Lyz RS THOMSON

M28F512

CMOS 512K (64K x 8) FLASH MEMORY

= FAST ACCESS TIME: 100ns

LOW POWER CONSUMPTION
— Standby Current: 200pA Max

= 10,000 ERASE/PROGRAM CYCLES
= 12V PROGRAMMING VOLTAGE

= TYPICAL BYTE PROGRAMMING TIME 10us
(PRESTO F ALGORITHM)

» ELECTRICAL CHIP ERASE IN 1s RANGE
= INTEGRATED ERASE/PROGRAM-STOP

TIMER PDIP32 (B) PLCC32 (C)
Figure 1. Logic Diagram
DESCRIPTION
The M28F512 FLASH MEMORY is a non-volatile
memory which may be erased electrically at the ,
chip level and programmed byte-by-byte. It is or- Yoo Vep
ganised as 64K bytes of 8 bits. It uses a command ‘ |
register architecture to select the operating modes |
and thus provides a simple microprocessor inter- g s
face. The M28F512 FLASH MEMORY is suitable - .
for applications where the memory has to be repro- AD-ATS @ <¢> DQO-DC
grammed in the equipment. The access time of
100ns makes the device suitable for use in high W
speed microprocessor systems. M M2Z8FO12
E —
Table 1. Signal Names
A0 -A15 Address Inputs G —
DQO - DQ7 Data Inputs / Qutputs ‘
E Chip Enabl i
£ ip Enable Vag »
G Qutput Enable VAD0548
w Write Enable
Vpp Program Supply
Vce Supply Voltage
Vss Ground
May 1992 1186
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M28F512

Figure 2A. DIP Pin Connections

Figure 2B. LCC Pin Connections
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AD [ 12 21 p bQ7 40 [0 "3
DQO 0O 13 200 DOQB oqo 0 Dog7
DQ1 O 14 19 0 DQ5 17
DQ2 15 18 1 DQ4 e
v 538333868
55 16 17t DQ3 agvggggsg
VAQO549 VADOS50
Warning: NC = No Connection Warning: NC = No Connection
Table 2. Absolute Maximum Ratings
Symbol Parameter Value Unit
Ta Ambient Operating Temperature grade 1 0to 70
grade 3 —40t0 125 °C
grade 6 —40 to 85
Tsta Storage Temperature —65to 150 °C
Vio Input or Output Voltages -06to7
Vee Supply Voltage —06to7
Vag A9 Voltage -0.6t013.5 %
Program Supply Voltage, during Erase
Ver or Programming 061014 v

Note: Except for the rating "Operating Temperature Range”, stresses above those listed in 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 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.

DEVICE OPERATION

The M28F512 FLASH MEMORY employs a tech-
nology similar to a 512K EPROM but adds to the
device functionality by providing electrical erasure
and programming. These functions are managed
by a command register. The functions that are
addressed via the command register depend on
the voltage applied to the Vpp, program voltage,
input. When Vpp is less than or equal to 6.5V, the
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command register is disabled and M28F512 func-
tions as a read only memory providing operating
modes similar to an EPROM (Read, Output Dis-
able, Electronic Signature Read and Standby).
When Vpp is raised to 12V the command register
is enabled and this provides, in addition, Erase and
Program operations.




M28F512

READ ONLY MODES, Vpp < 6.5V

For all Read Only Modes, except Standby Mode,
the Write Enable input W should be High. In the
Standby Mode this input is 'don’t care’.

Read Mode. The M28F512 has two enable inputs,
E and G, both of which must be Low in order to
output data from the memory. The Chip Enable (E)
is the power control and should be used for device
selection. Output Enable (G) is the output control
and should be used to gate data on to the output,
independant of the device selection.

Standby Mode. In the Standby Mode the maxi-
mum supply current is reduced from 30mA to
200pA. The device is placed in the Standby Mode
by applying a High to the Chip Enable (E) input.
When in the Standby Mode the outputs are in a high
impedance state, independant of the Output En-
able (G) input.

