte x5555h OAAh Wnte x2AAAh 55h Wnte x5555h 90h Read 12·41 
Address Status 161 

Protect1on 

PG Program 4 Wnte x5555h OAAh Write x2AAAh SSh Wnte xSSSSh OAOh Wnte Address Data Input 

SE Sector 6 Write x5555h OAAh Wnte x2AAAh 55h Write x5555h SOh Write x5555h 141 OAAh Erase 

BE Bulk Erase 6 Wnte x5555h OAAh Wnte x2AAAh 55h Wnte x5555h SOh Wnte x5555h 141 OAAh 

ES Erase 1 Wnte X OBOh Read unt1l Toggle stops, then read all the data needed from any sector(s) not bemg erased then 
Suspend Resume Erase 

ER Erase 1 Write X 30h Read Data Poll1ng or Toggle 81t until Erase completes or Erase is suspended another t1me 
Resume 

Notes: 1. X= Don't Care. 
2. The f1rst cycle of the AD, ASP or RSIG 1nstruct1on IS followed by read operatiOns to read memory array, Status Register or Electronic Signature codes 

Any number of read cycles can occur after one command cycle 
3 Signature Address bits AD, A1, AS at V1L will output Manufacturer code (20h). Address b1tsAO at V1H and A1, AS at Vr.. Will output Device code (OE2h) 
4. Protection Address· AD, AS at V1L and A1 at V1H, other addresses w1thm the sector to be checked A1S, A17, AlB defme th1s Sector Address 
5. Address bits A1S, A17, AlB are don't care for coded address mputs 
6 Optional, additional sectors addresses must be entered w1th1n a BOJ.ls delay after last wnte entry, t1meout status can be venfmd through DQ3 value 

When full command is entered, read Data Polling or Toggle bit until Erase IS completed 

Table 68. Instructions 

Mne. 

RD 

RD 

RSIG 

RSP 

PG 

SE 

BE 

ES 

ER 

Notes: 

lnstr. Cyc. 
5th Cycle 6th Cycle 71h Cycle 

Op. Addr. 111 Data Op. Addr. Data Out. Op. Addr. Data Out. 

Read/ 
Reset 1+ Read Read Address Data Read Read Address Data Read Read Address Data 
Memory 
Array 

Read 
Memory 3+ Read Read Address Data Read Read Address Data Read Read Address Data 
Array 

Read Signature Signature Signature Electronic 3+ Read 12·31 S1gnature Read ll.:lJ Signature Read 1231 S1gnature 
Signature Address Adress Adress 

Read Protect1on Protect Protection Protect Protection Protect Sector 3+ Read 12.41 
Address Status l6l 

Read 12.41 
Address Status 161 Read 12'41 

Address Status 161 
Protect1on 

Program 4 Read Data PoU1ng or Toggle 81t until Program completes 

Sector 
6 Wnte x2AAAh 151 55h Wnte Sector 30h Wnte 161 Add1t1onal 30h Erase Address Sector 

Read Data 
Polling or 
Toggle bit 

Bulk Erase 6 Wnte x2AAAh 151 SSh Wnte x5555h 151 10h until Erase 
completes or 
Erase 1s 
suspended 
another t1me 

Erase 1 Read until Toggle stops, then read all the data needed from any sector(s) not being erased then Resume Erase Suspend 

Erase 1 Read Data Polling or Toggle B1t until Erase completes or Erase is suspended another t1me Resume 

1. X= Don't Care. 
2 The f1rst cycle of the AD, ASP or RSIG mstruct1on IS followed by read operations to read memory array, Status Reg1ster or Electronic Srgnature codes. 

Any number of read cycles can occur after one command cycle 
3. S1gnature Address btts AD, A 1, AS at Vn_ will output Manufacturer code (20h). Address b1ts AO at V1H and A 1, A6 at Vm.. Will output Dev1ce code (OE2h) 
4. Protect1on Address· AO, A6 at V.a.. and A1 at V1H, other addresses Wlthtn the sector to be checked A16, A17, A18 def1ne this Sector Address. 
5 Address bJts A16, A17, A18 are don't care for coded address mputs 
6. Optional, add1t1onal sectors addresses must be entered Within a 80)lS delay after last wnte entry, timeout status can be verified through D03 value 

When full command IS entered, read Data Pollmg or Toggle b1t unt1l Erase IS completed 
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DESCRIPTION (cont'd) 

erased over 1 00,000 cycles. Each sector may 
separately be protected and unprotected against 
program and erase. Sector erasure may be sus­
pended, while data is read from other blocks of the 
memory, and then resumed. 

Bus Operations 

Seven operations can be performed by the appro­
priate bus cycles, Read Array, Read Electronic 
Signature, Output Disable, Standby, Protect Sec­
tor, Unprotect Sector, and Write the Command of 
an Instruction. 

Command Interface 

Command Bytes can be written to a Command 
Interface (C. I.) latch to perform Reading (from the 

Table 8. Status Register 

DQ Name Logic Level Definition 

'1' Erase Complete 

Table 7. Commands 

Hex Code Command 

OOh Invalid/Reserved 

10h Bulk Erase Confirm 

30h Sector Erase Resume/Confirm 

SOh Set-up Erase 

90h Read Electronic Signature/ 
Sector protection Status 

OAOh Program 

OBOh Erase Suspend 

OFOh Read Array/Reset 

Note 

Indicates the PIE. C. status, check during 

7 Data '0' Erase on Going Program or Erase, and on completion before 
Polling checking bits DQ5 for Program or Erase 

DQ Program Complete Success. 

DQ Program on Going 

'-1-0-1-0-1-0-1-' Erase or Program on Going Sucessive read output complementary 

Toggle Program ('0' on DQ6) datas on DQ6 while Programming or Erase 
6 Bit '-0-0·0-0·0-0·0-' Complete operations are going on. DQ6 remain at 

constant level when P/E.C. operations are 

'-1-1-1-1-1-1-1-' Erase or Program completed. 
('1' on DQ6) Complete 

'1' Program or Erase Error ES bit is set to '1' if P/E.C. has applied the 
5 Error Bit maximum number of erase pulses to the 

'0' Program or Erase Success block without achieving an erase verify. 

4 
'1' 

'0' 

'1' Erase Timeout Period Expired P/E.C. Erase operation has started. Only 

3 Erase possible command entry is Erase Suspend 
Time Bit 

'0' Erase Timeout Period on (ES). Additional sector to be erased in 
Going parallel can be entered to the P/E.C. 

2 

1 

0 Reser-
ved 

Notes: Logic level '1' is High, '0' is Low. ·0·1·0·0·0·1·1·1·0· represent bit value in successive Read operations. 
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DESCRIPTION (cont'd) 

Array or Electronic Signature), Erasure br Pro­
gramming. For added data protection, command 
execution starts after 4 or 6 command cycles. First, 
second, fourth and fifth cycles are used to input a 
code sequence to the Command Interface (C.I.). 
This sequence is equal for all P/E.C. instructions. 
Command itself and its confirmation - if it applies -
are given on the third and fourth cycles. 

