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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

STMicroelectronics PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF STMicroelectronics. As used herein: 

1. Life support devices or systems are those which (a) are 
intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when prop
erly used in accordance with instructions for use pro
vided with the product, can be reasonably expected to 
result in significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can reason
ably be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 
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EEPROM Memory Products 

EEPROM (Electrically Erasable Programmable Memory) is non volatile, and can be erased .and pro
grammed a byte at a time. This is as opposed to: RAM (Random Access Memory) that is volatile, and loses 
its data when the power is removed; and Flash memory that, though non volatile, can only be erased on 
a device-wise or sector-wise basis. 

The uses to which EEPROM is put, therefore, are those for which its particular mix of properties are better 
suited thaR are those of RAM or Flash memory. Examples might include the storing of set-up parameters 
for a piece of equipment, or data tables and persistent variables, which might need to be changed regu
larly, but must retained from one power-down to the next power-up sequence. (These issues are dis
cussed in AN997, on page 701). 

Since the previous edition of this data book, there has been a significant increase in the code size of ap
plication programs, with an associated increase in the number of non-volatile parameters that need to be 
retained. To cater for this trend, EEPROM devices are being introduced to market at ever increasing mem

ory capacities. For this edition of the data book, devices of up to 1 Mbit capacity are available. 

Two distinct families of EEPROM have established themselves: 

• Serial Access EEPROM 

• Parallel Access EEPROM 

The parallel access EEPROM devices generally need one pin per address and data bit. The integrated 
circuit package tends to have a fairly large footprint, with at least 28 external pins. 

The serial access EEPROM devices can all be placed in an S-pin package, irrespective of their memory 
capacity. This is because there is always only one line (perhaps two) to carry all of the address and data 
bits, multiplexed one after the other. 

This multiplexing involves adhering to a standard protocol. There are three of these that are currently wide
ly adopted (as described in AN1001, on page 647): 

- Serial 12C Bus EEPROM 

- Serial SPI Bus EEPROM 
- Serial Microwire Bus EEPROM 
These, then, constitute the first three sections of data sheets in this book, with parallel access EEPROM 
making the fourth. 

A new technology from STMicroelectronics, FLASH+, allows a single chip to contain an area of Flash 
memory and an area of EEPROM, thereby offering footprint and electrical power advantages to many ap
plications. These devices are included in the fifth section of this book (and are described in the application 
notes from page 637 to 762). 

The sixth section presents a number of Application Specific Memory devices. These are devices whose 
cost, architecture, or other properties, have been optimized to meet specific market needs (as described 

in AN1120, on page 743). 

The seventh section contains a number of application notes that have been written to describe various 
aspects of using EEPROM technology. 

STMicroelectronics is permanently committed to extensive investment in process research, process de
velopment, and product design. As a result, it is constantly adding new products to these families, and 
adding new families to its portfolio. Please contact to your nearest ST Sales Office, or see the latest infor

mation in our pages on the world wide web: www.st.com. 



EEPROM Memory Products 
Table 1. Product Overview 

Serlaii2C Serial SPI 
Serial 

Parallel FLASH+ ASM Mlcrowlre 

256 bit M93C06 

512 bit 

M24LC21B 

M95010 M93C46 M24LW21 
1 Kblt M24C01 ST95010 M93S46 M24FC21 

M24FW21 
M2201 

M95020 
M93C56 2 Kblt M24C02 ST95020 M93S56 M34C02 

ST95022 

M95040 ST24C04 

4 Kblt M24C04 ST95040 M93C66 ST25C04 
M93S66 ST24W04 

ST25W04 

M35080 

M95080 
ST24C08 

8 Kblt M24C08 M93C76 ST25C08 
ST95P08 ST24W08 

ST25W08 

M24164 

M28C16A ST24C16 

M28C17A ST25C16 
16 Kblt M24C16 M95160 M93C86 M28C16B ST24W16 

M28C17B ST25W16 
ST24E16 
ST25E16 

32 Kbit M24C32 M95320 

M28C64 
64 Kbit M24C64 M95640 M28C64C M39208 

M28C64X 

128 Kbit M24128-B 
M95128 M24128 

M24256-B 
M39432 256 Kblt M24256-A M95256 M28256 

M24256 M39832 

512 Kbit M24512 M95512 

1 Mbit M28010 
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M24C16, M24C08 
M24C04,M24C02,M24C01 

16/8/4/2/1 Kbit Serial 12C Bus EEPROM 

• Two Wire 12C Serial Interface 
Supports 400 kHz Protocol 

• Single Supply Voltage: 

- 4.5V to 5.5V for M24Cxx 

- 2.5V to 5.5V for M24Cxx-W 

- 1.8V to 3.6V for M24Cxx-R 

• Hardware Write Control 

• BYTE and PAGE WRITE (up to 16 Bytes) 

• RANDOM and SEQUENTIAL READ Modes 

• Self-Timed Programming Cycle 

• Automatic Address Incrementing 

• Enhanced ESD/Latch-Up Behaviour 

• 1 Million Erase/Write Cycles (minimum) 

• 40 Year Data Retention (minimum) 

DESCRIPTION 
These electrically erasable programmable memo
ry (EEPROM) devices are fabricated with STMi
croelectronics' High Endurance, Single 
Polysilicon, CMOS technology. This guarantees 
an endurance typically well above one million 
Erase/Write cycles, with a data retention of 
40 years. The memories are organised as 2048/ 
1024 x 8 bit (M24C16, M24C08) and 512/256/128 
x 8 bit (M24C04, M24C02, M24C01 ), and operate 
with a power supply down to 2.5 V (for the -W ver-

8'. 
1 

508 (MN) 
150 mil width 

8 

1 
PSDIP8 (BN) 

0.25 mm frame 

TSSOP8 (DW) 
169 mil width 

Figure 1. Logic Diagram 

Vee 

Table 1. Signal Names 3 

EO,E1,E2 Chip Enable Inputs EO-E2 SDA 

SDA Serial Data/Address lnpuV 
Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage Vss 
AI02033 

Vss Ground 

March 1999 1/16 
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M24C16,M24C08,M24C04,M24C02,M24C01 

Figure 2A. DIP Connections 

M24exx 
M24exx- W 
M24exx- R 

Eoos Vee 
E1 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 
AI02034B 

Note: 1. xx- 01, 02, 04,08 or 16 
2. P1n 1 is Not Connected for 4 Kb1t devices 
3. Pms 1 and 2 are Not Connected for 8 Kbit devices 
4. Pins 1, 2 and 3 are Not Connected for 16 Kbit devices 

Figure 28. SO Connections 

EO 
E1 

E2 

Vss 

M24exx 
M24exx- W 
M24exx- R 

AI02035B 

Note: 1. xx = 01, 02, 04,08 or 16 

Vee 
we 
SeL 

SDA 

2. Ptn 1 ts Not Connected for 4 Kbrt devrces 
3. Prns 1 and 2 are Not Connected for 8 Kbit devices 
4. P<ns 1, 2 and 3 are Not Connected for 16 Kbit devices 

Table 2. Absolute Maximum Ratings 1 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

TLEAD Lead Temperature during Soldering 

Vlo Input or Output range 

Vee Supply Voltage 

Figure 2C. Standard-TSSOP Connections 

EO 

E1 

E2 

Vss 

M24e01/02/04 
M24e01/02/04- W 
M24e01/02/04- R 

M24eOB/16 - R 

A102036B 

Vee 
we 
SeL 

SDA 

Note: 1. P1n 1 is Not Connected for 4 Kb1t devices 
2. P1ns 1 and 2 are Not Connected for 8 Kbit devices 
3. P1ns 1, 2 and 3 are Not Connected for 16 l<bit devices 

Figure 20. Turned-TSSOP Connections 

we 
Vee 

Ne 

Ne 

M24e08/16 - T 
M24e08/16 - TW 

AI02216B 

SeL 

SDA 

Vss 
E2/Ne 

Note: 1. NC = Not Connected 
2. P1n 5 is Not Connected for 16 Kbit devices 

Value 

-40 to 125 

-65to 150 

PSDIPB: 10 sec 260 
SOB: 40 sec 215 
TSSOPB: t.b.c. t.b.c. 

-0.6 to 6.5 

-0.3 to 6.5 

Unit 

oc 

oe 

oc 

v 
v 

Electrostatic Discharge Voltage (Human Body model) 2 4000 v 
VESD 

Electrostatic Discharge Voltage (Machine model) 3 500 v 
Note: 1 Except for the ratmg Operatrng Temperature Range , stresses above those lrsted rn the Table Absolute Maxrmum Ratmgs may 

cause permanent damage to the device. These are stress ratings only, and ope rattan of the devrce at these or any other conditrons 
above those indrcated in the Operat1ng sect1ons of this specif1cat1on 1s not implied Exposure to Absolute Max1mum Ratmg condi
tions for extended periods may affect device reliability. Refer also to the ST SURE Program and other relevant qual1ty documents 

2/16 
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sian of each device), and down to 1.8 V (for the -R 
version of each device). 
The M24C16, M24C08, M24C04, M24C02, 
M24C01 are available in Plastic Dual-in-Line, 
Plastic Small Outline and Thin Shrink Small Out
line packages. 
These memory devices are compatible with the 
12C extended memory standard. This is a two wire 
serial interface that uses a bi-directional data bus 
and serial clock. The memory carries a built-in 4-
bit unique Device Ty~e Identifier code (1 01 0) in 
accordance with the I C bus definition. 
The memory behaves as a slave device in the i2C 
protocol, with all memory operations synchronized 
by the serial clock. Read and Write operations are 
initiated by a START condition, generated by the 
bus master. The START co!J.Qition is followed by a 
Device Select Code and RW bit (as described in 
Table 3), terminated by an acknowledge bit. 
When writing data to the memory, the memory in
serts an acknowledge bit during the gth bit time, 
following the bus master's 8-bit transmission. 
When data is read by the bus master, the bus 
master acknowledges the receipt of the data byte 
in the same way. Data transfers are terminated by 
a STOP condition after an Ack for WRITE, and af
ter a NoAck for READ. 

Power On Reset: Vee Lock-Out Write Protect 
In order to prevent data corruption and inadvertent 
write operations during power up, a Power On Re
set (POR) circuit is included. The internal reset is 
held active until the Vee voltage has reached the 
POR threshold value, and all operations are dis
abled - the device will not respond to any com
mand. In the same way, when Vee drops from the 
operating voltage, below the POR threshold value, 

M24C16,M24C08,M24C04,M24C02,M24C01 

all operations are disabled and the device will not 
respond to any command. A stable and valid Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTION 
Serial Clock (SCL) 
The SCL input pin is used to strobe all data in and 
out of the memory. In applications where this line 
is used by slaves to synchronize the bus to a slow
er clock, the master must have an open drain out
put, and a pull-up resistor must be connected from 
the SCL line to Vee. (Figure 3 indicates how the 
value of the pull-up resistor can be calculated). In 
most applications, though, this method of synchro
nization is not employed, and so the pull-up resis
tor is not necessary, provided that the master has 
a push-pull (rather than open drain) output. 
Serial Data (SDA) 
The SDA pin is bi-directional, and is used to trans
fer data in or out of the memory. It is an open drain 
output that may be wire-OR'ed with other open 
drain or open collector signals on the bus. A pull 
up resistor must be connected from the SDA bus 
to Vee. (Figure 3 indicates how the value of the 
pull-up resistor can be calculated). 
Chip Enable (E2, E1, EO) 
These chip enable inputs are used to set the value 
that is to be looked for on the three least significant 
bits (b3, b2, b1) of the 7-bit device select code (but 
see the description of memory addressing, on 
page 5, for more details). These inputs may be 
driven dynamically or tied to Vee or Vss to estab
lish the device select code (but note that the V1L 
and V1H levels for the inputs are CMOS compati
ble, not TTL compatible). 

Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an J2C Bus 
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M24C16,M24C08,M24C04,M24C02,M24C01 

Figure 4. 12c Bus Protocol 

SCL --------~ 

I ~ c-----~ i I SDA i \! 
4-START__.j 

CONDITION 
!+- SDA -+4- SDA ~ !+STOP~ 

INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

_____ _fi\__fa\fi\__, 

-----~-· 

SCL ___ fi\...F\...__/a ____ _ 

SDA ~-----" ''---...l....--=---....;,...1 

Write Control (WC) 
The hardware Write Control pin (WC) is useful for 
protecting the entire contents of the memory from 
inadvertent erase/write. The Write Contro~nal is 
used to enable (WC=VnJ or disable (WC=VIH) 
write instructions to the entire memory area. When 
unconnected, the WC input is internally read as 
V1L. and write operations are allowed. 
When WC=1, Device Select and Address bytes 
are acknowledged, Data bytes are not acknowl
edged. 
Please see the Application Note AN404 for a more 
detailed description of the Write Control feature. 

DEVICE OPERATION 
The memory device supports the J2C protocol. 
This is summarized in Figure 4, and is compared 
with other serial bus protocols in Application Note 
AN1001. Any device that sends data on to the bus 

4/16 

16 

;....; 
STOP 

CONDITION 

AI00792 

is defined to be a transmitter, and any device that 
reads the data to be a receiver. The device that 
controls the data transfer is known as the master, 
and the other as the slave. A data transfer can only 
be initiated by the master, which will also provide 
the serial clock for synchronization. The memory 
device is always a slave device in all communica
tion. 
Start Condition 
START is identified by a high to low transition of 
the SDA line while the clock, SCL, is stable in the 
high state. A START condition must precede any 
data transfer command. The memory device con
tinuously monitors (except during a programming 
cycle) the SDA and SCL lines for a START condi
tion, and will not respond unless one is given. 
Stop Condition 
STOP is identified by a low to high transition of the 
SDA line while the clock SCL is stable in the high 
state. A STOP condition terminates communica-



M24C16,M24COB,M24C04,M24C02,M24C01 

Table 3. Device Select Code 1 

Device Type Identifier Chip Enable RW 

b7 b6 b5 b4 b3 b2 b1 bO 

M24C01 Select Code 1 0 1 0 E2 E1 EO RW 

M24C02 Select Code 1 0 1 0 E2 E1 EO RW 

M24C04 Select Code 1 0 1 0 E2 E1 AB RW 

M24C08 Select Code 1 0 1 0 E2 A9 AB RW 

M24C16 Select Code 1 0 1 0 A10 A9 AB RW 

Note: 1. The most Slgmftcant btl, b7, ts sent ftrst 
2. EO, El and E2 are compared agatnst the respecttve external ptns on the memory devtce. 
3. A 1 0, A9 and AB represent high signiftcant btts of the address 

lion between the memory device and the bus mas
ter. A STOP condition at the end of a Read 
command, after (and only after) a NoAck, forces 
the memory device into its standby state. A STOP 
condition at ·the end of a Write command triggers 
the internal EEPROM write cycle. 
Acknowledge Bit (ACK) 
An acknowledge signal is used to indicate a suc
cessful byte transfer. The bus transmitter, whether 
it be master or slave, releases the SDA bus after 
sending eight bits of data. During the gth clock 
pulse period, the receiver pulls the SDA bus low to 
acknowledge the receipt of the eight data bits. 
Data Input 
During data input, the memory device samples the 
SDA bus signal on the rising edge of the clock, 
SCL. For correct device operation, the SDA signal 
must be stable during the clock low-to-high transi
tion, and the data must change on/ywhen the SCL 
line is low. 
Memory Addressing 
To start communication between the bus master 
and the slave memory, the master must initiate a 
START condition. Following this, the master sends 
the 8-bit byte, shown in Table 3, on the SDA bus 
line (most significant bit first). This consists of the 

Table 4. Operating Modes 

Mode RWbit wc 1 

Current Address Read '1' X 

'0' X 
Random Address Read 

'1' X 

Sequential Read '1' X 

Byte Write '0' VtL 

Page Wnte '0' VtL 

7 -bit Device Select Code, and the 1-bit Read/Write 
Designator (RW). The Device Select Code is fur
ther subdivided into: a 4-bit Device Type Identifier, 
and a 3-bit Chip Enable "Address" (E2, E1, EO). 
To address the memory array, the 4-bit Device 
Type Identifier is 101 Ob. 
If all three chip enable inputs are connected, up to 
eight memory devices can be connected on a sin
gle 12C bus. Each one is given a unique 3-bit code 
on its Chip Enable inputs. When the Device Se
lect Code is received on the SDA bus, the memory 
only responds if the Chip Select Code is the same 
as the pattern applied to its Chip Enable pins. 
Those devices with larger memory capacities (the 
M24C16, M24C08) need more address bits. EO is 
not available for use on devices that need to use 
address line A8; E1 is not available for devices 
that need to use address line A9, and E2 is not 
available for devices that need to use address line 
A 10 (see Figure 2A to Figure 2D for details). Using 
the EO, E1 and E2 inputs pins, up to eight M24C02 
(or M24C01 ), four M24C04, two M24COB or one 
M24C16 device can be connected to one 12C bus. 
In each case, and in the hybrid cases, this gives a 
total memory capacity of 16 Kbits, 2 KBytes (ex
cept where M24C01 devices are used). 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 
1 

reSTART, Device Select, RW = '1' 

~ 1 Similar to Current or Random Address Read 

1 START, Device Select, RW = '0' 

s;16 START, Device Select, RW = '0' 

5/16 
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Figure 5. Write Mode Sequences with WC=1 (data write inhibited) 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cont'd) 

NOACK NOACK 

::JII :at~~~~:N: 110 

The gth bit is the RW bit. This is set to '1' for read 
and '0' for write operations. If a match occurs on 
the Device Select Code, the corresponding mem
ory gives an acknowledgment on the SDA bus dur
ing the gth bit time. If the memory does not match 
the Device Select Code, it deselects itself from the 
bus, and goes into stand-by mode. 
There are two modes both for read and write. 
These are summarized in Table 4 and described 
later. A communication between the master and 
the slave is ended with a STOP condition. 

6/16 
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Write Operations · 
Following a START condition tl}§_ master sends a 
Device Select Code with the RW bit set to '0', as 
shown in Table 4. The memory acknowledges this, 
and waits for an address byte. The memory re
sponds to the address byte with an acknowledge 
bit, and then waits for the data byte. 
Writing to the memory may be inhibited if the WC 
~t pin is taken high. Any write command with 
WC=1 (during a period of time from the START 
condition until the end of the address byte) will not 
modify the memory contents, and the accompany
ing data bytes will not be acknowledged (as shown 
in Figure 5). 
Byte Write 
In the Byte Write mode, after the Device Select 
Code and the address bytes, the master sends 
one data byte. If~ addressed location is write 
protected by the we pin, the memory replies with 
a NoAck, and the location is not modified. If, in
stead, the we pin has been held at 0, as shown in 
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Figure 6. Write Mode Sequences with WC=O (data write enabled) 

we 

AeK AeK AeK 
BYTE WRITE II :o~y~~~ 11.11 ~0~:Ap?~ 111: ?~+:~~: 110 

we 

AeK AeK AeK AeK 
II :o~y~~~ 11.11 ~0:E:AP?71 1 1 :~+~~:N:< 1

1
1 :~A!~~:N>: ~~~~~:: 

b: RiW 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(con!' d) 

~ 

AeK AeK 
::J1

1 :o~y~~~:N: 110 

Figure 6, the memory replies with an Ack. The 
master terminates the transfer by generating a 
STOP condition. 
Page Write 
The Page Write mode allows up to 16 bytes to be 
written in a single write cycle, provided that they 
are all located in the same 'row' in the memory: 
that is the most significant memory address bits 
are the same. If more bytes are sent than will fit up 
to the end of the row, a condition known as 'roll
over' occurs. Data starts to become overwritten (in 
a way not formally specified in this data sheet). 
The master sends from one up to 16 bytes of data, 
each of which is acknowlg_Q_ged by the memory if 
the we pin is low. If the We pin is high, the con
tents of the addressed memory location are not 
modified, and each data byte is followed by a 
NoAck. After each byte is transferred, the internal 
byte address counter (the 4 least significant bits 
only) is incremented. The transfer is terminated by 
the master generating a STOP condition. 

Al02804 

When the master generates a STOP condition im
mediately after the Ack bit (in the "1oth bit" time 
slot), either at the end of a byte write or a page 
write, the internal memory write cycle is triggered. 
A STOP condition at any other time does not trig
ger the internal write cycle. 
During the internal write cycle, the SDA input is 
disabled internally, and the device does not re
spond to any requests. 
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Figure 7. Write Cycle Polling Flowchart using ACK 

F1rst byte of instruction 
with RW = 0 already 
decoded by M24xxx 

YES 

Proceed 
WRITE OperatiOn 

Proceed 
Random Address 
READ Operation 

Minimizing System Delays by Polling On ACK 
During the internal write cycle, the memory discon
nects itself from the bus, and copies the data from 
its internal latches to the memory cells. The maxi
mum write time (tw) is shown in Table 6, but the 
typical time is shorter. To make use of this, an Ack 
polling sequence can be used by the master. 
The sequence, as shown in Figure 7, is: 
- Initial condition: a Write is in progress. 
- Step 1: the master issues a START condition 

followed by a Device Select Code (the first byte 
of the new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no Ack will be returned and the mas
ter goes back to Step 1. If the memory has ter
minated the internal write cycle, it responds with 
an Ack, indicating that the memory is ready to 
receive the second part of the next instruction 
(the first byte of this instruction having been sent 
during Step 1 ). 

8/16 
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Read Operations 
Read operation~e performed independently of 
the state of the we pin. 
Random Address Read 
A dummy write is performed to load the address 
into the address counter, as shown in Figure 8. 
Then, without sending a STOP condition, the mas
ter sends another START condition, and repeats 
the Device Select Code, with the RW bit set to '1 '. 
The memory acknowledges this, and outputs the 
contents of the addressed byte. The master must 
not acknowledge the byte output, and terminates 
the transfer with a STOP condition. 
Current Address Read 
The device has an internal address counter which 
is incremented each time a byte is read. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select Code 
with the RW bit set to '1'. The memory acknowl
edges this, and outputs the byte addressed by the 
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Figure 8. Read Mode Sequences 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

ACK ACK ACK NOACK 
SEQUENTIAL 
CURRENT 
READ II :D~¥ ~~L: 1/ I ~~+:o~I ~ 1 1 C:~~ ~~:J 1 1 ~+~ ~~i ~ 110 

~ Rffl ~ 
~ ~ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

~:J 1 1~~+~~i~l 0 

AI01942 

Note: 1 The seven most Significant b1ts of the Dev1ce Select Code of a Random Read (1n the 1 5 and 3' bytes) must be identical. 

internal address counter. The counter is then in
cremented .. The master terminates the transfer 
with a STOP condition, as shown in Figure 8, with
out acknowledging the byte output. 
Sequential Read 
This mode can be initiated with either a Current 
Address Read or a Random Address Read. The 
master does acknowledge the data byte output in 
this case, and the memory continues to output the 
next byte in sequence. To terminate the stream of 
bytes, the master must not acknowledge the last 
byte output, and must generate a STOP condition. 

The output data comes from consecutive address
es, with the internal address counter automatically 
incremented after each byte output. After the last 
memory address, the address counter 'rolls-over' 
and the memory continues to output data from the 
start of the memory block. 
Acknowledge in Read Mode 
In all read modes, the memory waits, after each 
byte read, for an acknowledgment during the gth 
bit time. If the master does not pull the SDA line 
low during this time, the memory terminates the 
data transfer and switches to its standby state. 
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Table 5. DC Characteristics 
(T A= 0 to 70 °C, or -40 to 85 oc; Vee= 4.5 to 5.5 V or 2.5 to 5.5 V) 
(T A= 0 to 70 °C, or -40 to 85 °C; Vee= 1.8 to 3.6 V) 

Symbol Parameter Test Condition 

lu 
Input Leakage Current 

OV:5VIN:5Vcc 
(SCL, SDA) 

ILO Output Leakage Current 0 V :5 VouT :5 Vee. SDA in Hi-Z 

Vcc=5V, fc=400kHz (rise/fall time< 30ns) 

Icc Supply Current -W series: Vee =2.5V, fc=400kHz (rise/fall time< 30ns) 

-R series: Vee =1.8V, fc=400kHz (rise/fall time< 30ns) 

lcc1 
Supply Current 

V1N= VssorVcc. Vee= 5 V (Stand-by) 

lcc2 
Supply Current 

-W series: V1N= Vss or Vee. Vee= 2.5 V (Stand-by) 

lcca 
Supply Current 

-R series: V1N= Vss or Vee, Vee= 1.8 V (Stand-by) 

VIL 
Input Low Voltage 
(EO, E1, E2, SCL, SDA) 

V1H 
Input High Voltage 
(EO, E1, E2, SCL, SDA) 

VIL Input Low Voltage (WC) 

V1H Input High Voltage (WC) 

loL = 3 mA, Vee= 5 V 

VoL 
Output Low -W series: loL=2.1 mA, Vcc=2.5V 
Voltage 

-R series: loL = 1 mA, Vee= 1.8 V 
.. 

Note: 1. Th1s 1s preliminary data. 
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Min. Max. Unit 

±2 tJA 

±2 tJA 

2 mA 

1 mA 

o.a1 mA 

1 tJA 

0.5 tJA 

0.1 1 tJA 

-0.3 0.3 Vee v 

0.7Vcc Vcc+1 v 

-0.3 0.5 v 
0.7Vcc Vcc+1 v 

0.4 v 
0.4 v 
0.41 v 
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Table 6. AC Characteristics 

M24C16, M24C08, M24C04, M24C02, M24C01 

Vcc=4.5 to 5.5 V V cc=2.5 to 5.5 V V cc=1 .8 to 3.6 V 

Symbol Alt. Parameter TA=O to 1o·c or TA=O to 7o•c or TA=O to 7o•c or Unit 
-40 to a5•c -40 to a5•c -40 to a5•c4 

Min Max Min Max Min Max 

lcH1CH2 lA Clock Rise Time 300 300 300 ns 

lcL 1CL2 IF Clock Fall T1me 300 300 300 ns 

toH1DH2 2 lA SDA Rise Time 20 300 20 300 20 300 ns 

taL 1DL2 2 IF SDA Fall Time 20 300 20 300 20 300 ns 

tcHOX 1 tsu STA Clock High to Input Transition 600 600 600 ns 

lcHCL !HIGH Clock Pulse Width High 600 600 600 ns 

loLCL IHOSTA Input Low to Clock Low (START) 600 600 600 ns 

lcLOX IHOOAT Clock Low to Input Transition 0 0 0 ~s 

!cLCH I LOW Clock Pulse Width Low 1.3 1.3 1.3 ~s 

lox ex tsUOAT 
Input Transition to Clock 

100 100 100 ns 
Transition 

lcHOH lsu STO Clock High to Input High (STOP) 600 600 600 ns 

toHOL tsuF 
Input H1gh to Input Low (Bus 

1.3 1.3 1.3 ~s Free) 

lcLOV 3 IAA Clock Low to Data Out Valid 200 900 200 900 200 900 ns 

!cLOX toH 
Data Out Hold Time After Clock 

200 200 200 
Low 

ns 

fc fscL Clock Frequency 400 400 400 kHz 

!w lwA Write Time 5 10 10 ms 

Note: 1 For a reSTART condition, or following a wnte cycle 
2. Sampled only, not 100% tested 
3. To avord spurious START and STOP condrt1ons, a minimum delay rs placed between SCL=1 and the falling or risrng edge of SDA 
4 Th1s 1s preliminary data 

Table 7. AC Measurement Conditions 

Input R1se and Fall Times s: 50 ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 0.3Vcc to 0.7Vcc 
Reference Voltages 

Figure 9. AC Testing Input Output Waveforms 

OBVcc~ 

O.ZVcc 

o.7Vcc 

o.3Vcc 

A100825 
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Figure 10. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

4START..j 
CONDITION 

4- SDA -.4-- SDA ...j 
INPUT CHANGE 

;.___ DATA OUTPUT ____.! 

4-STOP&+i 
BUS FREE 

tl""'" c::::::::;::::::::::::::::~:J }t 
: : ; : 
4-- STOP : WRITE CYCLE . START __.; 
CONDITION CONDITION 

A100795B 

Table 8. Input Parameters 1 (T A = 25 oc, f = 400 kHz) 

Symbol Parameter Test Condition Min. Max. 

c,N Input Capacitance (SDA) 8 

c,N Input Capacitance (other pins) 6 

ZwcL WC Input Impedance V1N< 0.3Vcc 5 20 

ZwcH WC Input Impedance V1N > 0.7Vcc 500 

INS Low Pass Filter Input Time 
200 500 

Constant (SCL and SDA) 

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

12/16 
24 

Unit 

pF 

pF 

kQ 

kQ 
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Table 9. Ordering Information Scheme 

Example: M24C08 - T 

Memory Capacity 

16 16 Kbit (2048 x 8) 

08 8 Kbit (1024 x 8) 

04 4 Kbit (512 x 8) 

02 2 Kbit {256 x 8) 

01 1 Kbit (128 x 8) 

TSSOP Pin-Out 

Standard (as shown in Figure 2C) for: 
M24C01, M24C01·W, M24C01-R, 

blank M24C02, M24C02-W, M24C02-R, 
M24C04, M24C04-W, M24C04-R, 
M24C08-R, M24C16-R. 

Turned (as shown in Figure 20) for 
T M24C08-T, M24C08-TW, 

M24C16-T, M24C16-TW 

Operating Voltage 

blank 4.5 V to 5.5 V 

W 2.5 V to 5.5 V 

R 1.8 V to 3.6 V 

Note: 1. Temperature range 1 available only on request. 

ORDERING INFORMATION 

w 

Devices are shipped from the factory with the 
memory content set at all '1 's (FFh). 
The notation used for the device number is as 
shown in Table 9. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 

M24C16,M24C08,M24C04,M24C02,M24C01 

DW T 

Option 

T Tape and Reel Packing 

Temperature Range 

1 1 0 oc to 70 oc 
6 -40 oc to 85 oc 

Package 

BN PSDIPB (0.25 mm frame) 

MN SOB (150 mil width) 

DW TSSOPB (169 mil width) 

13/16 
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Table 10. PSDIP8- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

81 1 '15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

Figure 11. PSDIP8 (BN) 

IT-f£]2 A 
A1 L 

B e1 
81 

am PSOIP-a 

Note· 1. Draw1ng is not to scale 
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Table 11. 508 - 8 lead Plastic Small Outline, 150 mils body width 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.80 6.20 0.228 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 0.016 0.035 

a 0' 8' 0' 8' 

N 8 8 

CP 0.10 0.004 

Figure 12. 508 narrow (MN) 

so-a 

Note. 1. Draw1ng IS not to scale. 
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Table 12. TSSOPS- Slead Thin Shrink Small Outline 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 1.10 0.043 

A1 0.05 0.15 0.002 0.006 

A2 0.85 0.95 0.033 0.037 

B 0.19 0.30 0.007 0.012 

c 0.09 0.20 0.004 0.008 

D 2.90 3.10 0.114 0.122 

E 6.25 6.50 0.246 0.256 

E1 4.30 4.50 0.169 0.177 

e 0.65 - - 0.026 - -

L 0.50 0.70 0.020 0.028 

a oo 80 oo 80 

N 8 8 

CP 0.08 0.003 

Figure 13. TSSOP8 (DW) 

D 

E1 E 

--T.J -- A2 

e 

TSSOP 

Note: 1. Drawing is not to scale. 
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M24C64 
M24C32 

64/32 Kbit Serial 12C Bus EEPROM 

• Compatible with 12C Extended Addressing 

• Two Wire 12C Serial Interface 
Supports 400 kHz Protocol 

• Single Supply Voltage: 

- 4.5V to 5.5V for M24Cxx 

- 2.5V to 5.5V for M24Cxx-W 

- 1.8V to 3.6V for M24Cxx-R 

• Hardware Write Control 

• BYTE and PAGE WRITE (up to 32 Bytes) 

• RANDOM and SEQUENTIAL READ Modes 

• Self-Timed Programming Cycle 

• Automatic Address Incrementing 

• Enhanced ESD/Latch-Up Behaviour 

• 1 Million Erase/Write Cycles (minimum) 

• 40 Year Data Retention (minimum) 

DESCRIPTION 
These electrically erasable programmable memo
ry (EEPROM) devices are fabricated with STMi
croelectronics' High Endurance, Single 
Polysilicon, CMOS technology. This guarantees 
an endurance typically well above one million 
Erase/Write cycles, with a data retention of 
40 years. The memories are organised as 8192x8 
bits (M24C64) and 4096x8 bits (M24C32), and op
erate down to 2.5 V (for the -W version of each de-

Table 1. Signal Names 

EO, E1, E2 Chip Enable Inputs 

SDA Serial Data/Address Input! 
Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

March 1999 

8 
1 

PSDIPB (BN) 
0.25 mm frame 

8<. 
1 

SOB (MN) 
150milwidth 

Figure 1. Logic Diagram 

3 

Vee 

M24C64 
M24C32 

Vss 

14 .. 

1 
TSSOP14 (DL) 
169 mil width 

8<. 
1 

SOB(MW) 
200 mil width 

SDA 

AI01844B 
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Figure 2A. DIP Connections 

M24e64 
M24e32 Eoos Vee 

E1 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 

AI01845B 

Figure 28. SO Connections 

M24e64 
M24e32 

EO Vee 
E1 we 
E2 SeL 

Vss SDA 

AI01846B 

Table 2. Absolute Maximum Ratings 1 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

TLEAD Lead Temperature during Soldering 

V1o Input or Output range 

Vee Supply Voltage 

Figure 2C. TSSOP Connections 

EO 

E1 

Ne 
Ne 
Ne 
E2 

Vss 

M24e64 
M24e32 

Al02129 

Note· 1 NC =Not Connected 

vee 
we 
NC 

Ne 
Ne 
seL 
SDA 

vice), and down to 1.8 V (for the -R version of each 
device). 
The M24C64 and M24C32 are available in Plastic 
Dual-in-Line, Plastic Small Outline and Thin Shrink 
Small Outline packages. 
These memory devices are compatible with the 
12C extended memory standard. This is a two wire 
serial interface that uses a bi-directional data bus 
and serial clock. The memory carries a built-in 4-
bit unique Device Ty~e Identifier code (1 01 0) in 
accordance with the I C bus definition. 
The memory behaves as a slave device in the 12C 
protocol, with all memory operations synchronized 
by the serial clock. Read and Write operations are 
initiated by a START condition, generated by the 
bus master. The START condition is followed by a 

Value Unit 

-40 to 125 oe 

-65 to 150 oc 

PSDIPB: 10 sec 260 
SOB: 40 sec 215 oe 

TSSOP14: t.b.c. t.b.c. 

-0.6 to 6.5 v 
-0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) 2 4000 v 
VEso 

Electrostatic Discharge Voltage (Machine model) 3 500 v 
.. Note. 1. Except for the rating Operatmg Temperature Range , stresses above those listed 1n the Table Absolute Max1mum Ratings may 

cause permanent damage to the dev1ce. These are stress ratings only, and operat1on of the dev1ce at these or any other cond1t1ons 
above those ind1cated in the Operat1ng sections of th1s spec1f1cation IS not 1mphed. Exposure to Absolute Max1mum Rating condi
tions for extended penods may affect device rehab1hty. Refer also to the ST SURE Program and other relevant quality documents 

2. MIL-STD-883C, 3015.7 (100 pF, 1500 Q) 
3. EIAJ IC-121 (Cond1t10n C) (200 pF, 0 Q) 
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Device Select Code and RW bit (as described in 
Table 3), terminated by an acknowledge bit. 
When writing data to the memory, the memory in
serts an acknowledge bit during the gth bit time, 
following the bus master's 8-bit transmission. 
When data is read by the bus master, the bus 
master acknowledges the receipt of the data byte 
in the same way. Data transfers are terminated by 
a STOP condition after an Ack for WRITE, and af
ter a NoAck for READ. 
Power On Reset: Vee Lock-Out Write Protect 
In order to prevent data corruption and inadvertent 
write operations during power up, a Power On Re
set (POR) circuit is included. The internal reset is 
held active until the Vee voltage has reached the 
POR threshold value, and all operations are dis
abled - the device will not respond to any com
mand. In the same way, when Vee drops from the 
operating voltage, below the POR threshold value, 
all operations are disabled and the device will not 
respond to any command. A stable and valid Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTION 
Serial Clock (SCL) 
The SCL input pin is used to strobe all data in and 
out of the memory. In applications where this line 
is used by slaves to synchronize the bus to a slow
er clock, the master must have an open drain out
put, and a pull-up resistor must be connected from 
the SCL line to Vee. (Figure 3 indicates how the 
value of the pull-up resistor can be calculated). In 
most applications, though, this method of synchro
nization is not employed, and so the pull-up resis
tor is not necessary, provided that the master has 
a push-pull (rather than open drain) output. 

M24C64, M24C32 

Serial Data (SDA) 
The SDA pin is bi-directional, and is used to trans
fer data in or out of the memory. It is an open drain 
output that may be wire-OR'ed with other open 
drain or open collector signals on the bus. A pull 
up resistor must be connected from the SDA bus 
to Vee. (Figure 3 indicates how the value of the 
pull-up resistor can be calculated). 

Chip Enable (E2, E1, EO) 
These chip enable inputs are used to set the value 
that is to be looked for on the three least significant 
bits (b3, b2, b1) of the 7-bit device select code. 
These inputs may be driven dynamically or tied to 
Vee or V ss to establish the device select code (but 
note that the V1L and V1H levels for the inputs are 
CMOS compatible, not TTL compatible). 
Write Control (WC) 
The hardware Write Control pin (WC) is useful for 
protecting the entire contents of the memory from 
inadvertent erase/write. The Write Contro~nal is 
used to enable (WC=ViL) or disable (WC=V1H) 
write instructions to the entire memory area. When 
unconnected, the we input is internally read as 
V1L. and write operations are allowed. 
When WC=1, Device Select and Address bytes 
are acknowledged, Data bytes are not acknowl
edged. 
Please see the Application Note AN404 for a more 
detailed description of the Write Control feature. 

DEVICE OPERATION 
The memory device supports the 12C protocol. 
This is summarized in Figure 4, and is compared 
with other serial bus protocols in Application Note 
AN1001. Any device that sends data on to the bus 
is defined to be a transmitter, and any device that 

Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 

20 
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Figure 4. 12C Bus Protocol 

SCL --------~ 

I I c=-----~ ! I SDA I \! 
i+-- START --.j 

CONDITION 
i+- SDA * SDA +! :.-STOP+! 

INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

-- ___ ___;-;v;\_fi\_ -· 

-----~-· 

SCL ---~-----

SDA ~::::: 

reads the data to be a receiver. The device that 
controls the data transfer is known as the master, 
and the other as the slave. A data transfer can only 
be initiated by the master, which will also provide 
the serial clock for synchronization. The memory 
device is always a slave device in all communica
tion. 
Start Condition 
START is identified by a high to low transition of 
the SDA line while the clock, SCL, is stable in the 
high state. A START condition must precede any 
data transfer command. The memory device con
tinuously monitors (except during a programming 
cycle) the SDA and SCL lines for a START condi
tion, and will not respond unless one is given. 
Stop Condition 
STOP is identified by a low to high transition of the 
SDA line while the clock SCL is stable in the high 
state. A STOP condition terminates communica-
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lion between the memory device and the bus mas
ter. A STOP condition at the end of a Read 
command, after (and only after) a NoAck, forces 
the memory device into its standby state. A STOP 
condition at the end of a Write command triggers 
the internal EEPROM write cycle. 
Acknowledge Bit (ACK) 
An acknowledge signal is used to indicate a suc
cessful byte transfer. The bus transmitter, whether 
it be master or slave, releases the SDA bus after 
sending eight bits of data. During the gth clock 
pulse period, the receiver pulls the SDA bus low to 
acknowledge the receipt of the eight data bits. 
Data Input 
During data input, the memory device samples the 
SDA bus signal on the rising edge of the clock, 
SCL. For correct device operation, the SDA signal 
must be stable during the clock low-to-high transi
tion, and the data must change on/ywhen the SCL 
line is low. 



Table 3. Device Select Code 1 

Device Type Identifier 

b7 b6 b5 

Device Select Code 1 I 0 I 1 

Note: 1. The most stgntftcant btl, b7, ts sent ftrst. 

Memory Addressing 
To start communication between the bus master 
and the slave memory, the master must initiate a 
START condition. Following this, the master sends 
the 8-bit byte, shown in Table 3, on the SDA bus 
line (most significant bit first). This consists of the 
7 -bit Device Select Code, and the 1-bit Read/Write 
Designator (RW). The Device Select Code is fur
ther subdivided into: a 4-bit Device Type Identifier, 
and a 3-bit Chip Enable "Address" (E2, E1, EO). 
To address the memory array, the 4-bit Device 
Type Identifier is 101 Ob. 
If all three chip enable inputs are connected, up to 
eight memory devices can be connected on a sin
gle 12C bus. Each one is given a unique 3-bit code 
on its Chip Enable inputs. When the Device Se
lect Code is received on the SDA bus, the memory 
only responds if the Chip Select Code is the same 
as the pattern applied to its Chip Enable pins. 
The sth bit is the RW bit. This is set to '1' for read 
and '0' for write operations. If a match occurs on 
the Device Select Code, the corresponding mem
ory gives an acknowledgment on the SDA bus dur
ing the gth bit time. If the memory does not match 
the Device Select Code, it deselects itself from the 
bus, and goes into stand-by mode. 
There are two modes both for read and write. 
These are summarized in Table 6 and described 
later. A communication between the master and 
the slave is ended with a STOP condition. 
Each data byte in the memory has a 16-bit (two 
byte wide) address. The Most Significant Byte (Ta
ble 4) is sent first, followed by the Least significant 

Table 6. Operating Modes 

Mode RW bit wc 1 

Current Address Read '1' X 

'0' X 
Random Address Read 

'1' X 

Sequential Read '1' X 

Byte Write '0' VtL 

Page Write '0' VtL 

Note. 1. X= VtH or VtL· 

_l 

M24C64, M24C32 

Chip Enable RW 

b4 b3 b2 b1 bO 

0 E2 I E1 I EO RW 

Table 4. Most Significant Byte 

lb1s 1 b141 b131 b121 b11 1 b10 1 b9 bs 

Note: 1 b15 to b13 are Don't Care on the M24C64 senes. 
b15 to b12 are Don't Care on the M24C32 senes. 

Table 5. Least Significant Byte 

I b7 I b6 I b5 I b4 I b3 I b2 I b1 bO 

Byte (Table 5). Bits b15 to bO form the address of 
the byte in memory. Bits b15 to b13 are treated as 
a Don't Care bit on the M24C64 memory. Bits b15 
to b12 are treated as Don't Care bits on the 
M24C32 memory. 

Write Operations 
Following a START condition the master sends a 
Device Select Code with the RW bit set to '0', as 
shown in Table 6. The memory acknowledges this, 
and waits for two address bytes. The memory re
sponds to each address byte with an acknowledge 
bit, and then waits for the data byte. 
Writing to the memory may be inhibited if the we 
!.!!2!:Jt pin is taken high. Any write command with 
WC=1 (during a period of time from the START 
condition until the end of the two address bytes) 
will not modify the memory contents, and the ac
companying data bytes will not be acknowledged 
(as shown in Figure 5). 
Byte Write 
In the Byte Write mode, after the Device Select 
Code and the address bytes, the master sends 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Dev1ce Select, RW = '0', Address 
1 

reSTART, Device Select, RW = '1' 

~ 1 Similar to Current or Random Address Read 

1 START, Device Select, RW = '0' 

,;32 START, Device Select, RW = '0' 
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Figure 5. Write Mode Sequences with WC=1 (data write inhibited) 

ACK ACK ACK NO ACK 

II :o~y~~~ 11. 11 ~~~:APH 111 ~~:Efp?~ 111: ?~~A:I~: 110 
~ R~ ~ 

BYTE WRITE 

~ ~ 

we 

NOACK 

M'"'1M'"'1rT'1rT'1 I"'T"T'"T""M'"'1rT'1 I"'T"T"""T"T"""T"T"""T"Th-T"'T"T"'T"T""1 -r 
PAGE WRITE DATA IN2 

ULULULUL~~~~~~~~~~~~~~ ULWWWW-~ 

we (cont'd) 

PAGE WRITE 
(coni' d) 

R!W 

NOACK NOACK 

~:J 1 1 :ofy~~~:N: 1
10 

one data byte. If the addressed location is write 
protected by the we pin, the memory replies with 
a NoAck, and the location is not modified. If, in
stead, the we pin has been held at 0, as shown in 
Figure 6, the memory replies with an Ack. The 
master terminates the transfer by generating a 
STOP condition. 
Page Write 
The Page Write mode allows up to 32 bytes to be 
written in a single write cycle, provided that they 
are all located in the same 'row' in the memory: 
that is the most significant memory address bits 
(b12-b5 for the M24e64 and b11-b5 for the 
M24e32) are the same. If more bytes are sent 
than will fit up to the end of the row, a condition 
known as 'roll-over' occurs. Data starts to become 
overwritten (in a way not formally specified in this 
data sheet). 
The master sends from one up to 32 bytes of data, 
each of which is acknow~ed by the memory if 
the we pin is low. If the we pin is high, the con-
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tents of the addressed memory location are not 
modified, and each data byte is followed by a 
NoAck. After each byte is transferred, the internal 
byte address counter (the 5 least significant bits 
only) is incremented. The transfer is terminated by 
the master generating a STOP condition. 
When the master generates a STOP condition im
mediately after the Ack bit (in the "1oth bit" time 
slot), either at the end of a byte write or a page 
write, the internal memory write cycle is triggered. 
A STOP condition at any other time does not trig
ger the internal write cycle. 
During the internal write cycle, the SDA input is 
disabled internally, and the device does not re
spond to any requests. 
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Figure 6. Write Mode Sequences with WC=O (data write enabled) 

we 

AeK AeK AeK AeK 

II :o~y~~~ 11. 11 ~~:E:A??~ 111 ~~:E:A?H 111: ?~+:~~: 110 
~ R~ & g ~ 

BYTE WRITE 

AeK AeK AeK AeK 

II :o~y~~L: 11. 11 ~~~:AP?~ 111 ~~:E:Ap?~ 111 :~+~I:N:< 1 1 GAEIN:~:~ 
1- -

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cent' d) 

~ RIW 

AeK AeK 
~:J 1 1 :o~y~~~:N: 110 
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Figure 7. Write Cycle Polling Flowchart using ACK 

First byte of instruction 
with RW = 0 already 
decoded by M24xxx 

YES 

Proceed 
WRITE Operatton 

Proceed 
Random Address 
READ Operalton 

Minimizing System Delays by Polling On ACK 
During the internal write cycle, the memory discon
nects itself from the bus, and copies the data from 
its internal latches to the memory cells. The maxi
mum write time (tw) is shown in Table 9, but the 
typical time is shorter. To make use of this, an Ack 
polling sequence can be used by the master. 
The sequence, as shown in Figure 7, is: 
- Initial condition: a Write is in progress. 
- Step 1: the master issues a START condition 

followed by a Device Select Code (the first byte 
of the new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no Ack will be returned and the mas
ter goes back to Step 1. If the memory has ter
minated the internal write cycle, it responds with 
an Ack, indicating that the memory is ready to 
receive the second part of the next instruction 
(the first byte of this instruction having been sent 
during Step 1 ). 
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Read Operations 
Read operation§..ille performed independently of 
the state of the we pin. 
Random Address Read 
A dummy write is performed to load the address 
into the address counter, as shown in Figure 8. 
Then, without sending a STOP condition, the mas
ter sends another START condition, and repeats 
the Device Select Code, with the RW bit set to '1'. 
The memory acknowledges this, and outputs the 
contents of the addressed byte. The master must 
not acknowledge the byte output, and terminates 
the transfer with a STOP condition. 
Current Address Read 
The device has an internal address counter which 
is incremented each time a byte is read. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select Code 
with the RW bit set to '1'. The memory acknowl
edges this, and outputs the byte addressed by the 



Figure 8. Read Mode Sequences 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

ACK NOACK 

II :D~Y~~~ 1/1 :Dti~~~~ 110 
I- - Q. 
~ Rm o 
~ til 
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ACK ACK ACK NO ACK 

SEQUENTIAL 
CURRENT 
READ II :D~Y~~~ 1 1 1 1 1~~+:o~!~ 1

1c::: :::J 1 1~+~~~i~l 1 0 
~ R~ ~ 
~ til 

SEQUENTIAL 
RANDOM 
READ 

ACK 

r-r-r-.r..,......, r-1-rT..-r-m .-.-...,-,...-r-m r-r-T""T"T""~,.., I ; ,-
' ~~~~~~~~~~~~~~~~~~~~ ~~~~~~-L-

I
~ 

~ 
Rm 

ACK NOACK 

::J 1 1~+~~~i~l 1 0 

I
~ 

~ 
Rm 

AI01105C 

Note: 1. The seven most Significant bits of the Device Select Code of a Random Read (in the 15 and 4 bytes) must be 1dent1cal 

internal address counter. The counter is then in
cremented. The master terminates the transfer 
with a STOP condition, as shown in Figure 8, with
out acknowledging the byte output. 
Sequential Read 
This mode can be initiated with either a Current 
Address Read or a Random Address Read. The 
master does acknowledge the data byte output in 
this case, and the memory continues to output the 
next byte in sequence. To terminate the stream of 
bytes, the master must not acknowledge the last 
byte output, and must generate a STOP condition. 

The output data comes from consecutive address
es, with the internal address counter automatically 
incremented after each byte output. After the last 
memory address, the address counter 'rolls-over' 
and the memory continues to output data from the 
start of the memory block. 
Acknowledge in Read Mode 
In all read modes, the memory waits, after each 
byte read, for an acknowledgment during the gth 
bit time. If the master does not pull the SDA line 
low during this time, the memory terminates the 
data transfer and switches to its standby state. 
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Table 7. DC Characteristics 
(T A= 0 to 70 oc or -40 to 85 ac; Vee = 4.5 to 5.5 V or 2.5 to 5.5 V) 
(T A= 0 to 70 oc or -20 to 85 oc; Vee= 1.8 to 3.6 V) 

Symbol Parameter Test Condition 

lu 
Input Leakage Current 

0 V~V1N ~Vee (SCL, SDA) 

ILo Output Leakage Current 0 V s Vour s Vee. SDA in Hi-Z 

Vcc=5V, fc=400kHz (rise/fall time< 30ns) 

Icc Supply Current -W series: Vee =2.5V, fc=40DkHz (rise/fall time< 30ns) 

-R series: Vee =1.8V, f0=1 OOkHz (rise/fall time< 30ns) 

lee1 Supply Current (Stand-by) V1N = Vss or Vee, Vee= 5 V 

lee2 Supply Current (Stand-by) V1N= Vss or Vee, Vee= 2.5 V 

lec3 Supply Current (Stand-by) V1N= Vss or Vee, Vee= 1.8 V 

v,L 
Input Low Voltage 
(EO-E2, SCL, SDA) 

v,H 
Input High Voltage 
(EO-E2, SCL, SDA) 

v,L Input Low Voltage (WC) 

v,H Input High Voltage (WC) 

loL = 3 mA, Vee= 5 V 

VoL 
Output Low -W series: loL=2.1 mA, Vec=2.5V 
Voltage 

-R series: loL= 0.15 mA, Vee= 1.8 V 
. ' . ' Note: 1. Th1s IS preliminary data . 

Table 8. Input Parameters 1 (T A= 25 oc, f = 400 kHz) 

Symbol Parameter Test Condition Min. 

c,N Input Capacitance (SDA) 

c,N Input Capacitance (other pins) 

ZwcL WC Input Impedance V,N<0.3Vcc 5 

ZwcH WC Input Impedance V,N>0.7Vec 500 

INs Low Pass Filter Input Time 
Constant (SCL and SDA) 

0 Note. 1. Sampled only, not 100Yo tested. 
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Min. Max. Unit 

±2 iJA 

±2 IJA 

2 mA 

1 mA 

0.81 mA 

10 IJA 

2 IJA 

11 IJA 

-0.3 0.3 Vee v 

0.7Vce Vcc+1 v 

-0.3 0.5 v 

0.7Vec Vcc+1 v 

0.4 v 

0.4 v 

0.21 v 

Max. Unit 

8 pF 

6 pF 

20 kQ 

kQ 

100 ns 
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Table 9. AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V or 2.5 to 5.5 V) 
(TA = 0 to 70 oc or -20 to 85 oc; Vee= 1.8 to 3.6 V) 

M24C64 I M24C32 

Vcc=4.5 to 5.5 V Vcc=2.5 to 5.5 V Vcc=1.8 to 3.6 V 
Symbol Alt. Parameter T A=O to 70°C or TA=O to 70°C or TA=O to 70°C or Unit 

-40 to 85°C -40 to 85°C -20 to 85°C4 

Min Max Min Max Min Max 

tcH1CH2 IR Clock Rise Time 300 300 1000 ns 

lcucl2 IF Clock Fall Time 300 300 300 ns 

toH10H2 2 tR SDA Rise Time 20 300 20 300 20 1000 ns 

IOL1DL2 2 IF SDA Fall Time 20 300 20 300 20 300 ns 

lcHOX 1 lsuSTA Clock High to Input Transition 600 600 4700 ns 

lcHCL IHJGH Clock Pulse Width High 600 600 4000 ns 

loLCL IHQSTA Input Low to Clock Low (START) 600 600 4000 ns 

lcLOX IHo OAT Clock Low to Input Transition 0 0 0 IJS 

lcLCH lww Clock Pulse Width Low 1.3 1.3 4.7 IJS 

loxcx lsuoAT 
Input Transition to Clock 

100 100 250 ns 
Transition 

ICHOH lsu·sm Clock High to Input High (STOP) 600 600 4000 ns 

loHDL lsuF 
Input High to Input Low (Bus 

1.3 1.3 4.7 IJS Free) 

lcLOv 3 tAA Clock Low to Data Out Valid 200 900 200 900 200 3500 ns 

lcLOX loH 
Data Out Hold Time After Clock 

200 200 200 
Low 

ns 

fc fscL Clock Frequency 400 400 100 kHz 

tw twR Write Time 10 10 10 ms 

Note: 1. For a reSTART condition, or following a wnte cycle. 
2. Sampled only, not 100% tested. 
3. To avoid spurious START and STOP conditiOns, a minimum delay is placed between SCL=1 and the falling or rising edge of SDA. 
4. This is preliminary data. 

Table 10. AC Measurement Conditions Figure 9. AC Testing Input Output Waveforms 

o.svcc~ 

02Vcc 

07Vcc Input Rise and Fall Times :::; 50 ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 
0.3Vcc to 0.7Vcc 

Reference Voltages 

o.3Vcc 

A100825 
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Figure 10. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 
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~---1>\- tCHCL 

:.sTART~ 
CONDITION 

' ' 

l.- SDA +4- SDA _..j 
INPUT CHANGE 

;.___ DATA OUTPUT----+' 

!+STOP&+! 
BUS FREE 

tJ K><OH c:::::::::,~::::::::::::::::"Hj }t 
:+-- STOP WRITE CYCLE START ____.: 
CONDITION CONDITION 
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Table 11. Ordering Information Scheme 

Example: M24C64 - R MN T 

Memory Capacity Option 

64 64 Kbit (BK X 8) T Tape and Reel Packing 

32 32 Kbit (4K X 8) 

Operating Voltage 

blank 4.5 V to 5.5 V 

W 2.5 V to 5.5 V 

R4 1.8 V to 3.6 V 

Package Temperature Range 

BN PSDIPB (0.25 mm frame) 

MN SOB (150 mil width) 6 -40 oc to 85 oc 
MW SOB (200 mil width) 33 -40 octo 125 oc 

DL, TSSOP14 (169 mil width) 5 -20 oc to 85 oc 

Note: 1. For the availability of the M24C64 and M24C32 on TSSOP14, please contact the ST Sales Offoce nearest to you 
2 Temperature range available only on request. 
3 For conformity to the Hogh Reliablloty Certofoed Flow {HRCF), please contact the ST Sales Olfoce nearest to you 
4 The ·R versoon {Vee range 1 8 V to 3.6 V) only avaolable on temperature ranges 5 or 1. 

ORDERING INFORMATION 
Devices are shipped from the factory with the 
memory content set at all'1's (FFh). 
The notation used for the device number is as 
shown in Table 11. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 
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Table 12. PSDIP8- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

mm Inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209 

8 0.36 0.56 0.014 0.022 

81 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
e8 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

Figure 11. PSDIP8 (BN) 

~A~-' :. ~~ 

A1 L ff \\ 
B e1 C · 

81 eA 

~" 
lLJJj PSDIP·a 

Note: 1. Drawing is not to scale. 
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Table 13. SOB - B lead Plastic Small Outline, 150 mils body width 

Symb. 
Typ. 

A 

A1 

B 

c 
D 

E 

e 1.27 

H 

h 

L 

a 

N 

CP 

Figure 12. SOB narrow (MN) 

so-a 

Note: 1. Drawing is not to scale. 

mm 

Min. 

1.35 

0.10 

0.33 

0.19 

4.ao 

3.ao 

-
5.ao 

0.25 

0.40 

o• 

a 

Max. 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-
6.20 

0.50 

0.90 

a• 

0.10 

Typ. 

0.050 

,-:---------, 
I 

/ . 

M24C64, M24C32 

inches 

Min. Max. 

0.053 0.069 

0.004 0.010 

0.013 0.020 

0.007 O.o10 

0.1a9 0.197 

0.150 0.157 

- -
0.22a 0.244 

0.010 0.020 

O.D16 0.035 

o· a• 

8 

0.004 
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Table 14. SOB- Blead Plastic Small Outline, 200 mils body width 

Symb. 
Typ. 

A 

A1 

A2 

B 

c 0.20 

D 

E 

e 1.27 

H 

L 

a 

N 

CP 

Figure 13. SOB wide (MW) 

Note. 1. Draw1ng IS not to scale. 
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mm 

Min. 

0.10 

0.35 

-
5.15 

5.20 

-

7.70 

0.50 

oo 

8 

~ 
lW~ 
SD·b 

Max. Typ. 

2.03 

0.25 

1.78 

0.45 

- 0.008 

5.35 

5.40 

- 0.050 

8.10 

0.80 

100 

0.10 

inches 

Min. Max. 

0.080 

0.004 0.010 

0.070 

0.014 0.018 

- -
0.203 0.211 

0.205 0.213 

- -

0.303 0.319 

0.020 0.031 

oo 10° 

8 

0.004 
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Table 15. TSSOP14 - 14 lead Thin Shrink Small Outline 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 1.10 0.043 

A1 0.05 0.15 0.002 0.006 

A2 0.85 0.95 0.033 0.037 

8 0.19 0.30 0.007 0.012 

c 0.09 0.20 0.004 0.008 

D 4.90 5.10 0.193 0.197 

E 6.25 6.50 0.246 0.256 

E1 4.30 4.50 0.169 0.177 

e 0.65 - - 0.026 - -

L 0.50 0.70 0.020 0.028 

a 0" 8" 0" 80 

N 14 14 

CP 0.08 0.003 

Figure 14. TSSOP14 (DL) 

D 

E1 E 

--~ -- A2 

• 
TSSOP 

Note. t Drawing 1s not to scale 
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• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• 2 CHIP ENABLE INPUTS 
• TWO WIRE 12C SERIAL INTERFACE, 

SUPPORTS 400kHz PROTOCOL 
• 100,000 ERASE/WRITE CYCLES 
• 40 YEARS DATA RETENTION 
• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for M24256-A 
- 2.5V to 5.5V for M24256-AW 

• HARDWARE WRITE CONTROL 
• BYTE and PAGE WRITE (up to 64 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH-UP 

PERFORMANCES 

DESCRIPTION 
The M24256-A is a 256 Kbit electrically erasable 
programmable memory (EEPROM) organized as 
32,768 x8 bits with two Chip Enable inputs. 
The "W" versions operate with a power supply 
value as low as 2.5V. 

Table 1. Signal Names 

EO-E1 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

February 1998 

M24256-A 

256 Kbit Serial 12C Bus EEPROM 
PRELIMINARY DATA 

PSDIP8 (BN) 
0.25mm Frame 

TSSOP14 (DL) 
169mil Width 

Figure 1. Logic Diagram 

vee 
I 

2 

EO-E1 * 
SeL- M24256-A 

we ---<: 

I 
Vss 

S08 (MN) 
150mi1Width 

- SDA 

AI02271C 
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M24256-A 

Figure 2A. DIP Pin Connections 

M24256-A Eooa vee 
E1 2 7 we 
Ne 3 6 SeL 

Vss 4 5 SDA 

A102273C 

Warning: NC = Not Connected 

Figure 2C. TSOP Pin Connections 

EO Vee 

E1 we 

NC NC 

Ne NC 

NC NC 

NC SCL 

Vss SDA 

AI02386C 

Warning: NC = Not Connected 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 121 

TsTG Storage Temperature 

TLEAD Lead Temperature. Soldering (SOB) 
(PSDIPB) 

v,o Input or Output Voltages 

Vee Supply Voltage 

Figure 28. SO Pin Connections 

EO Vee 

E1 we 

Ne SeL 

Vss SDA 

AI02272C 

Warning: NC =Not Connected 

DESCRIPTION (cont'd) 

The device is compatible with the 12C extended 
memory standard, two wire serial interface which 
uses a bi-directional data bus and serial clock. The 
memory carries a built-in 4 bit, unique device iden
tification code (1 01 O) corresponding to the 12C bus 
definition. The memory behaves as a slave device 
in the 12C protocol with all memory operations 
synchronized by the serial clock. Read and write 
operations are initiated by a START condition gen
erated by the bus master. The START condition is 
followed by a stream of 4 bits (identification code 
101 0), then 3 Chip Enable Input bits (0, E1, EO) to 
form a 7 bit Device Select, plus one read/write bit 
(RW) and terminated by an acknowledge bit. Up to 
4 memories may be connected to the same 12C bus 
and selected individually. 

Value Unit 

--40 to 125 oc 

-65 to 150 oc 

40 sec 215 oc 
10 sec 260 

-0.6 to 6.5 v 

-0.3 to 6.5 v 

VEsD 
Electrostatic Discharge Voltage (Human Body model) 131 4000 v 

Electrostatic Discharge Voltage (Machine model) 141 200 v 
Notes: 1. Except for the rat1ng "Operatmg Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the dev1ce. These are stress ratings only and operat1on of the dev1ce at these or any other 
cond1t1ons above those 1nd1cated 1n the Operatmg sect1ons of this spec1flcat1on 1s not implied Exposure to Absolute Maximum 
Rat1ng cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the STM1croelectromcs SURE Program and 
other relevant qual1ty documents 
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2 Depends on range. 
3 100pF through 1500Q; Mll-STD-883C, 3015 7 
4 200pF through Or!; EIAJ IC-121 (cond1t1on C) 



Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 IS sent f1rst 

Table 4. Operating Modes 

Mode RW bit we 
Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Wnte '0' VJL 

Page Write '0' V1L 

Note: 1. X = V1H or V1L 

When writing data to the memory, it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in tile same way. Data transfers are termi
nated with a STOP condition. 
Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, tl1e 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 
Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

M24256-A 

Chip Enable RW 

b4 b3 b2 b1 bO 

0 0 E1 EO RW 

Data Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

~1 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

:>64 START, Device Select, RW = '0' 

Chip Enable (EO, E1). These chip enable inputs 
are used to set the 2 least significant bits of the 7 
bit device select code. They may be driven dynami
cally or tied to vee or VSS to establish the device 
select code. When unconnected, these 2 pins are 
internally read as Vii (see tables 5 and 6). 
Write Control (WC). The Write Control feature WC 
is useful to protect the contents of the memory from 
any erroneous erase/write cy~ The Write Control 
sl.9.!!.al is used to enable (WC=VtH) or disable 
s:!JS;=VtL) the internal write f!..i:Q!ection. When the 
we pin is unconnected, the we input is internally 
read as VtL (see Table 5). 
When WC=1, Device Select and Address bytes are 
acknowledged, Data bytes are not acknowledged. 
Refer to Application Note AN404 for more detailed 
information about Write Control feature. 

DEVICE OPERATION 
12c Bus Background 

The memory supports the extended addressing 12C 
protocol. This protocol defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The memory is 
always a slave device in all communications. 
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Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 
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Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the memory continu
ously monitors the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 
Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the memory and the 
bus master. A STOP condition at the end of a Read 
command forces the standby state. A STOP condi
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 
Data Input. During data input the memory samples 
the SDA bus signal on the rising edge of the clock 
SCL. For correct device operation, the SDA signal 
must be stable during the clock low to high transi
tion and the data must change ONLY when the SCL 
line is low. 
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Device Selection. To start communication be
tween the bus master and the slave memory, the 
master must initiate a START condition. The 8 bits 
sent after a START condition are made up of a 
device select of 4 bits that identifies the device type, 
then 3 Chip Enab!g)nput bits (0, E1, EO) and one 
bit for a READ (RW=1) or WRITE (RW=O) opera
tion. There are two modes both for read and write. 
These are summarized in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. Bits b15 to bO 
form the address of any byte of the memory. Bit b15 
is don't care on the M24256-A series. 

Most Significant Byte 

I bts I bt4 I bta I bt2 I btt I bto I b9 bB 
b15 IS don't care on M24256·A senes. 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 
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Table 5. Input Parameters <1l (T A = 25 °C, f = 400 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance (SDA) 8 pF 

GiN Input Capacitance (other pins) 6 pF 

ZL E1, EO, WC Input Impedance V1NSO.SV 50 300 kQ 

ZH E1, EO, WC Input Impedance V1N ~ Vee • 0.5V 500 kQ 

tLP 
Low-pass filter input time constant 100 ns 
(SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V or 2.5 to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu 
Input Leakage Current 

OVSV1NSVcc ±2 !lA (SCL,SDA) 

lu Input Leli!sgge Current OVSViNSVcc ±5 J.lA (EO, E1, WC) 

ILO Output Leakage Current OV S VouT S Vee ±2 !lA SDAin Hi-Z 

Supply Current Vee = 5V, fc =400kHz 2 mA 
Icc 

(Rise/Fall time< 30ns) 

Supply Current (-W series) Vee = 2.5V, fc =400kHz 1 mA 
(Rise/Fall time< 30ns) 

lcc1 Supply Current, Standby VJN = Vss or Vee. 10 !lA Vcc=5V 

lcc2 
Supply Current, Standby VIN = Vss or Vee, 2 ItA (-Wseries) Vcc=2.5V 

V1L Input Low Voltage (SCL, SDA) -Q.3 0.3Vcc v 
V1H Input High Voltage (SCL, SDA) 0.7Vcc Vee+ 1 v 
V1L Input Low Voltage (EO, E1, WC) -Q.3 0.5 v 
V1H Input High Voltage (EO, E1, WC) Vcc-0.5 Vee+ 1 v 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 v 
Output Low Voltage (-W series) loL = 2.1 mA, Vee= 2.5V 0.4 v 
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Table 7. AC Characteristics 

M24256-A 

Symbol A It Parameter Vee= 4.5V to 5.5V Vee= 2.5V to 5.5V Unit TA= Oto 70°C TA=Oto70°C 
TA = -40to 85°C TA = -40 to 85°C 

Min Max Min Max 

leH1eH2 lA Clock Rise Time 300 300 ns 

lcL1CL2 IF Clock Fall Time 300 300 ns 

loH1DH2 (1) lA SDA Rise Time 20 300 20 300 ns 

loL10L2 (1) IF SDAFall1ime 20 300 20 300 ns 

lcHDX (2) ISUSTA Clock High to Input Transition 600 600 ns 

lcHCL !HIGH Clock Pulse Width High 600 600 ns 

toLCL tHDSTA Input Low to Clock Low (START) 600 600 ns 

tcLOX tHo OAT Clock Low to Input Transition 0 0 J.IS 

tcLCH tLOw Clock Pulse Width Low 1300 1300 ns 

lox ex !su OAT Input Transition to Clock Transition 100 100 ns 

lcHOH !susm Clock High to Input High (STOP) 600 600 ns 

loHOL !auF Input High to Input Low (Bus Free) 1300 1300 ns 

tcLOV(3) IAA Clock Low to Next Data Out Valid 200 900 200 900 ns 

tcLOx toH Data Out Hold Time 200 200 ns 

fc fscL Clock Frequency 400 400 kHz 

tw twA Write Time 10 10 ms 

Notes: 1. Sampled only, not 100% tested 
2. For a reSTART cond1t1on, or following a write cycle. 
3. The minimum value delays the falling/rising edge of SDA away form SCL = 1 in order to avo1d unwanted START and/or STOP 

cond1bon. 

Write Operations 
Following a START condition the master sends a 
Device Select code with the RW bit set to '0'. The 
memory acknowledges this and waits for 2 bytes 
of address. These 2 address bytes (8 bits each) 
provide access to any of the memory locations. 
Writing in the memory may be inhibited if input pin 
we is taken high. 
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Any write command with WC=1 (during a period of 
time from the START condition until the end of the 
2 bytes address) will not modify data and will NOT 
be acknowledged on data bytes, as in Figure 9. 
Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 
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Figure 4. AC Testing Input Output Waveforms Table 8. AC Measurement Conditions 

Input Rise and Fall Times s 50ns 

O.SVcc~ 

o.2Vcc 

07Vcc 

o.3Vcc 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. 
0.3Vcc to 0.7Vcc Voltages 

AI00825 

Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

!+----+ tCHCL 

~START~ 
CONDITION 

: tCLDX 
: ; . . 
~ SDA _.,:._ SDA _..j 

INPUT CHANGE 

:.,.__ DATA OUTPUT _____.; 

:.-sTOP & ...j 
BUS FREE 

ti""'" c::::::::,~::::::::::::::::~:j ;t 
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Figure 6. 12C Bus Protocol 

SCL 
--------~ 

SDA ,.....;...: __J_/_-'------'----'rr----------=:\ 
~ l ' ' 

!+-- START___,.: !+- SDA-+!+ SDA _.j :...sToP+i 
CONDITION CONDITION INPUT CHANGE 

SCL 

SDA 

~ 
START 

CONDITION 

-----~ 
ACK -.. -.. - .. ' 

SCL ---~-----

SDA 
~----

~ 

Page Write. The Page Write mode allows up to 64 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 64 bytes 
in the memory, that is the same address bits (b14-
b6 for the M24256-A). 
The master sends from one up to 64 bytes of data, 
which are each acknowledged by the memory. 
After each byte is transferred, the internal byte 
address counter (6 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro-
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STOP 
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gram cycle. This STOP condition will trigger an 
internal memory program cycle only if the STOP 
condition is internally decoded right after the ACK 
bit; any STOP condition decoded out of this "10th 
bit" time slot will not trigger the internal program
ming cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request. 
Minimizing System Delays by Polling On ACK. 
During the internal Write cycle, the memory disable 
itself from the bus in order to copy the data from 
the internal latches to the memory cells. The maxi
mum value of the Write time (tw) is given in the 
Table 8, this timing value may be reduced by an 
ACK polling sequence issued by the master. 



The sequence is: 
- Initial condition: a Write is in progress (see Figure 

7). 
- Step 1: the master issues a START condition 

followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is internally writing, NoACK 
will be returned. The master goes back to Step 
1. If the memory has terminated the internal 
writing, it will issue an ACK. 
The memory is ready to receive the second part 
of the instruction (the first byte of this instruction 
was already sent during Step 1 ). 

Figure 7. Write Cycle Polling using ACK 

F1rst byte of mstruct1on 
w1th RW = 0 already 
decoded by M24xxx 

M24256-A 

Read Operations 
On delivery, the memory contents is set at all "1 's" 
(or FFh). 
Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a Device Select with the RW bit 
set to '1 '. The memory acknowledges this and 
outputs the byte addressed by the internal address 
counter. This counter is then incremented. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ OperatiOn 

AI01847 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

ACK ACK ACK ACK 

II :o~y~~~ 11.
1
1 ~~~E:A~?~ 111 ~~T:E:A~?~ 111: ?~+:~~: 1

1D 
f- - a. 