Qutput Disable Mode. When the Output Enable
(G} is High the outputs are in a high impedance
state.

Electronic Signature Mode. This mode allows the
read out of two binary codes from the device which
identify the manufacturer and device type. This
mode is intended for use by programming equip-
ment to automatically select the correct erase and
programming algorithms. The Electronic Signature
Mode is active when a high voltage (11.5V to 13V)
is applied to address line A9 with E and G Low. With
A0 Low the output data is the manufacturer code,
when AO is High the output is the device type code.
All other address lines should be maintained Low
while reading the codes.

Table 3. Operations ")

READ/WRITE MODES, 11.4V < Vpp < 12.6V

When Vpp is High both read and write operations
may be performed. These are defined by the con-
tents of an internal command register. Commands
may be written to this register to set-up and exe-
cute, Erase, Erase Verify, Program, Program Verify
and Reset modes. Each of these modes needs 2
cycles. Every mode starts with a write operation to
set-up the command, this is followed by either read
or write operations. The device expects the first
cycle to be a write operation and does not corrupt
data at any location in memory. Read mode is
set-up with one cycle only and may be followed by
any number of read operations to output data.
Electronic Signature Read mode is set-up with one
cycle and followed by a read cycle to output the
manufacturer or device codes.

Awrite to the command register is made by bringing
W Low while E is Low. The falling edge of W latches
Addresses, while the rising edge latches Data,
which are used for those commands that require
address inputs, command input or provide data
output.

When the device is powered up and when Vpp is <
6.5V the contents of the command register default
to 00h, thus automatically setting-up Read opera-
tions. In addition a specific command may be used
to set the command register to 00h for reading the
memory.

The system designer may chose to provide a con-
stant high Vep and use the register commands for
all operations, or to switch the Vep from low to high
only when needing to erase or program the mem-
ory. All command register access is inhibited when

Vep Operation E G w A9 DQO - DQ7
Read Only VepL Read Vi Vi Vi A9 Data Output

Output Disable Vi Vi ViH X Hi-Z

Standby VIH X X X Hi-Z

Electronic Signature ViL Vi Vi Vip Codes

Read/Write @ VPpPH Read ViL Vi Vi A9 Data Output
Write ViL ViH ViL Pulse A9 Data Input

Output Disable Vi ViH Vi X Hi-Z

Standby VIH X X X Hi-Z

Note: 1. X=ViLor Vi
2. Refer also to the Command Table
Ly7 555THOMSON 210
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M28F512

Table 4. Electronic Signature

Identifier A0 DQ7 | DQ6 | DQ5 | DG4 | DQ3 | DQ2 | DQ1 | DQO | Hex Data
Manufacturer’s Code Vi 0 0 0 o] o] o] 0 20h
Device Code Vi 0 0 0 0 0 0 1 0 02h

Table 5. Commands ("
Command Cycles 1st Cycle 2nd Cycle

Operation AO-A15 DQO-DQ7 Operation AO-A15 DQO-DQ7
Read 1 Write X 00h
g:gﬁg?ur:f P Write X 90h Read 0000h 20h

Read 0001h 02h

Setup Erase/ 2 Write X 20h
Erase Write X 20h
Erase Verify 2 Write AQ-A15 0ACh Read Data Output
Setup Program/ - Write X 40h
Program Write AO-A15 Data Input
Prbgram Verify 2 Wirite 0COh Read X Data Output
Reset 2 Wirite OFFh Write X OFFh

Note: 1. X=ViLorVi

READ/WRITE MODES (cont'd)

Vcc falls below the Erase/Write Lockout Voltage
(Viko) of 2.5V.

If the device is deselected during Erasure, Pro-
gramming or Verification it will draw active supply
currents until the operations are terminated.