Instructions 

Selien instructions are defined to perform Read 
Memory Array, Read Electronic Signature, Auto 
Program, Sector Auto Erase, Auto Bulk Erase, 
Sector Erase Suspend and Sector Erase Resume. 
The internal Program/Erase Controller (P/E.C.) 
handles all timing and verification of the Program 
and Erase instructions and provides Data Polling, 
Toggle, and Status data to indicate completion of 
Program and Erase Operations. 

Instructions are composed of up to six cycles. The 
first two input a code sequence to the Command 
Interface which is common to all P/E. C. instruc­
tions (see Table 7 for Command Descriptions). The 
third cycle inputs the instruction set up command 
instruction to the Command Interface. Subsequent 
cycles output the addressed data for Read opera­
tions. For added data protection, the instructions 
for program and sector or bulk erase require further 
command inputs. For a Program instruction, the 
fourth command cycle inputs the address and data 
to be programmed. For an Erase instruction (sector 
or bulk), the fourth and fifth cycles input a further 
code sequence before the Erase confirm command 
on the sixth cycle. Byte programming takes typi­
cally 1 OJ.LS while erase is performed in typically 1.5 
seconds. 

Erasure of a memory sector may be suspended, in 
order to read data from another sector, and then 
resumed. Data Polling, Toggle and Error data may 
be read at any time, including during the program­
ming or erase cycles, to monitor the progress of 
the operation. When power is first applied or if Vee 
falls below VLKO, the command interface is reset to 
Read Array. 

DEVICE OPERATION 

Signal Descriptions 

AO·A18 Address Inputs. The address inputs for 
the memory array are latched during a write opera­
tion. The A9 address input is used also for the 
Electronic Signature read and Sector Protect veri­
fication. When A9 is raised to V1o, either a Read 
Manufacturer Code, Read Device Code or Verify 
Sector Proctection is enabled depending on the 

combination of levels on AO, A 1 and A6. When AO, 
A 1 and A6 are Low, the Electronic Signature Manu­
facturer code is read, when AO is High and A 1 and 
A6 are Low, the Device code is read, and when A 1 
is High and AO and A6 are low, the Sector Protec­
tion Status is read. 

DQO-DQ7 Data Input/Outputs. The data input a 
byte to be programmed or a command wri~n to 
the C. I., are latched when both Chip Enable E and 
Write Enable W are active. The data output is from 
the memory Array, the Electronic Signature, the 
Data Polling bit (D07), the Toggle Bit (D06), the 
Error bit (D05) or the Erase Timer !2jt (D03). Ou­
puts ar~ valid when Chip Enable E and Output 
Enable G are active. The output is high impedance 
when the chip is deselected or the outputs are 
disabled. 

E Chip Enable. The Chip Enable activates the 
memory control IQQic, input buffers, decoders and 
sense amplifiers. E High deselects the memory and 
reduc~ the power consumption to the standby 
level. E can also be used to control writing to the 
~mmand register and to the memory array, while 
W remains at a low level. Addresses are then 

.latched on the Jailing edge of E while datas on the 
rising edge of E. 

G Output Enable. The Output Enable gates the 
outputs thr.Q.ugh the data buffers during a read 
operation. G is forced to V10 level during Sector 
Protect and Sector Unprotect operations. 

W Write Enable. This input controls writing to the 
Command Register and Address and Data l<ili:hes. 
Addresses are latched on the falling edge of W ,_gnd 
Data Inputs are latched on the rising edge of W. 

Vee Supply Voltage. The power supply for all 
operations (Read, Program and Erase). 

Vss Ground. Vss is the reference for all voltage 
measurements. 

Memory Sectors 

The memory sectors of the M29F040 are shown in 
Figure 5. The memory array is divided in 8 sectors 
of 64K bytes. Each sector can be erased sepa­
rately or any combination of sectors can be erased 
simultaneously. The Sector Erase operation is 
managed automatically by the P/E.C. The opera­
tion can be suspended in order to read from any 
another sector, and then resumed. 

Sector Protection provides additional data security. 
Each sector can be separately protected or unpro­
~cted against Program or Erase. Bringing A9 an_Q 
G to _y1o initiates protection, while bringing A9, G 
and E to V1o cancels the protection. The sector 
affected is addressed by the inputs on A16, A17, 
andA18. 
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Table 9. AC Measurement Conditions 

SRAM Interface Levels EPROM Interface Levels 

Input Rise and Fall Times ~ 10ns ~ 10ns 

Input Pulse Voltages Oto3V 0.45V to 2.4V 

Input and Output Timing Ref. Voltages 1.5V O.BV and 2V 

Figure 3. AC Testing Input Output Waveform Figure 4. AC Testing Load Circuit 

1.3V 

SRAM Interface 

:: 3E==>E 1.5V 

1N914 

DEVICE 
EPROM Interface UNDER OUT 

2.4V~ 

0.45V~ 
2.0V 

o.sv 

AI01275 

Table 10 Capacitance (1) (TA- 25 oc f- 1 MHz) - , -

TEST 

T 
CL = 30pF or 1 OOpF 

CL = 30pF for SRAM Interface 

CL = 1 OOpF for EPROM Interface 

CL includes JIG capac1tance AI01276 

Symbol Parameter Test Condition Min Max Unit 

c,N Input Capacitance v,N = ov 6 pF 

Cour Output Capacitance Vour = OV 12 pF 

Note: 1. Sampled only, not 1 00% tested. 

Operations 

Operations are defined as specific bus cycles and 
signals which allow Memory Read, Command 
Write, Output Disable, Standby, Read Status Bits, 
Sector Protect/Unprotect, Sector Protection 
Check and Electronic Signature Read. They are 
shown in Table 3. 

Read. Read operations are used to output the 
contents of the Memory Array, the Status Regis!~ 
or the Electronic Sjgnature. Both Chip Enable E 
and Output Enable G must be low in order to read 
the output of the memory. The Chip Enable input 
also provides power control and should be used for 

device selection. Output Enable should be used to 
gate data onto the output independent of the device 
selection. The data read depends on the previous 
command written to the memory (see instructions 
RD and RSIG, and Status Bits). 

Write. Write operations are used to give Instruction 
Commands to the memory or to latch input data to 
be programm~d. A write operation is initia~d when 
Chip Enable E is L~ and Write Enable W is Low 
with Output Enable G High. Addresses are latched 
on the falling edge of WorE whichever occurs last. 
Commands and Input Data are latched on the rising 
edge of WorE whichever occurs last. 