BYTE WRITE 

~ ~ ~ 
f- ~ 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cont'd) 

~ 

ACK ACK 

~:J 1 1 :ot~~~~:N: 11D 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1'. The 
memory acknowledges this and outputs the byte 
addressed. The master have to NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
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master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll-over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the memory waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the memory terminates the 
data transfer and switches to a standby state. 
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Figure 9. Write Modes Sequence with Write Control = 1 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(coni'~) 

ACK ACK ACK NO ACK 

II :o~y~~~ 11. 11 ~~:E:A~~~ 111 ~~:E:A~?~-~~~: ?~+:~~: 110 
~ R~ ~ 
~ ~ 

NOACK 

rT'"rT""1rT""1rT"1 rT"1r-r-1rrlrT"1 rT'"T'T"rT"rT"TiT-TTTT10-I" 

DATAIN2 
~~~~~~~~LLLL~~~~~~~LLWW LLWUWW-L 

RIW 

NOACK NOACK 

~:J 1 1 :o~T~~~:N: 110 

AI01120B 
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Figure 10. Read Mode Sequences 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

II :D~Y~~L: 1/1 :D~T~~~~ 110 
1- 0.. 

~ AM ~ 
t) rJJ 

ACK ACK ACK NO ACK 

II :D~y~~~ 1/1 ~~+:a:uy~ 1 1 C:~~ ~~:J 1 1~~T~?~i~l 1 0 
1- - 0.. 

~ RM ~ 
1- rJJ 
rJJ 

ACK 

,....,..,~~~ .....,,.,.-,-,...,-r--r-. ,....,..,--,-,-,...,.-.--. ,....,..,--,-,-,....,~ I:_,_. 
' LL~~-LL4LL~~-L~LL~~-L~LL~~~~ LL~~~~~-L. 

1-a: 
~ 
rJJ 

RM 

ACK NOACK 

~:J 1 1 ~~T~ ?~T ~ 110 

AM 

AI01105C 

Note: • The 7 Most S1gn1f1cant b1ts of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 

Example: M24256 - A W MN 5 T 

Density 

256 256Kb (32K xB) 

W 2.5V to 5.5V 

Notes: 1. On request only. 

Package 

BN (1) PSDIPB 
0.25mm Frame 

MN SOB 
150mi1Width 

DL (1) TSSOP14 
169mi1Width 

6 -4010 85 oc 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

M24256-A 

Option 

T Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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Symb 

A 

A1 

A2 

B 

81 

c 
D 

E 

E1 

e1 

eA 

eB 

L 

N 

Drawing 1s not o scale 
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PSDIPB - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

mm 

Typ Min Max 

3.90 5.90 

0.49 -

3.30 5.30 

0.36 0.56 

1.15 1.65 

0.20 0.36 

9.20 9.90 

7.62 - -
6.00 6.70 

2.54 - -

7.80 -

10.00 

3.00 3.80 

8 

D 

~[]].1 
~ E1 E 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -

0.236 

0.100 -

0.307 

0.118 

8 

·EJ . . . . .. .. .. .. .. .. .. .. :: ',', 

A 

B 

PSDIP-a 

Max 

0.232 

-

0.209 

0.022 

0.065 

0.014 

0.390 

-

0.264 

-

-

0.394 

0.150 
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TSSOP14 -141ead Thin Shrink Small Outline 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.10 0.043 

A1 0.05 0.15 0.002 0.006 

A2 O.S5 0.95 0.033 0.037 

B 0.19 0.30 0.007 0.012 

c 0.09 0.20 0.004 o.oos 

D 4.90 5.10 0.193 0.197 

E 6.25 6.50 0.246 0.256 

E1 4.30 4.50 0.169 0.177 

e 0.65 - - 0.026 - -

L 0.50 0.70 0.020 0.02S 

a oo so oo so 

N 14 14 

CP o.os 0.003 

I 

! 

E H ! 
; 

SO-b 

Drawmg IS not to scale 
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SOS - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 0.016 0.035 

a 0 8 0 8 

N 8 8 

CP 0.10 0.004 

I 
i 

I E H 

SO-a 

Drawing is not to scale. 
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M24256-B 
M24128-B 

256/128 Kbit Serial I2C Bus EEPROM 
With Three Chip Enable Lines 

• Compatible with 12C Extended Addressing 

• Two Wire 12C Serial Interface 
Supports 400 kHz Protocol 

• Single Supply Voltage: 

- 4.5V to 5.5V for M24xxx-B 

- 2.5V to 5.5V for M24xxx-BW 

- 1.8V to 3.6V for M24xxx-BR 

• Hardware Write Control 

• BYTE and PAGE WRITE (up to 64 Bytes) 

• RANDOM and SEQUENTIAL READ Modes 

• Self-Timed Programming Cycle 

• Automatic Address Incrementing 

• Enhanced ESD/Latch-Up Behaviour 

• 100000 Erase/Write Cycles (minimum) 

• 40 Year Data Retention (minimum) 

DESCRIPTION 
These electrically erasable programmable memo
ry (EEPROM) devices are fabricated with STMi
croelectronics' High Endurance, Double 
Polysilicon, CMOS technology. This guarantees 
an endurance typically well above one hundred 
thousand Erase/Write cycles, with a data retention 
of 40 years. The memories are organised as 
32Kx8 bits (M24256-B) and 16Kx8 bits (M24128-
B), and operate down to 2.5 V (for the -W version 

Table 1. Signal Names 

EO, E1, E2 Chip Enable Inputs 

SDA Serial Data/Address Input! 
Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

SOB (MN) 
150 mil width 

PRELIMINARY DATA 

8 

1 
PSDIPB (BN) 

0.25 mm frame 

TSSOP14 (DL) 
169 mil width 

Figure 1. Logic Diagram 

3 

Vee 

M24256-B 
M24128-B 

Vss 

SDA 

AI02809 
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M24256-B, M24128-B 

Figure 2A. DIP Connections 

M24256-B 
M24128-B 

Eooa Vee 
E1 2 7 we 

E2 3 6 SeL 

Vss 4 5 SDA 

AI02810 

Figure 28. SO Connections 

EO Vee 
E1 we 

E2 SeL 

Vss SDA 

A102811 

Table 2. Absolute Maximum Ratings 1 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

TLEAD Lead Temperature during Soldering 

Vto Input or Output range 

Vee Supply Voltage 

Figure 2C. TSSOP Connections 

EO Vee 
E1 we 

Ne Ne 

Ne Ne 

Ne Ne 

E2 SeL 

Vss SDA 

AI02812 

Note: 1. NC = Not Connected 

of each device), and down to 1.8 V (for the-Rver
sion of each device). 
The M24256-B and M24128-B are available in 
Plastic Dual-in-Line, Plastic Small Outline and 
Thin Shrink Small Outline packages. 
These memory devices are compatible with the 
12c extended memory standard. This is a two wire 
serial interlace that uses a bi-directional data bus 
and serial clock. The memory carries a built-in 4-
bit unique Device TyRe Identifier code (1010) in 
accordance with the I C bus definition. 
The memory behaves as a slave device in the 12C 
protocol, with all memory operations synchronized 
by the serial clock. Read and Write operations are 
initiated by a START condition, generated by the 
bus master. The START condition is followed by a 

Value Unit 

-40 to 125 oc 
-65 to 150 oc 

PSDIPB: 10 sec 260 
SOB: 40sec 215 oc 
TSSOP14: t.b.c. t.b.c. 

-0.6to 6.5 v 
-0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) 2 4000 v 
VESD 

Electrostatic Discharge Voltage (Machine model) 3 500 v 
" " " Note. 1. Except for the ratmg Operating Temperature Range , stresses above those listed 1n the Table Absolute Maxtmum Rat1ngs 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 Max1mum Rating condi· 
!tons for extended periods may affect device reliability. Refer also to the ST SURE Program and other relevant quality documents. 
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2. MIL·STD·BB3C, 3015 7 (100 pF, 1500 Q) 
3 EIAJ IC-121 (Condition C) (200 pF, 0 Q) 



Device Select Code and RW bit (as described in 
Table 3), terminated by an acknowledge bit. 
When writing data to the memory, the memory in
serts an acknowledge bit during the gth bit time, 
following the bus master's 8-bit transmission. 
When data is read by the bus master, the bus 
master acknowledges the receipt of the data byte 
in the same way. Data transfers are terminated by 
a STOP condition after an Ack for WRITE, and af
ter a NoAck for READ. 
Power On Reset: Vee Lock-Out Write Protect 
In order to prevent data corruption and inadvertent 
write operations during power up, a Power On Re
set (POR) circuit is included. The internal reset is 
held active until the Vee voltage has reached the 
POR threshold value, and all operations are dis
abled - the device will not respond to any com
mand. In the same way, when Vee drops from the 
operating voltage, below the POR threshold value, 
all operations are disabled and the device will not 
respond to any command. A stable and valid Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTION 
Serial Clock (SCL) 
The SCL input pin is used to strobe all data in and 
out of the memory. In applications where this line 
is used by slaves to synchronize the bus to a slow
er clock, the master must have an open drain out
put, and a pull-up resistor must be connected from 
the SCL line to Vee. (Figure 3 indicates how the 
value of the pull-up resistor can be calculated). In 
most applications, though, this method of synchro
nization is not employed, and so the pull-up resis
tor is not necessary, provided that the master has 
a push-pull (rather than open drain) output. 
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Serial Data (SDA) 
The SDA pin is bi-directional, and is used to trans
fer data in or out of the memory. It is an open drain 
output that may be wire-OR'ed with other open 
drain or open collector signals on the bus. A pull 
up resistor must be connected from the SDA bus 
to Vee. (Figure 3 indicates how the value of the 
pull-up resistor can be calculated). 
Chip Enable (E2, E1, EO) 
These chip enable inputs are used to set the value 
that is to be looked for on the three least significant 
bits (b3, b2, b1) of the 7-bit device select code. 
These inputs may be driven dynamically or tied to 
Vee orVss to establish the device select code (but 
note that the V1L and V1H levels for the inputs are 
CMOS compatible, not TTL compatible). When 
unconnected, the E2, E1 and EO inputs are inter
nally read as V1L (see Table 7 and Table 8) 
Write Control (WC) 
The hardware Write Control pin (WC) is useful for 
protecting the entire contents of the memory from 
inadvertent erase/write. The Write Contro!.§!gnal is 
used to enable (WC=ViL) or disable (WC=ViH) 
write instructions to the entire memory area. When 
unconnected, the WC input is internally read as 
v,L, and write operations are allowed. 
When WC=1, Device Select and Address bytes 
are acknowledged, Data bytes are not acknowl
edged. 
Please see the Application Note AN404 for a more 
detailed description of the Write Control feature. 

DEVICE OPERATION 
The memory device supports the 12C protocol. 
This is summarized in Figure 4, and is compared 
with other serial bus protocols in Application Note 

Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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Figure 4. 12c Bus Protocol 
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SDA 
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AN1001. Any device that sends data on to the bus 
is defined to be a transmitter, and any device that 
reads the data to be a receiver. The device that 
controls the data transfer is known as the master, 
and the other as the slave. A data transfer can only 
be initiated by the master, which will also provide 
the serial clock for synchronization. The memory 
device is always a slave device in all communica
tion. 
Start Condition 
START is identified by a high to low transition of 
the SDA line while the clock, SCL, is stable in the 
high state. A START condition must precede any 
data transfer command. The memory device con
tinuously monitors (except during a programming 
cycle) the SDA and SCL lines for a START condi
tion, and will not respond unless one is given. 
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Stop Condition 

:-.; 
STOP 

CONDITION 

AI00792 

STOP is identified by a low to high transition of the 
SDA line while the clock SCL is stable in the high 
state. A STOP condition terminates communica
tion between the memory device and the bus mas
ter. A STOP condition at the end of a Read 
command, after (and only after) a NoAck, forces 
the memory device into its standby state. A STOP 
condition at the end of a Write command triggers 
the internal EEPROM write cycle. 
Acknowledge Bit (ACK) 
An acknowledge signal is used to indicate a suc
cessful byte transfer. The bus transmitter, whether 
it be master or slave, releases the SDA bus after 
sending eight bits of data. During the gth clock 
pulse period, the receiver pulls the SDA bus low to 
acknowledge the receipt of the eight data bits. 



Table 3. Device Select Code 1 

Device Type Identifier 

b? b6 b5 

Device Select Code 1 I 0 I 1 

Note: 1. The most s1gn1f1cant b1t, b7, IS sent f1rst. 

Data Input 
During data input, the memory device samples the 
SDA bus signal on the rising edge of the clock, 
SCL. For correct device operation, the SDA signal 
must be stable during the clock low-to-high transi
tion, and the data must change onlywhen the SCL 
line is low. 
Memory Addressing 
To start communication between the bus master 
and the slave memory, the master must initiate a 
START condition. Following this, the master sends 
the 8-bit byte, shown in Table 3, on the SDA bus 
line (most significant bit first). This consists of the 
7 -bit Device Select Code, and the 1-bit Read/Write 
Designator (RW). The Device Select Code is fur
ther subdivided into: a 4-bit Device Type Identifier, 
and a 3-bit Chip Enable "Address" (E2, E1, EO). 
To address the memory array, the 4-bit Device 
Type Identifier is 101 Ob. 
If all three chip enable inputs are connected, up to 
eight memory devices can be connected on a sin
gle 12C bus. Each one is given a unique 3-bit code 
on its Chip Enable inputs. When the Device Se
lect Code is received on the SDA bus, the memory 
only responds if the Chip Select Code is the same 
as the pattern applied to its Chip Enable pins. 
The sth bit is the RW bit. This is set to '1' for read 
and '0' for write operations. If a match occurs on 
the Device Select Code, the corresponding mem
ory gives an acknowledgment on the SDA bus dur
ing the gth bit time. If the memory does not match 
the Device Select Code, it deselects itself from the 
bus, and goes into stand-by mode. 

Table 6. Operating Modes 

Mode RWbit wc 1 

Current Address Read '1' X 

'0' X 
Random Address Read 

'1' X 

Sequential Read '1' X 

Byte Write '0' V1L 

Page Wnte '0' V1L 

Note 1. X= VIH or VIL· 

I 
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Chip Enable RW 

b4 b3 b2 b1 bO 

0 E2 I E1 I EO RW 

Table 4. Most Significant Byte 

lb15 1 b141 b131 b121 b11 1 b1a 1 b9 bs 

Note. 1. b15 is treated as Don't Care on the M24256·B senes. 
b15 and b14 are Don't Care on the M24128-B series. 

Table 5. Least Significant Byte 

1 b? 1 b6 1 b5 1 b4 1 b3 1 b2 b1 bO 

There are two modes both for read and write. 
These are summarized in Table 6 and described 
later. A communication between the master and 
the slave is ended with a STOP condition. 
Each data byte in the memory has a 16-bit (two 
byte wide) address. The Most Significant Byte (Ta
ble 4) is sent first, followed by the Least significant 
Byte (Table 5). Bits b15 to bO form the address of 
the byte in memory. Bit b15 is treated as a Don't 
Care bit on the M24256-B memory. Bits b15 and 
b14 are treated as Don't Care bits on the M24128-
B memory. 

Write Operations 
Following a START condition the master sends a 
Device Select Code with the RW bit set to '0', as 
shown in Table 6. The memory acknowledges this, 
and waits for two address bytes. The memory re
sponds to each address byte with an acknowledge 
bit, and then waits for the data byte. 
Writing to the memory may be inhibited if the WC 
)DQ!Jt pin is taken high. Any write command with 
WC=1 (during a period of time from the START 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 
1 

reSTART, Device Select, RW = '1' 

2: 1 S1milar to Current or Random Address Read 

1 START, Device Select, RW = '0' 

$64 START, Device Select, RW = '0' 
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Figure 5. Write Mode Sequences with WC=1 (data write inhibited) 

we 

BYTE WRITE 

we 

NOACK 

......--......--r-nr-n rrrrrrrT"l .--.-.,..,....,..,....,..,....,+,..,..,....,..,...-n -,
PAGE WRITE DATA IN 2 

LL~~~~~~~~LL~~~~~~~~ LL~WU-L 

we (cont'd) 

PAGE WRITE 
(cont'd) 

RIW 

NOACK NOACK 

~:JII :o~y~ ~~:N: 110 

condition until the end of the two address bytes) 
will not modify the memory contents, and the ac
companying data bytes will not be acknowledged, 
as shown in Figure 5. 
Byte Write 
In the Byte Write mode, after the Device Select 
Code and the address bytes, the master sends 
one data byte. If the addressed location is write 
protected by the WC pin, the memory replies with 
a NoAck, and the location is not modified. If, in
stead, the we pin has been held at 0, as shown in 
Figure 6, the memory replies with an Ack. The 
master terminates the transfer by generating a 
STOP condition. 
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Page Write 

The Page Write mode allows up to 64 bytes to be 
written in a single write cycle, provided that they 
are all located in the same 'row' in the memory: 
that is the most significant memory address bits 
(b 14-b6 for the M24256-B and b 13-b6 for the 
M24128-B) are the same. If more bytes are sent 
than will fit up to the end of the row, a condition 
known as 'roll-over' occurs. Data starts to become 
overwritten (in a way not formally specified in this 
data sheet). 
The master sends from one up to 64 bytes of data, 
each of which is acknow!.§Qged by the memory if 
the WC pin is low. If the WC pin is high, the con-
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Figure 6. Write Mode Sequences with WC=O (data write enabled) 
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tents of the addressed memory location are not 
modified, and each data byte is followed by a 
NoAck. After each byte is transferred, the internal 
byte address counter (the 6 least significant bits 
only) is incremented. The transfer is terminated by 
the master generating a STOP condition. 
When the master generates a STOP condition im
mediately after the Ack bit (in the "1oth bit" time 
slot), either at the end of a byte write or a page 
write, the internal memory write cycle is triggered. 
A STOP condition at any other time does not trig· 
ger the internal write cycle. 
During the internal write cycle, the SDA input is 
disabled internally, and the device does not re
spond to any requests. 

AI01106B 

7/16 

69 



M24256-8, M24128-8 

Figure 7. Write Cycle Polling Flowchart using ACK 

First byte of instruction 
with RW = 0 already 
decoded by M24xxx 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Operation 

Minimizing System Delays by Polling On ACK 
During the internal write cycle, the memory discon
nects itself from the bus, and copies the data from 
its internal latches to the memory cells. The maxi
mum write time (tw) is shown in Table 9, but the 
typical time is shorter. To make use of this, an Ack 
polling sequence can be used by the master. 
The sequence, as shown in Figure 7, is: 
- Initial condition: a Write is in progress. 
- Step 1: the master issues a START condition 

followed by a Device Select Code (the first byte 
of the new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no Ack will be returned and the mas
ter goes back to Step 1. If the memory has ter
minated the internal write cycle, it responds with 
an Ack, indicating that the memory is ready to 
receive the second part of the next instruction 
(the first byte of this instruction having been sent 
during Step 1 ). 
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Read Operations 
Read operation.§__g_l"e performed independently of 
the state of the we pin. 
Random Address Read 
A dummy write is performed to load the address 
into the address counter, as shown in Figure 8. 
Then, without sending a STOP condition, the mas
ter sends another START condition, and repeats 
the Device Select Code, with the RW bit set to '1 '. 
The memory acknowledges this, and outputs the 
contents of the addressed byte. The master must 
not acknowledge the byte output, and terminates 
the transfer with a STOP condition. 
Current Address Read 
The device has an internal address counter which 
is incremented each time a byte is read. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select Code 
with the RW bit set to '1 '. The memory acknowl
edges this, and outputs the byte addressed by the 



Figure 8. Read Mode Sequences 

CURRENT 
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Note: 1. The seven most significant bits of the Device Select Code of a Random Read (in the 1 s and 4 bytes) must be identical. 

internal address counter. The counter is then in
cremented. The master terminates the transfer 
with a STOP condition, as shown in Figure 8, with
out acknowledging the byte output. 
Sequential Read 
This mode can be initiated with either a Current 
Address Read or a Random Address Read. The 
master does acknowledge the data byte output in 
this case, and the memory continues to output the 
next byte in sequence. To terminate the stream of 
bytes, the master must not acknowledge the last 
byte output, and must generate a STOP condition. 

The output data comes from consecutive address
es, with the internal address counter automatically 
incremented after each byte output. After the last 
memory address, the address counter 'rolls-over' 
and the memory continues to output data from the 
start of the memory block. 
Acknowledge in Read Mode 
In all read modes, the memory waits, after each 
byte read, for an acknowledgment during the gth 
bit time. If the master does not pull the SDA line 
low during this time, the memory terminates the 
data transfer and switches to its standby state. 
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Table 7. DC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V or 2.5 to 5.5 V) 
(T A= 0 to 70 oc or -20 to 85 oc; Vee= 1.8 to 3.6 V) 

Symbol Parameter 

lu 
Input Leakage Current 

(SCL, SDA) 

lu 
Input Leakage Current 

(E2, E1, EO, WC) 

lw Output Leakage Current 

Icc Supply Current -W series: 

-R series: 

lcc1 Supply Current (Stand-by) 

lce2 Supply Current (Stand-by) 

lce3 Supply Current (Stand-by) 

v1L 
Input Low Voltage 
(EO-E2, SCL, SDA) 

V1H 
Input High Voltage 
(EO-E2, SCL, SDA) 

V1L Input Low Voltage (WC) 

V1H Input High Voltage (WC) 

VoL 
Output Low -W series: 
Voltage 

-R series: 
. ' Note· 1. Th1s IS prehm1nary data. 

2. See Table 8 

Test Condition 

0 v $ VIN $Vee 

Device is selected 

Device is not selected 

0 V $ VouT $Vee, SDA in H1-Z 

Vcc=5V, fc=400kHz (rise/ialltime < 30ns) 

Vee =2.5V, f0=400kHz (rise/tall time< 30ns) 

Vee =1.8V, fe=1 OOkHz (rise/fall time< 30ns) 

V1N = Vss or Vee, Vee= 5 V 

V1N= Vss or Vee, Vee= 2.5 V 

V1N= Vss or Vee, Vee= 1.8 V 

loL = 3 mA, Vee= 5 V 

loL = 2.1 mA, Vee= 2.5 V 

loL = 0.15 mA, V ce = 1.8 V 

Table 8. Input Parameters 1 (T A = 25 oc, f = 400 kHz) 

Symbol Parameter 

c1N Input Capacitance (SDA) 

c1N Input Capacitance (other pins) 

Pull-Down Impedance of E2, z 
E1, EO, WC inputs 

INs 
Low Pass Filter Input Time 
Constant (SCL and SDA) 

0 Note. 1 Sampled only, not 100 Yo tested. 
2. This is Z(mln) as used in Table 7 
3 ThiS IS Z(max) as used in Table 7 
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Test Condition Min. 

Device is selected 252 

Device is not selected 4 

Min. Max. Unit 

±2 ~A 

Vee Vee 
~A Z(max) Z(min) 

±2 ~A 

±2 j.JA 

2 mA 

1 mA 

0.81 mA 

10 ~A 

2 ~A 

11 pA 

-0.3 0.3 Vee v 

0.7Vce Vcc+1 v 

-0.3 0.5 v 
Vee- 0.5 Vcc+1 v 

0.4 v 

0.4 v 

0.21 v 

Max. Unit 

8 pF 

6 pF 

1003 kQ 

kQ 

100 ns 
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Table 9. AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V or 2.5 to 5.5 V) 
(T A= 0 to 70 oc or -20 to 85 oc; Vee= 1.8 to 3.6 V) 

M24256-B I M24128-B 

Vcc=4.5 to 5.5 V Vcc=2.5 to 5.5 V V cc=1.8 to 3.6 V 
Symbol Alt. Parameter TA=O to 70°C or T A=O to 70°C or TA=O to 70°C or Unit 

-40 to 85°C -40 to 85°C -20 to 65°C4 

Min Max Min Max Min Max 

lcH1CH2 lA Clock Rise Time 300 300 1000 ns 

lcucl2 IF Clock Fall Ttme 300 300 300 ns 

IDH1DH2 2 IR SDA Rise Time 20 300 20 300 20 1000 ns 

louol2 2 IF SDA Fall Time 20 300 20 300 20 300 ns 

ICHDX 1 tsu STA Clock High to Input Transition 600 600 4700 ns 

ICHCL IHtGH Clock Pulse Width High 600 600 4000 ns 

laLCL IHDSTA Input Low to Clock Low (START) 600 600 4000 ns 

lcLOX IHO OAT Clock Low to Input Transition 0 0 0 (JS 

lcLCH I LOw Clock Pulse Width Low 1.3 1.3 4.7 (JS 

loxcx tsu DAT 
Input Transition to Clock 

100 100 250 ns Transition 

lcHOH lsusTo Clock High to Input High (STOP) 600 600 4000 ns 

loHDL lsuF 
Input High to Input Low (Bus 

1.3 1.3 4.7 IJS Free) 

lcLOV 3 IAA Clock Low to Data Out Valid 200 900 200 900 200 3500 ns 

lcLOX loH 
Data Out Hold Time After Clock 

200 200 200 Low ns 

fc fscL Clock Frequency 400 400 100 kHz 

lw twA Write Time 10 10 10 ms 

Note. 1. For a reSTART condttlon, or following a wnte cycle 
2. Sampled only, not 100% tested. 
3. To avoid spunous START and STOP conditions, a m1mmum delay IS placed between SCL=1 and the falling or nsing edge of SDA. 
4. Th1s 1s preliminary data. 

Table 10. AC Measurement Conditions 

Input Rise and Fall Times sso ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing 
0.3Vcc to 0.7Vcc 

Reference Voltages 

Figure 9. AC Testing Input Output Waveforms 

o.svcc~ 

o2vcc 

o.7Vcc 

o.3Vcc 

A100825 
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Figure 10. AC Waveforms 
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Table 11. Ordering Information Scheme 

Example: M24256 -B R MN 

Memory Capacity 

256 256 Kbit {32K X 8) 

128 128 Kbit {16K X 8) 

Operating Voltage 

blank 4.5 V to 5.5 V 

w 2.5 Vto5.5 V 

R 1.8 Vto3.6V 

Package 

BN PSDIP8 (0.25 mm frame) 

MN SOB (150 mil width) 

DL TSSOP14 (169 mil width) 

Note: 1. Temperature range available only on request. 

ORDERING INFORMATION 
Devices are shipped from the factory with the 
memory content set at all'1's (FFh). 
The notation used for the device number is as 
shown in Table 11. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 

M24256-B, M24128·B 

6 T 

I Option 

T Tape and Reel Packing 

Temperature Range 

11 0 oc to 70 oc 
6 -40 oc to 85 oc 
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Table 12. PSDIPB- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb. 
Typ. 

A 

A1 

A2 

B 

B1 

c 
D 

E 7.62 

E1 

e1 2.54 

eA 

eB 

L 

N 

Figure 11. PSDIPB (BN) 

Note· 1. Drawrng rs not to scale. 
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mm 

Min. 

3.90 

0.49 

3.30 

0.36 

1.15 

0.20 

9.20 

-

6.00 

-

7.80 

3.00 

8 

~2A 

A1 L 

B e1 
61 

ITTIJ 

Max. 

5.90 

-

5.30 

0.56 

1.65 

0.36 

9.90 

-
6.70 

-
-

10.00 

3.80 

Typ. 

0.300 

0.100 

·EJ !.· ·:. 

ll oA c+J 
~ 

PSDIP-a 

inches 

Min. Max. 

0.154 0.232 

0.019 -

0.130 0.209 

0.014 0.022 

0.045 0.065 

0.008 0.014 

0.362 0.390 

- -

0.236 0.264 

- -

0.307 -

0.394 

0.118 0.150 

8 
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Table 13. SOB- B lead Plastic Small Outline, 150 mils body width 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.80 6.20 0.228 0.244 

h 0.25 o:5o 0.010 0.020 

L 0.40 0.90 0.016 0.035 

a oo so oo so 

N 8 8 

CP 0.10 0.004 

Figure 12. SOB narrow (MN) 

SO-a 

Note: 1 Draw1ng IS not to scale. 
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Table 14. TSSOP14 -141ead Thin Shrink Small Outline 

mm 
, Symb. 

Typ. Min. Max. 

A 1.10 

A1 0.05 0.15 

A2 0.85 0.95 

B 0.19 0.30 

c 0.09 0.20 

D 4.90 5.10 

E 6.25 6.50 

E1 4.30 4.50 

e 0.65 - -
L 0.50 0.70 

a oo 80 

N 14 

CP 0.08 

Figure 13. TSSOP14 (DL) 

D 

E1 E 

·-~ ·- A2 

e 

Note: 1. Drawing Is not to scale. 
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Typ. 

0.026 

Inches 

Min. 

0.002 

0.033 

0.007 

0.004 

0.193 

0.246 

0.169 

-
0.020 

oo 

14 

TSSOP 

Max. 

0.043 

0.006 

0.037 

0.012 

0.008 

0.197 

0.256 

0.177 

-
0.028 

80 

0.003 



M24256 
M24128 

256 Kbit/128 Kbit Serial 12C Bus EEPROM 
without Chip Enable Lines 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE 12C SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• 100,000 ERASE/WRITE CYCLES 
• 40 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE 
- 4.5V to 5.5V for M24256 and M24128 

- 2.5V to 5.5V for M24256-W and M24128-W 
- 1.8V to 3.6V for M24256-R and M24128-R 

• HARDWARE WRITE CONTROL 
• BYTE and PAGE WRITE (up to 64 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH-UP 
PERFORMANCES 

DESCRIPTION 

The M24256 and the M24128 are a 256 Kbit and a 
128 Kbit electrically erasable programmable 
memories (EEPROM), organized as 32,768 x8 and 
as 16,384 x8 bits respectively. The "-W" versions 
operate with a power supply value as low as 2.5V 
and the "-R" versions operate down to 1.8V. Plastic 
Dual-in-Line, Plastic Small Outline and Thin Shrink 
Small Outline packages are available. 

Table 1. Signal Names 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

October 1998 

PSDIPB (BN) 
0.25mm Frame 

SOB (MN) 
150mil Width 

Figure 1. Logic Diagram 

Vee 

I 

SCL-

M24256 
M24128 

we--e 

I 
Vss 

PRELIMINARY DATA 

TSSOP14 (DL) 
169mil Width 

SOS (MW) 
200mil Width 

1-- SDA 

AI01882 

1/17 

This is preltmmary mformation on a new product now tn development or undergoing evaluatton. Details are subJect to change wHhout nottce 79 



M24256, M24128 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature (2) -40 to 125 oc 

TsTG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB) 40 sec 215 oc 
(PSDIPB) 10 sec 260 

Vro Input or Output Voltages -0.6 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 
Electrostatic Discharge Voltage (Human Body model) (3) 4000 v 

VESD 
Electrostatic Discharge Voltage (Machine model) (4) 200 v 

Notes: 1. Except for the ratrng "Operatrng Temperature Range", stresses above those Irs ted rn the Table "Absolute Maxrmum Ratrngs" 
may cause permanent damage to the devrce. These are stress ratrngs only and operatron of the devrce at these or any other 
condttJons above those indtcated 1n the Operattng secttons of this specification 1s not Implied. Exposure to Absolute Maximum 
Rat1ng condittons for extended periods may affect devrce rehabihty. Refer also to the STMJcroelectromcs SURE Program and 
other relevant quality documents 

2 Depends on range. 
3 100pF through 1500Q; MIL-STD-883C, 3015 7 
4. 200pF through on; EIAJ IC-121 (condrtron C) 

Figure 2A. DIP Pin Connections 

M24256 
M24128 

Ncos Vee 
NC 2 7 we 

NC 3 6 SCL 

Vss 4 5 SDA 
AI01883 

Warning: NC = Not Connected 

Figure 2C. TSSOP Pin Connections 

M24128 

Ne Vee 
Ne we 
Ne Ne 
NC Ne 

Ne NC 
Ne SeL 

Vss SDA 
Al02249 

Warning: NC = Not Connected 
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Figure 28. SO Pin Connections 

NC 

Ne 

Ne 

Vss 

M24256 
M24128 

AI01884 

Warning: NC =Not Connected 

DESCRIPTION (cont'd) 

vee 
we 

SeL 

SDA 

Each memory is compatible with the 12C extended 
memory standard, two wire serial interface which 
uses a bi-directional data bus and serial clock. The 
memory carries a built-in 4 bit, unique device iden
tification code (1 01 0) corresponding to the 12C bus 
definition. The memory behaves as a slave device 
in the 12C protocol with all memory operations 
synchronized by the serial clock. Read and write 
operations are initiated by a START condition gen
erated by the bus master. The START condition is 
followed by a stream of 4 bits (identification code 
101 0), then 3 bits (at 000) to form a 7 bit Device 
Select, plus one read/write bit (RW) and terminated 
by an acknowledge bit. 



Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 is sent f~rst. 

Table 4. Operating Modes 

Mode RWbit we 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' v,L 

Page Write '0' VIL 

When writing data to the memory, it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a $TOP condition. 
Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 
Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 
Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

M24256, M24128 

Chip Enable RW 

b4 b3 b2 b1 bO 

0 0 0 0 RW 

Data Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address. 

reSTART, Device Select, RW = '1' 

;::1 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

$64 START, Device Select, RW = '0' 

Write Control (WC). The Write Control feature WC 
is useful to protect the contents of the memory from 
any erroneous erase/write cy~ The Write Control 
s.i_g__Q_al is used to enable (WC=V!H) or disable 
~=V!L) the internal write Q!:Q!ection. When the 
we pin is unconnected, the we input is internally 
read as V1L (see Table 5). 

When WC=1, Device Select and Address bytes are 
acknowledged, Data bytes are not acknowledged. 

Refer to Application Note AN404 for more detailed 
information about Write Control feature. 

DEVICE OPERATION 

12C Bus Background 

The memory supports the extended addressing 12C 
protocol. This protocol defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The memory is 
always a slave device in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the memory continu
ously monitors the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

3/17 
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Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 
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Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the memory and the 
bus master. A STOP condition at the end of a Read 
command forces the standby state. A STOP condi
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the memory samples 
the SDA bus signal on the rising edge of the clock 
SCL. For correct device operation, the SDA signal 
must be stable during the clock low to high transi
tion and the data must change ONLY when the SCL 
line is low. 

Device Selection. To start communication be
tween the bus master and the slave memory, the 
master must initiate a START condition. The 8 bits 
sent after a START condition are made up of a 
device select of 4 bits that identifies the device jype, 
then 3 bits (at 000) and one bit for a READ (RW=1) 
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or WRITE (RW=O) operation. There are two modes 
both for read and write. These are summarized in 
Table 4 and described hereafter. A communication 
between the master and the slave is ended with a 
STOP condition. 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. Bits b15 to bO 
form the address of any byte of the memory. Bit b15 
is don't care on the M24256 series. Bits b15 and 
b14 are don't care on the M24128 series. 

Most Significant Byte 

1 b15 1 b14 1 b13 1 b12 1 b11 1 b1o 1 b9 b8 
b15 is don't care on M24256 senes. 
b15 and b14 are don't care on M24128 series. 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 



Table 5. Input Parameters <1> (TA = 25 oc, f =400kHz) 

Symbol Parameter Test Condition 

C1N Input Capacitance (SDA) 

c,N Input Capacitance (other pins) 

ZwcL WC Input Impedance V1N :> 0.3 Vee 

ZwcH WC Input Impedance VJN 2:0.7 Vee 

tLP 
Low-pass filter input time constant 
(SDA and SCL) 

Note: 1. Sampled only, not 100% tested 

Table 6. DC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 
(TA = 0 to 70 oc or -20 to 85 oc; Vee = 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu 
Input Leakage Current 

OV:>V,N:>Vcc (SCL, SDA) 

ILO Output Leakage Current OV:>VouT:>Vcc 
SDAin Hi-Z 

Supply Current Vee = 5V, fc =400kHz 
(Rise/Fall time< 30ns) 

Icc Supply Current (-W series) Vee = 2.5V, fc =400kHz 
(Rise/Fall time< 30ns) 

Supply Current (-R series) Vee = 1.8V, fc = 1OOkHz 
(Rise/Fall time< 30ns) 

Supply Current, Standby v,N = Vss or Vee, 
Vee= 5V 

lcc1 Supply Current, Standby v,N = Vss or Vee. 
(-W series) Vcc=2.5V 

Supply Current, Standby V1N = Vss or Vee, 
(-R series) Vee= 1.8V 

v,L Input Low Voltage (SCL, SDA) 

v,H Input High Voltage (SCL, SDA) 

v,L Input Low Voltage (WC) 

VJH Input High Voltage (WC) 

Output Low Voltage loL = 3mA, Vee = 5V 

VoL Output Low Voltage (-W series) loL = 2.1 rnA, Vee= 2.5V 

Output Low Voltage (-R series) loL = 0.15mA, Vee= 1.8V 

M24256, M24128 

Min Max Unit 

8 pF 

6 pF 

5 20 kQ 

500 kQ 

100 ns 

Min Max Unit 

±2 IJA 

±2 IJA 

2 rnA 

1 rnA 

0.5 rnA 

10 J.lA 

2 J.lA 

1 IIA 

-0.3 0.3 Vee v 

0.7 Vee Vee+ 1 v 

-0.3 0.5 v 

Vee-0.5 Vee+ 1 v 

0.4 v 

0.4 v 

0.2 v 
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Table 7. AC Characteristics 

M24256/ M24128 

Symbol A It Parameter 
Vee= 4.5V to 5.5V Vee= 2.5V to 5.5V Vee= 1.8V to 3.6V 

Unit TA= Oto 70oC TA=Oto70°C TA = o to 70°C 
T A = -40 to 85°C TA = -40 to 85°C T A = -20 to 85°C 

Min Max Min Max Min Max 

ICH1CH2 IR Clock Rise Time 300 300 1000 ns 

lcL1eL2 IF Clock Fall Time 300 300 300 ns 

IDH1DH2 (1) IR SDA Rise Time 20 300 20 300 20 1000 ns 

toL1DL2 (1) IF SDAFall Time 20 300 20 300 20 300 ns 

lcHDX (2) lsu.STA 
Clock High to Input 600 600 4700 ns 
Transition 

tcHCL tHIGH Clock Pulse Width High 600 600 4000 ns 

loLCL IHD STA 
Input Low to Clock Low 

600 600 4000 ns (START) 

leLDx IHD DAT 
Clock Low to Input 

0 0 0 j.IS Transition 

lcLCH tww Clock Pulse Width Low 1300 1300 4700 ns 

toxcx lsU.DAT 
Input Transition to Clock 100 100 250 ns Transition 

lcHDH lsusTo 
Clock High to Input High 600 600 4000 ns 
(STOP) 

loHDL leuF 
Input High to Input Low 

1300 1300 4700 ns 
(Bus Free) 

ICLQV (3) IAA 
Clock Low to Next Data 

200 900 200 900 200 3500 ns 
Out Valid 

lcLOX toH Data Out Hold Time 200 200 200 ns 

fc fscL Clock Frequency 400 400 100 kHz 

tw twA Write Time 10 10 10 ms 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART condition, or following a wnte cycle. 
3 The m1mmum value delays the falhng/ns1ng edge of SDA away form SCL = 1 1n order to avo1d unwanted START and/or STOP 

cond1tron. 

Table 8. AC Measurement Conditions 

Input Rise and Fall Times s SOns 

Input Pulse Voltages 0.2Vec to 0.8Vcc 

Input and Output Timing Ref. 
0.3Vcc to 0.7Vec Voltages 

Figure 4. AC Testing Input Output Waveforms 

OBVcc~ 

o.2Vcc 
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Write Operations 
Following a START condition the master sends a 
Device Select code with the RW bit set to '0'. The 
memory acknowledges this and waits for 2 bytes 
of address. These 2 address bytes (8 bits each) 
provide access to any of the memory locations. 
Writing in the memory may be inhibited if input pin 
we is taken high. 
Any write command with WC=1 (during a period of 
time from the START condition until the end of the 
2 bytes address) will not modify data and will NOT 
be acknowledged on data bytes, as in Figure 9. 
Byte Write. In the Byte Write mode the master 
sends one data byte, which is acl<nowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 
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Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

1+----J-1- tCHCL 

:.sTART.\ 
CONDITION 

:...- SDA ...:...- SDA -..\ 
INPUT CHANGE 

~:::::: 
~ ........ 
:__ DATA OUTPUT _____..; 

:.-sTOP&-..\ 
BUS FREE 

~ <CHJ c::::::::~::::::::::::::::~:j }t 
1- STOP ! WRITE CYCLE ! START ~ 
CONDITION CONDITION 

A\007956 
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Figure 6. J2C Bus Protocol 

SCL 

SDA \l 
l 

·······-~ 

I x=t····-~ 11 j 

!+-- START -+i 
CONDITION 

!+- SDA-.!+- SDA -+i J+ STOP -+i 
INPUT CHANGE CONDITION 

SCL 

SDA 

J,.-.l 
START 

CONDITION 

..... __fiV7\fi\_., 
····-~ ACK ----- ... 

SCL ·--~·-··· 
SDA 
~--··· 

~ 

Page Write. The Page Write mode allows up to 64 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 64 bytes 
in the memory, that is the same address bits {b14· 
b6 for the M24256 and b13-b6 for the M24128). 
The master sends from one up to 64 bytes of data, 
which are each acknowledged by the memory. 
After each byte is transferred, the internal byte 
address counter (6 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro-
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~ 
STOP 

CONDITION 

A100792 

gram cycle. This STOP condition will trigger an 
internal memory program cycle only if the STOP 
condition is internally decoded right after the AC 
Kbit; any STOP condition decoded out of this "1Oth 
bit" time slot will not trigger the internal program
ming cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request. 
Minimizing System Delays by Polling On ACK. 
During the internal Write cycle, the memory disable 
itself from the bus in order to copy the data from 
the internal latches to the memory cells. The maxi
mum value of the Write time (tw) is given in the 
Table 8, this timing value may be reduced by an 
ACK polling sequence issued by the master. 



The sequence is: 
- Initial condition: a Write is in progress (see Figure 

7). 
- Step 1: the master issues a START condition 

followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is internally writing, NoACK 
will be returned. The master goes back to Step 
1. If the memory has terminated the internal 
writing, it will issue an ACK. 
The memory is ready to receive the second part 
of the instruction (the first byte of this instruction 
was already sent during Step 1 ). 

Figure 7. Write Cycle Polling using ACK 

First b}'!_e of instruction 
with RW = 0 already 
decoded by M24xxx 

M24256, M24128 

Read Operations 
On delivery, the memory contents is set at all "1 's" 
(or FFh). 
Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a Device Select with the RW bit 
set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal address 
counter. This counter is then incremented. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Operation 

Al01847 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

BYTE WRITE 

ACK ACK ACK ACK 

PAGE WRITE II :o~y~~~ 11. 11 ~~~:AP~~ 111 ~~:E:APH 111 :~+~I:N:,: 1 1 GAS~:~:~ 

we (cont'd) 

PAGE WRITE 
(cont'd) 

f
a: 

~ 
R/W 

ACK ACK 

~:J 1 1 :o~y~~~:N: 110 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1 '. The 
memory acknowledges this and outputs the byte 
addressed. The master have to NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
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master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll-over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the memory waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the memory terminates the 
data transfer and switches to a standby state. 
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Figure .g. Write Modes Sequence with Write Control= 1 

we 

BYTE WRITE 

we 

PAGE WRITE 

WC(cont'd) 

PAGE WRITE 
(cont'd) 

ACK ACK ACK NOACK 

II :o~y~~~ 11.11 ~~:E:+H 111 ~~E:+?~ 111: ?~+:~~: 110 
~ - ~ 
~ R~N 0 g ~ 

NOACK 

,..,...,,..,..,,..,..,..., n-I""T'"1rT"1rT"1 n-n-n-n-rh-n-n-...,-r 
DATAIN2 

L...L.L...L.L...L.L...L.'f'-l...L.l...L.!....L.!....L.!....L.!....L..L..L.J....L..L..L..L..L..L..L..L..L.J....I...J L...L.!....L.L..I....I-L 

R/W 

NOACK NOACK 

~:JII :o~y~~~:N: 110 

AI01120B 
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Figure 1 0. Read Mode Sequences 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

II :D~Y~~~ 111
1
1 :D~T~9~T: 1

10 
~ Rffl ~ g tii 

ACK 

~~~,...., .............. ~.,....,...., ,....,..,....,....""T""T".,....,...., .......... --.-.-,..,..-,....,I:,-· 
' LL~~~~~~~~LL~~~~~~~~~ ~LLLLLL~-L-

R/W R/W 

ACK NOACK 

~:J 1 1 ~~+ ~~T ~ 110 

AI01105C 

Note: • The 7 Most Significant bits of DEV SELbytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 

Example: M24256 

Density 

256 256K (32 xB) 

128 128K (16 x8) W 2.5V to 5.5V 

R (t) 1.8V to 3.6V 

R MW 1 T 

Package 

BN PSDIP8 
0.25mm Frame 

MN 12>soa 
150mil Width 

MW 13>soa 
200mi1Width 

DL 14> TSSOP14 
169mi1Width 

Notes: 1. -R version (1.BV to 3.6V) are only available 1n temperature ranges 5 or 1. 
2. SOB, 150rnll W1dth, package is available for M2412B senes only. 
3 SOB, 200mil Width, package is available for M24256 senes only. 