The device is protected against stress caused by
long erase or program times. If the end of Erase or
Programming operations are not terminated by a
Verify cycle within a maximum time permitted, an
internal stop timer automatically stops the opera-
tion. The device remains in an inactive state, ready
to start a Verify or Reset Mode operation.

Read Mode. The Read Mode is the default at
power up or may be set-up by writing 00h to the
command register. Subsequent read operations
output data from the memory. The memory remains
in the Read Mode until a new command is written
to the command register.

Electronic Signature Mode. In order to select the
correct erase and programming algorithms for on-
board programming, the manufacturer and devices
code may be read directly. It is not neccessary to
apply a high voltage to A9 when using the com-
mand register. The Electronic Signature Mode is
set-up by writing 90h to the command register. The
following read cycle, with address inputs 0000h or
0001h, output the manufacturer or device type
codes. The command is terminated by writing an-
other valid command to the command register (for
example Reset).

Erase and Erase Verify Modes. The memory is
erased by first Programming all bytes to 00h, the
Erase command then erases them to OFFh. The
Erase Verity command is then used to read the
memory byte-by-byte for a content of OFFh.

The Erase Mode is set-up by writing 20h to the
command register. The write cycle is then repeated
to start the erase operation. Erasure starts on the
rising edge of W during this second cycle. Erase is

4116 &7
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M28F512

READ/WRITE MODES (cont'd)

followed by an Erase Verify which reads an ad-
dressed byte.

Erase Verify Mode is set-up by writing 0AOh to the
command register and at the same time supplying
the address of the byte to be verified. The rising
edge of W during the set-up of the first Erase Verify
Mode stops the Erase operation. The following
read cycle is made with an internally generated
margin voltage applied, reading OFFh indicates
that all bits of the addressed byte are fully erased.
The whole contents of the memory are verified by
repeating the Erase Verify Operation, first writing
the set-up code 0AOh with the address of the byte
to be verified and then reading the byte contents in
a second read cycle.

As the Erase algorithm flow chart shows, when the
data read during Erase Verify is not OFFh, another
Erase operation is performed and verification con-
tinues from the address of the last verified byte. The
command is terminated by writing another valid
command to the command register (for example
Program or Reset).

AC MEASUREMENT CONDITIONS

Input Rise and Fall Times < 10ns
Input Pulse Voltages 0.45V to 2.4V
Input and Output Timing Ref. Voltages 0.8V to 2V

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

Figure 3. AC Testing Input Output Waveforms

2.4V

0.45V

VAOC827

Program and Program Verify Modes. The Pro-
gram Mode is set-up by writing 40h to the command
register. This is followed by a second write cycle
which latches the address and data of the byte to
be programmed. The rising edge of W during this
secind cycle starts the programming operation.
Programming is followed by a Program Verify of the
data written.

Program Verify Mode is set-up by writing OCOh to
the command register. The rising edge of W during
the set-up of the Program Verify Mode stops the
Programming operation. The following read cycle,
of the address already latched during program-
ming, is made with an internally generated margin
voltage applied, reading valid data indicates that all
bits have been programmed.

Reset Mode. This command is used to safely abort
Erase or Program Modes. The Reset Mode is
set-up and performed by writing twice 0FFh to the
command register. The command shouid be fol-
lowed by writing a valid command to the the com-
mand register (for example Read).

Figure 4. AC Testing Load Circuit

13y
INDT4
3.3k
DEVICE }
UNDER o oL
TEST

-T- o

C includes JIG ccoacitarce
VADDB28

Table 6. Capacitance (Ta=25°C, f=1MHz)

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance Vin=0V 6 pF
Cout Output Capacitance Vour = 0V 12 pF
Note: this parameter is sampled only and not tested100%
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M28F512

Table 7. DC Characteristics
(Ta=0to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%)