----------- W'l SGS·lHOMSON __________ _;?c.:.::/2=8 
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Figure 5. Memory Map and Sector Address Table 

TOP BOTTOM 
A18 A17 A16 ADDRESS ADDRESS 

1 1 1 64K Bytes Sector ?FFFFh 70000h 

1 1 0 64K Bytes Sector 6FFFFh 60000h 

1 0 1 64K Bytes Sector 5FFFFh 50000h 

1 0 0 - 4FFFFh 40000h 

0 1 1 - 3FFFFh 30000h 

0 1 0 - 2FFFFh 20000h 

0 0 1 64K Bytes Sector 1FFFFh 10000h 

0 0 0 64K Bytes Sector OFFFFh OOOOOh 

AI01362 

Table 11. DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OVSV1N SVee ±1 !!A 

ILO Output Leakage Current OV s Vour s Vee ±1 !!A 

lcc1 Supply Current (Read) TIL E = V1L, G = V1L, f = 6MHz 40 rnA 

lcc2 Supply Current (Standby) TIL E=VIH 1 mA 

lcc3 Supply Current (Standby) CMOS E=Vcc±0.2V 100 !!A 

lce4 Supply Current (Program or Erase) Byte program, Sector or 60 mA Bulk Erase in progress 

V1L Input Low Voltage -0.5 0.8 v 
ViH Input High Voltage 2 Vee+ 0.5 v 
VoL Output Low Voltage loL = 12mA 0.45 v 

Output High Voltage TIL loH =-2.5mA 2.4 v 
VoH loH = -1 OO!!A Vce-0.4V v 

Output High Voltage CMOS 
loH=-2.5mA 0.85 x Vee v 

V1o A9 Voltage (Electronic Signature) 11.5 12.5 v 
I1D A9 Current (Electronic Signature) A9 = VID 50 !!A 

VLKO 
Supply Voltage (Erase and 3.2 4.2 v Program lock-out) 

.:.;8/-=28=--------------- i:ii ~i~©m~:C\l~a --------------
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Table 12A. Read AC Characteristics 
(T A= 0 to 70°C, -40 to 85°C or -40 to 125°C) 

M29F040 

-70 -90 

Symbol Alt Parameter Test Condition Vcc=SV±S% Vcc=5V±10% Unit 

SRAM EPROM 
Interface Interface 

Min Max Min Max 

IAVAV IRe Address Valid to Next Address Valid E = VJL. G = V1L 70 90 ns 

IAVQV lAce Address Valid to Output Valid E = VJL, G = V1L 70 90 ns 

IELOX (1) ILZ Chip Enable Low to Output Transition G =VJL 0 0 ns 

IELQV (2) IcE Chip Enable Low to Output Valid G=VJL 70 90 ns 

IGLQX (1) 
Output Enable Low to Output -

loLZ Transition E=VJL 0 0 ns 

tGLQV (2) toE Output Enable Low to Output Valid E=VJL 30 35 ns 

tEHQX loH 
Output Enable High to Output G=VJL 0 0 ns Transition 

tEHOZ (1) 1Hz Chip Enable High to Output Hi-Z G=VJL 20 20 ns 

tGHQX toH Output Enable High to Output E=VJL 0 0 ns Transition 

tGHQZ (1) I oF Output Enable High to Output Hi-Z E=VJL 20 20 ns 

tAX OX toH 
Address Transition to Output E = VJL, G = VIL 0 0 ns Transition 

Notes: 1. SP.mpled only, not 1 00% tested. _ 
2. G may be delayed by up to leLav- IGLav after the falling edge of E without increasing tnav. 

Output Disable. The data out~ts are high imped­
ance w~n the Output Enable G is High with Write 
Enable W High. 

StandbY!, The memory is in standby when Chip 
Enable E is High. The power consumption is re­
duced to the standby level and the outputs are high 
impedance, ind~endent of the Output Enable G 
or Write Enable W inputs. 

Electronic Signature. Two codes identifying the 
manufacturer and the device can be read from the 
memory, the manufacturer's code for SGS-THOM­
SON is 20h, and the device codes is E2h for the 
M29F040. These codes allow programming equip­
ment or applications to automatically match their 
interface to the characteristics of the particular 

manufacturer's product. The Electronic Signature 
is output by a Read operation when the voltage 
applied to A9 is at V1o and address inputs A1 and 
A6 are at Low. The manufacturer code is output 
when the Address input AO is Low and the device 
code when this input is High. Other Address inputs 
are ignored. The codes are output on DQO DQ7. 
This is shown in Table 4. 

The Electronic Signature can also be read, without 
raising A9 to V1o by giving the memory the instruc­
tion RSIG (see below). 

Sector Protection. Each sector can be sepa­
rately protected against Program or Erase. Sector 
Protection provides additional data security, as it 
disables all program or erase operations. This 

_____________ £iii ~~m~~lj -------------=9""/2;,::,8 
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Table 128. Read AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to ·125°C) 

M29F040 

-120 -150 
Symbol AI! Parameter Test Condition Vee=5V±5% Vee= 5V± 10% Unit 

EPROM EPROM 
Interface Interface 

Min Max Min Max 

IAVAV IRe Address Valid to Next Address Valid E = VIL, G = VIL 120 150 ns 

IAVOV lAce Address Valid to Output Valid E = VIL, G = VIL 120 150 ns 

IELOX (1) tl2 Chip Enable Low to Output Transition G =VIL 0 0 ns 

tELOV (2) IcE Chip Enable Low to Output Valid G =VIL 120 150 ns 

IGLOX (1) 
Output Enable Low to Output -

lol2 Transition E = V1L 0 0 ns 

tGLOV (2) toE Output Enable Low to Output Valid E = V1L 50 55 ns 

Output Enable High to Output -
IEHOX loH Transition G =VIL 0 0 ns 

tEHOZ (1) 1Hz Chip Enable High to Output Hi-Z G =VIL 30 35 ns 

IGHOX loH Output Enable High to Output E= VIL 0 0 ns Transition 

tGHOZ (1) toF Output Enable High to Output Hi-Z E = VIL 30 35 ns 

Address Transition to Output - -
tAXOX toH Transition E = V1L, G = V1L 0 0 ns 

Notes: 1. £amp led only, not 100% tested. _ 
2. G may be delayed by up to tELav- toLov after the falling edge of E without increasing IELav. 

DEVICE OPERATION (cont'd) 

mode is activated when both A9 and G are set to 
V1o and the sector address is applied on A 16, A 17 
and A 18. Sector protection is programmed using a 
Presto F prograf!l_like algorithm. Protection is initi­
ated by edge of W falli1J9. to V1L. Then after a delay 
of 1 OOus, the edge of W rising to V1H will end the 
protection O.Qe.!:_ation. Protection verlfY is achieved 
by bringing G, E and A6 to V1L while W is at V1H and 
A9 at V1o. Under these conditions, reading the data 
output will yield 01 h if the sector defined by the 
inputs on A16, A17 and A18 is protected. Any 
attempt to program or erase a protected sector will 
be ignored by the device. 