Oto70°C 

6 -40to 85 °C 

3 (s) -40 to 125 oc 

5 -20to 85 oc 

4. TSSOP14, 169mil Width, pakage is available for M24128 senes only. Contact markebng for ava1lab11ity. 
5. Produced With High Reliability Certrtied Flow (HRCF), in Vee range 4.5V to 5 SV at 100kHz only. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

M24256, M24128 

Option 

T Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

81 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

~~ 
I '---' \ 

/' r\ 
A1 L 

B e1 C-.J. 
B1 eA 

0 eB 

nnn 
N 

D E1 E 

1 
ULJL..J PSDIP-a 

Draw1ng IS not o scale. 
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SOB- 81ead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.80 

E 3.80 

e 1.27 -
H 5.80 

h 0.25 

L 0.40 

a 0 

N 8 

CP 

E H 

SO-b 

Drawing is not to scale. 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-
6.20 

0.50 

0.90 

8 

0.10 

Typ 

0.050 

i 
i 
I 

/ 
i 

Inches 

Min Max 

0.053 0.069 

0.004 0.010 

O.Q13 0.020 

0.007 0.010 

0.189 0.197 

0.150 0.157 

- -

0.228 0.244 

0.010 0.020 

0.016 0.035 

0 8 

8 

0.004 
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SOB - 8 lead Plastic Small Outline, 200 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.03 0.080 

Ai O.iO 0.25 0.004 O.OiO 

A2 i.78 0.070 

B 0.35 0.45 O.Oi4 O.Oi8 

c 0.20 - - 0.008 - -

D 5.i5 5.35 0.203 0.2ii 

E 5.20 5.40 0.205 0.2i3 

e i.27 - - 0.050 - -

H 7.70 8.i0 0.303 0.3i9 

L 0.50 0.80 0.020 0.03i 

a oo iQO oo wo 
N 8 8 

CP O.iO 0.004 

B~& Au ~c 

D 

' i 

E H / 

SO-b 

Draw1ng is not to scale. 
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Symb 

A 

A1 

A2 

B 

c 
D 

E 

E1 

e 

L 

a 

N 

CP 

Draw1ng is not to scale. 

M24256, M24128 

TSSOP14 -141ead Thin Shrink Small Outline 

mm 

Typ Min Max 

1.10 

0.05 0.15 

0.85 0.95 

0.19 0.30 

0.09 0.20 

4.90 5.10 

6.25 6.50 

4.30 4.50 

0.65 - -

0.50 0.70 

oo 80 

14 

0.08 

E H I 
I 

SO-b 

Typ 

0.026 

I 
I 

I 

inches 

Min 

0.002 

0.033 

0.007 

0.004 

0.193 

0.246 

0.169 

-

0.020 

oo 

14 

Max 

0.043 

0.006 

0.037 

0.012 

0.008 

0.197 

0.256 

0.177 

-
0.028 

80 

0.003 
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M24512 

512 Kbit (64Kb x8) Seriaii2C Bus EEPROM 

" Compatible with 12C Extended Addressing 
• Three Wire 12C Serial Interface 

Supports 400KHz Protocol 

• Single Supply Voltage: 

- 4.5V to 5.5V for M24512 

- 2.5V to 5.5V for M24512-W 

- 1.8V to 3.6V for M24512-R 

• Hardware Write Control 

• BYTE and PAGE WRITE (up to 128 BYTES) 

• RANDOM and SEQUENTIAL READ MODES 
• Self Timed Programing Cycle 

• Automatic Address Incrementing 

• Enhanced ESD/Latch-Up Performances 

• 100,000 Erase/Write Cycles (minimum) 
• 40 Year Data Retention (minimum) 

DESCRIPTION 

The M24512 is a 512 Kbit electrically erasable 
programmable memory (EEPROM), organized as 
65,536 x8 bits. The "-W" versions operate with a 
power supply value as low as 2.5V and the "-R" 
versions operate down to 1 .BV. Plastic Dual-in
Line, Plastic Small Outline and Thin Shrink Small 
Outline packages are available. 

Table 1. Signal Names 

EO-E2 Chip Enable Inputs 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIP8 (BN) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 

EO·E2 

SCL 
M24512 

we 

Vss 

ThiS IS prehmmary information on a new product now 1n development Details are subject to change without nottee 

PRODUCT PREVIEW 

S016 (MJ) 
300mil Width 

SDA 

AI02275 
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M24512 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

M24512 

NC NC 
M24512 NC NC 

Eoos Vee 
E1 2 7 we 

E2 3 6 SCL 

Vss 4 5 SDA 

EO Vee 
E1 we 

E2 SCL 

Vss SDA 

NC NC 
AI02276 

NC NC 

AI02286 

Warning: NC = Not Connected 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 12l -40 to 125 ac 

TsTG Storage Temperature -65 to 150 ac 

TLEAD Lead Temperature, Soldering (S016) 40 sec 215 ac 
(PSDIPS) 10 sec 260 

Vlo Input or Output Voltages -0.6 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) 13l 4000 v 
Electrostatic Discharge Voltage (Machine model) 14) 200 v 

Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above those l1sted 1n the Table "Absolute Max1mum Rat1ngs" 
may cause permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other 
conditions above those indicated in the Operating sections of this specification is not rmplred Exposure to Absolute Maxrmum 
Rating conditions for extended periods may affect dev1ce reliability. Refer also to the STM1croelectronics SURE Program and 
other relevant quality documents 

2. Depends on range. 
3 100pF through 1500!2, MIL·STD·883C, 3015.7 
4. 200pF through OQ; EIAJ IC·121 (cond1t1on C) 

DESCRIPTION (cont'd) 

Each memory is compatible with the 12C extended 
memory standard, two wire serial interface which 
uses a bi-directional data bus and serial clock. The 
memory carries a built-in 4 bit, unique device iden
tification code (1 01 0) corresponding to the 12C bus 
definition. The memory behaves as a slave device 
in the 12C protocol with all memory operations 
synchronized by the serial clock. Read and write 
operations are initiated by a START condition gen
erated by the bus master. The START condition is 
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followed by a stream of 4 bits (identification code 
101 0), then 3 Chip Enable Input bits (E2, E1, EO) 
to form a 7 bit Device Select, plus one read/write 
bit (RW) and terminated by an acknowledge bit. Up 
to 8 memories may be connected to the same 12C 
bus and selected individually. 
When writing data to the memory, it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 



Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 IS sent f1rst. 

Table 4. Operating Modes 

Mode RWbit we 
Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' V1L 

Page Write '0' V1L 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 
Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 
Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 
Chip Enable (EO, E1, E2). These chip enable 
inputs are used to set the 3 least significant bits of 
the 7 bit device select code. They may be driven 
dynamically or tied to vee or vss to establish the 
device select code. When unconnected, these 3 
pins are internally read as Vii (see tables 5 and 6). 

M24512 

Chip Enable RW 

b4 b3 b2 b1 bO 

0 E2 E1 EO RW 

Data Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

<:1 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

~ 128 START, Device Select, RW = '0' 

Write Control (WC). The Write Control feature WC 
is useful to protect the contents of the memory from 
any erroneous erase/write cycle. The Write Control 
s~al is used to enable (WC=ViH) or disable 
.0{'Lg=ViL) the internal write ~ection. When the 
we pin is unconnected, the we input is internally 
read as ViL (see Table 5). 

When WC=1, Device Select and Address bytes are 
acknowledged, Data bytes are not acknowledged. 

Refer to Application Note AN404 for more detailed 
information about Write Control feature. 

DEVICE OPERATION 

12C Bus Background 

The memory supports the extended addressing 12C 
protocol. This protocol defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The memory is 
always a slave device in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the memory continu
ously monitors the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

3/15 
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Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 

20 
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E " .......... fc =100kHz SCL -T ~ 
::;; 4 

0 
10 

...... ........ 
fc- 400kHz 

100 

Csus (pF) 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the memory and the 
bus master. A STOP condition at the end of a Read 
command forces the standby state. A STOP condi
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 
Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the memory samples 
the SDA bus signal on the rising edge of the clock 
SCL. For correct device operation, the SDA signal 
must be stable during the clock low to high transi
tion and the data must change ONLY when the SCL 
line is low. 

Device Selection. To start communication be
tween the bus master and the slave memory, the 
master must initiate a START condition. The 8 bits 
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sent after a START condition are made up of a 
device select of 4 bits that identifies the device type, 
then 3 Chip Enabl~nput bits (E2, E1 ,_£0) and one 
bit for a READ (RW=1) or WRITE (RW=O) opera
tion. There are two modes both for read and write. 
These are summarized in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. Bits b15 to bO 
form the address of any byte of the memory. 

Most Significant Byte 

I b15 I b14 I b13 I b12 I b11 I b1o I be bs 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 



Table 5. Input Parameters <1> (T A = 25 ac, t = 400 kHz ) 

Symbol Parameter Test Condition 

GiN Input Capacitance (SDA) 

C1N Input Capacitance (other pins) 

INs 
Low-pass filter input time constant 
(SDA and SCL) 

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

Table 6. DC Characteristics 
(T A = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V or 2.5 to 5.5V) 
(TA = 0 to 70°C or -20 to 85°C; Vee= 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu 
Input Leakage Current 

OV $ V1N $Vee (SCL, SDA, EO, E1, E2, WC) 

ILO Output Leakage Current OV,; VoLJr,; Vee 
SDAin Hi·Z 

Vee= 5V, fc =400kHz 
(Rise/Fall time< 30ns) 

Icc Supply Current 
·W series: Vee = 2.5V, fc =400kHz 

(Rise/Fall time < 30ns) 

·R series: Vee = 1.8V, fc = 1OOkHz 
(Rise/Fall time< 30ns) 

lcc1 Supply Current (Stand-by) V1N = Vss or Vee, Vee= 5V 

lcc2 Supply Current (Stand-by) V1N = Vss or Vee. Vee = 2.5V 

lcC3 Supply Current (Stand-by) V1N = Vss or Vee. Vee= 1.8V 

VIL 
Input Low Voltage 
(SCL, SDA, EO, E1, E2) 

v,H 
Input High Voltage 
(SCL, SDA, EO, E1, E2) 

v,L Input Low Voltage 0NC) 

v,H Input High Voltage (WC) 

loL = 3mA, Vee= 5V 

VoL 
Output Low 
Voltage ·W series: loL = 2.1 rnA, Vee= 2.5V 

·R series: loL = 0.15mA, Vee= 1.8V 

Note: 1. This 1s preliminary data. 

M24512 

Min Max Unit 

8 pF 

6 pF 

100 ns 

Min Max Unit 

±2 llA 

±2 llA 

2 rnA 

1 rnA 

0.8(!) rnA 

10 llA 

2 llA 

1 (1) j.JA 

-0.3 0.3 Vee v 

0.7Vce Vee+ 1 v 

-0.3 0.5 v 

Vee -0.5 Vee+ 1 v 

0.4 v 

0.4 v 

0.2(1) v 
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Table 7. AC Characteristics 

M24512 

Symbol All Parameter 
Vee= 4.5V to S.SV Vee= 2.5V to S.SV Vee= 1.8V to 3.6V 

Unit TA=Oto70°C TA= Oto 70°C TA = o to 70°C 
TA = -40 to 85°C TA = -40 to 85°C TA = -20 to 85°C 

Min Max Min Max Min Max 

leH1eH2 lA Clock Rise Time 300 300 1000 ns 

lcuel2 IF Clock Fall Time 300 300 300 ns 

IOH1DH2 (1) IR SDA Rise Time 20 300 20 300 20 1000 ns 

IDL10L2 (1) IF SDAFaiiTime 20 300 20 300 20 300 ns 

ICHDX (2) tsu STA 
Clock High to Input 

600 600 4700 ns 
Transition 

lcHeL IHIGH Clock Pulse Width High 600 600 4000 ns 

toLeL tHO.STA 
Input Low to Clock Low 

600 600 4000 ns 
(START) 

lcLOX tHo OAT 
Clock Low to Input 0 0 0 ~s Transition 

leLeH I LOw Clock Pulse Width Low 1300 1300 4700 ns 

toxex tsu OAT 
Input Transition to Clock 100 100 250 ns 
Transition 

teHOH lsusro 
Clock High to Input High 

600 600 4000 ns 
(STOP) 

toHOL lsuF 
Input High to Input Low 1300 1300 4700 ns 
(Bus Free) 

leLOV(S) IAA 
Clock Low to Next Data 200 900 200 900 200 3500 ns 
Out Valid 

lcLOX toH Data Out Hold Time 200 200 200 ns 

fe fseL Clock Frequency 400 400 100 kHz 

lw lwR Write Time 10 10 10 ms 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART condttton, or following a wnte cycle. 
3. The m~ntmum value delays the falltnglrising edge of SDA away form SCL = 1 in order to avoid unwanted START and/or STOP 

cond1tton. 

Table 8. AC Measurement Conditions 

Input Rise and Fall Times s 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. 
0.3Vce to 0.7Vec Voltages 

Figure 4. AC Testing Input Output Waveforms 

O.SVcc~ 

o.2Vcc 
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o.7Vcc 

o.3Vcc 

AI00825 

Write Operations 
Following a START condition the master sends a 
Device Select code with the RW bit set to '0'. The 
memory acknowledges this and waits for 2 bytes 
of address. These 2 address bytes (8 bits each) 
provide access to any of the memory locations. 
Writing in the memory may be inhibited if input pin 
we is taken high. 
Any write command with WC=1 (during a period of 
time from the START condition until the end of the 
2 bytes address) will not modify data and will NOT 
be acknowledged on data bytes, as in Figure 9. 
Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 



Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

14------ooi- tCHCL 

!.START~ 
CONDITION 

!ICLDX 

;._. SDA ~ SDA ~ 
INPUT CHANGE 

;.__ DATA OUTPUT___..; 

l+-STOP & -.1 
BUS FREE 

tJ ""'" c:: ::::: :~: ::::::::::::: ::~~:1 }t 
!+-STOP : WRITE CYCLE : START __; 
CONDITION CONDITION 

AI00795B 

M24512 

7/15 

103 



M24512 

Figure 6. 12C Bus Protocol 

SCL 
·······-~ 

1 c-----~ :; SDA \! 
!+-START-+! i+-soA-1+-soA+i !+sToP+! 

CONDITION INPUT CHANGE CONDITION 

SCL 

SDA 

i+--+l 
START 

CONDITION 

··---~--

····-~--

SCL ••• ~ ••••• 

SDA 

Page Write. The Page Write mode allows up to 128 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 128 
bytes in the memory, that is the same address bits 
(b15-b7). 
The master sends from one up to 128 bytes of data, 
~hich are each acknowledged by the memory. 
After each byte is transferred, the internal byte 
address counter (7 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro-
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~ 
STOP 

CONDITION 

AI00792 

gram cycle. This STOP condition will trigger an 
internal memory program cycle only if the STOP 
condition is internally decoded right after the AC 
Kbit; any STOP condition decoded out of this "1Oth 
bit" time slot will not trigger the internal program
ming cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request. 
Minimizing System Delays by Polling On ACK. 
During the internal Write cycle, the memory disable 
itself from the bus in order to copy the data from 
the internal latches to the memory cells. The maxi· 
mum value of the Write time (tw) is given in the 
Table 8, this timing value may be reduced by an 
ACK polling sequence issued by the master. 



The sequence is: 
- Initial condition: a Write is in progress (see Figure 

7). 
- Step 1: the master issues a START condition 

followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is internally writing, NoACK 
will be returned. The master goes back to Step 
1. If the memory has terminated the internal 
writing, it will issue an ACK. 
The memory is ready to receive the second part 
of the instruction {the first byte of this instruction 
was already sent during Step 1 ). 

Figure 7. Write Cycle Polling using ACK 

First byte of instruction 
w1th RW = 0 already 
decoded by M24xxx 

WRITE Cycle 

M24512 

Read Operations 
On delivery, the memor-y contents is set at all "1 's" 
(or FFh). 
Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a Device Select with the RW bit 
set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal address 
counter. This counter is then incremented. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Operallon 

AIOt847 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

ACK ACK ACK ACK 

BYTE WRITE II :o~y~~~ 11. 11 ~~:E:+?~ 111 ~~:Ef~?~ 111: ?~+:~~: 11D 
~ ~ 

oc RM 0 
~ ~ 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cont'd) 

ACK ACK 

~:J 1 1 :o~y~ ~~:N: 11D 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 1 0. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1'. The 
memory acknowledges this and outputs the byte 
addressed. The master have to NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
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master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll-over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the memory waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the memory terminates the 
data transfer and switches to a standby state. 



Figure 9. Write Modes Sequence with Write Control = 1 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cant' d) 

NOACK 

,.,-,rnrn--r1 rnrn-.-r--r1 r-r,...,.-,...,.-,...,.-,-h-,...,.-,...,.-.,-~ 

DATAIN2 
~~~~~~~_w~~~~~~~~-W~UW ~WWWW.L 

R/W 

---------

NOACK NOACK 

~:JII :o~y~~~:N: 110 

A101120B 

M24512 
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Figure 10. Read Mode Sequences 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

II :D~Y~~~ 1/1 :D~T~~~~ 110 
~ Rm ~ g In 

ACK ACK ACK NO ACK 

II :D~Y~~~ 11111 ~~+:o~y: 1 1 C:~~ ~~:J 1 1~~+~~!~1 1 0 
~ - ~ 
~ RM ~ 
In 00 

ACK 

I'"T"T"TTT"T"n nCTT-.-rrT"l I'"T"T"'TT-.-rr-n I'"T"T""T"T-rr-n I [ -.- · 

Am Am 

ACK NOACK 

~:J 1 1~+~~~i~l 1 0 

AI01105C 

Note: • The 7 Most Significant bHs of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 

Example: M24512 R MN 5 T 

Density Package Option 

512 512K (64 xB) blank 4.5V to 5.5V BN PSDIPB oto7o•c T Tape & Reel 

w 2.5Vto 5.5V 
0.25mm Frame 

5 -2o1o a5 ·c 
Packing 

R (2) 1.8Vto3.6V MJ 8016 
6 -40to85 •c 300mil Width 

Notes: 1. Temperature range on a request only. 
2. -R version (1.8V to 3 SV) are only available in temperature renge 5 or 1. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 
For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

8 0.36 0.56 0.014 0.022 

81 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

e8 - 10.00 - 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

1!~ 
I '------' I 

.r\ /\ 
A1 L 

B e1 C-.1-o 
B1 eA 

D eB 

nnn 
N 

II 

D E1 E 

I 1 
www PSDIP-a 

Drawtng 1s not o scale. 
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S016 -161ead Plastic Small Outline, 300 mils body width 

Symb 
mm 

Typ Min 

A 

A1 0.10 

B 0.3S 

c 0.23 

D 10.11 

E 7.44 

e 1.27 -

H 10.16 

h 0.3S 

L 0.41 

a oo 

N 16 

CP 

B~ 

E H 

SO-a 

Drawing is not to scale. 

Max 

2.59 

0.30 

0.51 

0.25 

10.49 

7.54 

-
10.41 

1.27 

so 

0.10 

i 
I 

! 

Inches 

Typ Min 

0.004 

0.015 

0.009 

0.39S 

0.293 

0.050 -
0.400 

0.015 

O.Q16 

oo 

16 

I 

I 
! 

M24512 

Max 

0.102 

0.012 

0.020 

0.010 

0.413 

0.297 

-
0.410 

0.050 

so 

0.004 
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M95040 
M95020, M9501 0 

4K/2K/1 K Serial SPI EEPROM 
with High Speed Clock and Positive Clock Strobe 

• 1 MILLION ERASE/WRITE CYCLES 
• 40 YEARS DATA RETENTION 
• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for M950x0 

- 2.5V to 5.5V for M950x0-W 
- 1.8V to 3.6V for M950x0-R 

• SPI BUS COMPATIBLE SERIAL INTERFACE 
• 5 MHz CLOCK RATE MAX 

• BLOCK WRITE PROTECTION 
• STATUS REGISTER 
• 16 BYTE PAGE MODE 
• WRITE PROTECT 
• SELF-TIMED PROGRAMMING CYCLE 
• E.S.D.PROTECTION GREATER than 4000V 

• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 
The M950x0 is a family of Electrically Erasable 
Programmable Memories (EEPROM) fabricated 
with STMicroelectronics's High Endurance Single 
Polysilicon CMOS technology. Each memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

Q Serial Data Output 

s Chip Select 

-w Write Protect 

--
HOLD Hold 

Vee Supply Voltage 

Vss Ground 

February 1999 

PRELIMINARY DATA 

PSDIP8 (BN) 
0.25mm Frame 

soa (MN) 
1somi1Width 

Figure 1. Logic Diagram 

Vee 

D 

c 
s M950x0 

w 

HOLD 

Vss 

TSSOP8 (OW) 
150mi1Width 

Q 

A100894 
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Figure 2A. DIP Pin Connections Figure 28. SO and TSSOP Pin Connections 

M950x0 M950x0 

'OVcc s Vee 

~ 2 7 HOLD Q HOLD 

w 3 6 e w e 

Vss 4 5 D Vss D 

AI00893 AI00873 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oe 

TSTG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oe 
(PSDIPS package) 10 sec 260 

Vo Output Voltage -0.3 to Vee +0.6 v 
v, Input Voltage with respect to Ground -0.3to6.5 v 

Vee Supply Voltage -0.3to6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 12) 4000 v 
Electrostatic Discharge Voltage (Machine model) 13) 500 v 

Notes: 1. Except for the rating "Operattng Temperature Range", stresses above those listed tn the Table "Absolute Maxtmum Ratings" 
may cause permanent damage to the device. These are stress ra~ngs only and operatton of the device at these or any other 
condttions above those indicated tn the Operating sections of this spectfication is not imp bed. Exposure to Absolute Maxtmum 
Rattng conditions for extended periods may affect devtee reliabtlity. Refer also to the STMicroelectronics SURE Program and 
other relevant quality documents 

2. MIL-STD-883C, 3015 7 (100pF, 15000) 
3. EIAJ IC-121 (Condttion C) (200pF, OQ) 

DESCRIPTION (cont'd) 

The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 
Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 

2/19 
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SIGNALS DESCRIPTION 
Serial Output (Q). The output pin is used to trans
fer data serially out of the Memory. Data is shifted 
out on the falling edge of the serial clock. 
Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and the data to be written. Input is 
latched on the rising edge of the serial clock. 



M95040, M95020, M95010 

Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c 

c 

DorQ 
----~ 

~ 

AI01438 

Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9, ST10, OTHERS) 

SPI Interface w1th 
(CPOL, CPHA) = 
('0', '0') or('1', '1') 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). When S is high, the Memory is 
deselected and the Q output pin is at high imped
ance and, unless an internal write operation is 
underw_ey the Memory will be in the standby power 
mode. S low enables the Memory, placing it in the 
active power mode. For a safe design, it should be 
noted that during power up, the S input must be 
driven constantly high (or low) but must NOT be left 

SCK c 
M95xx0 

SOl 
Q 

SDO 
D 

AIOOB69 

floating until the supplied voltage reaches the 
specified Vee value. After power up, a high to low 
transition on S is required prior to the start of any 
operation. 
Write Protect (WL This pin is for hardware write 
protection. When W is low, writes to the Memory 
are disabled but any other operations stay enabled. 
When W is high, all writes operations are available. 
W going low at any time before the last bit DO of 
the data stream will reset the write enable latch and 
prevent programming. No action on W or on the 
write enable latch can interrupt a write cycle which 
has commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with the Memory without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se
lected (S = 0). Then the Hold state is validated by 
a high to low transition on HOLD when C is low. To 
resume the communications, HOLD is brought high 
while Cis low. During the Hold condition D, Q, and 
C are at a high impedance state. 

When the Memory is under the Hold condition, it is 
possible to deselect the device. However, the serial 
communications will remain paused after a rese
lect, and the chip will be reset. 

The Memory can be driven by a microcontrollerwith 
its SPI peripheral running in either of the two fol
lowing modes: (CPOL, CPHA) = ('0', '0') or (CPOL, 
CPHA) = ('1', '1'). 

For these two modes, input data is latched in by the 
low to high transition of clock C, and output data is 
available from the high to low transition of Clock 
(C). 

The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: C 
remains at '0' for (CPOL, CPHA) = (0, 0) and C 
remainsat'1'for(CPOL, CPHA) = (1, 1) when there 
is no data transfer. 

OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on thejirst rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,_!he product must 
have been previously selected (S = low). Table 3 
shows the instruction set and format for device 

Table 3. Instruction Set 

operation. If an invalid instruction is sent (one not 
contained in Table 3), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don't care. 

Write Enable (WREN) and Write Disable (WRDI) 

The Memory contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WADI instruction will reset the latch. The 
latch is reset under the following conditions: 

- Wpin is low 

- Poweron 

- WADI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WADI instruction is 
received by the memory, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a write to the memory operation. 
If a Read Status register reaches the 8th bit of the 
Status register, an additional 9th clock pulse will 
wrap around to read the 1st bit of the Status Reg
ister 

The status register format is as follows: 

b7 

BP1, BPO. Read and write bits 
WEL, WIP: Read onty bits. 
b7 to b4: Read only bits. 

bO 

I BP1 I BPO I WEL I WIP I 

Instruction Description Instruction Format 

WREN Set Write Enable Latch 

WADI Reset Write Enable Latch 

RDSR Read Status Register 

WRSR Write Status Register 

READ Read Data from Memory Array 

WRITE Write Data to Memory Array 

Notes: Aa = 1. Upper page selected on M95040. 
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Aa = 0, Lower page selected on M95040. 
X = Don't care. 

0000 X110 

0000 X100 

0000 X101 

0000 X001 

0000 Aa011 

0000 Aa010 



Figure 5. Block Diagram 
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During a write to the memory operation to the 
memory array, all bits BP1, BPO, WEL, WIP are 
valid and can be read. During a write to the status 
register, only the bits WEL and WIP are valid and 
can be read. The values of BP1 and BPO read at 
that time correspond to the previous contents of the 
status register. 
The Write-In-Process (WIP) read-only bit indicates 
whether the Memory is busy with a write operation. 

16 Bytes 

X Decoder 

I I 
AI01272 

When set to a '1' a write is in progress, when set to 
a '0' no write is in progress. 
The Write Enable Latch (WEL) read-only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. The Block Protect (BPO and BP1) bits indi
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc
tion. These bits are non-volatile. 

5119 
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Figure 6. Read Operation Sequence 

c 

D 

DATA OUT 
HIGH IMPEDANCE 

Q 

AI01440 

Notes: AB = A7 =X on M9501 0 and M95020; AB is only act1ve on M95040 
X = Don't care. 

Table 4. Write Protected Block Size 

Status Register Bits 
Protected Block 

BP1 BPO 

0 0 none 

0 1 Upper quarter 

1 0 Upper hall 

1 1 Whole memory 

Write Status Register (WRSR) 

The WRSR instruction writes (only) the BP1 and 
BPO bits allowing to define the size of protected 
memory. The user may read the blocks but will be 
unable to write within the protected blocks. The 
blocks and respective WRSR control bits are 
shown in Table 4. 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. 
This rising edge of S must appear no later than the 
16th clock cycle of the WRSR instruction of the 
Status Register content (it must not ~pear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 

Read Operation 

The chip is first selected by putting Slow. The serial 
one byte read instruction is followed by a one byte 
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Array Address Protected 

M95040 M95020 M95010 

none none none 

180h ·1FFh COh • FFh 60h • 7Fh 

100h ·1FFh BOh • FFh 40h • 7Fh 

OOOh ·1FFh OOh • FFh OOh • 7Fh 

address (A7-AO), each bit being latched-in during 
the rising edge of the clock (C). Bit 3 (see Table 3) 
of the read instruction contains address bit AS 
(most significant address bit). Then the data stored · 
in the memory at the selected address is shifted out 
on the Q output pin; each bit being shifted out 
during the falling edge of the clock (C). 
The data stored in the memory at the next address 
can be read in sequence by continuing to provide 
clock pulses. The byte address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad
dress is reached, the address counter rolls over to 
Oh allowing the read cycle to be continued indefi· 
nitely. The read operation is terminated by dese
lecting the chip. The chip can be deselected at any 
time during data output. Any read attempt during a 
write cycle will be rejected and will deselect the 
chip. 
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Figure 7. Write Enable Latch Sequence 

c 

D 

HIGH IMPEDANCE 

a 
AI01441 

Figure 8. Byte Write Operation Sequence. 

s 

c 

D 

HIGH IMPEDANCE 

a 
AI01442 

Notes: AS= A7 =X on M9501 0 and M95020; AS is only active on M95040. 
X =Don't care. 
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Figure 9. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
"' "' "' "' "' "' "' "' + ,:': + + + + <0 r-.. "' 0> 0 ;! C\1 "' 24 25 26 27 28 29 30 31 + + ~ ~ ~ ;'! ~ ~ "' ~ ~ ;'! ;'! ;'! "' 0> 

c 

D 

AI01443 

Notes: AB =A?= X on M9501 0 and M95020; AB is only active on M95040. 
X = Don't care. 

Figure 10. RDSR: Read Status Register Sequence 

s 

~ c 

~'== INSTRUCTION --.j 

_A_ __ ·-Jf\1.....(/_~~-.:.'---_-=--=--=--=--=--=--=-=== 
STATUS REG. OUT 

D 

HIGH IMPEDANCE 
a 

MSB 
A101444 
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Figure 11. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 

0 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must be set by issuing the WREN instruction. First 
the device is selected (S = low) and a serial WREN 
instruction byte is !.§_sued. Then the product is de
selected by takingS high. After the WREN instruc
tion byte is sent, the Memory will set the write 
enable latch and then remain in standby until it is 
desel~cted. Th~n _the . write state is entered by 
select1ng the chip, 1ssumg two bytes of instruction 
and address, and one byte of data. 

Chip Select (S) must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eighth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress 
the status register may be read to check BP1, BPo: 
WEL and WIP. WIP is high during the self-timed 
write cycle. IJYhen the cycle is completed, the write 
enable latch IS reset. 

Page Write Operation 

A ":laximum of 16 bytes of data may be written 
dunng one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 

M95040, M95020, M9501 0 

AI01445 

mod~ is the same as the byte write mode except 
that mstead of deselecting the device after the first 
byte of data, up to 15 additional bytes can be shifted 
in prior to deselecting the chip. A page address 
begins with address xxxx 0000 and ends with xxxx 
1111. If the address counter reaches xxxx 1111 and 
the clock continues, the counter will roll over to the 
first address of the page (xxxx 0000) and overwrite 
any ~reviously w~itten.Qata. -r:~e programming cy
cle w!ll only ~tart 1f the S trans1t1on occurs just after 
the e1ghth b1t of data of a word is received. 

POWER ON STATE 
After a Power up the Memory is in the following 
state: 
- The device is in the low power standby state. 
- The chip is deselected. 
- The chip is not in hold condition. 
The Status Register content at power-up is: 

BP1 BPO WEL WIP 

0 0 0 0 

9/19 
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Figure 12. EEPROM and SPI Bus 

D 

Q 

c 

! MASTER 
c Q D 

M95xxx 

CS3 CS2 CS1 s 
I y 

Table 5. AC Measurement Conditions 

Input Rise and Fall limes ::;; 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output liming 
0.3Vcc to 0.7Vcc Reference Voltages 

Output Load CL = 100pF 

Note that Output H1-Z IS defmed as the pomt where data IS no 
longer driven. 

C Q D C Q D 

M95xxx M95xxx 

s s 

A100865 

Figure 13. AC Testing Input Output Wavef. 

osvcc~ 

o.2vcc 

o?vcc 

o.3Vcc 

AIOOB25 

Table 6. Input Parameters (1) (TA = 25 oc, f = 5 MHz) 

Symbol Parameter Min Max Unit 

C;N Input Capacitance (D) 8 pF 

GiN Input Capacitance (other pins) 6 pF 

Note: 1. Sampled only, not 100% tested. 
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Table 7. DC Characterististics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 4.5V to 5.5V) 
(TA = 0 to 70°C or -40 to 85°C; Vee= 2.5V to 5.5V) 
(TA = 0 to 70°C or -20 to 85°C; Vee= 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Oulput Leakage Current 

C = 0.1 Vcc/0.9 Vee, at 5 MHz, 

Supply Current 
Vee= 5V, Q = Open 

C = 0.1 Vcc/0.9 Vee, at 2 MHz, 
Icc Vee= SV, Q =Open, Note 2 

Supply Current (W series) 
C = 0.1 Vcc/0.9 Vee, at 2 MHz, 

Vee= 2.5V, Q =Open 

Supply Current (R series) C = 0.1 Vcc/0.9 Vee, at 1 MHz, Vee= 
1 .BV, Q = Open 

S = Vee, V1N = Vss or Vee. Vee= SV 
Standby Current 

S =Vee, V1N = Vss or Vee, 
lec1 Vee = 5V, Note 2 

Standby Current (W series) S =Vee, V1N = Vss or Vee, Vee = 2.5V 

Standby Current (R series) S =Vee. V1N = Vss or Vee, Vee= 1.8V 

V1L Input Low Voltage 

VIH Input High Voltage 

Output Low Voltage 
loL = 2mA, Vee = 5V 

VOL 11 ) loL = 2mA, Vee= 5V, Note 2 

Output Low Voltage (W series) loL = 1.5mA, Vee= 2.5V 

Output Low Voltage (R series) loL = 0.15mA, Vee= 1.8V 

Output High Voltage 
loH = -2mA, Vee = 5V 

VoH 11 ) loH = -2mA, Vee= 5V, Note 2 

Output High Voltage (W series) loH = -o.4mA, Vee= 2.5V 

Output High Voltage (R series) loH = -D.1 mA, Vee = 1.8V 

Notes: 1. The dev1ce meets output requtrements for both TTL and CMOS standards. 
2. Test performed at-40 to 125"C temperature range, grade 3. 

Min Max Unit 

±2 JlA 

±2 JlA 

4 mA 

4 mA 

2 mA 

2 mA 

10 JlA 

10 JlA 

2 JlA 

1 JlA 

-0.3 0.3 Vee v 
0.7Vec Vee+ 1 v 

0.4 v 
0.4 v 
0.4 v 
0.3 v 

0.8 Vee v 
0.8 Vee v 
0.8 Vee v 
0.8 Vee v 
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Table 8A. AC Characteristics 

M95040 I M95020 I M9501 0 

Symbol A It Parameter Vee = 4.5V to 5.5V, Vee= 4.5V to 5.5V, Unit TA=Oto70°C, 
TA = -40 to 85°C TA = -40 to 125°C 

Min Max Min Max 

fe fe Clock Frequency D.C. 5 D.C. 2 MHz 

lsLeH less S Active Setup Time 90 200 ns 

ICHSL S Not Active Hold Time 90 200 ns 

lcH(tl lcLH Clock High Time 90 200 ns 

lcL(t) lcLL Clock Low Time 90 200 ns 

lcLCH (2) IRe Clock Rise Time 1 1 !JS 

lcHeL(2) I Fe Clock Fall Time 1 1 J.lS 

lovcH losu Data In Setup Time 20 40 ns 

ICHDX loH Data In Hold Time 30 50 ns 

loLDH (2) IRI Data In Rise Time 1 1 J.lS 

loHDL(2) IFI Data In Fall Time 1 1 J.lS 

IHHCH HOLD Setup Time 70 140 ns 

IHLCH Clock Low Hold Time 40 90 ns 

lcLHL Clock Low Setup Time before HOLD Active 0 0 ns 

ICLHH 
Clock Low Setup Time before HOLD Not 0 0 ns Active 

ICHSH lcsH S Active Hold Time 90 200 ns 

ISHCH S Not Active Setup Time 90 200 ns 

lsHSL lcs S Deselect Time 100 200 ns 

ISHOZ(2) lOIS Output Disable Time 100 250 ns 

lcLOV tv Clock Low to Output Valid 60 150 ns 

lcLOX tHo Output Hold Time 0 0 ns 

IQLQH (2) IRQ Output Rise Time 50 100 ns 

taHOL (2) tFO Output Fall Time 50 100 ns 

tHHQX(2) ILZ HOLD High to Output Low-Z 50 100 ns 

IHLOZ(2) 1Hz HOLD Low to Output High-Z 100 250 ns 

lw lwp Write Cycle Time 10 10 ms 

Notes: 1. lcH + teL;;, 1/fc. 
2. Value guaranteed by characterization, not 100% tested in production. 
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Table 88. AC Characteristics 

M95040 I M95020 I M95010 

Symbol A It Parameter Vee= 2.5V to S.SV, Vee= 1.8V to 3.6V, Unit TA = o to 70°C, TA = o to 70°C, 
TA =-40 to 85°C TA = -20 to 85°C 

Min Max Min Max 

fe fe Clock Frequency D.C. 2 D.C. 1 MHz 

lsLeH less S Active Setup Time 200 400 ns 

lcHSL S Not Active Hold Time 200 400 ns 

leH 11 l leLH Clock High Time 200 400 ns 

leL11 l leLL Clock Low Time 200 400 ns 

leLCH (2) IRe Clock Rise Time 1 1 (.IS 

lcHeL (2) IFC Clock Fall1ime 1 1 (.IS 

loveH losu Data In Setup Time 40 60 ns 

ICHDX loH Data In Hold Time 50 100 ns 

loLDH (2) IRt Data In Rise Time 1 1 (.IS 

loHDL (2) 1Ft Data In Fall1ime 1 1 (.IS 

IHHeH HOLD Setup Time 140 350 ns 

IHLeH Clock Low Hold Time 90 200 ns 

lcLHL Clock Low Setup Time before HOLD Active 0 0 ns 

ICLHH 
Clock Low Setup Time before HOLD Not 0 0 ns Active 

teHSH tesH S Active Hold Time 200 400 ns 

lsHeH S Not Active Setup Time 200 400 ns 

ISHSL tcs S Deselect Time 200 300 ns 

tsHOZ(2) lots Output Disable Time 250 500 ns 

lcLOV tv Clock Low to Output Valid 150 380 ns 

leLOX IHo Output Hold Time 0 0 ns 

IQLQH(2) IRO Output Rise Time 100 200 ns 

loHOL (2) IFO Output Fall1ime 100 200 ns 

IHHOX (2) tLZ HOLD High to Output Low-Z 100 250 ns 

tHLOZ(2) IHZ HOLD Low to Output High-Z 250 500 ns 

tw twp Write Cycle Time 10 10 ms 

Notes: 1. lcH +teL;, 1/fc. 
2. Value guaranteed by characterization, not 100% tested in production. 
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Figure 14. Serial Input Timing 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 
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ORDERING INFORMATION SCHEME 

Example: M95xx0 

r Density l 
04 4K (512 X 8) 

02 2K (256 X 8) 

01 1K (128 x 8) 

LI ___ D~a~m~S=tr~o~be~~~ IL-~==~~~~ 
0 Note 1 blank 4.5V to 5.5V 

W 2.5V to 5.5V 

R 131 1.8V to 3.6V 

BN 

MN 

ow 

Option 

TR Tape&Reel 
Packing 

Temperature Range 

Oto 70 oc 
5 -20to85°C 

SOB 
6 -40 to 85 oc 150mils Width 

TSSOPB 
3 (2) -40 to 125 oc 

169mils Width 

Notes: 1. Data In is strobed on rising edge of the clock (C) and Data Out is synchronized from the falling edge at the clock. 
2. Temperature range on request only. 5V ± 10% only. 
3. -R vers1ons (1.8V to 3 6V) are only ava1lable in temperature range 5 or 1. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIPB • 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm 

Typ Min 

A 3.90 

A1 0.49 

A2 3.30 

B 0.36 

81 1.15 

c 0.20 

D 9.20 

E 7.62 -
E1 6.00 

e1 2.54 -
eA 7.80 

eB 

L 3.00 

N 8 

CP 

D 

nnn 
N 

II 

) E1 

(I 
1 
LJLJLJ 

Draw1ng IS not to scale 

Max 

5.90 

-
5.30 

0.56 

1.65 

0.36 

9.90 

-
6.70 

-
-

10.00 

3.80 

0.10 

E 

Inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -
0.236 

0.100 -

0.307 

0.118 

8 

I ._, \ 