Symbol Parameter Test Condition Min Max Unit
N Input Leakage Current 0V < VN < Voo +1 A
o Output Leakage Current 0V < Vout £ Vee +10 uA
lcc Supply Current (Read) E =V, f=6MHz 30 mA

ey Supply Current (Standby) TTL _ E=Vm 1 mA
Supply Current (Standby) CMOS E=Vccz0.2V 200 A
lcc2 " | Supply Current (Programming) During Programming 10 mA
lecs Supply Current (Program Verify) During Verify 30 mA
loca Supply Current (Erase) During Erasure 15 mA
lccs Supply Current (Erase Verify) During Erase Verify 30 mA
ILep Program Leakage Current Vep < Voo +100 A
(e g{gg&i?) Current (Read or Vep > Veo 200 uA
Vpp < Vee +100 uA
Ippy " Program Current (Programming) Vep = Vpph, During Programming 30 mA
Ippol"! \Ij::ig?;?m Current (Program Vpp = Vpp, During Verify 5 mA
leps'" | Program Current (Erase) Vpp = Vepn, During Erase 30 mA
Ippa" Program Current (Erase Verify) Vpp = Vpph, During Erase Verify 5 mA
Vi Input Low Voltage -0.5 0.8 v
Vin Input High Voltage TTL 2 Vee +0.5 \
Input High Voitage CMOS 0.7Vcc | Vec +0.5 \
Vou Output Low Voltage loL = 5.8mA (grade 1) 0.45 1
loL = 2.1mA (grade 3 & 6) 0.45 \
lon = —100uA 4.1 v
Von Output High Voltage CMOS lon = —1TmA Vec —0.8 v
lon = —2.5mA (grade 1) Vee 0.8 Vv
Output High Voltage TTL lon = —2.5mA 24 A
VppL (F;n:egrl:aaﬁrgn\éc))nage (Read 0 6.5 v
Vo ggagr;atgn\éciltage (Read/Write 1.4 126 v
Vip A9 Voltage (Electronic Signature) 11.5 13 \
ip " | A9 Current (Electronic Signature) A9 =Vpp 200 uA
Viko Eggﬁgu\{oltage, Erase/Program 25 v
Note: 1. Not 100% Tested. Characterisation Data available.

6/16
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M28F512

Table 8A. Read Only Mode AC Characteristics
(Ta=0to 70 °C, 40 to 85 °C, 4010 125 °C; Vcc = 5V £ 10%; OV < Vpp < 6.5V)

M28F512
Symbol Alt Parameter Test Condition 10 12 Unit
Min | Max | Min | Max
tavav tac | Read Cycle Time E=V,G=Vy | 100 120 ns
tavav tacc | Address Valid to Output Valid E=Vi,G=VL 100 120 | ns
I Chip Enable Low to Output -
teLox tz Transition G=ViL 0 0 ns
teLqv tce Chip Enable Low to Qutput Valid G=Vi 100 120 ns
(1) Output Enable Low to Output =
teLax toLz Transition E=Vi 0 o] ns
taLav toe Output Enable Low to Output Valid E=VL 45 50 ns
tenaz " Chip Enable High to Output Hi-Z G=Vi 0 40 0 40 ns
taraz " tor | Output Enable High to Output Hi-Z E=Vi 0 30 0 30 | ns
Address Transition to Output = - _
taxax toH Transition E=Vi,G=VL 0 0 ns
Note: 1. Sampled only, not 100% tested
Table 8B. Read Only Mode AC Characteristics
((TaA=0to 70 °C, —40 to 85 °C, 400 125 °C; Ve = 5V + 10%; OV < Vpp < 6.5V)
M28F512
Symbol Alt Parameter Test Condition 15 20 Unit
Min | Max | Min | Max
tavav tre Read Cycle Time E=Vi,G=VyL 150 200 ns
tavav tacc | Address Valid to Output Valid E=Vi,G=VuL 150 200 ns
1) Chip Enabie Low to Output ~_
teLax tz Transition G=ViL 0 0 ns
teLav tce Chip Enable Low to Output Valid G=Vi 150 200 ns
tarax toLz ?r:f;i:is:able Low to Qutput E-vy 0 0 ns
feLav toe Output Enable Low to Output Valid E=VL 55 60 ns
teraz ) Chip Enable High to Output Hi-Z G=Vi 0 55 0 60 ns
taraz " tor | Output Enable High to Output Hi-Z E=Vw 0 35 0 40 ns
Address Transition to Output _ = _
taxax ton Transition E=VL,G=VL 0 = 0 ns
Note: 1. Sampled only, not 100% tested
716
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Figure 5. Read Mode AC Waveforms
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Figure 6. Read Command Waveforms
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M28F512