Any protected sector can be unprotected to allow 
content updating. All sectors must be protected 

before an unprotect QPeratio_D. Sector unprotect is 
activated when A9, G and E are at V1o. The ad­
dresses inputs A6, A 16, A 12 must be maintained at 
V1H. Sector unprotect is performed through a Presto 
F Erase like algorithm. Unprotect is initiated by the 
edge of ~falling to V1L- After a delay of 1 Oms, the 
edge of W rising to V1H will end the unprotection 
QPeratiQn. Unprotect verify i.§....achieved by bringing 
G and E to V1L while A6 and Ware at V1H and A9 at 
V1o. In these conditions, reading the output data will 
yield OOh if the sector defined by the inputs on A 16, 
A 17 and A 18 is protected. All combinations of A 16, 
A 17 and A 18 must be addressed in order to ensure 
that all of the 8 sectors have been unprotected. 
Sector Protection Status is shown in Table 5. 

10/28 ~ SGS-1HOMSON .:....:.c.=-:.. _____________ A""!l llllD«:00@~~~©1i1ll@1lJO~ ---------------

734 



Figure 6. Read Mode AC Waveforms 
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Table 13A. Write AC Characteristics, Write Enable Controlled 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C) 

M29F040 

-70 -90 
Symbol All Parameter Unit 

Vee= 5V±5% Vee :5V± 10% 

SRAM Interface EPROM Interface 

Min Max Min Max 

tAVAV twc Address Valid to Next Address Valid 70 90 ns 

tELWL tcs Chip Enable Low to Write Enable Low 0 0 ns 

twLWH twp Write Enable Low to Write Enable High 35 45 ns 

lovwH los Input Valid to Write Enable High 30 45 ns 

twHDX loH Write Enable High to Input Transition 0 0 ns 

twHEH tcH Write Enable High to Chip Enable High 0 0 ns 

twHWL twPH Write Enable High to Write Enable Low 20 20 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

lwLAX IAH Write Enable Low to Address Transition 45 45 ns 

tGHWL Output Enable High to Write Enable Low 0 0 ns 

tvCHEL tvcs Vee High to Chip Enable Low 50 50 flS 

twHQV1 (1) Write Enable High to Output Valid (Program) 10 10 flS 

twHOV2 (1) Write Enable High to Output Valid (Erase) 1.5 30 1.5 30 sec 

twHGL toEH Write Enable High to Output Enable Low 0 0 ns 

Note: 1. Time IS measured to Data Polling or Toggle Bit, IWHav = lwHa?V + tmvav 

Instructions and Commands 

The Command Interface (C. I.) latches commands 
written to the memory. Instructions are made up 
from one or more commands to perform memory 
Read, Read Electronic Signature, Sector Erase, 
Bulk Erase, Program, Sector Erase Suspend and 
Erase Resume. Commands are made of address 
and data seque_r:}S:es. 6ddresses are latched on the 
falling ed_g_e oL W or E and data is latched on the 
rising of W or E. The instructions require from 1 to 
6 cycles, the first or first three of which are always 
write operations used to initiate the command. 
They are followed by either further write cycles to 
confirm the first command or execute the command 
immediately. Command sequencing must be fol­
lowed exactly. Any invalid combination of com­
mands will reset the device to Read Array. The 

increased number of cycles has been chosen to 
assure maximum data security. Commands are 
initialised by two preceding coded cycles which 
unlock the Command Interface. In addition, for 
Erase, command confirmation is again preceeded 
by the two coded cycles. 

P/E.C. status is indicated during command execu­
tion by Data Polling on DQ?, detection of Toggle on 
DQ6, or Error on DQ5 and Erase Timer DQ3 bits. 
Any read attempt during Program or Erase com­
mand execution will automatically output those four 
bits. The PIE. C. automatically sets bits DQ3, DOS, 
DQ6 and DQ?. Other bits (DQO, DQ1, DQ2 and 
DQ4) are reserved for future use and should be 
masked. 
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Table 13B. Write AC Characteristics, Write Enable Controlled 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C) 

M29F040 

-120 -150 
Symbol All Parameter Unit 

Vee= 5V ± 10% Vee= 5V ± 10% 

EPROM Interface EPROM Interface 

Min Max Min Max 

IAVAV I we Address Valid to Next Address Valid 120 150 ns 

IELWL lcs Chip Enable Low to Write Enable Low 0 0 ns 

IWLWH lwp Write Enable Low to Write Enable High 50 50 ns 

tovwH los Input Valid to Write Enable High 50 50 ns 

IWHOX loH Write Enable High to Input Transition 0 0 ns 

IWHEH leH Write Enable High to Chip Enable High 0 0 ns 

IWHWL twPH Write Enable High to Write Enable Low 20 20 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 50 50 ns 

tGHWL Output Enable High to Write Enable Low 0 0 ns 

tvcHEL tvcs Vee High to Chip Enable Low 50 50 f!S 

twHOV1 (1) Write Enable High to Output Valid (Program) 10 10 f!S 

twHOV2 (1) Write Enable High to Output Valid (Erase) 1.5 30 1.5 30 sec 

twHGL toEH Write Enable High to Output Enable Low 0 0 ns 

Note: 1. Time is measured to Data Polling or Toggle Bit, IWHav = IWHa7V + lmvav 

Data Polling Bit DQ7. When Programming opera· 
tions are in progress, this bit outputs the comple­
ment of the bit being programmed on DO?. During 
Erase operation, it will outputs a '0'. After comple­
tion of the operation, DO? will output the bit last 
programmed or a '1' after erasing. Data Polling is 
valid only effecti.'@ during P/E.C. operation, that is 
after the fQ_urth W pulse for programming or after 
the sixth W pulse for Erase. It must be performed 
at the address being programmed or at an address 
within the sector being erased. If the sector to be 
erased is protected, if the byte to be programmed 
belongs to a protected sector or if all of the sectors 
are protected, DO? will set to data complement for 
about 1 OOJ.lS for erase, and then return to previous 
addressed memory data. The programming of a 
protection sector is ignored. See Figure 9 for the 
Data Polling flowchart and Figure 10 for the Data 
Polling waveforms. 

