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SGS-THOMSON
MICROELECTRONICS

M28W 430
M28W440

VERY LOW VOLTAGE

4 Megabit (x8 or x16, Block Erase) FLASH MEMORY

= DUAL x8 and x16 ORGANIZATION
= MEMORY ERASE in BLOCKS

— One 16K Byte or 8K Word Boot Block (top or

bottom lo

— Two 8K Byte or 4K Word Key Parameter

Blocks
— One 96K

— Three 128K Byte or 64K Word Main Blocks

= 30VE10%

cation)

Byte or 48K Word Main Block

SUPPLY VOLTAGE

® 12V + 5% PROGRAMMING VOLTAGE
= 10,000 PROGRAM/ERASE CYCLES

= PROGRAM

/ERASE CONTROLLER

= AUTOMATIC STATIC MODE
= | OW POWER CONSUMPTION

2mA Typi

cal in Static Operation

601A Typical in Standby

— 0.2uATypical in Deep Power Down

— 10/15mATypical Operating Consumption

(Byte/Wo

rd)

m FAST ACCESS TIME: 120ns
= EXTENDED TEMPERATURE RANGES

Table 1. Signal Names

AD-A17 Address Inpuis

DQO-DQ7 | Data Input / Outputs

88$4 Data Input / Outputs

DQ15A-1 Data Input/Output or Address Input
E Chip Enable

G Quiput Enable

w Write Enable

BYTE Byte/Word Organization

RP Reset/Power Down

Vpp Program & Frase Supply Vallage
Voo Supply Voltage

Vss Ground

PRODUCT PREVIEW

TSOP48 (N) 5044 (M)
12 x 20mm

Figure 1. Logic Diagram
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M28W430, M28W440

Figure 2A. TSOP Pin Connections Figure 2B. SO Pin Connections

A5 =D \ 18 A16 _

A4 = — BYTE Vpp =@ 44mhRP

A13 = —Vgs bDUu—?2 433 W

A12 = — DQ15A 1 A7 33 12 A8

A1 = — DQ7 AT 14 41 A8

A10 = — DQ14 A5 403 A10
A9 = — DQs AS—6 9 AN
A8 —DQ13 A7 s8pa2
NG = — DQS A3r8 37 A13
NG = —DQ12 A2 9 B A4
W — DQ4 Al /10 3B A1S
RP—12 M28W430 g7 Ve A0 11 M28W430 34 A16

Vpp = 13 “?N22\r,rvnt1dlr)0 36 =3 DQ11 Frg12 M28W440 33 BYTE
NG — — DQ3 VS§: 13 323 Vgag
DU — — DQ10 G114 31 =33 DQ15AA1
NG = —DQ2 DQO = 15 0= DAY

A7 — DQY DQ8 16 293 DG4
A7 — — DQ1 DAl =17 28 43 DQ6
A6 ] — DQ8 DQ9 18 273 DbQ13
A5 —] — DQO DQ2 19 26 DA
Ad = — G DQ10 = 20 25/ DQi2
A3 — —1Vsg DQ3— 21 243 D4
A2 — —C DQ11 = 22 233 Vee
Al 24 253 A0 Alota4s

\ Al01844
Warning: NC = Not Connected, DU = Don’t Use Warning: DU = Don't Use

Table 2. Absolute Maximum Ratings {1

Symbol Parameter Value Unit
Ta Ambient Operating Temperature —401to 125 °G
Teas Temperature Under Bias 5010 125 °C
Tste Slorage Temperature —6510 150 °G
Vo &3 Input or Output Voltages —06to7
Vee Supply Voltage —0B6to7
Vag @ A9 Voltage 0610135
vpp @ ErmFgrroag”r]ailﬁﬂé Voltage, during Erase 061014 v
Vip @) RP Vottage 0610135 v

Notes: 1. Excepifor the rating "Operating Temperaiure Range”, siresses above those listed in the Table "Absolute Maximum Ratings”
may cause permanent damage io the device. These are siress ratings only and operation oi the device ai these or any other
conditions above those indicated in the Operaling seciions of this specification is notimplied. Exposure ic Absolute Maximum
Rating conditiens for exiended pericds may aifect device reliability. Refer also fo 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 /O is Vco + 0.5V, overshoot to 7V allowed for less than 20ns.
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Table 3. Operations

Operation E G w RP | BYTE | Dao-Da7 | Das-DO14 DQ15A-1
Read Word Vi Vi Vi Vin ViH Data Qutput Data Output Data Cutput
Read Byte Vi Vi ViH VIH Vi Data Output Hi-Z Address Input
Write Word Vi Vi ViL Vin ViH Data Input Data Input Data Input
Write Byte Vi VH Vi ViH Vi Data Input Hi-Z Address Input
Qutput Disable Vi Vin ViH ViH Hi-Z Hi-Z Hi-Z
Standby Vin X X ViH Hi-Z Hi-Z Hi-Z
Power Down X X X Vi Hi-Z Hi-Z Hi-Z

Note: X = ViLor Vi, Ve = VepL O VepH
Table 4. Electronic Signature
Organis . = = | = | oo A1-A8 & DQo - DQs - | DA15
ation Code Device E G w BYTE | A0 | A9 A10-A17 DaQ7 DQ14 A1
M%”OUJZCL ViL [ VL [ VW | Ve | VL | Vi E);Z?(: 20h 00h 0
Word- .
: M28W430 Don't
v i V v V A 0F3h 00h 0
wide Device IL IL IH IH IH D Care
Code )
M28W440 Vi | Vie | Vi ViH Viu | Vo [C);OFI L O0FBh 00h 0
are
w v [ | v e fvo | et | een |z | o
wide M2BWASO vy | v [ vin | v | v |V Dont | opgh | Hiz | Dont
Device I I IH I IH D Care Care
Code
M28WA440 Don't . Don't
Vie | Vo | Vi Vi Vin | Vb Care OFBh Hi-Z Care
Note: RP = ViH
DESCRIPTION BYTEis Low and the x8 organizationis selected,

The M28W430 and M28W440 FLASH Memories
are non-volatie memories that may be erased
electrically at the block level and programmed by
byte or word. The interface is directly compatible
with most microprocessors. SO44 and TSOP48
packages are used.