Figure 7. Electronic Signature Command Waveforms
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M28F512

Table 9A. Read/Write Mode AC Characteristics - W and E Controlled
(TA =010 70 °C, 40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or 5V + 10%)

M28F512
Symbol Alt Parameter -10 12 Unit
Min | Max | Min | Max
tvPHEL Vpp High to Chip Enable Low 1 1 us
tvPHWL Vpp High to Write Enable Low 1 1 us
tWHWH3 twe Write Cycle Time 100 120 ns
tavwi tas Address Valid to Write Enable Low 0 0 ns
taveL Address Valid to Chip Enable Low 0 0 ns
twiLAx tan Write Enable Low to Address Transition 60 60 ns
tELAX Chip Enable Low to Address Transition 80 80 ns
tetwe tcs Chip Enable Low to Write Enable Low 20 20 ns
tWLEL Write Enable Low to Chip Enable Low 0 0 ns
taHwL Output Enable High to Write Enable Low 0 us
tGHEL Output Enable High to Chip Enable Low 0 0 us
tovwH tps Input Valid to Write Enable High 50 50 ns
{DVEH Input Valid to Chip Enable High 50 50 ns
twiwH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns
tELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns
tWHDX toH Write Enable High to Input Transition 10 10 ns
tEHDX Chip Enable High to Input Transition 10 10 ns
twHWH1 Duration of Program Operation 9.5 9.5 us
tEHEH1 Duration of Program Operation 9.5 9.5 us
twHwH2 Duration of Erase Operation 9.5 9.5 ms
tWHEH tou Write Enable High to Chip Enable High 0 ns
tEHWH Chip Enable High to Write Enable High 0 ns
twHwL twpn | Write Enable High to Write Enable Low 20 20 ns
tEHEL Chip Enable High to Chip Enable Low 20 20 ns
twHGL Write Enable High to Output Enable Low 6 us
teHGL Chip Enable High to Output Enable Low 6 us
tavav tacc Addess Valid to data Output 100 120 ns
terax ") tz Chip Enable Low to Output Transition o] 0 ns
teLov tce Chip Enable Low to Output Valid 100 120 ns
toax " towz Output Enable Low to Output Transition 0 0 ns
teLav toe Output Enable Low to Qutput Valid 45 50 ns
tenaz ! Chip Enable High to Qutput Hi-Z 40 50 ns
taraz toF Output Enable High to Output Hi-Z 30 30 ns
taxax toH Address Transition to Output Transition 0 o] ns

Notes: 1. Sampled only, not 100% tested

2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform.

10/16
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M28F512

Table 9B. Read/Write Mode AC Characteristics - W and E Controlled
(TA=01070 °C, -40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or 5V £ 10%)