Toggle Bit DQ6. When Programming operations 
are in progress, successive attempts to read D06 
will output complementary _Qata,_D06 wl!! toggle 
following toggling of either G or E when G is low. 
The operation is completed when two successive 
reads yield the same output data. The next read 
will output the bit last programmed or a '1' after 
erasing. The toggle bit is valid only effectiv_g_ during 
P/E.C. operations, that is after the fold!:!h W pulse 
for programming or after the sixth W pulse for 
Erase. If the sector to be erased is protected, if the 
byte to be programmed belongs to a protected 
sector or if all of the sectors are protected, D06 will 
toggle for about 2JlS for programming and 1 OOus 
for erase and then stop toggling and return back to 
Read. See Figure 11 for Toggle Bit flowchart and 
Figure 12 for Toggle Bit waveforms. 
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Figure 7. Write AC Waveforms, W Controlled 

t
~-----------------------_-__ w_R_IT_E_c_v_cL_E __________________ ~~----

VALID ~ 
----------,-4------------tW_L_AX----_-_-_-_-_-_-_-_-~-~~·-'~------

tAVWL 

AO-A18 

!ELWL -1+---+1 

~-- tGHWL+-----1+----tWLWH 

w 
!+----- IWHWL -----+1 

IDVWH -~-----1>!- IWHDX 

DQ0-007 VALID 

,.---------+----................................................ . 
Vee 

tVCHEL AI01365 

Note: Address are latched on the fall1ng edge of W, Data is latched on the rising edge of W. 

Error bit DQS. This bit is set to '1' by the P/E.C 
when there is a failure of byte programming, sector 
erase, or bulk erase that results in invalid data 
being programmed in the memory sector. In case 
of error in sector erase or byte program, the sector 
in which the error occured or to which the pro­
grammed byte belongs, must be discarded. Other 
sectors may still be used. Error bit resets to '0' after 
Read/Reset (RD) instruction. 

Erase Timer bit DQ3. This bit is set to '0' •by the 
P/E.C. when the last Erase command has been 
entered to the Command Interface and it is awaiting 
the Erase start. When the waiting period is finished, 
003 returns back to '1 '. 

Coded Cycles. The two coded cycles unlock the 
Command Interface. They are followed by a com­
mand input or a comand confirmation. They consist 
in writing the data OAAh at address 5555h during 
first cycle and data 55h at address 2AAAh during 
second ~cle.~ddresses are latched on the falling 
edge of W or_§ while data is latched on the rising 
edge of W or E. They happen on first and second 
cycles of the command write or on the fourth and 
fifth cycle. 

Read (RD) instruction. The Read instruction con­
sists of one write operation giving the command 
OFOh at address 2555h. It can be optionally pre­
ceded by the two coded cycles. Subsequent read 
operations will read the memory array addressed 
and output the read byte. 
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Table 14A. Write AC Characteristics, Chip Enable Controlled 
(T A= 0 to 70°C, -40 to 85°C or -40 to 125°C} 

M29F040 

-70 -90 
Symbol A It Parameter Unit 

Vee= 5V ± 5% Vee= 5V ± 10% 

SRAM Interface EPROM Interface 

Min Max Min Max 

lAVAV twc Address Valid to Next Address Valid 70 90 ns 

lWLEL tws Write Enable Low to Chip Enable Low 0 0 ns 

lELEH tcp Chip Enable Low to Chip Enable High 35 45 ns 

tovEH los Input Valid to Chip Enable High 30 45 ns 

lEHDX loH Chip Enable High to Input Transition 0 0 ns 

lEHWH lwH Chip Enable High to Write Enable High 0 0 ns 

lEHEL lcPH Chip Enable High to Chip Enable Low 20 20 ns 

lA VEL lAs Address Valid to Chip Enable Low 0 0 ns 

IE LAX lAH Chip Enable Low to Address Transition 45 45 ns 

lGHEL Output Enable High Chip Enable Low 0 0 ns 

lvCHWL tvcs Vee High to Write Enable Low 50 50 ns 

lEHQV1 (1) Chip Enable High to Output Valid (Program) 10 10 !-IS 

lEHQV2 (1) Chip Enable High to Output Valid (Erase) 1.5 30 1.5 30 sec 

lEHGL lOEH Chip Enable High to Output Enable Low 0 0 ns 

Note: 1. Time IS measured to Data Polling or Toggle Bit, tWHav = tWHa7V + ta,vav 

Read Electronic Signature (RSIG) instruction_ 
This instruction uses the two coded cycles followed 
by one write cycle giving the command 90h to 
address 5555h for command setup. Subsequent 
read will output the manufacturer code, the device 
code or the sector protection status depending on 
the levels of AO, A1, A6, A16, A17 and A18. The 
manufacturer code, 20h, is output when the ad­
dresses lines AO, A 1 and A6 are Low, the device 
code, OE2h is output when AO is High with A 1 and 
A6 Low. 

Read Sector Protection. The use of Read Elec­
tronic Signature (RSIG) command also allows ac­
cess to the sector protection status verify. After 
giving the RSIG command, AO and A6 are set to V1L 
with A 1 at V1H, while A 16, A 17 and A 18 define the 
sector of the sector to be verified. A read in these 
conditions will output a 01 h if sector is protected 
and a OOh if sector is not protected. 

Bulk Erase (BE) instruction_ This instruction uses 
six write cycles. The Erase Set-up command SOh 
is written on third cycle to address 5555h after the 
two coded cycles. The Bulk Erase Confirm com­
mand 1 Oh is written at address 5555h on sixth cycle 
after another two coded cycles. If the second com­
mand given is not an erase confirm or if the coded 
cycles are wrong, the instruction aborts and the 
device is reset to Read Array. It is not necessary to 
program the array with OOh first as the P/E.C. will 
automatically do this before erasing to OFF!:!,_Rea.Q 
operations after the sixth rising edge of W or E 
output the status register bits. During the execu­
tion of the erase by the P/E.C., Data Polling bit DQ7 
returns '0', then '1' on completion. The Toggle Bit 
DQ6 toggles during erase operation and stops 
when erase is completed. After completion the 
Status Register bit DOS returns '1' if there has been 
an Erase Failure because the erasure has not been 
verified even after the maximum number of erase 
cycles have been executed. 