Organization

The organization, as 512K x 8 or 256K x 16, is
selectable by an external BYTE signal. When

the Data Input/Outputsignal DQ15 acts as Address
line A-1 and selects the lower or upper byte of the
memory word for output on DQO-DQ7, DQ8-DQ14
remain high impedance. When BYTE is High the
memory uses the Address inputs A0-A17 and the
Data Input/Outputs DQO-DQ15. Memory control is
provided by Chip Enable, Output Enable and Write
Enable inputs. A Reset/Power Down, two-level in-
put, places the memory in deep power down or
normal operation.
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Table 5. Instructions

Mnemo R 1st Cycle 2nd Cycle
nic Instruction Cycles
Operation | Address " Data ¥ Operation Address Data

Read Read

RD | Memory 1+ Write OFFh Read A dga Data
Array ress
Read

RSR | Status 1+ Write 70h Read ? X ol
Register egister
Read ;
RSIG | Electronic 3 Write 90h Read * f\:jgrggtsu 15 Signature

Signature

EE | Erase 2 Write 20h Write Block 0DOoh

Address

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

Clear
CLRS | Status 1 Write 50h

Register
Frase :

ES Suspend 1 Write 0BOh

FR | Erase 1 Write 0DOoh
Resume

Notes: 1. X =Don’t Care.

2. Theiirst cycle oi the RD, RSR er RSIG instruction is followed by read operations to read memory array, Staius Register
or Electronic Signaiure codes. Any number of Read cycle can occur after one command cycle.
3. Signature address bit AD=V L will ouiput Manuiaciwrer code. Address bit A0=V+ will ouiput Device code. Other address bits are

ignored.

4. When word organizaiion is used, upper byte is don’t care for command input.

Table 6. Commands

Hex Code Command
00h Invalid/Reserved
10h Alternative Program Set-up
20h Erase Set-up
40h Program Set-up
50h Clear Status Register
70h Read Status Register
90h Read Electronic Signature
0BOh Erase Suspend
0D0h Erase Resume/Erase Confirm
OFFh Read Array
Blocks

Erasure of the memoriesis in blocks. There are 7
blocks in the memory address space, one Boot
Block of 16K Bytes or 8K Words, two 'Key Parame-

4/27

ter Blocks’ of 8K Bytes or 4K Words, one *Main
Block’ of 96K Bytes or 48K Words, and three 'Main
Blocks’ of 128K Bytes or 64K Words. The
M28W430 memory has the Boot Block at the top
of the memory address space (3FFFFh) and the
M28W440 locates the Boot Block starting at the
botlom (00000h). Erasure of each block takes typi-
cally 1 second and each block canbe programmed
and erased over 10,000 cycles. Block erasure may
be suspended while data is read from other blocks
of the memary, then resumed.

Bus Operations

Six operationscan beperformed by the appropriate
bus cycles, Read Byte or Word from the Array,
Read Electronic Signature, Output Disable,
Standby, Power Down and Write the Command of
an Instruction.

Command Interface

Commands can be written to 2 Command Interface
{C.1.) latch to perform read, programming, erasure
and to monitor the memory’s status. When power
is first applied, on exit from power down or if Veo
falls below V| ko, the command interfaceis reset to
Read Memory Array.

(572
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Table 7. Status Register

Mn?mon Bit Name Logic Definition Note
ic Level
1’ Ready Indicates the P/E.C. status, check during Program
P/ECS 7 P/E.C. Status or Erase, and on completion before checking bits
o B b4 or b5 for Program or Erase Success
usy
Erase T Suspended On an Erase Suspend instruction P/ECS and
ESS 6 Suspend ESS bits are set to ’1’. ESS bit remains "1’ until an
Status o In progress or Erase Resume instruction is given.
Completed
1’ Erase Error ES bit is set to '1'if P/E.C. has applied the
ES 5 Frase Status maximum number of erase pulses 1o the block
0 Erase Success without achieving an erase verify.
1’ Program Error . ) .
PS 4 Program PS bit setto "1’if the P/E.C. has failed to program
Status o Program a byte orword.
Success
1’ Vpp Low, Abort VPPS bit is set if the Vpp voltage is below
VPPS 3 Vpp Status Vppu{min) when a Program or Erase instruction
o Vpp OK has been executed.
2 Reserved
1 Reserved
0 Reserved

Notes: Logic level '1'is High, 0’ is Low.