~~~ r \:. 

eA C-+1<1 

eB 

PSDIP-a 

Max 

0.232 

-
0.209 

0.022 

0.065 

0.014 

0.390 

-
0.264 

-

-
0.394 

0.150 

0.004 

17/19 

131 



M95040, M95020, M9501 0 

SOB - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm Inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.SO 5.00 0.189 0.197 

E 3.SO 4.00 0.150 0.157 

e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 0.016 0.035 

a. oo so oo so 

N s s 
CP 0.10 0.004 

/ 
i 

i 

I E H 

SO-a 

Drawing is not to scale 
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TSSOPB - 8 lead Thin Shrink Small Outline, 169 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.10 0.043 

A1 0.05 0.15 0.002 0.006 

A2 O.S5 0.95 0.033 0.037 

B 0.19 0.30 0.007 0.012 

c 0.09 0.20 0.004 o.oos 

D 2.90 3.10 0.114 0.122 

E 6.25 6.50 0.246 0.256 

E1 4.30 4.50 0.169 0.177 

e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.02S 

a oo so oo so 

N s s 

CP O.OS 0.003 

B~& Au kyc 

D 

I , 
I 
i 

E H 
I 

I 
i 

SO-b 

Draw1ng IS not to scale 
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M95640, M95320 
M95160, M95080 

64K/32K/16K/8K Serial SPI EEPROM 
with High Speed Clock and Positive Clock Strobe 

• 100,000 ERASE/WRITE CYCLES 
• 40 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE 
- 4.5V to 5.5V for M95xxx 

- 2.7V to 5.5V for M95xxx-V 
- 2.5V to 5.5V for M95xxx-W 

- 1.8V to 3.6V for M95xxx-R 

• SPI BUS COMPATIBLE SERIAL INTERFACE 

• 5 MHz CLOCK RATE MAX 
• STATUS REGISTER 
• HARDWARE PROTECTION of the STATUS 

REGISTER 
• 32 BYTE PAGE MODE 

• SIZEABLE READ ONLY EEPROM AREA 

• SELF-TIMED PROGRAMMING CYCLE 

• E.S.D.PROTECTION GREATER than 4000V 
a SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 

The M95xxx is a family of electrically erasable 
programmable memories (EEPROM) fabricated 
with STMicroelectronics' High Endurance Double 
Polysilicon CMOS technology. Each memory is 
accessed by a simple SPI bus compatible serial 
interface. 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

a Serial Data Output 

s Chip Select 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

January 1999 

PSDIPB (BN) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

l 
D-

c-
s--( M95xxx 

w--e 
HOLD --c 

I 
Vss 

PRELIMINARY DATA 

SOB (MN) 
150 mil Width 

:-a 

AI01789C 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

M95xxx M95xxx 

"OVcc s vee 
~ 2 7 HOLD Q HOLD 

w 3 6 e w e 
Vss 4 5 D Vss D 

AI01790C AI01791C 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oe 
TSTG Storage Temperature --65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIP8 package) 10 sec 260 

Vo Output Voltage -0.3 to Vee +0.6 v 
V1 Input Voltage with respect to Ground -0.3to6.5 v 

Vee Supply Voltage -0.3to6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) <2> 4000 v 
Electrostatic Discharge Voltage (Machine model) <3> 400 v 

Notes: 1 Except for the rabng ''Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" 
may cause pennanent 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 cond1tions for extended periods may affect device reliability. Refer also to the STM1croelectronics SURE Program and 
other relevant quality documents 

2. DMIL·STD·883C, 3015 7 (100pF, 1500Q) 
3. EIAJ IC·121 (Cond1t1on C) (200pF, OQ) 

DESCRIPTION (cont'd) 

The bus signals are a serial clock input (C), a serial 
data input (D) and a serial data output (Q). 
The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). 
Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 

2120 
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SIGNALS DESCRIPTION 

Serial Output (Q). The output pin is used to trans
fer data serially out of the memory. Data is shifted 
out on the falling edge of the serial clock. 

Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions,. 
addresses, and the data to be written. Input is 
latched on the rising edge of the serial clock. 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c ____ __ll__ll_ 

c 

DorQ 

AI01438 

Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6,ST7,ST9,ST10, OTHERS) 

SPIInterface with 
(CPOL. CPHA) = 
('0', '0') or('1', '1') 

on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). When S is high, the memory is 
deselected and the Q output pin is at high imped
ance and, unless an internal write operation is 
underw2y the memory will be in the standby power 
mode. S low enables the memory, placing it in the 
active power mode. It should be not.§_d that after 
power-on, a high to low transition on S is required 
prior to the start of any operation. 

SCK c M95xxx 
SOl 

Q 

SDO 
D 

A101957B 

Write Protect (W). This pin is for hardware write 
protection of the status register (SR); except WIP 
and WEL bits. When bit 7 (SRWD) of the status 
register is 0 (the initial delivery state); it is possible 
to write the SR once the WEL (Write Enable Latc_bl 
has been set and whatever is the status of pin W 
(high or low). 
Note: SRWD stands for; Status Register Write 
Disable. 
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Table 3. Protection Feature 

- Data Bytes Data Bytes w SRWD Status Register (SR) (Protected Area) Mode (Unprotected Area) 

X 0 Writable after setting Software Write protected by the SPM Writable after setting 
WEL BPn bits of the Status Register WEL 

1 1 
Writable after setting Software Write protected by the SPM Writable after setting 
WEL BPn bits of the Status Register WEL 

0 1 Hardware Wnte Hardware Write protected HPM Writable after setting 
protected WEL 

Notes: 1. SPM stands for Software Protected Mode. 
2. BPn are BPO to BP1 bits of the Status Register 
3. SPM and HPM are also descnbed in the Write Status Reg1ster (WRSR) sectiOn 

SIGNALS DESCRIPTION (cont'd) 

Once bit 7 (SRWD) of the status register has been 
set to 1; the possibility to rewrite the SR depends 
on the logical level present at pin W: 

- If W pin is high; it will be possible to rewrite the 
status register after having set the WEL (Write 
Enable Latch). 

- If W pin is low; any attempt to modify the status 
register will be ignored by the device even if the 
WEL was set. As a consequence: all the data 
bytes in the EEPROM area protected by the BPn 
bits of the status register are also hardware 
protected against data corruption and can be 
seen as a Read Only EEPROM area from the 
microcontroller. This mode is called the Hard
ware Protected Mode (HPM). 

It is possible to enter the Hardware Protected Mode 
f!::!PM) by setting SRWD bit after pulling down the 
W pin or by pulling down the W pin after setting 
SRWD bit. 

The only way to abort the Hardwar~ Protected 
Mode once entered is to pull high the W pin. 

If Vii pin is permanently tied to high level; the 
Hardware Protected Mode will never be activated 
and the memory will only allow the user to software 
protect a part of the memory with the BPn bits of 
the status register. All protection features of the 
device are summarized in Table 3. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with an SPI memory without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se
lected (8 = 0). Then the Hold state is validated by 
a high to low transition on HOLD when Cis low. To 
resume the communications, HOLD is brought high 
while Cis low. During the Hold condition D, 0, and 
C are at a high impedance state. 

When the memory is under the Hold condition, it is 
possible to deselect the device. However, the serial 
communications will remain paused after a rese
lect, and the chip will be reset. 

The memory can be driven by a microcontroller with 
its SPI peripheral running in either of the two fol
lowing modes: (CPOL, CPHA) = ('0', '0') or (CPOL, 
CPHA) = ('1', '1'). 

For these two modes, input data is latched in by the 
low to high transition of clock C, and output data is 
available from the high to low transition of Clock 
(C). 

The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: c • 
remains at '0' for (CPOL, CPHA) = (0, 0) and C 
remains at '1 'for (CPOL, CPHA) = (1, 1) when there 
is no data transfer. 



OPERATIONS 
All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on thejirst rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,_!he product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 
operation. If an invalid instruction is sent (one not 
contained in Table 4), the chip is automatically 
deselected. 

Write Enable (WREN) and Write Disable (WRDI) 
The memory contains a write enable latch. This 
latch must be set prior to every WRITE, WRSR 
operation. The WREN instruction will set the latch 
and the WADI instruction will reset the latch. The 
latch is reset under the following conditions: 
- Power on, 
- WADI instruction completion, 

- WRSR instruction completion, 
- WRITE instruction completion. 

As soon as the WREN or WADI instruction is 
received, the circuit executes the instruction and 
enters a wait mode until it is deselected. 

Read Status Register (RDSR) 
The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a write to the memory operation. 

Table 4. Instruction Set 

M95640, M95320, M95160, M95080 

As soon as the 8th bit of the status register is read 
out, the memory enters a wait mode (data on D is 
not decoded, Q is in Hi-Z) until it is deselected. 

The status register format is as follows: 

b7 bO 

X X I BP1 I BPO I WEL I WIP I 
BPO, BP1: Read and write bits 
WEL, WIP: Read only bits 
SRWD: Read and Write bit. 

During a write to tf'le memory operation: all bits 
BPO, BP1, WEL, WIP are valid and can be read. 
During a write to the status register, only the bits 
WEL and WIP are valid and can be read. The 
values of BP1 and BPO read at that time corre
spond to the previous contents of the status regis
ter. 

The Write-In-Process (WIP) read-only bit indicates 
whether the memory is busy with a write operation. 
When set to a '1' a write is in progress, when set to 
a '0' no write is in progress. 

The Write Enable Latch (WEL) read-only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. The Block Protect (BPO and BP1) bits indi
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc
tion. These bits are non-volatile. 

Instruction Description Instruction Format 

WREN Set Wnte Enable Latch 0000 0110 

WADI Reset Write Enable Latch 0000 0100 

RDSR Read Status Register 0000 0101 

WRSR Write Status Register 0000 0001 

READ Read Data from Memory Array 0000 0011 

WRITE Write Data to Memory Array 0000 0010 

Table 5. Address Range Bits 

Device M95080 M95160 M95320 M95640 

Address Bit AO-A9 AO-A10 AO-A11 AO-A12 

Note: Address bits up to A 15 not specified are don't care. 
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Figure 5. Block Diagram 

----. 
High Voltage ----. Control Logic Generator -

c J II ~ 
D 

Q 
110 Shift Register 

II II I I 
Address Register Data 

and Counter Reg1ster 

r--- II I Status 

An ·31 I I An 

.................................................... 
Q; 

~ '8 
u - "' 0 

.................................................... , 
>-

32 Bytes 

OOOOh I I 001Fh -
X Decoder 

I I 

Note: An is the top address of the mem01y 
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Figure 6. Read EEPROM Array Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 

c 

D 

HIGH IMPEDANCE 
Q 

MSB 

AI01793 

Note: Depend1ng on tne memory s1ze, most significant aadress b1ts are don't care. 

Table 6. Write Protected Block Size 

Status 
Register Bits Protected 

Block 
BP1 BPO M95080 

0 0 none none 

0 1 Upper quarter 0300h - 03FFh 

1 0 Upper hall 0200h - 03FFh 

1 1 Whole Memory OOOOh - 03FFh 

Write Status Register (WRSR) 
When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then trjggered by the rising edge of S. This 
rising edge of S must appear just before the rising 
edge of the 17th clock pulse (see Serial input timing 
Figure 14), otherwise the internal write sequence 
is not performed. 
The WRSR instruction allows the user: 
1. to select the size of the memory to be protected, 

Array Addresses Protected 

M95160 M95320 M95540 

none none none 

0600h - 07FFh OCOOh - OFFFh 1800h -1FFFh 

0400h - 07FFh 0800h - OFFFh 1 OOOh - 1 FFFh 

OOOOh - 07FFh OOOOh - OFFFh OOOOh - 1 FFFh 

2. to choose the protection level between the 
SPM (Software Protected Mode) and the 
HPM (Hardware Protected Mode). 

Size Selection. The way to select the size of the 
EEPROM area to be protected is common to both 
SPM and HPM. BP1 and BPO bits (initial delivery 
states = 00; that is size = 0) of the Status Register 
have to be written once the data to be protected 
are stored in the EEPROM. The Table 6 summa
rizes the size selection functions of the memory. 
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Figure 7. Write Enable Latch Sequence 

s 

c 

D -~-...._ _ _....1\.j __ 
HIGH IMPEDANCE 

Q 

AI02281 

Figure 8. Byte Write Operation Sequence 

20 21 22 23 24 25 26 27 26 29 30 31 

c 

D 

HIGH IMPEDANCE 
Q 

AI01795 

Note: Depending on the memory size, most significant address bits are don't care. 
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Figure 9. Page Write Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 31 

c 

D 

Al01796 

Note: Depend1ng on the memory size, most s1gmf1cant address Ms are don't care 

Figure 10. RDSR: Read Status Register Sequence 

s 

~ c 

_r--- INSTRUCTION --+j 
_j_ _ __,J(\ /,-:--:,:. ------

STATUS REG. OUT 
HIGH IMPEDANCE 

D 

Q 

MSB 
AI01444 
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Figure 11. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

Selection of the Protection Level 
- Once BPO and BP1 bits are written; the Soft

ware Protected Mode (SPM) is entered. This 
means that any attempt to write a byte or a page 
in the protected area will be ignored even if the 
Write Enable Latch was set before the write 
instruction. In this Software Protected Mode; 
BPO and BP1 bits can be rewritten with the WSR 
instruction after having set the WEL. 

- If a higher level of protection is needed; the 
Hardware Protected Mode (HPM) can be se
lected. It is possible to enter the HPM by setting 
SRWD bit after r)ulling down the W pin or by 
pulling down the W pin after setting SRWD. In 
both cases, the SRWD is set by using the WSR 
instruction after having set the WEL bit. It should 
also be noted that the SRWD can be set after 
writing BPO and BP1 or at the same time. 

- Once the HPM is entered, the content of the 
Status Register and all data bytes in the pro
tected area are Hardware Protected against 
write attempts. The only way to write again the 
status register is to abort the HPM by pulling high 
the W pin. Aborting the HPM will put the device 
in the SPM with BPO and BP1 bits unchanged. 

Note: See also the Write Protect pin (W) descrip
tion on page 3). 
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Typical Applications 
- The W pin can be dynamically driven by an 

output port of a microcontroller but can also be 
connected directly or through a pull-down resis
tor to Vss. 

- With such a PCB (Printed Circuit Board): 

a) the memory in the initial delivery state can be 
soldered directly. After power on, the microcon
troller can write data to be protected in the mem
ory. Then write BPO, BP1 and set the SRWD to 
enter the HPM. 

b) data to be protected, BPO, BP1 can be written 
and SRWD can be set before soldering the 
memory. As a consequence, once soldered, the 
memory is immediately placed in the HPM. 

In these two cases, the only way to abort the 
HPM will be to remove the memory from the PCB 
or to apply Vee on theW pin through an external 
equipment when a pull-down resistor is inserted 
between the pin and Vss. 

Read Operation 
The chip is first selected by putting Slow. The serial 
one byte read instruction is followed by a two bytes 
address (A15-AO), each bit being latched-in during 
the rising edge of the clock (C). 



Figure 12. EEPROM and SPI Bus 

D 

Q 

c 

1 MASTER 
C Q D 

M95xxx 

CS3 CS2 CS1 s 
T 'f 

Then the data stored in the memory at the selected 
address is shifted out on the Q output pin; each bit 
being shifted out during the falling edge of the clock 
(C). The data stored in the memory at the next 
address can be read in sequence by continuing to 
provide clock pulses. The address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad
dress is reached, the address counter rolls over to 
"Oh" allowing the read cycle to be continued indefi
nitely. The read operation is terminated by dese
lecting the chip. The chip can be deselected at any 
time during data output. Any read attempt during a 
write cycle will be rejected and will deselect the 
chip. 
Byte Write Operation 
Prior to any write attempt, the write enable latch 
must be set by issuing.!tJe WREN instruction. First 
the device is selected (S =low) and a serial WREN 
instruction byte is issued. Then the product is de
selected by taking 8 high. After the WREN instruc
tion byte is sent, the memory will set the write 
enable latch and then remain in standby until it is 
deselected. Then the write state is entered by 
selecting the chip, issuing three bytes of instruction 
and address, and one byte of data. 

M95640, M95320, M95160, M95080 

C Q D C Q D 

M95xxx M95xxx 

s s 
( 

AI0195B 

Chip Select (S) must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eighth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is completed, the write 
enable latch is reset. 
Page Write Operation 

A maximum of 32 bytes of data may be written 
during one non-volatile write cycle. All 32 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting the device after the first 
byte of data, up to 31 additional bytes can be shifted 
in prior to deselecting the chip. Any address of the 
memory can be chosen as the first address to be 
written. If the address counter reaches the end of 
the page (xxxx xxx1 1111) and the clock continues, 
the counter will roll over to the first address of the 
page (xxxx xxxO 0000) and overwrite any pre
viously written d!!_ta. The programming cycle will 
only start if the S transition occurs just after the 
eighth bit of data of a word is received. 
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POWER ON STATE 

After a Power up the memory is in the following 
state: 
- The device is in the low power standby state. 
- The chip is deselected. 
- The chip is not in hold condition. 
- The write enable latch is reset. 
- b7 to b2 bits of the status register are un-

changed (non-volatile bits). 

DATA PROTECTION AND PROTOCOL SAFETY 
- Non valid Sand HOLD transitions are not taken 

into account. 
- S must come high at the proper clock count in 

order to start a non-volatile write cycle (in the 
memory array 2_r in the status register), that is 
the Chip SelectS must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

- Access to the memory array during non-volatile 
programming cycle is ignored; however, the pro
gramming cycle continues. 

- After any of the operations WREN, WADI, RDSR 
is completed, the chip enters a wait state and 
waits for a deselect. 

- The write enable latch is reset upon power-up. 

INITIAL DELIVERY STATE 

The device is delivered with the memory array in a 
fully erased state (all data set at all "1's" or FFh). 
The Status Register Bits are initialized to 00. 

Status Register: 

b7 

0 0 0 0 

bO 

0 0 0 0 

Table 7. Input Parameters (1) (TA = 25 oc, f = 5 MHz) 

Symbol Parameter 

Cour Output Capacitance (Q) 

c1N Input Capacitance (other pins) 

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

Table 8. AC Measurement Conditions 

Input Rise and Fall Times :>SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing 0.3Vcc to 0.7Vcc Reference Voltages 

Output Load CL = 100pF 

Note that Output H1-Z IS defined as the po1nt where data IS no 
longer dnven. 
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Min Max Unit 

8 pF 

6 pF 

Figure 13. AC Testing Input Output 

O.BVcc~ o.7Vcc 

o.2Vcc o.3Vcc 
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Table 9. DC Characteristics 
(TA = 0 to 70°C; -40 to 85°C or -40 to125°C; Vee= 4.5V to 5.5V) 
(TA = 0 to 70°C; -40 to 85°C; Vee= 2.7V to 5.5V) 
(TA = 0 to 70°C; -40 to 85°C; Vee = 2.5V to 5.5V) 
T A = 0 to 70°C· -20 to 85°C· Vee = 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

C = 0.1 Vcc/0.9 Vee. at 5 MHz, 

Supply Current 
Vee= 5V, Q =Open 

C = 0.1 Vcc/0.9 Vee. at2 MHz. 
Vee= 5V, Q =Open, Note 2 

Icc C = 0.1 Vcc/0.9 Vee. at 5 MHz, Supply Current (V series) 
Vee= 2.7V, Q =Open 

Supply Current (W series) C = 0.1 Vce/0.9 Vee, at2 MHz, 
Vee = 2.5V, Q = Open 

Supply Current (R series) C = 0.1 Vec/0.9 Vee. at1 MHz, 
Vee = 1.8V, Q = Open 

S =Vee. V,N = Vss or Vee. Vee= 5V 
Standby Current 

S =Vee. V1N = Vss or Vee. Vee= 5V, 

leet Note 2 

Standby Current (V series) S =Vee. V1N = Vss or Vee. Vee= 2.7V 

Standby Current (W series) S =Vee. V,N = Vss or Vee. Vee= 2.5V 

Standby Current (R series) S =Vee. v,N = Vss or Vee. Vee= 1.8V 

v,L Input Low Voltage 

VtH Input High Voltage 

Output Low Voltage 
IOL = 2rnA, Vee = 5V 

VoL (t) 
loL = 2rnA, Vee= 5V, Note 2 

Output Low Voltage (V series) loL = 1.5rnA, Vee= 2.7V 

Output Low Voltage (W series) loL = 1.5rnA, Vee= 2.5V 

Output Low Voltage (R series) loL = 0.15rnA, Vee= 1.8V 

Output High Voltage 
loH = -2rnA. Vee= 5V 

VoH (l) 
loH = -2rnA, Vee= 5V, Note 2 

Output High Voltage (V series) loH = -{).4rnA, Vee= 2.7V 

Output High Voltage (W series) IOH = -{).4mA, Vee= 2.5V 

Output High Voltage (R series) IOH = -0.1 mA, Vee= 1.8V 

Notes: 1. The dev1ce meets output reqwrements for both TTL and CMOS standards. 
2. Test performed at-40 to 125'C temperature range, grade 3 

Min Max Unit 

±2 f.! A 

±2 f.! A 

4 rnA 

4 rnA 

3 rnA 

2 rnA 

2 rnA 

10 f.IA 

10 f.! A 

2 f.IA 

2 f.IA 

1 pA 

-{).3 0.3 Vee v 

0.7 Vee Vee+ 1 v 

0.4 v 

0.4 v 

0.4 v 
0.4 v 

0.3 v 

0.8 Vee v 

0.8 Vee v 

0.8 Vee v 

0.8 Vee v 

0.8 Vee v 

13/20 

147 



M95640, M95320, M95160, M95080 

Table 10A. AC Characteristics 

M95640 /320 /160 I 060 

Symbol A It Parameter Vee= 4.5V to 5.5V, Vee= 4.5V to 5.5V, Unit TA = o to 7oac, 
TA = -40 to 85°C TA = -40 to 125°C 

Min Max Min Max 

fc fc Clock Frequency D.C. 5 D.C. 2 MHz 

lsLCH tess S Active Setup Time 90 200 ns 

lcHSL S Not Active Hold Time 90 200 ns 

lcH (1) lcLH Clock High Time 90 200 ns 

lcL(1) teLL Clock Low Time 90 200 ns 

lcLCH (2) IRe Clock Rise Time 1 1 IJS 

lcHCL (2) I Fe Clock Fall Time 1 1 IJS 

tovcH tosu Data In Setup Time 20 40 ns 

tcHDX toH Data In Hold Time 30 50 ns 

toLDH (2) IRI Data In Rise Time 1 1 IJS 

IDHDL (2) IFI Data In Fall Time 1 1 IJS 

IHHCH teo HOLD Setup Time 70 140 ns 

IHLCH teo Clock Low Hold Time 40 90 ns 

lcLHL IHo HOLD Hold Time 0 0 ns 

tcLHH tHo Clock Low Setup Time 0 0 ns 

lcHSH tcsH S Active Hold Time 90 200 ns 

ISHCH S Not Active Setup Time 90 200 ns 

ISHSL tcs S Deselect Time 100 200 ns 

ISHQZ(2) t01s Output Disable Time 100 250 ns 

lcLOV tv Clock Low to Output Valid 60 150 ns 

lcLOX IHo Output Hold Time 0 0 ns 

loLQH(2) IRQ Output Rise Time 50 100 ns 

IQHQL (2) IFO Output Fall Time 50 100 ns 

IHHQX (2) ILZ HOLD High to Output Low-Z 50 100 ns 

IHLOZ (2) 1Hz HOLD Low to Output High-Z 100 250 ns 

tw lwP Write Cycle Time 10 10 ms 
Notes. 1. tcH +teL;?: 1/fc 

2. Value guaranteed by characterization, not 100% tested in production. 
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Table 1 08. AC Characteristics 

M95640 /320 /160 I 080 

Symbol A It Parameter Vee = 2. 7V to S.SV, Vee= 2.5V to S.SV, Vee = 1.8V to 3.6V, Unit TA = 0 to 70°C, TA= 0 to 70°C, TA= 0 to 70°C, 
TA = -40to 85°C TA=-40 to 85°C TA= -20 to 85°C 

Min Max Min Max Min Max 

fc fc Clock Frequency D.C. 5 D.C. 2 D.C. 1 MHz 

lsLCH tess S Active Setup Time 90 200 400 ns 

lcHSL S Not Active Hold Time 90 200 400 ns 

lcH<11 lcLH Clock High Time 90 200 400 ns 

lcL<11 teLL Clock Low Time 90 200 400 ns 

lcLCH(2) IRe Clock Rise Time 1 1 1 J.lS 

ICHCL (2) I Fe Clock Fall Time 1 1 1 J.lS 

lovcH losu Data In Setup Time 20 40 60 ns 

ICHDX loH Data In Hold Time 30 50 100 ns 

loLOH(2) IRI Data In Rise Time 1 1 1 J.lS 

loHOL (2) IR Data In Fall Time 1 1 1 J.lS 

IHHCH leo HOLD Setup Time 70 140 350 ns 

IHLCH leo Clock Low Hold Time 40 90 200 ns 

leLHL IHo HOLD Hold Time 0 0 0 ns 

ICLHH tHo Clock Low Setup Time 0 0 0 ns 

leHSH lcsH S Active Hold Time 90 200 400 ns 

lsHCH S Not Active Setup Time 90 200 400 ns 

tsHSL lcs S Deselect Time 100 200 300 ns 

lsHOz<21 lOIS Output Disable Time 100 250 500 ns 

tcLQV tv Clock Low to Output 60 150 380 ns Valid 

lcLOx IHo Output Hold Time 0 0 0 ns 

IOLOH(2) IRa Output Rise Time 50 100 200 ns 

IQHQL (2) IFO Output Fall Time 50 100 200 ns 

IHHOX(2) ILZ HOLD High to Output 50 100 250 ns Low-Z 

IHLOZ(2) 1Hz HOLD Low to Output 100 250 500 ns 
High-Z 

tw twp Write Cycle Time 10 10 10 ms 

Notes: 1. tcH + teL ;, 1/fc 
2. Value guaranteed by charactenzation. not 100% tested in producbon 
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Figure 14. Serial Input Timing 

c 

tCLCH 

D :::=-
HIGH IMPEDANCE 

Q 

AI01447 

Figure 15. Hold Timing 

c 

Q 

D 

HOLD 

AI01448 
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Figure 16. Output Timing 

c 

AI01449B 
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ORDERING INFORMATION SCHEME 

Example: M95xx0 - R MN 5 J; 

I Density I I Option I 
64 64K (8K x8) T Tape & Reel 

32 32K (4Kx8) 
Packing 

16 16K (2K x8) 

08 8K(1Kx8) 

l 
I Data Strobe I I Operating Voltage Package I I Temperature Range I 

0 Note 1 blank 4.5V to 5.5V BN PSDIP8 1 12l 0 to 70 oc 
v 2.7V!o 5.5V 

0.25 mm Frame 
5 -20 to 85 oc 

w 2.5Vto5.5V 
MN SOB 

6 -40 to 85 oc 150mils Width 
R (4) 1.8V to 3.6V 3 (3) -40 to 125 oc 

Notes: 1. Data In is strobed on nsing edge of the clock (C) and Data Out is synchromzed from the fall1ng edge of the clock 
2 Temperature range on request only. 
3 Produced w1th High Reliability Cert1f1ed Flow (HRCF). in Vee range 4.5V to 5.5V only. 
4. -R version (1.8V to 3.6V) are only available m temperature ranges 5 or 1 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

B1 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

D 

·EJ . . .. .. .. " .. .. .. .. 

fr nA c~t 
~ 

E1 E 

PSDIP-a 

Drawing 1s not to scale. 
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SOB - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

8 0.33 0.51 O.Q13 0.020 

c 0.19 0.25 0.007 O.Q10 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244 

h 0.25 0.50 O.Q10 0.020 

L 0.40 0.90 O.Q16 0.035 

a oo so oo so 
N 8 8 

CP 0.10 0.004 

I 
E H I 

SO-a 

Drawing is not to scale. 

20/20 

154 



M95256 
M95128 

256/128 Kbit Serial SPI EEPROM 
with High Speed Clock and Positive Clock Strobe 

• 100,000 ERASE/WRITE CYCLES 

• 40 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for M95xxx 

- 2.5V to 5.5V for M95xxx-W 

- 1.8V to 3.6V for M95xxx-R 

., SPI BUS COMPATIBLE SERIAL INTERFACE 

• 5 MHz CLOCK RATE MAX 

• STATUS REGISTER 

a HARDWARE PROTECTION of the STATUS 
REGISTER 

• 64 BYTE PAGE MODE 

• SIZEABLE READ ONLY EEPROM AREA 

• SELF-TIMED PROGRAMMING CYCLE 

• E.S.D.PROTECTION GREATER than 4000V 

• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 
The M95xxx is a family of Electrically Erasable 
Programmable Memories (EEPROM) fabricated 
with STMicroelectronics's High Endurance Double 
Polysilicon CMOS technology. Each Memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). 

The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

Q Serial Data Output 

s Chip Select 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

January 1999 

PSDIPB (BN) 
0.25mm Frame 

SOB (MN) 
150mil Width 

Figure 1. Logic Diagram 

Vee 

D 

c 
s M95xxx 

w 

HOLD 

Vss 

PRELIMINARY DATA 

TSSOP14 (DL) 
169mil Width 

SOB (MW) 
200mil Width 

Q 

A101789C 
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Figure 2A. DIP Pin Connections 

M95xxx 

_9 2 7 HOLD 

w 3 6 e 

.0 Vcc 

vss 4 5 D 

AI01790C 

Figure 2C. TSSOP Pin Connections 

s 
Q 

Ne 
Ne 
Ne 
w 

Vss 

M95128 

AI02346 

Vee 
HOLD 

Ne 
Ne 
NC 

e 
D 

Table 2. Absolute Maximum Ratings (l) 

Figure 28. SO Pin Connections 

M95xxx 

s Vee 
Q HOLD 

w e 
Vss D 

A101791C 

DESCRIPTION (cont'd) 

Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 

SIGNALS DESCRIPTION 
Serial Output (Q). The output pin is used to trans
fer data serially out of the Memory. Data is shifted 
out on the falling edge of the serial clock. 
Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and the data to be written. Input is 
latched on the rising edge of the serial clock. 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: -40 to 125 oc 

TsrG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature. Soldering (SOB package) 40 sec 215 oe 
. (PSDIPB package) 10 sec 260 

Vo Output Voltage -D.3 to Vee +0.6 v 
v, Input Voltage with respect to Ground -{).3 to 6.5 v 

Vee Supply Voltage -D.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) 121 4000 v 
Electrostatic Discharge Voltage (Machine model) (J) 400 v 

Notes: 1. Except for the ratrng "Operatrng Temperature Range", stresses above those hsted rn the Table "Absolute Maxrmum Ratrngsn 
may cause permanent damage to the device. These are stress ratmgs only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specif1cat1on IS not 1mpl1ed. Exposure to Absolute Max1mum 
Raling conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and 
other relevant quality documents 
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c 

c 

DorQ 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). When S is high, the Memory is 
deselected and the Q output pin is at high imped
ance and, unless an internal write operation is 
underw_§y the Memory will be in the standby power 
mode. S low enables the Memory, placing it in the 
active power mode. It should be not~d that after 
power-on, a high to low transition on S is required 
prior to the start of any operation. 

M95256, M95128 

____ __n___IL_ 

---·-----v--:-::;:: 
~ 

AI0143B 

Write Protect (W). This pin is for hardware write 
protection of the status register (SR); except WI P 
and WEL bits. When bit 7 (SRWD) of the status 
register is 0 (the initial delivery state); it is possible 
to write the SR once the WEL (Write Enable Latc!!l 
has been set and whatever is the status of pin W 
(high or low). 

Note: SRWD stands for; Status Register Write 
Disable. 

Once bit 7 (SRWD) of the status register has been 
set to 1 ; the possibility to rewrite the S R depends 
on the logical level present at pin W: 
- If W pin is high; it will be possible to rewrite the 

status register after having set the WEL (Write 
Enable Latch). 

Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6,ST7,ST9,ST10, OTHERS) 

SCK c 
SPI Interface with M95xxx 
(CPOL, CPHA) = SDI 

Q 
('0', '0') or ('1', '1') SDO 

D 

AI01957B 
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SIGNAL DESCRIPTION (cont'd) 

- If W pin is low; any attempt to modify the status 
register will be ignored by the device even if the 
WEL was set. As a consequence: all the data 
bytes in the EEPROM area protected by the BPn 
bits of the status register are also hardware 
protected against data corruption and can be 
seen as a Read Only EEPROM area from the 
microcontroller. This mode is called the Hard
ware Protected Mode (HPM). 

It is possible to enter the Hardware Protected Mode 
f!::!PM) by setting SRWD bit aft~ pulling down the 
W pin or by pulling down the W pin after setting 
SRWD bit. 
The only way to abort the Hardwar~ Protected 
Mode once entered is to pull high the W pin. 

If W pin is permanently tied to high level; the 
Hardware Protected Mode will never be activated 
and the Memory will only allow the user to software 

Table 3. Protection Feature 

protect a part of the memory with the BPn bits of 
the status register. All protection features of the 
device are summarized in Table 3. 

Hold (HOLD). The HOLD pin pin is used to pause 
serial communications with an SPI Memory without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se
lected (8 = 0). The Hold condition is entered by a 
0 state on the HOLD pin when a 0 state is present 
on the CLOCK pin (see Figure 5). During the Hold 
condition, the Q output pin is put at high impedance 
and the input pins (D, C) are ignored by the mem
ory. 

It is possible to deselect the device when it is under 
the Hold condition. The protocol is then reset. The 
memory remains on Hold as long as the HOLD pin 
is low. To restart communication with the device, it 
is necessary to ooth remove the Hold (HOLD=1) 
and to SELECT the memory. 

Data Bytes Data Bytes w SRWD Status Register (SR) (Protected Area) Mode (Unprotected Area) 

X 0 Writable after setting Software Write protected by the 
WEL BPn bits of the Status Register 

1 1 Writable after setting Software Write protected by the 
WEL BPn bits of the Status Register 

0 1 Hardware Write Hardware Write protected protected 

Notes: 1. SPM stands for Software Protected Mode. 
2. BPn are BPO to BP1 bits of the Status Register. 
3. SPM and HPM are also described 1n the Wnte Status Register (WRSR) section. 

Figure 5. Hold Condition Activation 
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CLOCK 

HOLD PIN 

MEMORY 
STATUS 

ACTIVE HOLD ACTIVE 

SPM Writable after setting 
WEL 

SPM Writable after setting 
WEL 

HPM Writable after setting 
WEL 

HOLD ACTIVE 

A102029 



OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on thejirst rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,Jhe product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 
operation. If an invalid instruction is sent (one not 
contained in Table 4), the chip is automatically 
deselected. 
Write Enable (WREN) and Write Disable (WADI) 

The Memory contains a write enable latch. This 
latch must be set prior to every WRITE, WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under the following conditions: 
- Poweron, 
- WRDI instruction completion, 
- WRSR instruction completion, 
- WRITE instruction completion. 

As soon as the WREN or WRDI instruction is 
received, the circuit executes the instruction and 
enters a wait mode until it is deselected. 

Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a write to the memory operation. 
When a write is in progress, it is recommended to 
check the WIP bit before sending a new WRITE 

Table 4. Instruction Set 

M95256, M95128 

command. For this, it is possible to continuously 
read the Status Register value as shown in Figure 
11. The status register format is as follows: 

b7 

X 

BPO, BP1: Read and wnte bits 
WEL, WIP: Read only bits. 
SRWD: Read and Wnte bit. 

bO 

During a write operation to the device (memory 
area or Status Register), all bits of the Status 
Register are valid and can be read with the RDSR 
instruction. However, it should be noted that the 
values of the Non Volatile bits (SRWD, BPO, BP1) 
read at that time correspond to the previous content 
of the Status Register. The updated value of these 
bits will be accessible through a new RDSR instruc
tion performed after completion of the Write Cycle. 
As the 2 Read Only bits (WEL, WIP) are dynami
cally updated during internal write cycles, it is pos
sible to continuously get their updated values as 
shown in Figure 11. 