----------------------------~~i~@~~~~~~ ------------------------~15~~~8 
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Table 148. Write AC Characteristics, Chip Enable Controlled 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C) 

M29F040 

-120 -150 
Symbol A It Parameter Unit 

Vee= 5V ± 10o/o Vee= 5V ± 10o/o 

EPROM Interface EPROM Interface 

Min Max Min Max 

tAVAV twc Address Valid to Next Address Valid 120 150 ns 

twLEL tws Write Enable Low to Chip Enable Low 0 0 ns 

tELEH tcp Chip Enable Low to Chip Enable High 50 50 ns 

lovEH los Input Valid to Chip Enable High 50 50 ns 

tEHDX toH Chip Enable High to Input Transition 0 0 ns 

IEHWH twH Chip Enable High to Write Enable High 0 0 ns 

tEHEL ICPH Chip Enable High to Chip Enable Low 20 20 ns 

lA VEL lAs Address Valid to Chip Enable Low 0 0 ns 

tELAX tAH Chip Enable Low to Address Transition 50 50 ns 

tGHEL Output Enable High Chip Enable Low 0 0 ns 

IVCHWL tvcs Vee High to Write Enable Low 50 50 ns 

IEHQV1 (1) Chip Enable High to Output Valid (Program) 10 10 j.l5 

tEHQV2 (1) Chip Enable High to Output Valid (Erase) 1.5 30 1.5 30 sec 

tEHGL toEH Chip Enable High to Output Enable Low 0 0 ns 

Note: 1. Time is measured to Data Pall1ng or Toggle B1t, IWHav = tWHa7V + ta1vav 

Sector Erase (SE) instruction. This instruction 
uses a minimum of six write cycles. The Erase 
Set-up command 80h is written on third cycle to 
address 5555h after the two coded cycles. The 
Sector Erase Confirm command 30h is written on 
sixth cycle after another two coded cycles. During 
the input of the second command an address 
within the sector to be erased is given and latched 
into the memory. Additional Sector Erase confirm 
commands and sector addresses can be written 
subsequently to erase other sectors in parallel 
without further coded cycles. The erase will start 
after an Erase timeout period of about 1 OOus. 
Thus, additional Sector Erase commands must be 
given within this delay. The input of a new Sector 
Erase command will restart the timeout period. 

The status of the internal timer can be monitored 
through the level of DQ3, if DQ3 is '0' the Sector 
Erase Command has been given and the timeout 
is running, if DQ3 is '1 ',the timeout has expired and 
the P/E.C is erasing the sector(s). If the second 
command given is not an erase confirm or if the 
coded cycles are wrong, the instruction aborts, and 
the device is reset to Read Array. It is not necessary 
to program the sector with OOh as the P/E.C. will do 
this automatically before to erasing to OFFh...:.... Rea.Q 
operations after the sixth rising edge of W or E 
output the status register status bits. 

During the execution of the erase by the P/E.C., the 
memory accepts only the ES (Erase Suspend) 
instruction. Data Polling bit DQ7 returns '0' while 
the erasure is in progress and '1' when it has 

.:..:16::..=/2:.=..8 __________ ru SGS·lHOMSOI\! ------------
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Figure 8. Write AC Waveforms, E Controlled 

AO-A18 
~----~~~~~~=====--W_R_I:-:-:-:c_L_E------------------1~----

,. tELAX ----------+1• I 

tAVEL 

w 
tWLEL -1+----+1 

14---- tGHEL-+--------<~--- tELEH 

DQO-DQ? 

tEHEL 

tDVEH --~-----+1- tEHDX 

VALID 

.---------+---- ................................................ . 
Vee 

tVCHWL 
AI01366 

Note: Address are latched on the falling edge of E, Data is latched on the rising edge of E. 

completed. The Toggle Bit DOS toggles during 
erase operation. It stops when erase is completed. 
After completion the Status Register bit DQ5 re­
turns '1' if there has been an Erase Failure because 
erasure has not been verified even after the maxi­
mum number of erase cycles have been executed. 

Program (PG) instruction. This instruction uses 
four write cycles. The Program command AOh is 
written on third cycle after two coded cycles. A 
fourth write op~atio'!._latches the Address on the 
falling edge of W or E and the Data to be written 
on its rising edge and starts the P/E.C. Read op­
erations output the status bits after the program­
ming has started. Memory programming is made 
only by writing '0' in place of '1' in a Byte. 

Erase Suspend (ES) instruction. The Sector 
Erase operation may be suspended by this instruc-

lion which consists of writing the command OBOh 
without any specific address code. No coded cycles 
are required. It allows reading of data from another 
sector while erase is in progress. Erase suspend is 
accepted only during the Sector Erase instruction 
execution. Writing this command during Erase 
timeout will, in addition to suspending the erase, 
terminate the timeout. The Toggle Bit 006 stops 
toggling when the P/E.C. is suspended. Toggle Bit 
status must be monitored at an address out of the 
sector being erased. During the suspension the 
memory will respond only to Read (RD), or Erase 
Resume (ER) instructions. Read operations in­
itially output the status bits while erase is sus­
pended but, following a Read instruction, data 
from other sectors of the memory can be read. 
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Table 15A. Data Polling and Toggle Bit AC Characteristics <1> 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C) 

M29F040 

-70 -90 
Symbol A It Parameter Unit 

Vee= 5V±5% Vcc=5V±10% 

SRAM Interface EPROM Interface 

Min Max Min Max 

twH07V1 (2) Write Enable High to DQ7 Valid (Program 10 10 llS WControl 

twH07V2 (2) Write Enable High to DQ7 Valid (Erase W 1.5 30 1.5 30 sec Controller 

tEH07V1 (2) .Qhip Enable High to DQ7 Valid (Program 10 10 J.lS E Controller 

tEH07V2 (2) Chip Enable High to DQ7 Valid (Erase E 1.5 30 1.5 30 sec Controlled 

to?VOV 07 Valid to Output Valid (Data Polling) 30 35 ns 

twHOVt 
Write Enable High to Output Valid 10 10 flS (Program) 

twHOV2 Write Enable High to Output Valid (Erase) 1.5 30 1.5 30 sec 

tEHOVt 
Chip Enable High to Output Valid 10 10 flS (Program) 

tEHOV2 Chip Enable High to Output Valid (Erase) 1.5 30 1.5 30 sec 

Notes: 1. All other timings are defined in Read AC Characteristics table. 
2. twHa7V is the Program or Erase time. 

Erase Resume (ER) instruction. If an Erase Sus­
pend instruction was previously executed, the 
erase operation may be resumed by giving the 
command 30h, at any address, and without any 
coded cycle. 

Programing. The memory can be programmed 
byte-by-byte. The program sequence is started by 
two coded cycles, followed by writing the Program 
command (OAOh) to the Command Interface, this 
is followed by writing the address and data byte to 
the memory. The Program/Erase Controller auto­
matically starts and performs the programming 
after the fourth write operation. During program­
ming the memory status is checked by reading the 
status bits 003, 005, DOS and DQ7 which shows 
the status of the P/E.C. 006 and DQ7 determine if 

programming is on going or has completed and 
005 allows a check to be made for any possible 
error. 

Power Up 

The memory Command lnterft:!_ce i§_ reset on 
power up to Read Array. Either E or W should be 
tied to V1H to allow maximum security. Any write 
cycle initiation is blocked when Vee is below VLKO. 

Supply Rails 

Normal precautions must be taken for supply volt­
age decoupling, each device in a system should 
have the Vee rail decoupled with a 0.1 f.LF capacitor 
close to the Vee and Vss pins. The PCB trace 
widths should be sufficient to carry the Vee pro­
gram and erase currents required. 