Instructions and Commands

Eight Instructions are defined 1o perform Read
Memory Array, Read Stalus Register, Read Elec-
fronic Signature, Erase, Program, Clear Status
Register, Erase Suspend and Erase Resume. An
internal Program/Erase Controller (P/E.C.) handles
alltiming and verification of the Program and Erase
instructions and provides status bits to indicate its
operation and exit status. Instructions are com-
posed of afirst command write operation followed
by either second command write, to confirm the
commands for programming or erase, or a read
operationto read datafromthe array, the Electronic
Signatureor the Status Register.

For added data protection, the instructions for byte
or word program and block erase consist of two
commands thal are written to the memory and
which start the automatic P/E.C. operation. Byte or
word programming takes typically 9us, block erase
typically 1 second. Erasure of a memory block may

(573

be suspended in order fo read data from another
block and then resumed. A Status Register may be
read at any time, including duringthe programming
or erase cycles, to monitor the progress of the
operation.

Power Saving

The M28W430 and M28W440 have a number of
power saving fealures. Following a Read access
the memory enters a static mode in which the
supply current is typically 2mA. A CMOS standby
mode is entered when the Chip Enable E and the
Reset/Power Down (RP) signals are at Vee, when
the supply current drops 1o typically 60pA. Adeep
power down mode is enabled when the Re-
set/Power Down (RP) signal is at Vss, when the
supply current drops 1o typically 0.2pA. The time
requiredto awake from the deep powerdown mode
is 700ns maximum, with instructions to the C.I.
recognised after only 580ns.
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Table 8. AC Measurement Conditions

SRAM Interface Levels

EPROM Interface Levels

Input Rise and Fall Times < 10ns < 10ns
Input Pulse Voltages 0to 3V 0.45V to 2.4V
Input and Quiput Timing Ref. Voliages 1.5V 0.8Vand 2V

Figure 3. AC Testing Input Output Waveform

Figure 4. AC Testing Load Circuit

SRAM Interiace

3V

ov

EPROM Interiace

Al01275

1.3V
1N914
3.3k
DEVICE
UNDER O ouT
TEST

G = 30pF for SRAM Interiace
C| = 100pF for EFROM Interface

C| includes JIG capacitance Alg1278
Table 9. Capacitance " (Tpo=25°C,f=1MHz)
Symbol Parameter Test Condition Min Max Unit
Cin Input Gapacitance Vin=0V 6 pF
GCour Quiput Gapacitance Vour = 0V 12 pF

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

DEVICE OPERATION
Signal Descriptions

AD-A17 Address Inputs. The address signals,
inputs for the memory array, are latched during a
write operation.

A9 Address Input is also used for the Electronic
Signature Operation. When A9 is raised fo 12V the
Electronic Signature may be read. The A0 signal is
used to read two words or bytes, when AD is Low
the Manufacturercode is read and when AQ is High
the Device code. When BYTE is Low DQO-DQ7
output the codes and DQ8-DQ15 are dont care,
when BYTE is High DQO-DQ7 output the codes
and DQ8-DQ15 output 00h.

6/27

DQO-DQ7? Data Input/Qutputs. The data inputs, a
byte or the lower byte of a word to be programmed
or a command 1o the C.1., are latched when both
ChipEnable E and Write Enable W are active. The
data output from the memory Array, the Electronic
Signature or Status Register is 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.

DQ8-DQ14 and DQ15A-1 Data Input/Outputs.
These input/outputs are used in the word-wide
organization. When BYTE is High for the most
significant byte of the input or output, functioning
as described for DQO-DQ7 above. When BYTE is
Low, DQ8-DQ14 are high impedance, DQ15A-1 is
the Address A-1 input.
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Table 10. DC Characteristics
{Ta =010 70°C; Voo = 3.0V 2 10%; Vpp = 12V15%)

Symbol Parameter Test Condition Min M ax Unit
I Input Leakage Current 0V < ViNg Voo +1 A
Lo Output Leakage Current 0V = Vour £ Veo +10 A

lee ¥ | Supply Current (Read Byte-wide) TTL E=vy, G=Vy, f=5MHz 15 mA

lee ¥ | Supply Current (Read Word-wide) TTL E=Vi, G=Vy, f=5MHz 15 mA

oo (09 Supply Current (Read Byte-wide) CMCS | E =Vss, G = Vss, f = 5SMHz 10 mA

Supply Current {(Read Word-wide) CMOS E =Vsgs, G=Vss, f =5MHz 15 mA
Supply Current {Standby) TTL E=Vn, BP =Vi 200 nA
lect @ E=Voct 02V,
Supply Current {Standby) CMOS _ RBP=Vgct 0.2V, 80 nA
BYTE = Vcct 0.2V or Vss
locz & Supply Current (Power Down) RP = Vss £ 0.2V 5 RLA
locs Supply Current {Program Byle-wide) Byte programin progress 30 mA
Supply Current {Program Word-wide) Word program in progress 40 mA
leca Supply Current {Frase) Erase in progress 30 mA
locs & Supply Current {Frase Suspend) E-= V1, Erase suspended 10 mA
lpp Program Current (Read or Standby) Vep > Vo 100 A
- gtrgg(rj%r;]) Leakage Current (Read or Ve < Voo +15 uA
lppo Program Current (Power Down) RP = Vgg+ 0.2V 5 nA
Ipp3 Program Current (Program Byte-wide) Byte program in progress 20 mA
lpP3 Program Current (Program Word-wide) Word program in progress 30 mA
IpPa Program Current (Erase) Erase in progress 20 mA
IpPs Program Current (Erase Suspend) Frase suspended 100 pA
Vi Input Low Voltage —0.5 0.6 V
ViH Input High Voltage 2 Vee + 0.5 v
VoL Output Low Voltage loL = 2mA 0.4 A
VoH Qutput High Voltage lon = —2mA 2.4 A
VppL Program Voltage (Normal operation) 0 4.1 A
Vorw | Program Vol Program o Crae na | s | v
Vip A9 Voltage (Electronic Signature) 1.4 13 A
lp A9 Current (Electronic Signature) A9 =Vpp 500 A
Viko slljt;;ply Voltage (Erase and Program lock- > v
Motes: 1. Automatic Power Saving reduces lsc 1o < 2mA typical in static operation.
2. Gurrentincreases io lcc + lccs during a read operation.
3. CMOS levels Voot 0.2V and Vs = 0.2V. TTL levels Viy and V.
ﬁ 7/27
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Table 11. Read AC Characteristics