The Write-In-Process (WIP) read-only bit indicates 
whether the Memory is busy with a write operation. 
When set to a '1' a write is in progress, when set to 
a '0' no write is in progress. 

The Write Enable Latch (WEL) read-only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. The Block Protect (BPO and BP1) bits indi
cate the extent of the protection employed. These 
2 bits are non volatile and are set by the user 
issuing a WRSR instruction. 

Instruction Description Instruction Format 

WREN Set Write Enable Latch 0000 0110 

WRDI Reset Write Enable Latch 0000 0100 

RDSR Read Status Register 0000 0101 

WRSR Write Status Register 0000 0001 

READ Read Data from Memory Array 0000 0011 

WRITE Write Data to Memory Array 0000 0010 

Table 5. Address Range Bits 

Device M95128 M95256 

Address Bit AO-A13 AO-A14 

Note: Address bits up to A15 not specified are don't care. 
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Figure 6. Block Diagram 

-- High Voltage -- Control Log1c Generator --
c t 

J I t 
D 

Q 
1/0 Sh1ft Reg1ster 

I I I I I I 
Address Register Data 

and Counter Reg1ster 

- II I Status 

An ·63 I I An 

···················································~ 

Q; 
'------ "C 

0 

,-- " ..................................................... "' 0 
>-

64 Bytes 

OOOOh I I 003Fh 
'----

X Decoder 

I I 

Note: An 1s the top address of the memory. 
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Figure 7. Read EEPROM Array Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 

c 

D 

HIGH IMPEDANCE 

Q 

MSB 

AI01793 

Note: Dependrng on the memory size, most significant address brts are don't care. 

Table 6. Write Protected Block Size 

Status 
Register Bits Protected Block 

BP1 BPO 

0 0 none 

0 1 Upper quarter 

1 0 Upper half 

1 1 Whole Memory 

Write Status Register (WRSR) 
When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then tr!iJgered by the rising edge of S. This 
rising edge of S must appear just before the rising 
edge ofthe 17th clock pulse (see Serial input timing 
Figure 15), otherwise the internal write sequence 
is not performed. 
The WRSR instruction allows the user: 
1. to select the size of the memory to be protected, 

Array Addresses Protected 

M95128 M95256 

none none 

3000h - 3FFFh 6000h - 7FFFh 

2000h - 3FFFh 4000h - 7FFFh 

OOOOh - 3FFFh OOOOh - 7FFFh 

2. to choose the protection level between the 
SPM (Software Protected Mode) and the 
HPM (Hardware Protected Mode). 

Size Selection. The way to select the size of the 
EEPROM area to be protected is common to both 
SPM and HPM. BP1 and BPO bits (initial delivery 
states= 00; that is size = 0) of the Status Register 
have to be written once the data to be protected 
are stored in the EEPROM. The Table 6 summa
rizes the size selection functions of the memory. 
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Figure 8. Write Enable Latch Sequence 

s 

c 

D 

HIGH IMPEDANCE 
Q 

A102281 

Figure 9. Byte Write Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 31 

c 

D 

HIGH IMPEDANCE 
Q 

AI0~795 

Note: Depending on the memory size, most significant address bits are don't care. 
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Figure 10. Page Write Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 31 

c 

D 

AI01796 

Note: Depending on the memory s1ze, most significant address btts are don't care. 

Figure 11. RDSR: Read Status Register Sequence 

:~:~ _r--- INSTRUCTION --+j j i 

D __jl_ 1\~~-~:--------~--------~--
STATUS REG. OUT STATUS REG OUT 

HIGH IMPEDANCE 
Q 

MSB MSB MSB 

AI02031 
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Figure 12. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 

Q 

Selection of the Protection Level 
- Once BPO and BP1 bits are written; the Soft

ware Protected Mode (SPM) is entered. This 
means that any attempt to write a byte or a page 
in the protected area will be ignored even if the 
Write Enable Latch was set before the write 
instruction. In this Software Protected Mode; 
BPO and BP1 bits can be rewritten with the WSR 
instruction after having set the WEL. 

- If a higher level of protection is needed; the 
Hardware Protected Mode (HPM) can be se
lected. It is possible to enter the HPM by setting 
SRWD bit after RUIIing down the W pin or by 
pulling down the W pin after setting SRWD. In 
both cases, the SRWD is set by using the WSR 
instruction after having set the WEL bit. It should 
also be noted that the SRWD can be set after 
writing BPO and BP1 or at the same time. 

- Once the HPM is entered, the content of the 
Status Register and all data bytes in the pro
tected area are Hardware Protected against 
write attempts. The only way to write again the 
stat~ register is to abort the HPM by pulling high 
the W pin. Aborting the HPM will put the device 
in the SPM with BPO and BP1 bits unchanged. 

Note: See also the Write Protect pin (W) descrip
tion on page 3). 
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Typical Applications 
- The W pin can be dynamically driven by an 

output port of a microcontroller but can also be 
connected directly or through a pull-down resis
tor to Vss. · 

- With such a PCB (Printed Circuit Board): 

a) the memory in the initial delivery state can be 
soldered directly. After power on, the microcon
troller can write data to be protected in the mem
ory. Then write BPO, BP1 and set the SRWD to 
enter the HPM. 

b) data to be protected, BPO, BP1 can be written 
and SRWD can be set before soldering the 
memory. As a consequence, once soldered, the 
memory is immediately placed in the HPM. 

In these two cases, the only way to abort the 
HPM will be to remove the memory from the PCB 
or to apply Vee on theW pin through an external 
equipment when a pull-down resistor is inserted 
between the pin and Vss. 

Read Operation 
The chip is first selected by putting 8 low. The serial 
one byte read instruction is followed by a two bytes 
address (A15-AO), each bit being latched-in during 
the rising edge of the clock (C). 



Figure 13. EEPROM and SPI Bus 

D 
Q 

c 

1 MASTER 
C Q D 

M95xxx 

CS3 CS2 CS1 s 
I I 

Then the data stored in the memory at the selected 
address is shifted out on the Q output pin; each bit 
being shifted out during the falling edge of the clock 
(C). The data stored in the memory at the next 
address can be read in sequence by continuing to 
provide clock pulses. The address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad
dress is reached, the address counter rolls over to 
"Oh" allowing the read cycle to be continued indefi
nitely. The read operation is terminated by dese
lecting the chip. The chip can be deselected at any 
time during data output. Any read attempt during a 
write cycle will be rejected and will deselect the 
chip. 
Byte Write Operation 
Prior to any write attempt, the write enable latch 
must be set by issuing.Q1e WREN instruction. First 
the device is selected (S =low) and a serial WREN 
instruction byte is [§_sued. Then the product is de
selected by taking S high. After the WREN instruc
tion byte is sent, the Memory will set the write 
enable latch and then remain in standby until it is 
deselected. Then the write state is entered by 
selecting the chip, issuing three bytes of instruction 
and address, and one byte of data. 

M95256, M95128 

C Q D C Q D 

M95xxx M95xxx 

s s 
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Chip Select (S) must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eighth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is completed, the write 
enable latch is reset. 
Page Write Operation 

A maximum of 64 bytes of data may be written 
during one non-volatile write cycle. All 64 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting the device after the first 
byte of data, up to 63 additional bytes can be shifted 
in prior to deselecting the chip. Any address of the 
memory can be chosen as the first address to be 
written. If the address counter reaches the end of 
the page (xxxx xx11 1111) and the clock continues, 
the counter will roll over to the first address of the 
page (xxxx xxOO 0000) and overwrite any pre
viously written d~ta. The programming cycle will 
only start if the S transition occurs just after the 
eighth bit of data of a word is received. 
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POWER ON STATE 

After a Power up the Memory is in the following 
state: 
- The device is in the low power standby state. 
- The chip is deselected. 
- The chip is not in hold condition. 

- The write enable latch is reset. 
- b7 to b2 bits of the status register are un-

changed (non-volatile bits). 

DATA PROTECTION AND PROTOCOL SAFETY 
- Non valid Sand HOLD transitions are not taken 

into account. 
- S must come high at the proper clock count in 

order to start a non-volatile write cycle (in the 
memory array Q.r in the status register), that is 
the Chip SelectS must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

- Access to the memory array during non-volatile 
programming cycle is ignored; however, the pro
gramming cycle continues. 

- After any of the operations WREN, WRDI, RDSR 
is completed, the chip enters a wait state and 
waits for a deselect. 

- The write enable latch is reset upon power-up. 

INITIAL DELIVERY STATE 

The device is delivered with the memory array in a 
fully erased state (all data set at all "1 's" or FFh). 
The Status Register Bits are initialized to 00. 

Status Register: 

b7 

0 0 0 0 

bO 

0 0 0 0 

Table 7. Input Parameters <1> (TA = 25 °C, f = 5 MHz) 

Symbol Parameter 

CouT Output Capacitance (Q) 

CIN Input Capacitance (other pins) 

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

Table 8. AC Measurement Conditions 

Input Rise and Fall Times :>SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing 
0.3Vcc to 0.7Vcc 

Reference Voltages 

Output Load CL = 100pF 

Note that Output H1-Z 1s def1ned as the pomt where data 1s no 
longer driven. 
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Min Max Unit 

8 pF 

6 pF 

Figure 14. AC Testing Input Output 

O.BVcc ~-:::~:: 
o.2Vcc 
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Table 9. DC Characteristics 
(T A = 0 to 70°C, -40 to ssoc or -40 to 125°C; Vee = 4.5V to 5.5V) 
(TA = 0 to 70°C or -40 to 85°C; Vee = 2.5V to 5.5V) 
(TA = 0 to 70°C or -20 to 85°C; Vee = 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

C = 0.1 Vccf0.9 Vee, at 5 MHz, 

Supply Current 
Vee= 5V, Q = Open 

-
C = 0.1 Vccf0.9 Vee, at 2 MHz, 

Icc Vee = 5V, Q =Open, Note 2 

Supply Current (W series) C = 0.1 Vccf0.9 Vee, at 2 MHz, 
Vee= 2.5V, a = Open 

Supply Current (R series) C = 0.1 Vecf0.9 Vee, at 1 MHz, Vee= 
1.8V, a = Open 

S =Vee, V1N = Vss or Vee, Vee= 5V 
Standby Current 

S =Vee. VtN = Vss or Vee. 
lec1 Vee= 5V, Note 2 

Standby Current ryv series) S =Vee, V1N = Vss or Vee, Vee= 2.5V 

Standby Current (R series) S =Vee, V1N = Vss or Vee, Vee= 1.8V 

V1L Input Low Voltage 

V1H Input High Voltage 

Output Low Voltage 
loL = 2rnA, Vee = 5V 

VoL (1) loL = 2rnA, Vee= 5V, Note 2 

Output Low Voltage 0N series) loL = 1.5rnA, Vee = 2.5V 

Output Low Voltage (R series) loL = 0.15rnA, Vee = 1.8V 

Output High Voltage 
loH = -2rnA, Vee= 5V 

VoH (1) loH = -2rnA, Vee = 5V, Note 2 

Output High Voltage (W series) loH = -o.4rnA, Vee= 2.5V 

Output High Voltage (R series) loH = -0.1 rnA, Vee= 1.8V 

Notes: 1. The devtce meets output requirements for both TIL and CMOS standards. 
2. Test performed at -40 to 125'C temperature range, grade 3. 

M95256, M95128 

Min Max Unit 

±2 !lA 

±2 !lA 

5 rnA 

5 rnA 

2 rnA 

2 rnA 

20 J.lA 

20 J.IA 

2 !lA 

2 !lA 

-0.3 0.3 Vee v 
0.7 Vee Vee+ 1 v 

0.4 v 
0.4 v 
0.4 v 
0.3 v 

0.8 Vee v 
0.8 Vee v 
0.8 Vee v 
0.8 Vee v 
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Table 1 OA. AC Characteristics 

M95256/ M95128 

Symbol A It Parameter 
Vee= 4.5V to 5.5V, Vee= 4.5V to 5.5V, Unit T A = 0 to 70°C, 
T A = -40 to 85°C TA = -40 to 125°C 

Min Max Min Max 

fe fe Clock Frequency D.C. 5 D.C. 2 MHz 

tsLCH less S Active Setup lime 90 200 ns 

teHSL S Not Active Hold lime 90 200 ns 

tcH('l tcLH Clock High Time 90 200 ns 

tcL('l teLL Clock Low lime 90 200 ns 

leLeH (2) IRe Clock Rise lime 1 1 f!S 

lcHCL(2) tFc Clock Fall lime 1 1 f!S 

tovcH tosu Data In Setup lime 20 40 ns 

tcHDX toH Data In Hold lime 30 50 ns 

toLDH (2) tRI Data In Rise Time 1 1 f!S 

toHOL(2) tFI Data In Fall Time 1 1 f!S 

IHHeH HOLD Setup lime 70 140 ns 

tHLCH Clock Low Hold Time 40 90 ns 

leHHL HOLD Hold Time after clock is high 60 120 ns 

ICHHH HOLD Hold lime after clock is high 60 120 ns 

lcHSH tcsH S Active Hold lime 90 200 ns 

lsHCH S Not Active Setup lime 90 200 ns 

tsHSL tcs S Deselect lime 100 200 ns 

tsHOZ(2) t01s Output Disable lime 100 250 ns 

teLOV tv Clock Low to Output Valid 60 150 ns 

teLOx tHo Output Hold lime 0 0 ns 

taLOH (2) lAo Output Rise Time 50 100 ns 

toHOL (2) IFO Output Fall lime 50 100 ns 

tHHQX(2) ILZ HOLD High to Output Low·Z 50 100 ns 

IHLOZ (2) IHZ HOLD Low to Output High·Z 100 250 ns 

tw lwp Write Cycle Time 10 10 ms 

Notes: 1. kH +teL;?: 1/fc. 
2 Value guaranteed by characterization. not1 00% tested in production 
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Table 108. AC Characteristics 

M95256/ M95128 

Symbol A It Parameter Vee= 2.5V to 5.5V, Vee= 1.8V to 3.6V, Unit 
TA = 0 to 70°C, TA = o to 70°C, 

TA = -40 to 85°C TA = -20 to 85°C 

Min Max Min Max 

fe le Clock Frequency D.C. 2 D.C. 1 MHZ 

lsLeH less S Active Setup Time 200 400 ns 

leHSL S Not Active Hold Time 200 400 ns 

lcH<11 leLH Clock High lime 200 400 ns 

leL'11 teLL Clock Low lime 200 400 ns 

lcLCH (2) IRe Clock Rise lime 1 1 JlS 

ICHCL (2) IFC Clock Fall lime 1 1 JlS 

!ovcH !osu Data In Setup Time 40 60 ns 

leHDX toH Data In Hold lime 50 100 ns 

toLOH (2) IRI Data In Rise lime 1 1 JlS 

IOHOL (2) IFI Data In Fall Time 1 1 JlS 

IHHeH HOLD Setup Time 140 350 ns 

IHLeH Clock Low Hold lime 90 200 ns 

ICHHL HOLD Hold lime alter Clock is High 120 250 ns 

leHHH HOLD Hold lime alter Clock is High 120 250 ns 

lcHSH tesH S Active Hold lime 200 400 ns 

lsHCH S Not Active Setup lime 200 400 ns 

lsHSL tcs S Deselect lime 200 300 ns 

lsHOZ(2) lo1s Output Disable lime 250 500 ns 

teLOV tv Clock Low to Output Valid 150 380 ns 

leLOX IHO Output Hold lime 0 0 ns 

loLOH(2) lAo Output Rise lime 100 200 ns 

IQHOL (2) IFO Output Fall lime 100 200 ns 

IHHQX (2) ILZ HOLD High to Output Low-Z 100 250 ns 

IHLOZ(2) 1Hz HOLD Low to Output High-Z 250 500 ns 

tw lwp Write Cycle lime 10 10 ms 

Notes: 1. lcH +Icc;, 1/fc. 
2. Value guaranteed by characterization, not 100% tested in production. 
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Figure 15. Serial Input Timing 

c 

tCLCH 

D ~~~= 
HIGH IMPEDANCE 

Q 

AI01447 

Figure 16. Hold Timing 

c 

Q 

D 

HOLD 
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Figure 17. Output Timing 

c 

Q LSB OUT 

D ADD~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~ 
AI01449B 
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ORDERING INFORMATION SCHEME 

Example: M95256 - R MW 5 T 

Density 

256 256K (32K x8) 

128 128K (16K x8) W 2.5V to 5.5V 

R 13) 1.8V to 3.6V 

Notes: 1. Temperature range on request only. 

--

I Package 

BN P5DIP8 
0.25mm 
Frame 

MW 508 
200mil Width 

MN 14)508 
150mi1Width 

DL IS) T550P14 
169mi1Width 

5 -20to 85 oc 
6 -40to 85 oc 
3 12) -40 to 125 oc 

2. Produced with H1gh Reliability Certified Flow (HRCF), in Vee range 4.5V to 5.5V only 
3. -R version (1.8V to 3.6V) are only available in temperature ranges 5 or 1. 
4. SOB, 150mil Width, package Is available for M95128 series only 
5. TSSOP14. 169mil Width, pakage is available for M95128 series only. 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

Option 

T Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIPB - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

91 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

~ 
I '----' \ 

J' '\ A1 L 

B e1 c .... 
81 eA 

D eB 

nn_n_ 
N 

D E1 E 

1 
"U""OL.J PSDIP-a 

Drawing is not to scale. 
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SOB - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 O.Q16 0.035 

0: oo so oo BE 
N 8 8 

CP 0.10 0.004 

i 

I 
E H I 

SO-a 

Drawing is not to scale. 
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SOB - 8 lead Plastic Small Outline, 200 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.03 0.080 

A1 0.10 0.25 0.004 0.010 

A2 1.78 0.070 

B 0.35 0.45 0.014 0.018 

c 0.20 - - 0.008 - -

D 5.15 5.35 0.203 0.211 

E 5.20 5.40 0.205 0.213 

e 1.27 - - 0.050 - -

H 7.70 8.10 0.303 0.319 

L 0.50 0.80 0.020 0.031 

a oo 10° oo 100 

N 8 8 

CP 0.10 0.004 

I 

/ 
! 

E H 
i 

I 

SO-b 
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TSSOP14 -141ead Thin Shrink Small Outline 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.10 0.043 

A1 0.05 0.15 0.002 0.006 

A2 O.S5 0.95 0.033 0.037 

B 0.19 0.30 0.007 0.012 

c 0.09 0.20 0.004 o.oos 

D 4.90 5.10 0.193 0.197 

E 6.25 6.50 0.246 0.256 

E1 4.30 4.50 0.169 0.177 

e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.02S 

a oo so oo so 

N 14 14 

CP o.os 0.003 

I 
E H i 

I 

SO·b 
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M95512 
512 Kbit Serial SPI EEPROM 

with High Speed Clock and Positive Clock Strobe 

• 100,000 ERASE/WRITE CYCLES 

• 40 YEARS DATA RETENTION 
• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for M95512 
- 2.5V to 5.5V for M95512-W 

- 1.8V to 3.6V for M95512-R 
• SPI BUS COMPATIBLE SERIAL INTERFACE 

• 5 MHz CLOCK RATE MAX 
• STATUS REGISTER 
• HARDWARE PROTECTION of the STATUS 

REGISTER 
• SCHMITT TRIGGER, FILTERED INPUTS 

FOR NOISE SUPPRESSION 

• 128 BYTE PAGE MODE 
• SIZEABLE READ ONLY EEPROM AREA 

• SELF-TIMED PROGRAMMING CYCLE 
• E.S.D.PROTECTION GREATER than 4000V 
• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 
The M95512 is an Electrically Erasable Program
mable memory (EEPROM) fabricated with STMi
croelectronics's High Endurance Double 
Polysilicon CMOS technology. Each memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

Q Serial Data Output 

s Chip Select 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

January 1999 

PSDIP8 (BN) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 
s M95512 

w 

HOLD 

Vss 

Thts is prehmmary mformatton on a new product now 1n development. Details are subject to change Without nottee 

PRODUCT PREVIEW 

S016 (MJ) 
300m if Width 

a 

AI02277 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

M95512 

M95512 Ne Ne 
Ne Ne SOB Vee 

~ 2 7 HOLD 
w 3 6 e 

Vss 4 5 D 

s Vee 
Q HOLD 
w e 

Vss D 
AI02278 Ne Ne 

NC Ne 
A102285 

Table 2. Absolute Maximum Ratings 11> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: -40to 125 oe 

TsrG Storage Temperature -65 to 150 oe 

TLEAO Lead Temperature, Soldering (8016 package) 40sec 215 oe 
(PSDIP8 package) 10sec 260 

Vo Output Voltage -D.3to Vee +0.6 v 
v, Input Voltage with respect to Ground -Q.3 to 6.5 v 

Vee Supply Voltage -D.3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) <2) 4000 v 
Electrostatic Discharge Voltage (Machine model) (a) 400 v 

Notes: 1. Except for the rating "Operatmg 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 1n the Operating sections of this specification is not implied Exposure to Absolute Maximum 
Rating condibons for extended periods may affect device rehabihty. Refer also to the STMicroelectronics SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500!2) 
3 EIAJ IC-121 (Condition C) (200pF, 0!2) 

DESCRIPTION (cont'd) 

The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). 
Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 
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SIGNALS DESCRIPTION 
Serial Output (Q). The output pin is used to trans
fer data serially out of the memory. Data is shifted 
out on the falling edge of the serial clock. 
Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and the data to be written. Input is 
latched on the rising edge of the serial clock. 



Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c 

c 

Dora 

M95512 

____ JLJL_ 
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----~ 

~ 

AI01438 

Figure 4. Microcontroller and SPI Interface Set-up 

MICROCONTROLLER 
(ST6,ST7,ST9,ST10, OTHERS) 

SPI Interface with 
(CPOL, CPHA) : 
('0', '0') or ('1', '1') 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). When S is high, the memory is 
deselected and the Q output pin is at high imped
ance and, unless an internal write operation is 
underw2y the memory will be in the standby power 
mode. S low enables the memory, placing it in the 
active power mode. It should be noted that after 

SCK c M95512 
SOl 

Q 

SDO 
D 

AI02279 

power-on, a high to low transition on S is required 
prior to the start of any operation. 
Write Protect (W). This pin is for hardware write 
protection of the status register (SR); except WIP 
and WEL bits. When bit 7 (SRWD) of the status 
register is 0 (the initial delivery state); it is possible 
to write the SR once the WEL (Write Enable Late!:!} 
has been set and whatever is the status of pin W 
(high or low). 
Note: SRWD stands for; Status Register Write 
Disable. 
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SIGNALS DESCRIPTION (cont'd) 

Once bit 7 (SRWD) of the status register has been 
set to 1; the possibility to rewrite the SR depends 
on the logical level present at pin W: 
- If W pin is high; it will be possible to rewrite the 

status register after having set the WEL (Write 
Enable Latch). 

- If W pin is low; any attempt to modify the status 
register will be ignored by the device even if the 
WEL was set. As a consequence: all the data 
bytes in the EEPROM area protected by the BPn 
bits of the status register are also hardware 
protected against data corruption and can be 
seen as a Read Only EEPROM area from the 
microcontroller. This mode is called the Hard
ware Protected Mode (HPM). 

It is possible to enter the Hardware Protected Mode 
.(!jPM) by setting SRWD bit aft§!:_ pulling down the 
W pin or by pulling down the W pin after setting 
SRWD bit. 
The only way to abort the Hardwar.§_ Protected 
Mode once entered is to pull high the W pin. 

Table 3. Protection Feature 

If W pin is permanently tied to high level; the 
Hardware Protected Mode will never be activated 
and the memory will only allow the user to software 
protect a part of the memory with the BPn bits of 
the status register. All protection features of the 
device are summarized in Table 3. 
Hold (HOLD). The HOLD pin pin is used to pause 
serial communications with an SPI memory without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se
lected (S = 0). The Hold condition is entered by a 
0 state on the HOLD pin when a 0 state is present 
on the CLOCK pin (see Figure 5). During the Hold 
condition, the Q output pin is put at high impedance 
and the input pins (D, C) are ignored by the mem
ory. 
It is possible to deselect the device when it is under 
the Hold condition. The protocol is then reset. The 
memory remains on Hold as long as the HOLD pin 
is low. To restart communication with the device, it 
is necessary to both remove the Hold (HOLD=1) 
and to SELECT the memory. 

Data Bytes Data Bytes w SRWD Status Register (SR) (Protected Area) Mode 
(Unprotected Area) 

X 0 Writable after setting Software Write protected by the 
WEL BPn bits of the Status Register 

1 1 Writable after sett1ng Software Write protected by the 
WEL BPn bits of the Status Register 

0 1 Hardware Write Hardware Write protected protected 

Notes: 1. SPM stands for Software Protected Mode. 
2. BPn are BPO to BPt bits of the Status Register. 
3. SPM and HPM are also described in the Wrrte Status Register (WRSR) section. 

Figure 5. Hold Condition Activation 
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CLOCK 

HOLD PIN 

MEMORY 
STATUS 

ACTIVE HOLD ACTIVE 

SPM Writable after setting 
WEL 

SPM Writable after setting 
WEL 

HPM Writable after setting 
WEL 

HOLD ACTIVE 
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OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on thejirst rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,Jhe product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 
operation. If an invalid instruction is sent (one not 
contained in Table 4), the chip is automatically 
deselected. 

Write Enable (WREN) and Write Disable (WADI) 

The memory contains a write enable latch. This 
latch must be set prior to every WRITE, WRSR 
operation. The WREN instruction will set the latch 
and the WADI instruction will reset the latch. The 
latch is reset under the following conditions: 
- Poweron, 
- WADI instruction completion, 
- WRSR instruction completion, 
- WRITE instruction completion. 

As soon as the WREN or WADI instruction is 
received, the circuit executes the instruction and 
enters a wait mode until it is deselected. 
Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a write to the memory operation. 
When a write is in progress, it is recommended to 
check the WIP bit before sending a new WRITE 

Table 4. Instruction Set 

M95512 

command. For this, it is possible to continuously 
read the Status Register value as shown in Figure 
11 . The status register format is as follows: 

b7 

X 

BPO, BP1· Read and wnte bits 
WEL, WIP. Read only bJts 
SRWD: Read and Wrrte b1t. 

bO 

During a write operation to the device (memory 
area or Status Register), all bits of the Status 
Register are valid and can be read with the ROSA 
instruction. However, it should be noted that the 
values of the Non Volatile bits (SRWD, BPO, BP1) 
read at that time correspond to the previous content 
of the Status Register. The updated value of these 
bits will be accessible through a new ROSA instruc
tion performed after completion of the Write Cycle. 
As the 2 Read Only bits (WEL, WIP) are dynami
cally updated during internal write cycles, it is pos
sible to continuously get their updated values as 
shown in Figure 11. 
The Write-In-Process (WIP) read-only bit indicates 
whether the memory is busy with a write operation. 
When set to a '1' a write is in progress, when set to 
a '0' no write is in progress. 
The Write Enable Latch (WEL) read-only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. The Block Protect (BPO and BP1) bits indi
cate the extent of the protection employed. These 
2 bits are non volatile and are set by the user 
issuing a WRSR instruction. 

Instruction Description Instruction Format 

WREN Set Write Enable Latch 0000 0110 

WRDI Reset Write Enable Latch 0000 0100 

RDSR Read Status Register 0000 0101 

WRSR Write Status Register 0000 0001 

READ Read Data from Memory Array 0000 0011 

WRITE Write Data to Memory Array 0000 0010 
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Figure 6. Block Diagram 
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Note: An is the top address of the memory. 
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Figure 7. Read EEPROM Array Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 

c 

D 

HIGH IMPEDANCE 
Q 

MSB 

AI01793 

Table 5. Write Protected Block Size 

Status Register Bits 
Protected Block M95512 

BP1 BPO 

0 0 none none 

0 1 Upper quarter COOOh - FFFFh 

1 0 Upper hall BOOOh - FFFFh 

1 1 Whole Memory OOOOh - FFFFh 

Write Status Register (WRSR) 
When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the intern;& write 
cycle is then trjggered by the rising edge of S. This 
rising edge of S must appear just before the rising 
edge of the 17th clock pulse (see Serial inputtiming 
Figure 15), otherwise the internal write sequence 
is not performed. 
The WRSR instruction allows the user: 
1. to select the size of the memory to be protected, 

2. to choose the protection level between the 
SPM (Software Protected Mode) and the 
HPM (Hardware Protected Mode). 

Size Selection. The way to select the size of the 
EEPROM area to be protected is common to both 
SPM and HPM. BP1 and BPO bits (initial delivery 
states = 00; that is size = 0) of the Status Register 
have to be written once the data to be protected 
are stored in the EEPROM. The Table 6 summa
rizes the size selection functions of the memory. 
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Figure 8. Write Enable Latch Sequence 

s 

c 

D -~--~---r-\J~--
HIGH IMPEDANCE 

a 
AI02281 

Figure 9. Byte Write Operation Sequence 

20 21 22 23 24 25 26 27 26 29 30 31 

c 

D 

HIGH IMPEDANCE 
a 

AI01795 
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Figure 10. Page Write Operation Sequence 

20 21 22 23 24 25 26 27 28 29 30 31 

c 

D 

AIOH96 

Figure 11. RDSR: Read Status Register Sequence 

s 

c~:: 
-~INSTRUCTION~ : : 

D __l_ !\~~-~!--------~--------~ 
STATUS REG. OUT STATUS REG. OUT 

HIGH IMPEDANCE 
Q 

MSB MSB MSB 

A102031 
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Figure 12. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 

Q 

Selection of the Protection Level 
- Once BPO and BP1 bits are written; the Soft

ware Protected Mode (SPM) is entered. This 
means that any attempt to write a byte or a page 
in the protected area will be ignored even if the 
Write Enable Latch was set before the write 
instruction. In this Software Protected Mode; 
BPO and BP1 bits can be rewritten with the WSR 
instruction after having set the WEL. 

- If a higher level of protection is needed; the 
Hardware Protected Mode (HPM) can be se
lected. It is possible to enter the HPM by setting 
SRWD bit after RUIIing down the W pin or by 
pulling down the W pin after setting SRWD. In 
both cases, the SRWD is set by using the WSR 
instruction after having set the WEL bit. It should 
also be noted that the SRWD can be set after 
writing BPO and BP1 or at the same time. 

- Once the HPM is entered, the content of the 
Status Register and all data bytes in the pro
tected area are Hardware Protected against 
write attempts. The only way to write again the 
status register is to abort the HPM by pulling high 
the W pin. Aborting the HPM will put the device 
in the SPM with BPO and BP1 bits unchanged. 

Note: See also the Write Protect pin (W) descrip
tion on page 3). 
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Typical Applications 
- The W pin can be dynamically driven by an 

output port of a microcontroller but can also be 
connected directly or through a pull-down resis
tor to Vss. 

- With such a PCB (Printed Circuit Board): 

a) the memory in the initial delivery state can be 
soldered directly. After power on, the microcon
troller can write data to be protected in the mem
ory. Then write BPO, BP1 and set the SRWD to 
enter the HPM. 

b) data to be protected, BPO, BP1 can be written 
and SRWD can be set before soldering the 
memory. As a consequence, once soldered, the 
memory is immediately placed in the HPM. 

In these two cases, the only way to abort the 
HPM will be to remove the memory from the PCB 
or to apply Vee on theW pin through an external 
equipment when a pull-down resistor is inserted 
between the pin and Vss. 

Read Operation 
The chip is first selected by putting 8 low. The serial 
one byte read instruction is followed by a two bytes 
address (A15-AO), each bit being latched-in during 
the rising edge of the clock (C). 



Figure 13. EEPROM and SPI Bus 

D 
Q 

c 

I MASTER 
C Q D 

M95xxx 

CS3 CS2 CS1 s 
T ·cr 

Then the data stored in the memory at the selected 
address is shifted out on the Q output pin; each bit 
being shifted out during the falling edge of the clock 
(C). The data stored in the memory at the next 
address can be read in sequence by continuing to 
provide clock pulses. The address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad
dress is reached, the address counter rolls over to 
"Oh" allowing the read cycle to be continued indefi
nitely. The read operation is terminated by dese
lecting the chip. The chip can be deselected at any 
time during data output. Any read attempt during a 
write cycle will be rejected and will deselect the 
chip. 
Byte Write Operation 
Prior to any write attempt, the write enable latch 
must be set by issuing.!_he WREN instruction. First 
the device is selected (S = low) and a serial WREN 
instruction byte is ~sued. Then the product is de
selected by takingS high. After the WREN instruc
tion byte is sent, the memory will set the write 
enable latch and then remain in standby until it is 
deselected. Then the write state is entered by 
selecting the chip, issuing three bytes of instruction 
and address, and one byte of data. 

M95512 

C Q D C Q D 

M95xxx M95xxx 

s s 

AI01958 

Chip Select (S) must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eighth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is completed, the write 
enable latch is reset. 
Page Write Operation 
A maximum of 128 bytes of data may be written 
during one non-volatile write cycle. All 128 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting the device after the first 
byte of data, up to 127 additional bytes can be 
shifted in prior to deselecting the chip. Any address 
of the memory can be chosen as the first address 
to be written. If the address counter reaches the 
end of the page (xxxx x111 1111) and the clock 
continues, the counter will roll over to the first 
address of the page (xxxx xOOO 0000) and over
write any previously written _Qata. The programming 
cycle will only start if the S transition occurs just 
after the eighth bit of data of a word is received. 

11/20 

187 



M95512 

POWER ON STATE 

After a Power up the memory is in the following 
state: 

- The device is in the low power standby state. 

- The chip is deselected. 

- The chip is not in hold condition. 

- The write enable latch is reset. 

- b7 to b2 bits of the status register are un-
changed (non-volatile bits). 

DATA PROTECTION AND PROTOCOL SAFETY 

- All inputs are protected against noise, see Table 
7. 

- Non valid S and HOLD transitions are not taken 
into account. 

- S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the status register), that is 

the Chip SelectS must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

- Access to the memory array during non-volatile 
programming cycle is ignored; however, the pro
gramming cycle continues. 

- After any of the operations WREN, WADI, RDSR 
is completed, the chip enters a wait state and 
waits for a deselect. 

- The write enable latch is reset upon power-up. 

INITIAL DELIVERY STATE 

The device is delivered with the memory array in a 
fully erased state (all data set at all "1's" or FFh). 
The Status Register Bits are initialized to 00. 

Status Register: 

b7 

0 0 0 0 

bO 

0 0 0 0 

Table 6. Input Parameters (1) (TA = 25 oc, f = 5 MHz) 

Symbol Parameter 

Cour Ouput Capacitance (Q) 

C1N Input Capacitance (other pins) 

tLPF Input Signal Pulse Width Filtered Out 

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

Table 7. AC Measurement Conditions 

Input Rise and Fall Times s 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing 
0.3Vcc to 0.7Vcc Reference Voltages 

Output Load CL = 100pF 

Note that Output H1·Z IS defined as the p01nt where data is no 
longer driven. 

12120 

188 

Min Max Unit 

8 pF 

6 pF 

10 ns 

Figure 14. AC Testing Input Output 

o.svcc~ o.7Vcc 

0.2Vcc o.svcc 

AI00825 



Table 8. DC Characteristics 
(T A= 0 to 70°C, -40 to 85°C or -40 to 125°C; Vee = 4.5V to 5.5V) 
(TA = 0 to 70°C or -40 to 85°C; Vee= 2.5V to 5.5V) 
(TA = 0 to 70°C or -20 to 85°C; Vee= 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

C = 0.1 Vccf0.9 Vee, @ 5 MHz, 

Supply Current 
Vee = 5V, Q =Open 

C = 0.1 Vccf0.9 Vee. @ 2 MHz, 
Icc Vee= 5V, Q = Open, Note 2 

Supply Current (W series) C = 0.1 Vccf0.9 Vee, @ 2 MHz, 
Vee = 2.5V, Q =Open 

Supply Current (R series) C = 0.1 Vec/0.9 Vee. @ tbc MHz, Vee 
= 1.8V, Q = Open 

S =Vee, V1N = Vss or Vee. Vee= 5V 
Standby Current 

S =Vee, V1N = Vss or Vee, 
lcct Vee= 5V, Note 2 

Standby Current 0N series) S =Vee. V1N = Vss or Vee. Vee= 2.5V 

Standby Current (R series) S =Vee. V1N = Vss or Vee, Vee= 1.8V 

VIL Input Low Voltage 

V1H Input High Voltage 

VHYS 
Hysteresis of Schmitt Trigger 

Note3 Inputs 

Output Low Voltage 
IOL = 2mA, Vee= 5V 

VoL (1) loL = 2mA, Vee = 5V, Note 2 

Output Low Voltage (W series) loL = 1.5mA, Vee= 2.5V 

Output Low Voltage (R series) loL = 0.15mA, Vee= 1.8V 

Output High Voltage 
loH = -2mA, Vee= 5V 

VoH (t) loH = -2mA, Vee= 5V, Note 2 

Output High Voltage (W series) IOH = -0.4mA, Vee= 2.5V 

Output High Voltage (R series) IOH = -0.1 mA, Vee= 1.8V 

Notes: 1. The dev1ce meets output requ~rements for both TTL and CMOS standards. 
2. Test pertormed at -40 to 125C temperature range. grade 3. 
3. Value guaranteed by characterization, not 100% tested in production. 