M28F512
Symbol Alt Parameter 15 20 Unit
Min | Max | Min | Max
tvPHEL Vep High to Chip Enable Low 1 1 us
tvpHWL Vep High to Write Enable Low 1 1 us
twHwWHa twe Write Cycle Time 150 200 ns
tavwL tas Address Valid to Write Enable Low 0 0 ns
taveL Address Valid to Chip Enable Low 0 0 ns
twiax taH Write Enable Low to Address Transition 60 60 ns
teLax Chip Enable Low to Address Transition 80 80 ns
tELwe tcs Chip Enable Low to Write Enable Low 20 20 ns
twiEL Write Enable Low to Chip Enable Low 0 o] ns
tGHWL Output Enable High to Write Enable Low 0 0 us
tGHEL Output Enable High to Chip Enable Low 0 0 us
tovwH tos Input Valid to Write Enable High 50 50 ns
tover Input Valid to Chip Enable High 50 50 ns
twiwH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns
tELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns
twHDX toH Write Enable High to Input Transition 10 10 ns
tEHDX Chip Enable High to Input Transition 10 10 ns
TwHWH1 Duration of Program Operation 9.5 95 us
tEHEH Duration of Program Operation 9.5 9.5 us
TwHwH?2 Duration of Erase Operation 95 95 ms
twHEH teH Write Enable High to Chip Enable High o] o] ns
tEHwH Chip Enable High to Write Enable High 0 0 ns
twawl | twen | Write Enable High to Write Enable Low 20 20 | ns
tEHEL Chip Enable High to Chip Enable Low 20 20 ns
twHGL Write Enable High to Output Enable Low 6 6 us
tEHGL Chip Enable High to Output Enable Low 6 6 us
tavav tacc Addess Valid to data Output 150 200 ns
tecax ! tz Chip Enable Low to Output Transition 0 0 ns
teLav tce Chip Enable Low to Output Valid 150 200 ns
torox " torz Output Enable Low to Output Transition 0 0 ns
taLav toe Output Enable Low to Output Valid 55 60 ns
tenaz Chip Enable High to Output Hi-Z 55 60 ns
toroz tor | Output Enable High to Output Hi-Z 35 40 ns
taxax ton Address Transition to Output Transition 0 0 ns

Notes: 1. Sampled only, not 100% tested _ _
2. AWrite is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable
(with a Chip Enable puise width smaller than Write Enable). all timings should be measured relative to Chip Enable waveform.
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms
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M28F512

Figure 9. Program Set-up and Program Verity Commands Waveforms - W Controlled
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled

M28F512
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M28F512

Figure 11. Erasing Flowchart

Figure 12. Programming Flowchart
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Limit: 1000 at grades 1 & 6; 6000 at grade 3.

PRESTO F ERASE ALGORITHM

The PRESTO F Erase Algorithm guarantees that
the device will be erased in a reliable way. The
algorithm first programms all bytes to 00h in order
to ensure uniform erasure. The programming fol-
lows the Presto F Programming Algorithm (see
below). Erase is set-up by writing 20h to the com-
mand register, the erasure is started by repeating
this write cycle. Erase Verify is set-up by writing
0AOh to the command register together with the
address of the byte to be verified. The subsequent
read cycle reads the data which is compared to
OFFh. Erase Verify begins at address 0000h and
continues to the last address or until the compari-
son of the data to OFFh fails. If this occurs, the
address of the last byte checked is stored and a
new Erase operation performed. Erase Verify then
continues from the address of the stored location.

PRESTO F PROGRAM ALGORITHM

The PRESTO F Programming Algorithm applies a
series of 10us programming pulses to a byte until
a correct verify occurs. Up to 25 programming
operations are allowed for one byte. Program is
set-up by writing 40h to the command register, the
programming is started after the next write cycle
which also latches the address and data to be
programmed. Program Verify is set-up by writing
0COh to the command register, followed by a read
cycle and a compare of the data read to the data
expected. During Program and Program Verify op-
erations a MARGIN MODE circuit is activated to
guarantee that the cell is programmed with a safety
margin.
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M28F512

ORDERING INFORMATION

Example: M2g8F512 -12 X C 3
L Speed | LVcc Tolerance ] | Package —| |Temperature Range
-10 100 ns X +5% B PDIP32 1 0to70°C
-12 120 ns blank +10% C PLCC32 3 —40t0125°C
-15 150 ns 6 —40t085°C
-20 200 ns

For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the
Selector Guide in this Data Book or to the current Memory Shortform Catalogue.

For further information on any aspect of this device, please contact our Sales Office nearest you.
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