{Ta =010 70°C; Voo = 3.0V 2 10%; Vpp = 12V15%)

M28W430/440
Symbol Alt Parameter Test Condition 1120 1150 1180 Unit
SRAM EPROM EPROM
Interface Interface Interface
Min Max Min Max Min Max

tavay tre ﬁggtreAsgd\rlgslig {?alid E=vi,G=ViL | 120 150 180 ns
tavay | taco gﬂ?gifﬁ/;’lﬂd o | E-vi,G-vu 120 150 180 | ns
trHav | tPwH E)Ogﬁ{p%{)v\\;gngigh E=Vi, G=VL 700 700 700 ns
teax " |tz 8:1%5%?&%?; to G=Vu 0 0 0 ns
terav @ | toe gm?)lin\?g:g Low to G=Vi 120 150 180 ns
tarax ! | torz guépul;})Etn?gﬁs%i?x] E=vi 0 0 0 ns
tarav @ | toe 8u(t)pulﬁ)5tn32:ﬁjmw E=Vi 60 65 70 ns
tenax g)hgutE;u%Q?a;‘L?tTon G- 0 0 0 ns
tenaz ' | o t%h(i;)utE;;bllﬁ_; igh G=Vi 50 55 60 ns
teHax toH guépuﬂggtn?gﬁ;;:gg E=vi 0 0 0 ns
tonazr | 1oF t(())u(t)pulﬁogtnﬁi?;e High E-vi 45 50 55 ns
x| o |(idoss Taretien | E_v Govi | o : : .

Notes: 1. Sampled only, not 100% tested. _
2. G may bedelayed by up io teLav - faLqv after the falling edge of E without increasing e qv.

8/27
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Figure 5. Read Mode AC Waveforms
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Table 12. Write AC Characteristics, Write Enable Controlled
{Ta =010 70°C; Voo = 3.0V 2 10%; Vpp = 12V15%)

M28Wa30/440
=120 =150 =180
Symbol Alt Parameter Unit
SRAM EPROM EPROM
Interface Interface Interface
Min Max Min Max Min Max
tavay twe  |Write Cycle Time 120 1560 180 ns
Power Down High to Write Enable
TPHWL tps | ow 1 1 1 us
oLl tos Eé]\:\t) Enable Low to Write Enable 0 0 0 ns
_— b \F’ivi'gr;nr? Enable | ow to Write Enable 100 100 120 ns
tovwH tos |Input Valid to Write Enable High 100 100 100 ns
Write Enable High to Input
twHDX toH Transition 0 0 0 ns
bHER fon \lfivilglhe Enable High to Chip Enable 10 10 10 ns
_— T \LI\érxe Enable High to Write Enable 50 50 50 ns
Tavim Ias |Address Validio Write Enable High a5 a5 95 ns
tvpPHwH tves | Vpp High to Write Enable High 200 200 200 ns
Write Enable High to Address
twHAX tan Transition 10 10 10 ns
e Write Enable High to Output Valid
twrays {(Word/Byte Program) 6 6 6 Hs
(1 Write Enable High to Output Valid
twrqu2 (Boot Block Erase) 0.3 0.3 03 sec
(1 Write Enable High to Output Valid
twravs (Parameter Block Erase) 0.3 0.3 03 sec
) Write Enable High to Output Valid
twrava (Main Block Erase) 0.6 06 08 sec
tavveL Output Validto Vpp Low 0 0 0 ns
Note: 1. Timeis measured to Staius Register Read giving bith7 ='1".

10/27

3




M28W430, M28W440

Figure 6. Program & Erase AC Waveforms, W Controlled
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Table 13. Write AC Characteristics, Chip Enable Controlled

{TA=01070°C; Voo =3.0V £ 10%; Vpp = 12V15%)

M28W430/440
=120 =150 =180
Symbol Alt Parameter Unit
SRAM EPROM EPROM
Intertace Interface Interface
Min Max Min Max Min Max
tavav twe Write Cycle Time 120 160 180 ns
P D High to Chi
Write Enable Low to Chip
fua L fes Enable Low 0 0 0 ns
—_— twp ggﬁ Enable Low to Chip Enable 100 100 120 ns
toven tos Input Valid to Chip Enable High 100 100 100 ns
Chip Enable High to Input
tEHDX toH Transilion 0 0 0 ns
Chip Enable High to Write
tEHWH ten Enable High 10 10 10 ns
tEHEL tweH CE}rr:g)bFenf(k))Vl\? High to Chip 50 50 50 ns
taven tas ﬁ?gdhress Valid to Chip Enable 95 a5 95 ns
tvPHEH tvps | Vpp High to Chip Enable High 200 200 200 ns
Chip Enable High to Address
tEHAX taH Transition 10 10 10 ns
) Chip Enable High to Cutput
lEnav1 Valid (Word/Byte Program) 6 6 6 ns
1) GChip Enable High to Output
tEnav2 Valid (Boot Block Erase) 0-3 03 0.3 sec
1) Chip Enable High to Output
fenavs Valid {(Parameter Block Erase) 0.3 0.3 03 Sec
1) Chip Enable High to Output
teHava Valid (Main Block Erase) 0.6 0.6 08 sec
tquveL Output Valid to Vpep Low 0 0 0 ns