M95512 

Min Max Unit 

2 f!A 

2 f!A 

3 mA 

3 mA 

2 mA 

2 mA 

20 f!A 

20 f!A 

2 !lA 

0.1 f!A 

-0.3 0.3 Vee v 
0.7Vee Vee+ 1 v 

0.05 Vee v 

0.4 v 
0.4 v 
0.4 v 
0.3 v 

0.8 Vee v 
0.8 Vee v 
0.8 Vee v 
0.8 Vee v 

13/20 

189 



M95512 

Table 9A. AC Characteristics 

M95512 

Symbol A It Parameter Vee = 4.5V to 5.5V, Vee= 4.5V to 5.5V, Unit TA = 0 to 70°C, 
TA = -40 to 85°C 

TA = -40 to 125°C 

Min Max Min Max 

fc fc Clock Frequency D.C. 5 D.C. 2.1 MHz 

lSLCH tess S Active Setup Time 100 100 ns 

tcHSL S Not Active Hold Time 100 100 ns 

tcH(1l lCLH Clock High Time 60 200 ns 

lcL(l) teLL Clock Low Time 80 200 ns 

tcLCH lAC Clock Rise Time 1 1 flS 

lCHCL tFC Clock Fall Time 1 1 flS 

tovcH tosu Data In Setup Time 20 50 ns 

lcHDX loH Data In Hold Time 20 50 ns 

IDLDH lA I Data In Rise Time 1 1 flS 

loHDL IFI Data In Fall Time 1 1 flS 

IHHCH IHSU HOLD Setup Time 100 100 ns 

IHLCH Clock Low Hold Time 100 90 ns 

lcHHL (3) HOLD Hold Time t.b.c t.b.c ns 

ICHHH(3) Clock High Setup Time before t.b.c t.b.c ns Hold Active 

tcHSH S Active Hold Time 200 200 ns 

tsHCH S Not Active Setup Time 100 100 ns 

lsHSL lcsH S Deselect Time 200 200 ns 

lsHOZ !01s Output Disable Time 100 150 ns 

ICLQV tv Clock Low to Output Valid 60 300 ns 

lcLOx lHO Output Hold Time 0 0 ns 

lQLOH (2) lAO Output Rise Time 100 100 ns 

taHOL (2) lFO Output Fall Time 100 100 ns 

lHHOX lLZ HOLD High to Output Low-Z 50 100 ns 

lHLOZ 1Hz HOLD Low to Output High-Z 50 130 ns 

tw twp Write Cycle Time 10 10 ms 

Notes: 1. !cH + lcL;, 1/fc. 
2. Value guaranteed by charactenzat1on, not 100% tested in production. 
3. t.b.c. stands for to be characterized. 
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Table 98. AC Characteristics 

M95512 

Symbol A It Parameter Vee= 2.5V to 5.5V, Vee= 1.8V to 3.6V, Unit TA=Oto70°C, TA = o to 70°C, 
TA = -40 to 85°C TA = -20 to 85°C 

Min Max Min Max 

fc fc Clock Frequency D.C. 2.1 D.C. 1 MHz 

tsLCH tess S Active Setup Time 100 200 ns 

tcHSL S Not Active Hold Time 100 200 ns 

leH (t) lcLH Clock High Time 200 400 ns 

leL!'l teLL Clock Low Time 200 400 ns 

leLCH IRe Clock Rise Time 1 1 j.lS 

ICHCL tFC Clock Fall Time 1 1 j.lS 

lovcH tosu Data In Setup Time 50 100 ns 

tcHDX toH Data In Hold Time 50 100 ns 

toLDH tAl Data In Rise Time 1 1 j.lS 

toHDL tFI Data In Fall Time 1 1 j.lS 

tHHCH tHSU HOLD Setup Time 100 200 ns 

tHLCH Clock Low Hold Time 90 200 ns 

tcHHL (3) HOLD Hold Time t.b.c t.b.c ns 

tCHHH (3) Clock High Setup Time before t.b.c t.b.c ns Hold Active 

tcHSH S Active Hold Time 200 200 ns 

lsHCH S Not Active Setup Time 100 200 ns 

tsHSL tcsH S Deselect Time 200 200 ns 

ISHOZ t01s Output Disable Time 150 200 ns 

ICLQV tv Clock Low to Output Valid 300 400 ns 

tcLOX tHo Output Hold Time 0 0 ns 

tQLQH (2) tRo Output Rise Time 100 200 ns 

taHOL (2) tFO Output Fall Time 100 200 ns 

tHHOX ILZ HOLD High to Output Low-Z 100 200 ns 

IHLOZ 1Hz HOLD Low to Output High-Z 130 200 ns 

tw lwp Write Cycle Time 10 10 ms 

Notes: 1. tcH +teL;, 1/fc. 
2. Value guaranteed by characterization, not 100% tested 1n production. 
3. t.b c stands for to be characterized. 
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Figure 15. Serial Input Timing 
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c 
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Figure 16. Hold Timing 
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Figure 17. Output Timing 
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ORDERING INFORMATION SCHEME 

Example: M95512 

Density 

512 512K (64 x 8) 

W 2.5V to 5.5V 

R <2l 1.8V to 3.6V 

Notes: 1. Temperature range on request only, 

R MJ 5 T 

Package 

BN PSDIPS 
0.25mm Frame 

MJ S016 
300mi1Width 

2. ·R version (1.8V to 3.6V) are only available In temperature ranges 5 or 1. 

6 -40to85°C 

3 (a) -40 to 125 °C 

5 -20to85°C 

3. Produced wHh High Reliability CertHied Flow (HRCF), In Vee range 4.5V to 5.5V only. 

Devices are shipped from the factory with the memory content set at a11"1 's" (FFh). 

Option 

T Tape& Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm 

Typ Min 

A 3.90 

A1 0.49 

A2 3.30 

B 0.36 

81 1.15 

c 0.20 

D 9.20 

E 7.62 -
E1 6.00 

e1 2.54 -
eA 7.80 

eB -
L 3.00 

N 8 

D 

N 

Drawing is not to scale. 

Max 

5.90 

-
5.30 

0.56 

1.65 

0.36 

9.90 

-
6.70 

-
-

10.00 

3.80 

E1 E 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -
0.236 

0.100 -
0.307 

-
0.118 

8 

I ~ \ 

/' r \. 
eA c .... ~-o~ 

eB 

PSDIP-a 

M95512 

Max 

0.232 

-
0.209 

0.022 

0.065 

0.014 

0.390 

-
0.264 

-
-

0.394 

0.150 
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S016 - 16 lead Plastic Small Outline, 300 mils body width 

Symb 
mm 

Typ Min 

A 

A1 0.10 

B 0.3e 

c 0.23 

D 10.11 

E 7.44 

e 1.27 -

H 10.16 

h 0.3e 

L 0.41 

a oo 

N 16 

CP 

E H 

SO-a 

Drawing is not to scale. 
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Max 

2.59 

0.30 

0.51 

0.25 

10.49 

7.54 

-
10.41 

1.27 

eo 

0.10 

i 

I 

Typ 

0.050 

0.015 

I 
/ 

inches 

Min 

0.004 

O.Q15 

0.009 

0.39e 

0.293 

-

0.400 

0.016 

oo 

16 

Max 

0.102 

0.012 

0.020 

0.010 

0.413 

0.297 

-

0.410 

0.050 

eo 

0.004 



ST95022 

2 Kbit Serial SPI EEPROM with High Speed Clock 

• HIGH SPEED CLOCK RATE: 
- 2.1 MHz Max 

• 1 ,000,000 ERASE/WRITE CYCLES 

• 40 YEARS DATA RETENTION 
• SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

• SPI BUS COMPATIBLE SERIAL INTERFACE 

• BLOCK WRITE PROTECTION 

• STATUS REGISTER 
• 16 BYTE PAGE MODE 

• WRITE PROTECT 
• SELF-TIMED PROGRAMMING CYCLE 

• E.S.D.PROTECTION GREATER than 4000V 
• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 
The ST95022 is an high speed 2 Kbit Electrically 
Erasable Programmable Memory (EEPROM) fab
ricated with STMicroelectronics's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

Q Serial Data Output 

s Chip Select 

-w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

February 1999 

SOB {M) 
150mi1Width 

Figure 1. Logic Diagram 

Vee 
I 

D-

c-
s--( ST95022 

W--e 

HOLD --( 

I 
Vss 

1--Q 

AI01722 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 121 -40to 125 oe 

TsrG Storage Temperature -65 to 150 oe 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oe 

Vo Output Voltage --0.3 to Vee +0.6 v 
VI Input Voltage with respect to Ground --0.3 to 6.5 v 

Vee Supply Voltage --0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) (J) 4000 v 
Electrostatic Discharge Voltage (Machine model) !41 500 v 

Notes: 1. Exceptforthe rat1ng "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat~ngs" 
may cause permanent damage to the device. These are stress ratings only and operat1on 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 STMicroelectronics SURE Program and 
other relevant quality documents. 

2. Depends on range. 
3. MIL·STD·BB3C, 3015.7 (100pF, 1500!1) 
4. EIAJ IC-121 (Condition C) (200pF, OQ) 

Figure 28. SO Pin Connections 

ST95022 

s Vee 
Q HOLD 
w e 

Vss D 
AI01723 

DESCRIPTION (cont'd) 

The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 

Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 

2115 
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SIGNALS DESCRIPTION 

Serial Output (Q). The output pin is used to trans
fer data serially out of the ST95022. Data is shifted 
out on the falling edge of the serial clock. 

Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and the data to be written. Input is 
latched on the rising edge of the serial clock. 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present atthe input pin are latched 
on the rising edge of the clock input, while data on 
the a pin changes after the falling edge of the clock 
input. 

Chip Select (S). When S is high, the ST95022 is 
deselected and the D output pin is at high imped
ance and, unless an internal write operation is 
underw_§.y the ST95022 will be in the standby power 
mode. Slow enables the ST95022, placing it in the 
active power mode. It should be noted that after 
power-on, a high to low transition on Sis required 
prior to the start of any operation. 

Write Protect (Wh_ This pin is for hardware write 
protection. When W is low, writes to the ST95022 
memory are disabled but any other operations stay 
enabled. When W is high, all writes operations are 
available. W going low at any time before the last 
bit DO of the data stream will reset the write enable 
latch and prevent programming. No action on W or 
on the write enable latch can interrupt a write cycle 
which has commenced. 
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c 

c 

Dora 

AI01438 

Figure 4. Microcontroller and SPI Interface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9) 

SPI Interface with 
(CPOL, CPHA) = 
('0', '0') or('1', '1') 

Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95022 without re
setting the serial sequence. To take the Hold con
dition into account, the product must be selected 
(S = 0). Then the Hold state is validated by a high 
to low transition on HOLD when Cis low. To resume 
the communications, HOLD is brought high while 
Cis low. During the Hold condition D, Q, and Care 
at a high impedance state. 
When the ST95022 is under the Hold condition, it 
is possible to deselect the device. However, the 
serial communications will remain paused after a 
reselect, and the chip will be reset. 

SCK c 
ST95xxo 

SOl 
Q 

SDO 
D 

A101439 

The ST95022 can be driven by a microcontroller 
with its SPI peripheral running in either of the two 
following modes: (CPOL, CPHA) = ('0', '0') or 
(CPOL, CPHA) = ('1', '1'). 
For these two modes, input data is latched in by the 
low to high transition of clock C, and output data is 
available from the high to low transition of Clock 
(C). 
The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: C 
remains at '0' for (CPOL, CPHA) = (0, 0) and C 
remains at '1' for (CPOL, CPHA) = (1, 1) when there 
is no data transfer. 
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OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the_jirst rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,jhe product must 
have been previously selected (S = low). Table 3 
shows the instruction set and format for device 
operation. If an invalid instruction is sent (one not 
contained in Table 3), the chip is automatically 
deselected. 

Write Enable (WREN) and Write Disable (WADI) 

The ST95022 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under the following conditions: 

- Wpin is low 

- Poweron 
- WRDI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95022, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Read Status Register (ROSA) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a write to the memory operation. 
As soon as the 8th bit of the status register is read 

Table 3. Instruction Set 

out, the ST95022 enters a wait mode (data on Dis 
not decoded, Q is in Hi-Z) until it is deselected. 

The status register format is as follows: 

b7 bO 

I BP1 I BPO I WEL I WIP I 
BP1, BPO: Read and write b1ts. 
WEL, WIP: Read only bits. 
b7 to b4: Read only b1ts 

During a write to the memory operation to the 
memory array, all bits BP1, BPO, WEL, WIP are 
valid and can be read. During a write to the status 
register, only the bits WEL and WIP are valid and 
can be read. The values of BP1 and BPO read at 
that time correspond to the previous contents of the 
status register. 

The Write-In-Process (WIP) read-only bit indicates 
whether the ST95022 is busy with a write opera
tion. When set to a '1' a write is in progress, when 
set to a '0' no write is in progress. 

The Write Enable Latch (WEL) read-only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. The Block Protect (BPO and BP1) bits indi
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc
tion. These bits are non-volatile. 

Write Status Register (WRSR) 

The WRSR instruction allows the user to select the 
size of protected memory. The ST95022 is divided 
into four 512 bit blocks. The user may read the 
blocks but will be unable to write within the pro-

Instruction Description Instruction Format 

WREN 

WADI 

RDSR 

WRSR 

READ 

WRITE 

Notes: A= 1. Upper page selected 
A= 0, Lower page selected 
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Set Write Enable Latch 0000 0110 

Reset Write Enable Latch 0000 0100 

Read Status Register 0000 0101 

Write Status Register 0000 0001 

Read Data from Memory Array 0000 0011 

Write Data to Memory Array 0000 0010 



Figure 5. Block Diagram 
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tected blocks. The blocks and respective WRSR 
control bits are shown in Table 4. 

Table 4. Write Protected Block Size 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internaLwrite 
cycle is then triggered by the rising edge of S. 
This rising edge of S must appear no later than the 
16th clock cycle of the WRSR instruction of the 
Status Register content (it must not !!Qpear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 

Status Register 
Bits 

BP1 BPO 

0 0 

0 1 

1 0-

1 1 

Array Protected Addresses 
Protected Block 

none none 

COh- FFh Upper quarter 

BOh- FFh Upper half 

OOh- FFh Whole memory 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

Read Operation 
The chip is first selected by putting Slow. The serial 
one byte read instruction is followed by a one byte 
address (A7-AO), each bit being latched-in during 
the rising edge of the clock (C). Then the data 
stored in the memory at the selected address is 
shifted out on the Q output pin; each bit being 
shifted out during the falling edge of the clock (C). 
The data stored in the memory at the next address 
can be read in sequence by continuing to provide 
clock pulses. The byte address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad
dress is reached, the address counter rolls over to 
Oh allowing the read cycle to be continued indefi
nitely. The read operation is terminated by dese
lecting the chip. The chip can be deselected at any 
time during data output. Any read attempt during a 
write cycle will be rejected and will deselect the 
chip. 
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DATA OUT 

AI01558 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must be set by issuing.![le WREN instruction. First 
the device is selected (S = low) and a serial WREN 
instruction byte is !§.sued. Then the product is de
selected by taking S high. After the WREN instruc
tion byte is sent, the ST95022 will set the write 
enable latch and then remain in standby until it is 
deselected. Then the write state is entered by 
selecting the chip, issuing two bytes of instruction 
and address, and one byte of data. 

Chip Select (S) must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eighth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is completed, the write 
enable latch is reset. 



ST95022 

Figure 7. Write Enable Latch Sequence 
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HIGH IMPEDANCE 
Q 

AI01441 

Figure 8. Byte Write Operation Sequence 
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c 

D 

HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 
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Figure 10. RDSR: Read Status Register Sequence 
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HIGH IMPEDANCE 
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AI01444 
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Figure 11. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

Page Write Operation 
A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting the device after the first 
byte of data, up to 15 additional bytes can be shifted 
in prior to deselecting the chip. A page address 
begins with address xxxx 0000 and ends with xxxx 
1111 . If the address counter reaches xxxx 1111 and 
the clock continues, the counter will roll over to the 
first address of the page (xxxx 0000) and overwrite 
any previously written _Qata. The programming cy
cle will only start if the S transition occurs just after 
the eighth bit of data of a word is received. 

POWER ON STATE 
After a Power up the ST95022 is in the following 
state: 
- The device is in the low power standby state. 
- The chip is deselected. 
- The chip is not in hold condition. 
- The write enable latch is reset. 
- BP1 and BPO are unchanged (non-volatile 

bits). 

ST95022 

AI01445 

DATA PROTECTION AND PROTOCOL SAFETY 
- All inputs are protected against noise, see Ta

ble 5. 
- Non valid S and HOLD transitions are not 

taken into account. 
- S must come high at the proper clock count in 

order to start a non-volatile write cycle (in the 
memory array or in the_sycle status register), 
that is the Chip Select S must rise during the 
clock pulse following the introduction of a multi
ple of 8 bits. 

- Access to the memory array during non-vola
tile programming cycle is ignored; however, 
the programming cycle continues. 

- After any of the operations WREN, WADI, 
RDSR is completed, the chip enters a wait 
state and waits for a deselect. 

- The write enable latch is reset upon power-up. 
- The write enable latch is reset when W is 

brought low. 

INITIAL DELIVERY STATE 
The device is delivered with the memory array in a 
fully erased state (all data set at all "1's" or FFh). 
The block protect bits are initialized to 00. 
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Table 5. AC Measurement Conditions Figure 12. AC Testing Input Output 
Waveforms 

Input Rise and Fall Times S50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing 0.3Vcc to 0.7Vcc Reference Voltages 

Output Load CL = 100pF 

Note that Output Hi-Z is defined as the po1nt where data Is no 
longer driven. 

O.BVee 

o.2Vcc 

Table 6. Input Parameters (t) (TA = 25 °C, f = 2.1 MHz) 

Symbol Parameter 

c,N Input Capacitance (D) 

c,N Input Capacitance (other pins) 

ILPF Input Signal Pulse Width Filtered Out 

Note: 1. Sampled only, not 1 OOo/o tested. 

Table 7. DC Characteristics 
(TA = -40 to 125°C; Vee = 4.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Vee Supply Current (Active) C = 0.1 VerJ0.9 Vee , 
fe = 2.1 MHZ, Q =Open 

lcct Vee Supply Current (Standby) S =Vee. V;N = Vss or Vee 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL(!) Output Low Voltage loL=2mA 

VoH (I) Output High Voltage loH=-2mA 

Note: 1. The deVIce meets output requirements lor both TTL and CMOS standards. 
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Min Max 

8 

6 

10 

Min Max 

2 

±2 

2 

50 

-0.3 0.3Vcc 

0.7Vcc Vee+ 1 

0.4 

Vcc-0.6 

o.7Vec 

o.3Vee 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

J.IA 

J.IA 

mA 

J.IA 

v 

v 

v 

v 
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Table 8. AC Characteristics 
(TA = -40 to 125°C; Vee= 4.5V to 5.5V) 

Symbol A It Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2.1 MHz 

lsLCH tess 
S Active Setup Time (relative to 100 ns the rising edge of C) 

lcHSL 
S Not Active Hold Time (relative 100 ns to the rising edge of C) 

lcH<11 ICLH Clock High Time 190 ns 

tcL<11 teLL Clock Low Time 190 ns 

lcLCH IRe Clock Rise Time 1 !lS 

ICHCL !Fe Clock Fall Time 1 !lS 

tovcH tosu Data In Setup Time 50 ns 

ICHDX toH Data In Hold Time 50 ns 

toLDH IAI Data In Rise Time 1 !lS 

toHDL tFI Data In Fall Time 1 !lS 

IHHCH IHsu HOLD Setup Time 100 ns 

IHLCH 
Clock Low Hold Time after HOLD 100 ns Active 

tcLHL tHH HOLD Hold Time 80 ns 

lcLHH 
Clock Low Set-up Time before 100 ns HOLD Inactive 

lcHSH 
S Active Hold Time (relative to the 200 ns rising edge of C) 

lsHCH 
S Not Active Setup Time (relative 100 ns to the rising edge of C) 

tsHSL tcsH S Deselect Time 200 ns 

tsHOZ tms Output Disable Time 150 ns 

tcLOV tv Clock Low to Output Valid 240 ns 

ICLOX tHo Output Hold Time 0 ns 

!QLOH (2) lAo Output Rise Time 100 ns 

toHOL (2) tFQ Output Fall Time 100 ns 

IHHQX tLZ HOLD High to Output Low·Z 100 ns 

IHLOZ !HZ HOLD Low to Output High·Z 200 ns 

tw twp Write Cycle Time 7 ms 

Notes: 1. lcH + teL;, 1/fc 
2. Value guaranteed by characterization, not 100% tested in production. 
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Figure 13. Serial Input Timing 
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Figure 14. Hold Timing 
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Figure 15. Output Timing 

c 

Q LSBOUT 

D ADD~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::::::~ 
AI014498 

Figure 16. EEPROM and SPI Bus 
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ORDERING INFORMATION SCHEME 

Example: ST95022 

Data Strobe 

2 Note 1 

M 3 TR 

TR 

Option 

Tape & Reel 
Packing 

Note: 1. Data In is strobed on rising edge of the clock (C) and Data Out is synchronized from the fal11ng edge of the clock. 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

For a list of available options (Package, etc ... ) or for further information on any aspect of this device, please 
contact the STMicroelectronics Sales Office nearest to you. 
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508- Blead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.80 

E 3.80 

e 1.27 -

H 5.80 

h 0.25 

L 0.40 

a oo 

N 8 

CP 

E H 

SO·a 

Drawmg IS not to scale. 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-
6.20 

0.50 

0.90 

so 

0.10 

I 
I 

I 

Typ 

0.050 

I 

/ 
i 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.189 

0.150 

-

0.228 

0.010 

0.016 

oo 

8 

ST95022 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-
0.244 

0.020 

0.035 

so 

0.004 
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ST95040 
ST95020,ST95010 

4K/2K/1 K Serial SPI EEPROM with Positive Clock Strobe 

• 1 MILLION ERASE/WRITE CYCLES 

• 40 YEARS DATA RETENTION 
• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for ST950x0 
- 2.5V to 5.5V for ST950xOW 

• SPI BUS COMPATIBLE SERIAL INTERFACE 
• 2 MHz CLOCK RATE MAX 
• BLOCK WRITE PROTECTION 

• STATUS REGISTER 
• 16 BYTE PAGE MODE 

• WRITE PROTECT 
• SELF-TIMED PROGRAMMING CYCLE 
• E.S.D.PROTECTION GREATER than 4000V 

• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 
The ST950x0 is a family of Electrically Erasable 
Programmable Memories (EEPROM) fabricated 
with STMicroelectronics's High Endurance Single 
Polysilicon CMOS technology. Each memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

a Serial Data Output 

s Chip Select 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

June 1998 

8 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 
s ST950x0 

w 
HOLD 

Vss 

SOB (M) 
150mil Width 

Q 

AI014358 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST950x0 STg50xO .0 Vcc s Vee 
~ 2 7 HOLD Q HOLD 

w 3 6 c w e 

v88 4 5 D Vss D 

AI01436B AI01437B 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40to 125 oc 

TsrG Storage Temperature -65!0 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 
(PSDIP8 package) 10 sec 260 

Vo Output Voltage -0.3to Vee +0.6 v 
v, Input Voltage with respect to Ground -o.3to6.5 v 

Vee Supply Voltage -o.3to6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 12) 4000 v 
Electrostatic Discharge Voltage (Machine model) 13) 500 v 

Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above !hose listed in the Table "Absolute Maximum Rat1ngs" 
may cause permanent damage to the dev1ce. These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those indicated in the Operating sections of this spec1f1cation is not 1mpl1ed. Exposure to Absolute Maximum 
Rat1ng conditions for extended penods may affect deviCe reliability Refer also to the STM1croelectronics SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 15000) 
3. EIAJ IC-121 (Cond1t1on C) (200pF, OQ) 

DESCRIPTION (cont'd) 

The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 
Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 
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SIGNALS DESCRIPTION 
Serial Output (Q). The output pin is used to trans
fer data serially out of the Memory. Data is shifted 
out on the falling edge of the serial clock. 
Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and the data to be written. Input is 
latched on the rising edge of the serial clock. 
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Figure 3. Data and Clock Timing 
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Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9, ST10, OTHERS) 

SPI Interface with 
(CPOL, CPHA) = 
('0', '0') or('1', '1') 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
on the rising edge oi the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). When S is high, the Memory is 
deselected and the Q output pin is at high imped
ance and, unless an internal write operation is 
underw.§y the Memory will be in the standby power 
mode. S low enables the Memory, placing it in the 
active power mode. It should be noted that after 

SCK c 
ST95xx0 

SDI 
Q 

SDO 
D 

AI01439B 

power-on, a high to low transition on Sis required 
prior to the start of any operation. 
Write Protect (WL This pin is for hardware write 
protection. When W is low, writes to the Memory 
are disabled but any other operations stay enabled. 
~hen W is high, all writes operations are available. 
W going low at any time before the last bit DO of 
the data stream will reset the write enable latch and 
prevent programming. No action on W or on the 
write enable latch can interrupt a write cycle which 
has commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with the Memory without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se
lected (S = 0). Then the Hold state is validated by 
a high to low transition on HOLD when C is low. To 
resume the communications, HOLD is brought high 
while Cis low. During the Hold condition D, Q, and 
C are at a high impedance state. 

When the Memory is under the Hold condition, it is 
possible to deselect the device. However, the serial 
communications will remain paused after a rese
lect, and the chip will be reset. 

The Memory can be driven by a microcontrollerwith 
its SPI peripheral running in either of the two fol
lowing modes: (CPOL, CPHA) = ('0', '0') or (CPOL, 
CPHA) = ('1', '1'). 

For these two modes, input data is latched in by the 
low to high transition of clock C, and output data is 
available from the high to low transition of Clock 
(C). 

The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: C 
remains at '0' for (CPOL, CPHA) = (0, 0) and C 
remains at '1 'for (CPOL, CPHA) = (1, 1) when there 
is no data transfer. 

OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the.Jirst rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,J.he product must 
have been previously selected (S = low). Table 3 
shows the instruction set and format for device 

Table 3. Instruction Set 

operation. If an invalid instruction is sent (one not 
contained in Table 3), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don't care. 

Write Enable (WREN) and Write Disable (WRDI) 

The Memory contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under the following conditions: 

- Wpin is low 

- Poweron 

- WRDI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the memory, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a write to the memory operation. 
If a Read Status register reaches the 8th bit of the 
Status register, an additional 9th clock pulse will 
wrap around to read the 1st bit of the Status Reg
ister 

The status register format is as follows: 

b7 

BP1. BPO: Read and write bits 
WEL. WIP· Read only b1ts 
b7 to b4: Read only b1ts. 

bO 

I BP1 I BPO I WEL I WIP I 

Instruction Description Instruction Format 

WREN Set Write Enable Latch 

WRDI Reset Write Enable Latch 

RDSR Read Status Register 

WRSR Write Status Register 

READ Read Data from Memory Array 

WRITE Write Data to Memory Array 

Notes: Aa = 1. Upper page selected on ST95040 
Aa = 0. Lower page selected on ST95040. 
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0000 0110 

0000 0100 

0000 0101 

0000 0001 

0000 A8011 

0000 A8010 



Figure 5. Block Diagram 
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During a write to the memory operation to the 
memory array, all bits BP1, BPO, WEL, WIP are 
valid and can be read. During a write to the status 
register, only the bits WEL and WIP are valid and 
can be read. The values of BP1 and BPO read at 
that time correspond to the previous contents of the 
status register. 
The Write-In-Process (WIP) read-only bit indicates 
whether the Memory is busy with a write operation. 

16 Bytes 

X Decoder 

I I 
AI01272 

When set to a '1' a write is in progress, when set to 
a '0' no write is in progress. 
The Write Enable Latch (WEL) read-only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. The Block Protect (BPO and BP1) bits indi
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc
tion. These bits are non-volatile. 
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Figure 6. Read Operation Sequence 

c 

D 

DATA OUT 
HIGH IMPEDANCE 

Q 

A101440 

Notes: AB = A7 = 0 on ST95010, AB = 0 on ST95020; AB is only act1ve on ST95040. 

Table 4. Write Protected Block Size 

Status Register Bits 
Protected Block 

BP1 BPO 

0 0 none 

0 1 Upper quarter 

1 0 Upper half 

1 1 Whole memory 

Write Status Register (WRSR) 

The WRSR instruction allows the user to select the 
size of protected memory. The user may read the 
blocks but will be unable to write within the pro
tected blocks. The blocks and respective WRSR 
control bits are shown in Table 4. 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. 

This rising edge of S must appear no later than the 
16th clock cycle of the WRSR instruction of the 
Status Register content (it must not 1!2pear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 

Read Operation 

The chip is first selected by putting Slow. The serial 
one byte read instruction is followed by a one byte 
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Array Address Protected 

ST95040 ST95020 ST95010 

none none none 

180h ·1FFh COh • FFh 60h -7Fh 

100h -1FFh SOh- FFh 40h -7Fh 

OOOh -1FFh OOh- FFh OOh -7Fh 

address (A7-AO), each bit being latched-in during 
the rising edge of the clock (C). Bit 3 (see Table 3) 
of the read instruction contains address bit A8 
(most significant address bit). Then the data stored 
in the memory at the selected address is shifted out 
on the Q output pin; each bit being shifted out 
during the falling edge of the clock (C). The data 
stored in the memory at the next address can be 
read in sequence by continuing to provide clock 
pulses. The byte address is automatically incre
mented to the next higher address after each byte 
of data is shifted out. When the highest address is 
reached, the address counter rolls over to Oh allow
ing the read cycle to be continued indefinitely. The 
read operation is terminated by deselecting the 
chip. The chip can be deselected at any time during 
data output. Any read attempt during a write cycle 
will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 

s 

0 1 2 3 4 5 6 7 

c 

D 

HIGH IMPEDANCE 

Q 

AI01441 

Figure 8. Byte Write Operation Sequence 

s 

c 

D 

HIGH IMPEDANCE 

Q 

AI01442 

Notes: AS = A7 = 0 on ST9501 0; AS= 0 on ST95020; AS is only active on ST95040. 
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Figure 9. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
co co co co co co 

co "' + + + + + + CD ,._ co "' 0 "' "' 24 25 26 27 28 29 30 31 + + ;: :;:: ~ ~ ;! ~ ~ ~ ~ ~ ;! 
..,. 

;! ;! "' "' 
c 

D 

AI01443 

Notes: AS= A7 = 0 on ST95010; AS= 0 on ST95020; AS is only active on ST95040. 

Figure 10. RDSR: Read Status Register Sequence 

s 

~ c 

~~INSTRUCTION~ 

___A_ f\ ...... 1:=:: =========== D 

STATUS REG. OUT 
HIGH IMPEDANCE 

Q 

MSB 
AI01444 
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Figure 11. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must be set by issuing the WREN instruction. First 
the device is selected (S =low) and a serial WREN 
instruction byte is !§_sued. Then the product is de
selected by taking S high. After the WREN instruc
tion byte is sent, the Memory will set the write 
enable latch and then remain in standby until it is 
desel~cted. Th~n .the . write state is entered by 
select1ng the ch1p, 1ssumg two bytes of instruction 
and address, and one byte of data. 

Chip Select (S) must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eighth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is i~itiated. While the write is in progress, 
the status reg1ster may be read to check BP1, BPO, 
W~L and WIP. WIP is high during the self-timed 
wnte cycle. When the cycle is completed, the write 
enable latch is reset. 

Page Write Operation 

A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 

ST95040,ST95020,ST95010 

AI01445 

must ~eside on the same page. The page write 
mod~ 1s the same as the byte write mode except 
that Instead of deselecting the device after the first 
~yte ?I data, up to 15 additional bytes can be shifted 
1n P.nor t? deselecting the chip. A page address 
begms w1th address xxxx 0000 and ends with xxxx 
1111. If the address counter reaches xxxx 1111 and 
the clock continues, the counter will roll over to the 
first address of the page (xxxx 0000) and overNrite 
any ~reviously w~itten _Qata. ~~e programming cy
cle w~ll only ~tart 1f the S trans1!1on occurs just after 
the e1ghth b1t of data of a word is received. 

POWER ON STATE 

After a Power up the Memory is in the following 
state: 

- The device is in the low power standby state. 

- The chip is deselected. 

- The chip is not in hold condition. 

- The write enable latch is reset. 

- BP1 and BPO are unchanged (non-volatile 
bits). 

9/17 
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Figure 12. EEPROM and SPI Bus 

D 

Q 

c 

! MASTER 
C Q D 

ST95xxx 

CS3 CS2 CS1 s 
I y 

DATA PROTECTION AND PROTOCOL SAFETY 
- All inputs are protected against noise, see Table 

6. 
- Non valid S and HOLD transitions are not taken 

into account. 
- S must come high at the proper clock count in 

order to start a non-volatile write cycle (in the 
memory array or in the status register), that is 
the Chip SelectS must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

- Access to the memory array during non-volatile 
programming cycle is ignored; however, the pro
gramming cycle continues. 
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C Q D C Q D 

ST95xxx ST95xxx 

s s 

AI01446 

- After any of the operations WREN, WRDI, RDSR 
is completed, the chip enters a wait state and 
waits for a deselect. 

- The write enable latch is reset upon power-up. 
- The write enable latch is reset when W is brought 

low. 

INITIAL DELIVERY STATE 
The device is delivered with the memory array in a 
fully erased state (all data set at all "1 's" or FFh). 
The block protect bits are initialized to 00. 
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Table 5. AC Measurement Conditions Figure 13. AC Testing Input Output Wavef. 

Input Rise and Fall limes :s: SOns 

Input Pulse Voltages 

Input and Output liming 
Reference Voltages 

0.2Vee to O.BVee 

0.3Vee to 0.7Vee 

o.avcc~ 

o.2Vcc 
Output Load CL = 100pF 

Note that Output Hi·Z is defrned as the porn! where data is no 
longer dnven. 

Table 6. Input Parameters (1) (TA = 25 oc, f = 2 MHz) 

Symbol Parameter 

CrN Input Capacitance (D) 

CrN Input Capacitance (other pins) 

ILPF Input Signal Pulse Width Filtered Out 

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

Table 7. DC Characteristics 

Min Max 

8 

6 

10 

(T A = o to 70°C, -40 to 85°C or -40 to 125°C; Vee = 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

C = 0.1 Ved0.9 Vee, 

Supply Current 
@ 2 MHz, Q =Open 

lee 
C = 0.1 Ved0.9 Vee, 

@ 2 MHz, Q =Open, Note 2 

C = 0.1 Ved0.9 Vee , 
Supply Current (W series) @ 1 MHz, Vee= 2.5V, 

0= Open 

S =Vee, VrN = Vss or Vee 
Standby Current 

S =Vee, VrN = Vss or Vee, 
lee1 Note 2 

Standby Current (W series) S =Vee, VrN = Vss or Vee. 
Vee= 2.5V 

VrL Input Low Voltage 

VrH Input High Voltage 

loL=2mA 
VOL (1) Output Low Voltage 

loL = 2mA, Note 2 

Output Low Voltage (W series) loL = 1.5mA, Vee = 2.5V 

loH=-2mA 
VoH (1) 

Output High Voltage 
loH = -2mA, Note 2 

Output High Voltage (W series) loH = -0.4mA, Vee= 2.5V 

Notes: 1. The device meets output requirements for both TIL and CMOS standards. 
2. Test performed at -40 to 125"C temperature range, grade 3. 

Min 

-0.3 

0.7Vee 

Vee-0.6 

Vee-0.6 

Vee-0.3 

Max 

±2 

±2 

2 

2 

1.5 

50 

50 

25 

0.3 Vee 

Vee+ 1 

0.4 

0.4 

0.4 

o.7Vcc 

o.3Vcc 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

JlA 

!!A 

rnA 

mA 

rnA 

!!A 

!!A 

!!A 

v 
v 
v 
v 
v 
v 
v 
v 
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Table 8. AC Characteristics 

ST95040 I 020 I 01 0 

Symbol All Parameter Vee= 4.5V to 5.5V, 
Vee= 4.5V to 5.5V, Vee= 2.5V to 5.5V, Unit TA = 0 to 70°C, TA = o to 70°C, 

TA = -40 to 85°C TA = -40 to 125°C 
TA = -40 to 85°C 

Min Max Min Max Min Max 

fc le Clock Frequency D.C. 2 D.C. 2 D.C. 1 MHz 

lsLeH less S Active Setup Time 100 100 200 ns 

leHSL 
S Not Active Hold 100 100 200 ns 
Time 

lcH(t) leLH Clock High Time 190 200 400 ns 

teL111 teLL Clock Low Time 200 200 400 ns 

leLeH IRe Clock Rise Time 1 1 1 j.!S 

leHeL tFe Clock Fall Time 1 1 1 j.!S 

loveH losu Data In Setup Time 50 50 100 ns 

leHDX toH Data In Hold Time 50 50 100 ns 

IDLDH IAI Data In Rise Time 1 1 1 j.!S 

loHDL IFI Data In Fall Time 1 1 1 j.!S 

IHHCH IHSU HOLD Setup Time 100 100 200 ns 

IHLeH Clock Low Hold Time 90 90 200 ns 

leLHL IHH HOLD Hold Time 80 80 200 ns 

lcLHH 
Clock Low Set-up 100 100 200 ns 
Time 

leHSH S Active Hold Time 200 200 200 ns 

lsHCH 
S Not Active Setup 100 100 200 ns Time 

tsHSL tcsH S Deselect Time 200 200 200 ns 

lsHOZ lo1s Output Disable Time 150 150 200 ns 

teLOV tv 
Clock Low to Output 240 300 400 ns Valid 

lcLOX IHo Output Hold Time 0 0 0 ns 

loLOH(2) IRQ Output Rise Time 100 100 200 ns 

loHOL (2) IFO Output Fall Time 100 100 200 ns 

tHHOX ILZ 
HOLD High to Output 100 100 200 ns Low-Z 

tHLOZ 1Hz 
HOLD Low to Output 130 130 200 ns High-Z 

tw lwp Write Cycle Time 10 10 10 ms 

Notes: 1. tcH +teL~ 1/fc 
2. Value guaranteed by characterization, not 100% tested 1n production. 
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Figure 14. Serial Input Timing 

-s 

c 

tCLCH 

D ~~~= 
HIGH IMPEDANCE 

Q 

AI01447 

Figure 15. Hold liming 

c 

Q 

D 

HOLD 

AI01448 
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Figure 16. Output Timing 

c 

AI01449B 
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ORDERING INFORMATION SCHEME 

I 

Example: 

Density 

04 4K (512 X 8) 

02 2K (256 x 8) 

01 1K (128 X 8) 

I Option 

TR Tape & Reel 
Packing 

Temperature Range 

W 2.5V to 5.5V 
M SOB 

150mils Width 

Oto 70 oc 
6 -40 to 85 oc 

3 (21 -40 to 125 oc 

Notes: 1. Data In is strobed on rising edge of the clock (C) and Data Out is synchronized from the falling edge of the clock. 
2. Temperature range on request only, 5V ± 10% only. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIPS - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

B1 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -
eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

~ 
I '-' \ 

/' '\ A1 L 

B e1 c .... 
81 eA 

D eB 

nnn 
N 

ll 
D E1 E 

I 
1 
www PSDIP-a 

Draw1ng IS not to scale 
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508- 81ead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.80 

E 3.80 

e 1.27 -

H 5.80 

h 0.25 

L 0.40 

a oo 

N 8 

CP 

E H 

SO-a 

Drawing 1s not to scale 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

80 

0.10 

i 
i 
! 