1 --B:c=/2::::_8 __________ ID'I SGS·lHOMSON -----------
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Table 158. Data Polling and Toggle Bit AC Characteristics <1> 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C) 

M29F040 

M29F040 

Symbol Alt Parameter 

twH07V1 12> 
Write Enable High to 007 Valid (Program 
WControl 

twH07Y2(2) Write Enable High to 007 Valid (Erase W 
Controller 

tEH07V1 (2) Qhip Enable High to 007 Valid (Program 
E Controller 

tEH07V2 (2) Chip Enable High to D07 Valid (Erase E 
Controlled 

ta7VOY 07 Valid to Output Valid (Data Polling) 

twHOY1 
Write Enable High to Output Valid 
(Program) 

twHOY2 Write Enable High to Output Valid (Erase) 

IEHQY1 
Chip Enable High to Output Valid 
(Program) 

tEHOY2 Chip Enable High to Output Valid (Erase) 
.. 

Notes: 1. All other t1mrngs are defined 1n Read AC Charactenst1cs table. 
2. IWHo7V is the Program or Erase time. 

-120 150 Unit 

Vcc=5V±10% Vcc=5V±10% 

EPROM Interface EPROM Interface 

Min Max Min Max 

10 10 J.lS 

1.5 30 1.5 30 sec 

10 10 J.lS 

1.5 30 1.5 30 sec 

50 55 ns 

10 10 J.lS 

1.5 30 1.5 30 sec 

10 10 J.1S 

1.5 30 1.5 30 sec 

-------------lifi ~~m~~~~~ ____________ 1:..::9=/28 
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Figure 10. Data Polling Flow-chart Figure 11. Data Toggle Flow-chart 

AI01369 

Table 16. Program, Erase Times and Program, Erase Endurance Cycles 
(TA = 0 to 70°C; Vee= 5V ± 10% or 5V ± 5%) 

Parameter 
M29F040 

Min Typ 

Chip Program (Byte) 8.5 

Bulk or Sector Erase 1.5 

Byte Program 10 

Program/Erase Cycles 100,000 

Max 

30 

M29F040 

AI01370 

Unit 

sec 

sec 

J.lS 

cycles 
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Figure 13. Sector Protection Flow-chart 

READ DQO at PROTECTION 
ADDRESS: AO, A6 = Vll• A1 = V1H and 

A16, A17, A18 DEFINING SECTOR 

M29F040 

AI01368 
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Figure 14. Sector Unprotecting Flow-chart 

AS, A12, A16 = VIH 
E,G=VIH 

READ at UNPROTECTION 
ADDRESS: AO, A6 = VIH• At = VIL and 

A16, A17, AlB DEFINING SECTOR 

NO YES 

AI01371 
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ORDERING INFORMATION SCHEME 

Example: M29F040 -70 M 

Vee Range Temp. Range 

F 5V -70 70ns p 1 Oto70°C 

v 3.3V -90 SOns K PLCC32 3 -40 to 125 oc 
-120 120ns N TSOP32 6 -40 to 85 oc 
-150 150ns 8x20mm 

Full data on the 3V product, M29V040, will be added to this document in the near future. 
For a list of available options (Vee Range, Speed, etc ... ) refer to the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-------------------------~~~~~~~----------------------~2=5~~8 
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PDIP32 • 32 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.83 0.190 

A1 0.38 - O.D15 -

A2 - - - - - -

B 0.41 0.51 O.D16 0.020 

81 1.14 1.40 0.045 0.055 

c 0.20 0.30 0.008 0.012 

D 41.78 42.04 1.645 1.655 

E 15.24 15.88 0.600 0.625 

E1 13.46 13.97 0.530 0.550 

e1 2.54 - - 0.100 - -
eA 15.24 - - 0.600 - -
L 3.18 3.43 0.125 0.135 

s 1.78 2.03 0.070 0.080 

a. oo 15° oo 15° 

N 32 32 

PDIP32 

E1 E 

PDIP 

Drawing is out of scale 

=26:::.:/2::.::8'------------- t.:fi ~~@~~~~ -------------
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PLCC32 • 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm 

Typ Min 

A 2.54 

A1 1.52 

B 0.33 

81 0.66 

0 12.32 

01 11.35 

02 9.91 

E 14.86 

E1 13.89 

E2 12.45 

e 1.27 -

N 32 

Nd 7 

Ne 9 

CP 

PLCC32 

D 
01 

PLCC 

Draw1ng is out of scale 

Max 

3.56 

2.41 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.10 

I 

~ E1 E 

Inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I 

D2/E2 8~' 
I I I 

o CP 

M29F040 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 
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M29F040 

TSOP32 - 32 lead Plastic Thin Small Outline, 8 x 20mm 

Symb 

A 

A1 

A2 

B 

c 

D 

D1 

E 

e 

L 

a 

N 

CP 

TSOP32 

Drawing 1s out of scale 

mm 

Typ Min 

o.os 

0.9S 

0.1S 

0.10 

19.80 

18.30 

7.90 

o.so -

o.so 

0°C 

32 

r----
1 
I 

N/2 

TSOP-a 

01 

D 

Max 

1.20 

0.17 

1.SO 

0.27 

0.21 

20.20 

18.SO 

8.10 

-

0.70 

soc 

0.10 

N 

E 

i 
i 

inches 

Typ Min 

0.002 

0.037 

0.006 

0.004 

0.780 

0.720 

0.311 

0.020 -

0.020 

0°C 

32 

~· 

I 

I I I 
I I I 

Max 

0.047 

0.006 

O.OS9 

0.011 

0.008 

0.79S 

0.728 

0.319 

-

0.028 

soc 

0.004 
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SALES OFFICES 

EUROPE 
DENMARK 
2730HERLEV 
Herlev Torv, 4 
Tel. (45-44) 94.85 33 
Telex 35411 
Telefax: (45-44) 948694 

FINLAND 
LOHJA SF-08150 
Ratakatu, 26 
Tel (358-12)315511 
Telefax. (358-12) 3155.66 

FRANCE 
94253 GENTILLY Cedex 
7 -avenue Galllem - BP 93 
Tel .. (33-1) 47.40 75.75 
Telex: 632570 STMHQ 
Telefax (33-1) 47 40 79.10 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33-88) 75 50 66 
Telefax. (33-88) 22.29 32 

GERMANY 
85630 GRASBRUNN 
Bretomscher Ring 4 
Postfach 1122 
Tel.: (49-89) 460060 
Telefax (49-89) 4605454 
Teletex: 897107=STDISTR 