Mote: 1. Time is measured to Staius Register Read giving bit b7 ='1".
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Figure 7. Program & Erase AC Waveforms,E Controlled
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Table 14. Word/Byte Program, Erase Times
{Ta =0 1070°C; Voo = 3.0V 2 10%)

M28W430/440
Parameter Test Conditions Unit
Min Typ Max
Main Block Program (Byte) Vpp =12V 5% 2 6 sec
Main Block Program (Word) Vpp =12V 5% 1 3 sec
Boot or Parameter Block Erase Vpp =12V 5% 1 7 sec
Main Block Erase Vpp =12V £5% 15 10 sec

DEVICE OPERATION (cont'd)

E Chip Enable. The Chip Enable activates the
memory control logic, input buffers, decoders and
sense amplifiers. E High de-selects the memory
and reduces the power consumption to the standby
level. E can also be used to control writing fo the
command register and 1o 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/iPower Down. This is a two-level input
which allows the memory 1o be putin deep power
down.

When BP is at Vin the device is in "active” mode.
With RP Low the memory is in deep power down,
and if RP is within Vgg+0.2V the lowest supply
current is absorbed.

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

W Write Enable. It controls writing to the Com-
mand Register and Input Address and Data
latches. Both Addresses and Data Inputs are
latched on the rising edge of W.

BYTE Byte/Word Organization Select. Thisinput
selects either byte-wide or word-wide organization
of the memory. When BYTE is Low the memory is
organized x8 or byle-wide and data input/output
uses DQO-DQ7 while A-1 acts as the additional,
LSB, of the memory address that multiplexes the
upper or lower byte. In the byte-wide organization

14/27

DQ8-DQ14 are high impedance. When BYTE is
High the memory is organized x16 and data in-
put/output uses DQO-DQ15 with the memory ad-
dressed by AO-A17.

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

Vpp £10% lolerance option is provided for applica-
tion requiring maximum 100 write and erase cycles.

Vee Supply Voltage. It is the main circuit supply.

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

Memory Blocks

The memory blocks of the M28W430 and
M28W440 are shown in Figure 8. The difference
between the two products is simply an inversion of
the block map to position the Boot Block at the top
or bottomn of the memory. The selection of the Boot
Block at the top or bottom of thememory depends
on the microprocessor needs.

Each block of the memory can be erased sepa-
rately, but only by one block at a time. The erase
operation is managed by the P/E.C. but can be
suspended in order to read from another block and
then resumed.

Programming and erasure of the memory is dis-
abled when the program supply is at VppL. For
successful programming and erasure the program
supply must be at VppH.
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Figure 8. Memory Map, Word-wide Addresses

M28x430 TOP BOOT BLOCK
AD-A17 Word Wide
3FFFFh

8K BOOT BLOCK
3E000h
3DFFFh

4K PARAMETER BLOCK
3D000h
3CFFFh
4K PARAMETER BLOCK

3C000h
3BFFFh

48K MAIN BLOCK
30000h
2FFFFh

64K MAIN BLOCK
20000h
1FFFFh

64K MAIN BLOCK
10000h
OFFFFh

64K MAIN BLOCK
00000h

M28x440 BOTTOM BOOT BLOCK
AD-AT17 Word Wide
3FFFFh

64K MAIN BLOCK
30000h
2FFFFh

64K MAIN BLOCK
20000h
1FFFFh

64K MAIN BLOCK
10000h
OFFFFh

48K MAIN BLOCK
04000h
03FFFh

4K PARAMETER BLOCK
03000h
02FFFh
4K PARAMETER BLOCK

02000h
01FFFh

8K BOOT BLOCK
00000h

Al01858B

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 shownin Ta-
ble 3.

Read. Read operations are used to output the
contents of the Memory Array, 1he Status Register
or the Electronic Signature. Both Chip Enable E
and Output Enable G must be low in order 1o read
the oulput of the memory. The Chip Enable input
also provides power control and should be used for
device selection. Qutput Enable should be usedto
gatedataontothe outputindependentofthe device
selection. Aread operationwill output either a byte
or a word depending on the BYTE signal level.
WhenBYTE is Low the output byte is on DQO-DQ?7,
DQ8-DQ14 are Hi-Z and A-1 is an additional ad-
dress input. When BYTE is High the output word is
on DQO-DQ1S5.

The dala read depends on the previous command

written to the memory (see instructions RD, RSR
and RSIG).

(573

Write. Write operations are used fo give Instruction
Commands to the memory or to latch input data to
be programmed. Awrite operationis initiated when
Chip Enable E is Low and Write Enable W is Low
with Output Enable G High. Cormmands, Input Data
and Addressesare latched onthe rising edge of W
or E. Asfor the Read operation,when BYTEis Low
a byte is input, DQ8-DQ14 are 'don’t care’ and A-1
is an additional address. When BYTE is High a
word is input.

OutputDisable. Thedata outputs are high imped-
ance when the Output Enable G is High with Write
Enable W High.

Standby. The memory is in standbywhen the Chip
Enable E is High. The power consumption is re-
duced to the standby level and the outputs are high
impedance, independent of the Output Enable G
or Write Enable W inputs.

PowerDown. The memory is in Power Downwhen
RP is low. The power consumption is reduced to
the Power Down level, and Oulputs are in high
impedance, independant of the Chip Enable E,
Output Enable G or Write Enable W inputs.
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Electronic Signature. Two codes identifying the
manufacturer and the device c¢an be read from
the memories, the manufacturer code for SGS-
THOMSON is 20h, and 1he device codes are OF3h
for the M28W430 (Top Boot Block) and OFBh for
the M28W440 (Bottom Boot Block). These codes
allow programming equipment or applications to
automatically match their interface to the charac-
teristics of the particular manufacturer’s product.

The Electronic Signatureis outputby a Read Array
operation when the vollage appliedto A9is at Vip,
the manufacturer code is outputwhen the Address
input AD is Low and the device code when this input
is High. Other Address inputs are ignored. The
codes are output on DQO-DQ7. When the BYTE
signal is High the outputs DQ8-DQ15 output 00h,
when Low these outputs are high impedance and
Address input A-1 is ignored.

The Electronic Signature can also be read, without
raising A9 to Vip, after giving the memory the
instruction RSIG (see below).

Instructions and Commands

The memories include a Command Interface (C.1.)
which latiches commands written 1o the memory.
Instructions are made up from one or more com-
mands to perform memory Read, Read Stalus
Register, Read Electronic Signature, Erase, Pro-
gram, Clear Status Register, Erase Suspend and
Erase Resume. These instructions require from 1
to 3 operations, the first ofwhich is always a write
operation and is followed by either a further write
operation to confirm the first command or a read
operation{s) to output data.

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

The P/E.C. automatically sets bits b3 to b7 and
clears bitb6 & b7. It cannot clear bits b3 to bb. The
register can be read by the Read Status Register
{RSR) instruction and cleared by the Clear Status
Register (CLRS) instruction. The meaning of the
bits b3 1o b7 is shown in Table 7. Bits b0 1o b2 are
reserved for future use (and should be masked out
during status checks).

Read (RD) instruction. The Read instruction con-
sists of one write operation giving the command
OFFh. Subsequent read operations will read the
addressed memory array content and oulputa byte
or word depending on the level of the BYTE input.

Read Status Register (RSR) instruction. The
Read Status Register instruction may be given at
any time, including while the Program/Erase Con-
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troller is active. It consists of one write operation
giving the command 70h. Subseguent Read opera-
tions output the contents of the Status Register.
The contents of the status register are latched on
the falling edge of E or G signals, and can be read
until E or G returns to its initial high level. Either E
or G must be toggled to Vi4 to update the latch.
Additionally, any read attempt during program or
erase operation will automatically output the con-
tents of the Status Register.

Read Electronic Signature (RSIG) instruction.
Thisinstruction uses3 operations. It consistsofone
write operation giving the command 90h followed
by two read operationsto outputthe manufacturer
and device codes. The manufacturer code, 20h, is
output when the address line A0 is Low, and the
device code, OF3h for the M28W430 or OFBh for
the M28W440, when AD is High.

Erase (EE) instruction. This instruction uses two
write operations. The first command written is the
Erase Set-up command 20h. The second com-
mand is the Erase Confirm command 0DOh. During
theinputof the second command an addressof the
block 1o be erased is given and this is latchedinto
the memory. If the second command given is not
the Erase Confirm command then the status regis-
ter bits b4 and b5 are set andthe 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 RSR {Read Status Reg-
ister) and ES (Erase Suspend) instructions. Status
Register bit b7 returns '0’ while the erasure is in
progress and "1’ when it has completed. After com-
pletion the Status Register bit b5 returns’1’ if there
has been an Erase Failure because erasure has
not been verified even after the maximum number
of erase cycles have been executed. Status Reg-
ister bit b3 returns ’1’if Vpp does not remain at Vppy
level when the erasure is attempted and/or proced-
ing.

Vpp must be at VppH when erasing, erase should
not be altempled when Vpp < VppH as the results
will be uncertain. If Vep falls below VppH or RP goes
Low the erase aborts and must be repeated, after
having cleared the Status Register (CLRS).

Program (PG) instruction. This instruction uses
two write operations. The first command written is
the Program Set-up command 40h (or 10h). A
second write operationlatches the Address and the
Data to be written and starts the P/E.C. Read
operations output the status register after the pro-
gramming has started.

Memory programming is only made by writing '0’ in
place of '1"in a byte or word.
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DEVICE OPERATION (cont'd)

During the execution of the programming by the
P/E.C., the memory accepts only the RSR (Read
Status Register) instruction. The Status Register bit
b7 returns’0’ while the programming is in progress
and 1’when it has completed. After completionthe
Status register bit b4 returns ’1’ if there has been a
Program Failure. Status Register bit b3 returns a
1" it Vpp does not remain at Vppy when program-
ming is attempted and/or during programming.

Vpp must be at VppH when programming, program-
ming should not be attempted when Vpp < VpPPH
as the results will be uncertain. Programming
aborts if Vpp drops below VppH or RP goes Low. If
aborted the data may be incorrect. Then after
having cleared the Status Register (CLRS), the
memory must be erased and re-programmed.