30695 HANNOVER 51 
Roten burger Strasse 28A 
Tel. (49-511) 615960-3 
Teletex. 5118418 CSFBEH 
Telefax (49-511) 6151243 

90491 NORNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax· (49-911) 5980701 

70499 STUTTGART 31 
Mittlerer Pfad 2-4 
Tel. (49-711) 13968-0 
Telefax· (49-711) 8661427 

ITALY 
20090 ASSAGO (MI) 
V le Milanofion - Strada 4- Palazzo N4/A 
Tel (39-2) 575461 (10 linee) 
Telex: 330131-330141 SGSAGR 
Telefax. (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
Via R FUCinl, 12 
Tel. (39-51) 591914 
Telex: 512442 
Telefax. (39-51) 591305 

00161 ROMA 
Via A. Torloma, 15 
Tel. (39-6) 8553960 
Telex 620653 SGSATE I 
Telefax (39-6) 85354438 

NETHERLANDS 
5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel· (31-40) 550015 
Telefax: (31-40) 528835 

SPAIN 
08004 BARCELONA 
C~lle Grar.1., Via Carts Catalanes, 322 
61 Roar, 2 Door 
Tel. (34-3) 4251800 
Telefax (34-3) 425367 4 

28027 MADRID 
Calle Albacete, 5 
Tel. (34-1) 4051615 
Telex· 46033 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 
S-16421 KISTA 
Borgarfjordsgatan, 13- Box 1094 
Tel.: (46-8) 7936920 
Telex: 12078 THSWS 
Telefax. (46-8) 7504950 

SWITZERLAND 
1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 
Tel (41-22) 9292929 
Telex: 415493 STM CH 
Telefax. (41-22) 9292900 

UNITED KINGDOM and EIRE 
MARLOW, BUCKS 

~~~~~ ~~r~se, Parkway 

Tel.: (44-1628) 890800 
Telex: 847458 
Telefax. (44-1628) 890391 



AMERICAS 
BRAZIL 

05413 SAO PAULO 
R. Hennque Schaumann 286-CJ33 
Tel.. (55-11) 883-5455 
Telex. (391)11-37988 "UMBR BR" 
Telefax. (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO K2H 9C4 
301 Mood1e Dnve SUite 307 
Tel · (613) 829-9944 
Telefax (613) 829-8996 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 
Lincoln, MA 01773 
Tel . (617) 259-0300 
Telefax. (617) 259-4421 

ALABAMA 
Huntsv1lle- Tel · (205) 533-5995 

Fax (205) 533-9320 

ARIZONA 
Phoen1x- Tel (602) 867-6217 

Fax· (602) 867-6200 

CALIFORNIA 
Santa Ana- Tel· (714) 957-6018 

Fax· (714) 957-3281 
San Jose- Tel · (408) 452-8585 

Fax· (452) 1549 
Scotts Valley- Tel .. (408) 439-2950 

Fax. (408) 439-2969 

COLORADO 
Boulder- Tel.: (303) 449-9000 

Fax· (303) 449-9505 

FLORIDA 
Boca Raton- Tel. (407) 997-7233 

Fax (407) 997-7554 

GEORGIA 
Norcross- Tel (404) 242-7444 

Fax ( 404) 368-9439 

ILLINOIS 
Schaumburg- Tel (708)517-1890 

Fax. (708) 517-1899 

INDIANA 
Kokomo- Tel: (317) 455-3500 

Fax. (317) 455-3400 
lnd1anapol1s- Tel .. (317) 575-5520 

Fax (317) 575-8211 

MICHIGAN 
Livonia- Tel.: (313) 953-1700 

Fax (313) 462-4071 

MINNESOTA 
Bloomington- Tel.: (612) 944-0098 

Fax (612) 944-0133 

NORTH CAROLINA 
Cary- Tel. (919) 469-1311 

Fax (919) 469-4515 

NEW JERSEY 
Voorhees- Tel : (609) 772-6222 

Fax (609) 772-6037 

NEW YORK 
Poughkeepsie- Tel.: (914) 454-8813 

Fax: (914) 454-1320 

OREGON 
Lake Oswego- Tel (503) 635-7650 

TENNESSEE 
Knoxville- Tel. (615) 524-6239 

TEXAS 
Aust1n- Tel· (512) 502-3020 

Fax (512) 346-6260 
Carrollton- Tel .. (214) 466-8844 

Fax (214) 466-8130 
Houston- Tel (713) 376-9936 

Fax (713) 376-9948 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON­
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville- Tel· (215) 361-6400 

Fax· (215) 361-1293 

ASIA I PACIFIC 
AUSTRALIA 

NSW 2220 HURTSVILLE 
SUite 3, Level?, Ot1s House 
43 Bridge Street 
Tel (61-2) 5803811 
Telefax· (61-2) 5806440 

VICTORIA 3168 NOTTING HILL 
11 Bus1ness Park Dnve 
Tel (61-3) 558 9993 
Telefax· (61-3) 558 9997 

CHINA 

SHANGHAI 200233 
1008-10 Astronart1cs Bu1ld1ng 
222 Cao X1 Road 
Tel (021) 472-5415 
Telefax (021) 472-6814 

SHENZHEN 
Flat J, 22/F 
38 Dungmen Nanlu 
Postal N 518-001 
Tel (0755) 228-0035 
Telefax (0755) 228-0035 

HONG KONG 

WANCHAI 
22nd Floor- Hopewell centre 
183 Queen's Road East 
Tel (852) 28615788 
Telex: 60955 ESGIES HX 
Telefax (852) 28656589 

INDIA 

NOIDA 201301 
LiaiSOn Off1ce 
Plot N. 2 & 3, Sector 16A 
lnst1tut1onal Area 
Tel (91-11)8930965/0970-1-2 
Telefax· (91-11) 893 0705/0687 

SALES OFFICES 

MALAYSIA 

SELANGOR, PETAUNG JAVA 46200 
Un1t BM-10 
PJ lndustnal Park 
Jalan Kema;uan 12/18 
Tel (03) 758 1189 
Telefax· (03) 758 1179 

PULAU PINANG 10400 
4th Floor- SUite 4-03 
Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Sh1nwon BUJid1ng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

TAE-GU 
18th Floor Youngnam Tower 
111 Shmchun-3 Dong 
Tong-Ku 
Tel (053) 756-9583 
Telefax (053) 756-4463 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K1o- lndustnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax· (65) 4820240 

TAIWAN 
TAIPEI 
11th Floor 
105, Sect1on 2 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex· 10310 ESGIE TW 
Telefax (886-2) 755-4008 

THAILAND 

BANGKOK 10110 
54 Asoke Road 
Sukhumvit 21 
Tel · (662) 260 7870 
Telefax: (662) 260 7871 

JAPAN 
TOKY0108 
N1ssek1- Takanawa Bid 4F 
2-18-10 Takanawa 
M1nato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 

OSAKA532 
Shin-Osaka Second Mon Bldg 
3-5-36 M1yahara Yodogawa-Ku 
Tel (81-0) 6397-4130 
Telefax· (81-0) 6397-4131 
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