The Boot Block can only be programmed when RP
is at ViH.

Clear Status Register (CLRS) instruction. The
Clear Status Register uses a single write operation
which clears bits b3, b4 and b5, if latched to "1’ by
the P/E.C., 10 '0’. s use is necessary before any
new operationwhen an error has been detected.

Erase Suspend (ES) instruction. The Erase op-
eration may be suspended by this instruction which
consists of writing the command 0BOh. The Status
Register bit b6 indicates whether the erase has
actually been suspended, b6 ='1", or whether the
P/E.C. cycle was the last and the erase is com-
pleted, b6 =0

During the suspension the memory will respond
only to Read (RD), Read Status Register (RSR) or
Erase Resume {ER) instructions. Read operations
initially output the status register while erase is
suspended but, following a Read instruction, data
from other blocks of the memory can be read. Vpp
must be maintained at VepH while erase is sus-
pended. If Vpp does not remain at Vepu or the RP
signal goes Low while erase is suspended then
erase is aborted while bits b5 and b3 of the status
register are set. Erase operation must be repeated
after having cleared the status register, 1o be cer-
tain to erase the block.

Erase Resume (ER) instruction. If an Erase Sus-
pend instruction was previously executed, the
erase operation may be resumed by giving the
command 0DOh. The status register bit b6 is
cleared when erasure resumes. Read operations
output the status register after the erase is re-
sumed.

The suggested flow charts for programs that use
the programming, erasure and erase suspend/re-

(573

sume featuresof the memories are shownin Figure
9 to Figure 11.

Programming. The memory can be programmed
byte-by-byte{or word-by-word inx16 organization).
The Program Supply voltage Vrr must be applied
betore program instructions are given, and if the
programming is in the Boot Block, RP must also be
raised to V4 to unlock the Boot Block. The Program
Supply voltage may be applied continuously during
programming.

The program sequenceis started by writing a Pro-
gram Set-up command (40h) to the Command
Interface, thisis followed by writing the address and
data byte or word to the memory. The Pro-
gram/Erase Controller automatically startsand per-
forms the programming after the second write
operation, providing that the Vpp voltage (and RP
voltage if programming the Boot Block) are correct.
During the programming the memory status is
checked by reading the status register bit b7 which
shows the status of the P/E.C. Bit b7 ="1"indicales
that programming is completed.

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

Erase. The memory can be erased by blocks. The
Program Supply voltage Vpp must be applied be-
fore the Erase instruction is given, and if the Erase
is of the Boot Block RP must also be raised to Vin
to unlock the Boot Block. The Erase sequence is
started by writing an Erase Set-up command {20h)
to the Command Interface, this is followed by an
address in the block to be erased and the Erase
Confirm command (0DOh).

The Program/Erase Controller automatically starts
and performs the block erase, providing the Vpp
voliage (and the RP voliage if the erase is of the
BootBlock) iscorrect. During the erasethe memory
status is checked by reading the status register bit
b7 which shows the status of the P/E.C. Bitb7 =
"1’ indicates that erase is completed.

A full status check can be made after the block
erase by checking bit b3 for any possible Vpp error,
bits b5 and b6 for any command sequence errors
(erase suspended) and bit b5 alone for an erase
error.

Reset. Note that after any program or erase in-
struction has completed with an error indication or
afler any Vpp transitions down 1o VppL the Com-
mand Interface mus! be resel by a Clear Status
Register Instruction before data can be accessed.
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Automatic Power Saving

The M28W430 and M28W440 memories place
themselvesin a lower power state when not being
accessed. Following a Read operation, after a
delay equal to the memory access time, the Supply
Current is reduced from a typical read current of
15mA (CMOS inputs, word-wide organization) to
less than 2mA.

Power Down

The memories provide a power down control input
RP. When this signal is taken to belowVss + 0.2V
all internal circuits are switched off and the supply
current drops 1o typically 0.2uA and the program
current to typically 0.1pA. If RP is taken low during
a memory read operation then the memory is de-
selecled and the outputs become high impedance.
If RP is taken low during a program or erase
sequencethen it is aborted and the memory con-
tent is no longer valid.

Recovery from deep power down requires 700ns
to a memory read operation, or 580ns o a com-
mand write. On returnfrom power down the status
register is cleared to 00h.
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PowerUp

The Supply voltage Vcc and the Program Supply
voltage Vpp can be applied in any order. The mem-
ory Command Interface is reset on power up 1o
Read Memory Array, but a negative transition of
Chip Enable E or a change of the addresses is
required to ensure valid data outputs. Care must
be taken to avoid writes to the memory when Ve
is above Viko and Vep powers up first. Writes can
be inhibited by driving either E or W to Viiy. The
memory is disabled until RP is up o Viu.

Supply Rails

Normal precautions must be taken for supply volt-
age decoupling, each device in a system should
have the Voo and Vep rails decoupled with a 0.1pF
capacitor close to the Ve and Vsg pins. The PCB
trace widths should be sufficientto carry the Vpp
program and erase currents required.
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Figure 9. Program Flow-chart and Pseudo Code

| Start I

Write 40h
Command

Write Address
& Data

r

Read Staius
Register

VPP Low
Error {1, 2)

)

Program
Error {1, 2)

)

PG instruction:

—write 40h command

—write Address & Data
{memory enters read status
state aiter the PG instruction)

do:
—read slatus register
(E or G must be toggled)

while b7 =1

li b3 =0, Vpp low error:
— error handler

Ii b4 = 0, Program error:
— error handler

Alo1278

Notes: 1. Slalus check of b3 (Vee Low) and b4 (Program Error) can be made afier each byle/word programming or aiter a sequence.
2. lia Vep Low or Program Erase is found, the Status Register musi be cleared (CLRS instruction) before further P/E.C. operations.
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Figure 10. Erase Flow-chartand Pseudo Code

Write 20h EE instruction:
Command — write 20h cornmand
— write Block Address
l {A12-A17) & command 0DOh
. {memory eniers read staius
<V\érg%g':o§:zr;mrg$§js > Slf_sé):gd state after the EE instruction)
" L 3 &
- [ 3
Read Status NO do:
Register — read status regisier
(E or G must be toggled)

Suspend
it EE insfruciion given execute
suspend erase loop

while b7 =1
Vpp Low li b3 = 0, Vpp low error:
Error (1) —error handler
Command Ii b4, b5 = 0, Command Sequence error:
Sequence Error — error handler

Erase i b& = 0, Erase error:
Error (1) —error handler

Al01279

Note: 1. i Vee Low or Erase Erroris found, the Siaius Regisier musi be cleared (CLRS insiruction) before iurther P/E.C. operations.

3
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Figure 11. Erase Suspend & Resume Flow-chart and Pseudo Code

Start

Write 0BOh
Command

ot
A

Read Staius
Register

1

YES
NO Erase
Complete
YES

Write 0FFh
Command

Read data from
anoiher block

Y

Write 0DOh
Command

I Erase Continues I

ES insfruction:

—wriie 0BOh command
{memory enters read regisier
siate afier the ES insiruction)

do:
— read status register
(E or G must be toggled)

while b7 =1

Ii b6 = 0, Erase completed
{at this point the memory wich
accept only the RD or ER insiruction)

RD ingiruction:

—write OFFh command

— one o more data reads
from another block

ER instruciion:
—write 0D0h command
{o resume erasure

Al01280
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Figure 12. Command Interface and Program Erase Controller Flow-diagram (a)

WAIT FOR
COMMAND
WRITE (1)
BYTE NO
IDENTIFIER
- READ
READ NO ARRAY
STATUS [
b PROGRAM
SET-UP
r
READ
STATUS PROGRAM
F 3
YES
- EAD NO
2)
NO
YES
ERASE
READ ]
(Bﬁ STATUS \Y/ COMMAND
I ERROR
Alo1286C

Motes: 1. If nocommand is written, the Command Inietface remains in its previous valid siate. Upon power-up, on exit from power-down or
it Ve 1alls below Viko, the Command Interiace defaulis to Read Array mede.
2. P/E.C. status (Ready or Busy)is read on Staius Register bit 7.

3
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Figure 13. Command Interface and Program Erase Controller Flow-diagram (b}

A

F 3

ERASE (READ STATUS)

4

READ
STATUS

|

READ
ARRAY

]

ol READ
i STATUS
ERASE

03]
=
72}
o
m
=
e}
) 4

YES READ

USPENDED

4

READ
STATUS

{2)
NO

READ
STATUS

[

(ERASE RESUME)

Al012878

Note:

2. P/E.C. siatus{Ready or Busy) is read on Siatus Register bit 7.
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ORDERING INFORMATION SCHEME

Example: M28W430 120 N 1 TR

?

Operating Voltage | | Array Org. Temp.Range | | Option
W 3.0V+10% 3 TopBoot 1 0to70°C TR Tape & Reel
Packing
4 Bottom Boot 3 40to1256°C

6 —40io85°C

Speed Package
-120 120ns M 8044
-150 150ns N TSOP48
180 180ns 12 x20mm

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

For further information on any aspect of this device, please contact the SGS-THOMSON Sales Office
nearest to you.
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TSOPA48- 48 lead Plastic Thin Small Qutline, 12 x 20mm
Symb mm inches
Typ Min Max Typ Min Max
A 1.20 0.047
Al 0.05 0.15 0.002 0.006
A2 0.95 1.05 0.037 0.041
B 0.17 0.27 0.007 0.011
G 0.10 0.21 0.004 0.008
D 19.80 20.20 0.780 0.795
D1 18.30 18.50 0.720 0.728
E 11.90 12.10 0.469 0.476
e 0.50 - 0.020 - -
L 0.50 0.70 0.020 0.028
o° 5° o° 5
N 418 48
CcpP 0.10 0.004
TSOP56
A2
= =) N f ,
- — 11 [ &
- — 11 i
- — 11
- — 11
i i E i
[ - 11
- — 11 L 4
[ - 11 [ B
- - 11 4
I N/2 I -
" D -
{ DIE )
L 4
% C
TS0P-a
Drawing is notto scale
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$044 - 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
G 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

3 3°
N 44 44
CpP 0.10 0.004

S044

- D -
1 [ Y
N H L 3
E| H
1 ¥
L '

Drawing is notto scale
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Information furnished is believed to be accuraie and reliable. However, SGS-THOMSON Microelecironics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights cf third parties which may result from its use. No
license is granted by implication or otherwise under any patent or paient rights 0iSGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without nofice. This publicaiion supersedes and replaces all iniormaiion previously supplied.
SGS-THOMSON Microelecironics products are notauthorized for use as critical componenis in life support devices or systems without express
wriiten approval of SGS-THOMSON Microelecironics.
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