Typ 

0.050 

i 
I 

i 
! 

inches 

Min Max 

0.053 0.069 

0.004 0.010 

0.013 0.020 

0.007 0.010 

0.189 0.197 

0.150 0.157 

- -
0.228 0.244 

0.010 0.020 

0.016 0.035 

oo 80 

8 

0.004 
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8 Kbit Serial SPI EEPROM with Positive Clock Strobe 

• 1 MILLION ERASE/WRITE CYCLES 

11 40 YEARS DATA RETENTION 

• SINGLE 3V to 5.5V SUPPLY VOLTAGE 

• SPI BUS COMPATIBLE SERIAL INTERFACE 

• 2 MHz CLOCK RATE MAX 

• BLOCK WRITE PROTECTION 

• STATUS REGISTER 

• 16 BYTE PAGE MODE 

• WRITE PROTECT 

• SELF-TIMED PROGRAMMING CYCLE 
• E.S.D.PROTECTION GREATER than 4000V 

• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 

The ST95P08 is an 8 Kbit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
STMicroelectronics's High Endurance Single 
Polysilicon CMOS technology. The 8 Kbit memory 
is organised as 64 pages of 16 bytes. The memory 
is accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). The device connected to the bus is selected 
when the chip select input (S) goes low. Commu
nications with the chip can be interrupted with a 
hold input (HOLD). The write operation is disabled 
by a write protect input (W). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

Q Serial Data Output 

s Chip Select 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 
s ST95POB 

w 
HOLD 

Vss 

SOB (M) 
150mil Width 

Q 

AI01315 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95P08 ST95P08 

'OVcc s Vee 
~ 2 7 HOLD Q HOLD 

w 3 6 e w e 

Vss 4 5 D Vss D 

AI01316 AI01317B 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature (21 -40 to 85 oe 

TsrG Storage Temperature -65 to 150 oe 

TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

Vo Output Voltage -0.3 to Vee +0.6 v 
Vr Input Voltage -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) (3) 4000 v 
Electrostatic Discharge Voltage (Machine model) (4) 500 v 

Notes: 1. Except for the rating "Operating Temperature Rang en. stresses above those listed in the Table nAbsolute 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 1n the Operating sections of this spec1ficat1on is not Implied Exposure to Absolute Max1mum 
Rating conditions for extended periods may affect device reliability. Refer also to the STM1croelectronics SURE Program and 
other relevant quality documents. 

2. Depends on range. 
3 MIL-STD-883C, 3015.7 (100pF, 15000) 
4 EIAJ IC-121 (Condition C) (200pF, OQ) 

SIGNALS DESCRIPTION 

Serial Output {Q). The output pin is used to trans
fer data serially out of the ST95P08. Data is shifted 
out on the falling edge of the serial clock. 

Serial Input {D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 

Serial Clock {C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 

2/15 
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the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). This input is used to select the 
ST95P08. The <;Dip is selected by a high to low 
transition on the S pin when C is at '0' state. At any 
time, the c~ is deselected by a low to high transi
tion on the S pin when C is at '0' state. As soon as 
the chip is deselected, the Q pin is at high imped
ance state. This pin allows multiple ST95P08 to 
share the same SPI bus. After power up, the chip 
is at the deselect state. Transition of S are ignored 
when C is at '1' state. 



Figure 3. Block Diagram 

_.. 
High Voltage - Control Logic Generator -

c 1 II + 
D 

Q 
1/0 Shift Register 

II II II 
Address Register Data 

and Counter Regrster 

II I Status -

···················································• 
Q; 

'--- "0 
0 .................................................... 

~ 
<.> 
Q) 

0 
>-

16 Bytes 

-
X Decoder 

I I 

ST95P08 

Block 
Protect 

AI01272 
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Table 3. AC Measurement Conditions Figure 4. AC Testing Input Output Waveforms 

Input Rise and Fall limes s 50ns 

Input Pulse Voltages 0.2Vcc to O.SVcc O.BVcc 

Input and Output Timing 0.3Vcc to 0.7Vcc Reference Voltages 

Not~ that Output Hi·Z is defined as the point where data is no 
longer driven. 

o.2Vcc 

Table 4. Input Parameters <1> (TA = 25 °C, f = 1 MHz) 

Symbol Parameter 

CrN Input Capacitance (D) 

CrN Input Capacitance (other pins) 

tLPF Input Signal Pulse Width 

Note: 1. Sampled only, not100o/o tested. 

Table 5. DC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee = 3V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Vee Supply Current (Active) C = 0.1 Vec/0.9 Vee, 
@ 2 MHz, Q = Open 

S =Vee, VrN = Vss or Vee, 

lee1 Vee Supply Current (Standby) 
Vee=5.5V 

S =Vee, VrN = Vss or Vee. 
Vee=3V 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL Output Low Voltage loL=2mA 

VoH Output High Voltage loH=-2mA 

4/15 
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Min Max 

8 

6 

10 

Min Max 

2 

±2 

2 

50 

10 

-0.3 0.3Vec 

0.7Vee Vee+ 1 

0.2Vee 

0.8 Vee 

o.7Vcc 

o.3Vcc 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

JlA 

JlA 

mA 

JlA 

JlA 

v 
v 
v 
v 
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Table 6. AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C; V cc = 3V to 5.5V) 

Symbol A It Parameter Test Condition Min Max Unit 

lc lc Clock Frequency D.C. 2 MHz 

ISLCH tsu S Setup lime 50 ns 

ICLSH IsH S Hold Time 50 ns 

lcH IWH Clock High lime 200 ns 

lcL IWL Clock Low lime 300 ns 

lcLCH IRe Clock Rise lime 1 j.IS 

lcHCL IFC Clock Fall lime 1 j.IS 

tovcH tosu Data In Setup lime 50 ns 

lcHDX loH Data In Hold lime 50 ns 

loLDH IRI Data In Rise lime 1 j.IS 

loHDL IF! Data In Fall lime 1 j.IS 

tHXCH tHSU HOLD Setup lime 50 ns 

ICLHX IHH HOLD Hold lime 50 ns 

ISHSL tcs S Deselect lime 
4.5V <Vee< 5.5V 200 ns 

3V <Vee< 4.5V 250 ns 

lsHOZ tors Output Disable lime 150 ns 

Ia veL tv Clock Low to Output Valid 300 ns 

lcLOX IHo Output Hold lime 0 ns 

IQLQH IRQ Output Rise lime 100 ns 

IQHOL IFO Output Fall lime 100 ns 

IHHQX ILZ HOLD High to Output Low-Z 150 ns 

IHLOZ 1Hz HOLD Low to Output High-Z 150 ns 

tw 111 tw Write Cycle lime 10 ms 

Note: 1. Not enough charactensation data were avarlable on thrs parameter at the trme of rssue thrs Data Sheet. The typ1cal value 1s well 
below 5ms, the max1mum value w111 be reviewed and lowered when sufficient data 1s available. 
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Figure 5. Output Timing 

AI01070B 

Figure 6. Serial Input Timing 

s 

c 

D 

HIGH IMPEDANCE 

Q 
AID1071 
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Figure 7. Hold Timing 

c 

Q 

D 

HOLD 

Write Protect (YY). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P08 are disabled but any other operation 
stays enabled. When W is high, all operations 
including non-volatile writes are available. W going 
low at any time before the last bit DO of the data 
stream will reset the write enable latch and prevent 
programming. No action on W or on the write 
enable latch can interrupt a write cycle which has 
commenced. 

Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95POB without 
resetting the serial sequence. To take the Hold 
conditio.!! into account, the product must be se
lected (S = 0). Then the Hold state is validated by 
a high to low transition on HOLD when C is low. To 
resume the communications, HOLD is brought high 
when C is low. During Hold condition D, Q, and C 
are at a high impedance state. 

When the ST95POB is under Hold condition, it is 
possible to deselect it. However, the serial commu
nications will remain paused after a reselect, and 
the chip will be reset. 

OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 

ST95P08 

AI010728 

the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 7 
shows the instruction set and format for device 
operation. When an invalid instruction is sent (one 
not contained in Table 7), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don't care. 

Write Enable (WREN) and Write Disable (WADI) 

The ST95POB contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WADI instruction will reset the latch. The 
latch is reset under all the following conditions: 

- Wpin is low 

- Poweron 

- WADI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WADI instruction is 
received by the ST95POB, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 
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Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 
ST95P08 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

The status register format is as follows: 

b7 

BP1. BPO: Read and write bits 
WEL, WIP: Read only b1ts. 

bO 

During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During a non volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 
The Write-In-Process (WIP) read only bit indicates 
whether the ST95P08 is busy with a write opera
tion. When set to a '1' a write is in progress, when 
set to a '0' no write is in progress. 
The Write Enable Latch (WEL) read only bit indi
cates the status of the write enable latch. When set 
to a '1' the latch is set, when set to a '0' the latch is 
reset. 
The Block Protect (BPO and BP1) bits indicate the 
extent of the protection employed. These bits are 
set by the user issuing the WRSR instruction. 
These bits are non-volatile. 

Write Status Register (WRSR) 

The WRSR instruction allows the user to select the 
size of protected memory. The ST95P08 is divided 
into four 2048 bit blocks. The user may read the 

Table 8. Instruction Set 

blocks but will be unable to write within the selected 
blocks. 

The blocks and respective WRSR control bits are 
shown in Table 6. 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the intern~ write 
cycle is then tljggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not C!Qpear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 

Read Operation 

The chip is first selected by putting 8 low. The serial 
one byte read instruction is followed by a one byte 
address (A7-AO), each bit being latched-in during 
the rising edge of the clock (C). Bit 3 and 4 of the 
read instruction contain address bits A9 and AS 
(most significant address bits). These bits are used 
to select the first or second page of the device. 
Then, the data stored in the memory at the selected 
address is shifted out on the Q output pin; each bit 
being shifted out during the falling edge of the clock 
(C). The data stored in the memory at the next 
address can be read in sequence by continuing to 
provide clock pulses. The byte address is automat-

Table 7. Array Addresses Protect 

Status Register Bits Array Addresses 
Protected 

BP1 BPO 

0 0 none 

0 1 300h- 3FFh 

1 0 200h- 3FFh 

1 1 OOOh- 3FFh 

Instruction Description Instruction Format 

WREN 

WRDI 

RDSR 

WRSR 

READ 

WRITE 

Notes: A= 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 
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Set Write Enable Latch OOOX X110 

Reset Write Enable Latch OOOX X100 

Read Status Register OOOX X101 

Write Status Register OOOX X001 

Read Data from Memory Array OOOA A011 

Write Data to Memory Array OOOA A010 



ically incremented to the next higher address after 
each byte of data is shifted out. When the highest 
address is reached (1 FFh), the address counter 
rolls over to Oh allowing the read cycle to be con
tinued indefinitely. The read operation is terminated 
by deselecting the chip. The chip can be deselected 
at any time during data output. Any read attempt 
during a non-volatile write cycle will be rejected and 
will deselect the chip. 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must have been set by issuing the .YIJREN instruc
tion. First, the device is selected (8 = low) and a 
serial .WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95P08 will 
set the write enable latch and then remain in 
standby until it is deselected. Then, the write state 
is entered by selecting the chip, issuing a one byte 
address (A7-AO), and one byte of data. Bits 3 and 
4 of the write instruction contain address bits A9 
and A8 (most significant address bits). S must 
remain low for the entire duration of the operation. 
The product must be deselected just after the eigth 

Figure 8. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

ST95P08 

bit of data has been latched in. If not, the write 
process is cancelled. As soon as the product is 
deselected, the self-timed write cycle is initiated. 
While the write is in progress, the status register 
may be read to check BP1, BPO, WEL and WIP. 
WIP is high during the self-timed write cycle. When 
the cycle is close to completion, the write enable 
latch is reset. 

Page Write Operation 
A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. A page address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous writteQ_data. The programming cycle will 
only start if the S transition does occur at the clock 
low pulse just after the eigth bit of data of a word is 
received. 

DATA OUT 

AI01318 
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ST95P08 

Figure 9. Write Enable Latch Sequence 

s 

01234567 

c 

D I I 
HIGH IMPEDANCE 

Q 

A101430 

Figure 10. Write Operation Sequence 

s 

c 

D 

HIGH IMPEDANCE 
Q 

AI01319 
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ST95P08 

Figure 11. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
"' "' "' "' "' "' "' "' + + + + + + "' 1'- "' (J) 0 :! N "' 24 25 26 27 28 29 30 31 + + ;::! ~ ~ ;;: ~ ~ ~ ~ ~ ;;: ;;: ;;: <0 0> 

c 

D 

A101320 

Figure 12. RDSR: Read Status Register Sequence 

s 

~ c 
~r---- INSTRUCTION ---o-j 

___A_ CT\\,..L!_"~:.·.-_-_-_-_-_ -_ -_ -_ -_ -_ 
STATUS REG. OUT 

D 

HIGH IMPEDANCE 
Q 

MSB 
AI01431 
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ST95P08 

Figure 13. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 

a 

POWER ON STATE 
After a Power up the ST95P08 is in the following 
state: 
- The device is in the low power standby state. 

- The chip is deselected. 
- The chip is not in hold condition. 
- The write enable latch is reset. 
- BP1 and BPO are unchanged (non-volatile bits). 

DATA PROTECTION AND PROTOCOL SAFETY 
- All inputs are protected against noise, see Table 

3. 
- Non valid Sand HOLD transitions are not taken 

into account. 
- S must come high at the proper clock count in 

order to start a non-volatile write cycle (in the 
memory array or in the cycle status register). The 
Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

12115 
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- Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues. 

- After either of the following operations (WREN, 
WADI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 

- The write enable latch is reset upon power-up. 
- The write enable latch is reset when W is brought 

low. 

INITIAL DELIVERY STATE 
The device is delivered with the memory array in a 
fully erased state (all data set at all "1 's" or FFh}. 
The block protect bits are initialized to 00. 



ST95P08 

ORDERING INFORMATION SCHEME 

Example: ST95P08 

Data Strobe 

p(1J D_r 0 L_ B 
0.25 mm Frame 

M 808 
150mil Width 

M 6 TR 

-40 to85 oc 
3 (2l -40 to 125 oc 

Option 

TR Tape & Reel 
Packing 

Notes: 1. Data In strobed on nsing edge of the clock (C) and Data Out synchronized from the falling edge of the clock 
2. Temperature range on request only, 5V ± 10% only. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Package, etc ... ) or for further information on any aspect of this device, please 
contact the STMicroelectronics Sales Office nearest to you. 

13/15 
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ST95P08 

PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

B1 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

PSDIP8 

![~ 
I L-...J _\ 

/' r \. A1 L 

B e1 c-+ 
81 eA 

D eB 

rlrlrl 

N 
II 

) E1 E 

I 1 
LJLJLJ PSDIP·a 

Draw1ng IS not to scale. 
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SOB- Blead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.SO 

E 3.SO 

e 1.27 -
H 5.SO 

h 0.25 

L 0.40 

0: oo 

N s 

CP 

E H 

SO-a 

Draw1ng is not to scale. 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-
6.20 

0.50 

0.90 

so 

0.10 

i 
I 

Typ 

0.050 

I 
I 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.1S9 

0.150 

-

0.228 

0.010 

0,016 

oo 

s 

ST95P08 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-

0.244 

0.020 

0.035 

so 

0.004 
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M93C86,M93C76,M93C66 
M93C56,M93C46,M93C06 

16K/8K/4K/2K/1 K/256 (x8/x16) Serial Microwire Bus EEPROM 

• INDUSTRY STANDARD MICROWIRE BUS 
• 1 MILLION ERASE/WRITE CYCLES, with 

40 YEARS DATA RETENTION 

• DUAL ORGANIZATION: by WORD (x16) or by 
BYTE (x8) 

• BYTE/WORD and ENTIRE MEMORY 
PROGRAMMING INSTRUCTIONS 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for M93Cx6 version 

- 2.5V to 5.5V for M93Cx6-W version 
- 1.8V to 3.6V for M93Cx6-R version 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

• ENHANCED ESD/LATCH-UP 
PERFORMANCES 

DESCRIPTION 

This M93C86/C76/C66/C56/C46/C06 specifica
tion covers a range of 16K/8K/4K/2K/1 K/256 bit 
serial EEPROM products respectively. In this text, 
products are referred to as M93Cx6. The M93Cx6 
is an Electrically Erasable Programmable Memory 
(EEPROM) fabricated with STMicroelectronics's 
High Endurance Single Polysilicon CMOS technol
ogy. The M93Cx6 memory is accessed through a 
serial input (D) and output (Q) using the MI
CROWIRE bus protocol. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

February 1 999 

-8~l'f(~,1 , \!, \i I 

PSDIP8 (BN) 
0.25mm Frame 

SOB (MN) 
150mi1Width 

TSSOP8 (DW) 
169mi1Width 

Figure 1. Logic Diagram 

vee 

I 
D- 1-- Q 

c-
M93Cx6 

s-

ORG -

I 
Vss 

AI01928 
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M93C86,M93C76,M93C66,M93C56,M93C46,M93C06 

Figure 2A. DIP and SO Pin Connections 

M93Cx6 

~o1 ~ ~~c 
D 3 6 ORG 

o 4 5 v88 
AI01929B 

Warning: DU = Don't Use 

Figure 2C. TSSOP Pin Connections 

M93e06/46/56/66 • W 
M93e06/46/56/66 · R 

s Vee 
c DU 

D ORG 
Q Vss 

AI02789 

Warning: DU = Don't Use 

DESCRIPTION (cont'd) 

The M93Cx6 specified at 5V±1 0%, the M93Cx6-W 
specified at 2.5V to 5.5V and the M93Cx6-R speci
fied at 1.8V to 3.6V. 

The M93Cx6 memory array organization may be 
divided into either bytes (x8) or words (x16) which 
may be selected by a signal applied on the ORG 
input. The M93C86/C76/C66/C56/C46/C06 is di
vided into either 2048/1024/512/256/128/32 x8 bit 
bytes or 1024/512/256/128/64/16 x16 bit words 
respectively. These memory devices are available 
in both PSDIP8, S08 and TSSOP8 packages. 

The M93Cx6 memory is accessed by a set of 
instructions which includes Read a Byte/Word, 
Write a Byte/Word, Erase a Byte/Word, Erase All 
and Write All. A Read instruction loads the address 
of the first byte/word to be read into an internal 
address pointer. The data contained at this address 
is then clocked out serially. The address pointer is 
automatically incremented after the data is output 
and, if the Chip Select input (S) is held High, the 
M93Cx6 can output a sequential stream of data 
bytes/words. In this way, the memory can be read 

2/18 
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Figure 28. SO so• Turn Pin Connections 

M93Cx6 

DU ORG 

Vee Vss 
s Q 

e D 

AI00900 

Warning: DU = Don't Use 

as a data stream from 8 up to 16,384 bits long (for 
the M93C86 only), or continuously as the address 
counter automatically rolls over to '00' when the 
highest address is reached. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the byte or word locations of the 
M93Cx6. After the start of the programming cycle, 
a Busy/Ready signal is available on the Data output 
(Q) when Chip Select (S) is driven High. 

An internal feature of the M93Cx6 provides Power
on Data Protection by inhibiting any operation 
when the Supply is too low for reliable operation. 
The design of the M93Cx6 and the High Endurance 
CMOS technology used for its fabrication give an 
Erase/Write cycle Endurance of 1 ,000,000 cycles 
and a data retention of 40 years. 

The DU (Don't Use) pin does not affect the function 
of the memory. It is reserved for use by STMi· 
croelectronics during test sequences. The pin may 
be left unconnected or may be connected to Vee 
or Vss. Direct connection of DU to Vss is recom
mended for the lowest standby power consump· 
tion. 

MEMORY ORGANIZATION 

The M93Cx6 is organised in either bytes (x8) or 
vvords (x16). If the ORG input is left unconnected 
(or connected to Vee) the x16 organization is se
lected; when ORG is connected to Ground (Vss) 
the x8 organization is selected. When the M93Cx6 
is in standby mode, the ORG input should be set 
to either Vss or Vee in order to achieve minimum 
power consumption. Any voltage between Vss and 
Vee applied to the ORG input pin may increase the 
standby current value. 



M93CB6,M93C76,M93C66,M93C56,M93C46,M93C06 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 

TsrG Storage Temperature -65 to 150 ·oc 
TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages (Q = VoH or Hi·Z) -0.3 to Vee +0.5 v 
Vee Supply Voltage -Q.3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) <2> 4000 v 

Electrostatic Discharge Voltage (Machine model) (J) 500 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Rabngs" 

may cause permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other 
conditions above those indicated in the Operating sections of this specification is not Implied. Exposure to Absolute Maximum 
Rat1ng conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and other 
relevant quality documents 

2. MIL-STD·B83C, 3015.7 (100pF, 1500 !1). 
3. EIAJ IC-121 (Cond1t1on C) (200pF, 0 !1). 

Table 3. AC Measurement Conditions 

Input Rise and Fall Times ~ 50ns 

Input Pulse Voltages (M93Cxx) 0.4Vto 2.4V 

Input Pulse Voltages (M93Cxx-W, M93Cxx-R) 0.2Vcc to O.BVcc 

Input Timing Reference Voltages (M93Cxx) 1.0Vto2.0V 

Output Timing Reference Voltages (M93Cxx) 0.8Vto2.0V 

Input and Output Timing Reference Voltages (M93Cxx-W, M93Cxx-R) 0.3Vcc to 0.7Vcc 

Output Load CL = 100pF 

Note that Output H1-Z IS defined as the p01nt where data IS no longer dnven. 

POWER-ON DATA PROTECTION 
Figure 3. AC Testing Input Output Waveforms 

In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. 
- At Power-up and Power-down, the device must 

NOT be selected (that is, the S input must be 
driven low) until the supply voltage reaches the 
operating value Vee specified in the AC and DC 
tables. 

- When Vee reaches its functional value, the de
vice is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. 

For the M93Cx6 specified at 5V, the POR threshold 
voltage is around 3V. For all the other M93Cx6 
specified at low Vee (with -W and -R Vee range 
options}, the POR threshold voltage is around 1.5V. 

2.4V 

0.4V 

O.BVcc 

02Vcc 

M93CXX 

~ 
~ 

INPUT OUTPUT 

M93CXX·W & M93CXX·R 

2.0V 

O.BV 

o.7Vcc 

a3Vcc 

AI02553 
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M93C86,M93C76,M93C66,M93C56,M93C46,M93C06 

Table 4. Capacitance <1> 
(T A = 25 °C, f = 1 MHZ ) 

Symbol Parameter 

C1N Input Capacitance 

CouT Output Capacitance 

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

Test Condition 

V1N=OV 

VouT=OV 

Table SA. DC Characteristics for M93CXX 
(T A = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Supply Current 

lcc1 Supply Current (Standby) 

V1L Input Low Voltage (0, C, S) 

V1H Input High Voltage (0, C, S) 

VoL Output Low Voltage (Q) 

VoH Output High Voltage (Q) 

Table 58. DC Characteristics for M93CXX 
. (TA = -40 to 125°C; Vee= 4.5V to 5.5V) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Supply Current 

lcc1 Supply Current (Standby) 

V1L Input Low Voltage (0, C, S) 

V1H Input High Voltage (0, C, S) 

VoL Output Low Voltage (Q) 

VoH Output High Voltage (Q) 
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Test Condition 

OVs;VIN s;Vcc 

OV s; VouT s; Vee, Q in Hi-Z 

Vee= 5V, S = V1H, f= 1 MHz 

Vee= 5V, S = Vss. C = Vss. 
ORG = Vss or Vee 

Vcc=5V±10% 

Vee= 5V± 10% 

Vee= 5V, loL = 2.1mA 

Vee= 5V, loH = -400j.!A 

Test Condition 

OV s; V1N s; Vee 

OV s; VouT s; Vee, Q in Hi-Z 

Vee= 5V, S = V1H. f = 1 MHz 

Vee= 5V, S = Vss, C = Vss, 
ORG = Vss or Vee 

Vee= 5V± 10% 

Vcc=5V±10% 

Vee= 5V, loL = 2.1mA 

Vee= 5V, loH = -400j.!A 

Min Max Unit 

5 pF 

5 pF 

Min Max Unit 

±2.5 IIA 

±2.5 j.!A 

1.5 mA 

50 IIA 

-{).3 0.8 v 
2 Vee+ 1 v 

0.4 v 
2.4 v 

Min Max Unit 

±2.5 IIA 

±2.5 j.!A 

1.5 rnA 

50 IIA 

-{).3 0.8 v 
2 Vee+ 1 v 

0.4 v 
2.4 v 



M93C86,M93C76,M93C66,M93C56,M93C46,M93C06 

Table 5C. DC Characteristics for M93CXX-W 
(TA = 0 to 70°C or -40 to 85°C; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV :> V1N :>Vee 

ILO Output Leakage Current OV :> VouT :>Vee, Q in Hi-Z 

Icc Supply Current (CMOS Inputs) 
vee = 5V, s = v,H, t = 1 MHz 

Vee= 2.5V, S = V1H. f = 1 MHz 

lcc1 Supply Current (Standby) VCC = 2.5V, S = Vss, C = Vss. 
ORG = Vss or Vee 

V1L Input Low Voltage (D, C, S) 

V1H Input High Voltage (D, C, S) 

VoL Output Low Voltage (Q) 
Vee= 5V, loL = 2.1rnA 

Vee= 2.5V, ioL = 100j.iA 

VoH Output High Voltage (Q) 
Vee= 5V, loH = -400j.iA 

V cc = 2.5V, loH = -1 OOj.iA 

Table 50. DC Characteristics for M93CXX-R <1> 
(T A = 0 to 70°C or -20 to 85°C; Vee = 1.8V to 3.6V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV :> V1N :>Vee 

ILO Output Leakage Current OV :> VouT :>Vee. Q in Hi-Z 

Icc Supply Current (CMOS Inputs) 
vee = s.sv, s = v,H, t = 1 MHz 

Vee= 1.8V, S = V1H, f = 1 MHz 

lcc1 Supply Current (Standby) VCC = 1.8V, S = Vss. C = Vss. 
ORG = Vss or Vee 

V1L Input Low Voltage (D, C, S) 

VIH Input High Voltage (D, C, S) 

VoL Output Low Voltage (Q) Vee = 1.8V, loL = 1 OOj.iA 

VoH Output High Voltage (Q) Vee= 1.8V, loH = -100j.iA 

Note: 1. Th1s IS preliminary data. 

Min Max Unit 

±2.5 !lA 
±2.5 !lA 
1.5 rnA 

1 rnA 

10 llA 

-0.3 0.2 Vee v 

0.7Vcc Vee+ 1 v 

0.4 v 

0.2 v 

2.4 v 

Vcc-0.2 v 

Min Max Unit 

±2.5 j.iA 

±2.5 llA 

1.5 rnA 

1 rnA 

5 !lA 

-0.3 0.2 Vee v 

0.8 Vee Vee+ 1 v 

0.2 v 

Vcc-0.2 v 
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M93C86,M93C76,M93C66,M93C56,M93C46,M93C06 

Table 6A. AC Characteristics 

M93CB6n6166156146106 

Symbol Aft Parameter Vee= 4.5V to 5.5V, Vee= 4.5V to 5.5V, Unit TA = o to 70°C, 
TA = -40 to 85°C TA = -40 to 125°C 

Min Max Min Max 

Chip Select Set-up Time 50 50 ns 
lsHCH tess 

M93C06,M39C46,M93C56,M93C66 

Chip Select Set-up time 100 100 ns M93C76, M93C86 

lcLSH lsKS Clock Set-up Time (relative to S) 100 100 ns 

tovcH tms Data In Set-up Time 100 100 ns 

ICHDX to1H Data In Hold Time 100 100 ns 

lcHOL lpoo Delay to Output Low 400 400 ns 

tcHOV IPD1 Delay to Output Valid 400 400 ns 

tcLSL tcsH Chip Select Hold Time 0 0 ns 

lsLCH Chip Select Low to Clock High 250 250 ns 

lsLSH(l) tcs Chip Select Low to Chip Select High 250 250 ns 

tsHOV tsv Chip Select to Ready!Busy Status 400 400 ns 

ISLOZ I oF Chip Select Low to Output Hi-Z 200 200 ns 

lcHCL (2) ISKH Clock High Time 250 250 ns 

lcLCH(2) lsKL Clock Low Time 250 250 ns 

lw twp Erase/Write Cycle time 10 10 ms 

fc fsK Clock Frequency 0 1 0 1 MHz 
.. 

Notes: 1. Ch1p Select must be brought low for a m1mmum of tSLSH between consecutive 1nstruct1on cycles. 
2. The Clock frequency specif1cat1on calls for a m1mmum clock penod of 1/IC, therefore the sum of the t1m1ngs tCHCL + tCLCH 

must be greater or equal to 1/fC. 
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M93C86, M93C76, M93C66, M93C56, M93C46, M93C06 

Table 68. AC Characteristics 

M93C8Gn6/66/56/46/06 

Symbol A It Parameter Vee= 2.5V to 5.5V, v cc = 1.sv to 3.sv,<3l 
Unit TA = 0 to 70"C, TA = o to 70"C, 

T A = -40 to 85"C TA = -20 to 85°C 

Min Max Min Max 

lsHCH tess Chip Select Set-up Time 100 200 ns 

lcLSH lsKS Clock Set-up Time (relative to S) 100 100 ns 

tovcH l01s Data In Set-up Time 100 100 ns 

lcHDX lo1H Data In Hold T1me 100 200 ns 

tcHQL tpoo Delay to Output Low 400 700 ns 

ICHQV tpo1 Delay to Output Valid 400 700 ns 

tcLSL tcsH Chip Select Hold Time 0 0 ns 

tsLCH Chip Select Low to Clock High 250 250 ns 

tsLSH (l) tcs Chip Select Low to Chip Select High 1000 1000 ns 

tsHOV tsv Chip Select to Ready/Busy Status 400 700 ns 

tsLQZ toF Chip Select Low to Output Hi-Z 200 200 ns 

tcHCL (2) tsKH Clock High Time 350 800 ns 

tcLCH (2) tsKL Clock Low Time 250 800 ns 

lw twP Erase/Write Cycle time 10 10 ms 

fc fsK Clock Frequency 0 1 0 0.5 MHz 

Notes: 1. Chip Select must be brought low for a mm1mum of tSLSH between consecutive Instruction cycles. 
2. The Clock frequency spec1f1cat10n calls for a m1n1mum clock period of 1/fC, therefore the sum of the tim1ngs tCHCL + tCLCH 

must be greater or equal to 1/fC. 
3 Thts is prehmtnary data. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

1+---.t- tCHDX 

D OPCODE 

~START_.-:+--- OPCODEINPUT _.; 

AI01428 
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M93C86,M93C76,M93C66,M93C56,M93C46,M93C06 

Figure 5. Synchronous Timing, Read or Write 

c ...----~ 

s 

D 

Q 
iH1-Z 

:.----- ADDRESS/DATA INPUT -----+! :.----- WRITE CYCLE ~ 

AI01429 
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INSTRUCTIONS 

The M93C86/C76/C66/C56/C46/C06 have seven 
instructions, as shown in Table 7. Each instruction 
is preceded by the rising edge of the signal applied 
on the S input (assuming that the clock C is low). 
After the device is selected, the internal logic waits 
for the start bit, which defines the beginning of the 
instruction bit stream. The start bit is the first '1' read 
on the D input during the rising edge of the clock 
C. Following the start bit, the op-codes of the 
instructions are made up of the 2 following bits. 
Note that some instructions use only these first two 
bits, others use also the first two bits of the address 
to define the op-code. The op-code is then followed 
by the address of the byte/word to be accessed. 
For the M93C06 and M93C46, the address is made 
up of 6 bits for the x16 organization or 7 bits for the 
x8 organization (see Table 7A). For the M93C56 
and M93C66, the address is made up of 8 bits for 
the x16 organization or 9 bits for the x8 organization 
(see Table 7B). For the M93C76 and M93C86, the 
address is made up of 10 bits for the x16 organiza
tion or 11 bits for the x8 organization (see Table 
7C). 

The M93Cx6 is fabricated in CMOS technology and 
is therefore able to run from OHz (static input sig
nals) up to the maximum ratings (specified in Table 
6). 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output (0). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
M93Cx6 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy '0' bit is NOT output between bytes/words 
and a continuous stream of data can be read. 

Erase/Write Enable and Disable 

The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed. The Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions and the internal program
ming cycle cannot run. When power is first applied, 
the M93Cx6 is in Erase/Write Disable mode and all 
Erase/Write instructions are inhibited. When the 
EWEN instruction is executed, Erase/Write instruc
tions remain enabled until an Erase/Write Disable 
instruction (EWDS) is executed or Vee falls below 

the power-on reset Threshold voltage. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the EWDS instruction after 
every write cycle. The READ instruction is not 
affected by the EWEN or EWDS instructions. 

Erase 

The Erase instruction (ERASE) programs the ad
dressed memory byte or word bits to '1 '. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) starts a self-timed erase cycle. 
If the M93Cx6 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high after the tsLSH delay, and the M93Cx6 will 
ignore any data on the bus. When the erase cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the M93Cx6 is ready to 
receive a new instruction. 

Write 

The Write instruction (WRITE) is composed of the 
Op-Code followed by the address and the 8 or 16 
data bits to be written. Data input is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C) in order to start the self-timed program
ming cycle. This is important as, if S is brought low 
before or after this specific frame window, the 
addressed location will not be programmed. 

If the M93Cx6 is still performing the write cycle, the 
Busy signal (Q = 0) will be returned if S is driven 
high after the tsLSH delay, and the M93Cx6 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the M93Cx6 is ready to 
receive a new instruction. Programming is inter
nally self-timed (the external clock signal on C input 
may be disconnected or left running after the start 
of a Write cycle). The Write instruction includes an 
automatic Erase cycle before writing the data, it is 
therefore unnecessary to execute an Erase instruc
tion before a Write instruction execution. 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to '1 '). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction above. If the M93Cx6 is still performing 
the erase cycle, the Busy signal (Q = O) will be 
returned if Sis driven high after the tsLSH delay, and 
the M93Cx6 will ignore any data on the bus. When 
the erase cycle is completed, the Ready signal (Q 
= 1) will indicate (if S is driven high) that the 
M93Cx6 is ready to receive a new instruction. 
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Table 7 A. Instruction Set for the M93C06 and M93C46 

Start Op· 
x8 Org 

lnstr. Description Address Data bit Code (ORG = 0) <1• 2) 

READ Read Data from 1 10 A6·AO 07·00 Memory 

WRITE Write Data to 1 01 A6·AO D7·DO 
Memory 

EWEN Erase/Write 1 00 11X XXXX Enable 

EWDS Erase/Write 1 00 OOXXXXX 
Disable 

ERASE Erase Byte or 1 11 A6·AO Word 

ERAL Erase All Memory 1 00 10XXXXX 

WRAL Write All Memory 1 00 01XXXXX 07-DO 
with same Data 

Notes: 1. X :::: don't care b1t. 
2. Address bits A6 and AS are not decoded by the M93C06. 
3. Address b1ts AS and A4 are not decoded by the M93C06. 

Table 78. Instruction Set for the M93C56 and M93C66 

Start Op· 
x8 Org 

lnstr. Description Address bit Code (ORG = 0) <1• 2) 

READ Read Data from 1 10 AB·AO Memory 

WRITE Write Data to 1 01 A8-AO 
Memory 

EWEN Erase/Write 1 00 1 1XXX XXXX Enable 

EWDS Erase/Write 1 00 ooxxx xxxx 
Disable 

ERASE Erase Byte or 
1 11 A8-AO Word 

ERAL Erase All Memory 1 00 1 oxxx xxxx 

WRAL Write All Memory 1 00 0 1XXX XXXX with same Data 

Notes: 1. X = don't care bit. 
2. Address brt A8 IS not decoded by the M93C56. 
3 Address brt A 7 is not decoded by the M93CS6. 
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Data 

07-00 

D7-DO 

07-DO 

Req. 
Clock 
Cycles 

18 

10 

10 

10 

10 

18 

Req. 
Clock 
Cycles 

20 

12 

12 

12 

12 

20 

x16 Org Req. 
Address Data Clock 

(ORG = 1) <1• 3) Cycles 

A5·AO 015·00 

A5-AO D15·DO 25 

11 xxxx 9 

00 xxxx 9 

A5·AO 9 

10 xxxx 9 

01 xxxx D15·DO 25 

x16 Org Req. 
Address Data Clock 

(ORG = 1) <1• 3) Cycles 

A7-AO 015-00 

A7-AO D15-DO 27 

11XX XXXX 11 

ooxx xxxx 11 

A7-AO 11 

10XX XXXX 11 

01XX XXXX D15-DO 27 
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Table 7C Instruction Set for the M93C76 and M93C86 

Start Op- xB Org 
lnstr. Description Address 

bit Code (ORG = 0) 11 • 2l 

READ 
Read Data from 1 10 A10-AO Memory 

WRITE 
Write Data to 

1 01 A10-AO 
Memory 

EWEN 
Erase/Write 

1 00 11X XXXX XXXX Enable 

EWDS 
Erase/Write 

1 00 oox xxxx xxxx Disable 

ERASE 
Erase Byte or 

1 11 A10-AO Word 

ERAL Erase All Memory 1 00 1 ox xxxx xxxx 

WRAL 
Write All Memory 

1 00 01X XXXX XXXX 
with same Data 

Notes: 1. X = don't care bit. 
2. Address bit A 10 is not decoded by the M93C76. 
3. Address bit A9 IS not decoded by the M93C76. 

Write All 

The Write All instruction (WRAL) writes the Data 
Input byte or word into all the addresses of the 
memory device. As for the Erase All instruction, a 
dummy address is input during the instruction 
transfer. 

If the M93Cx6 is still perfonning the write cycle, the 
Busy signal (Q = 0) will be returned if S is driven 
high after the tsLsH delay, and the M93Cx6 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the M93Cx6 is ready to 
receive a new instruction. 

READY/BUSY Status 

During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out-

Req. x16 Org Req. 
Data Clock Address Data Clock 

Cycles (ORG = 1) 11 ' 3l Cycles 

07-QO A9-AO 015-QO 

D7-DO 22 A9-AO D15-DO 29 

14 11 xxxx xxxx 13 

14 00 xxxxxxxx 13 

14 A9-AO 13 

14 10 xxxx xxxx 13 

D7-DO 22 01 xxxxxxxx D15-DO 29 

put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select is driven High. Once 
the M93Cx6 is Ready, the Data Output is set to '1' 
until a new start bit is decoded or the Chip Select 
is brought Low. 

COMMON UO OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the STMicroelectronics application 
note AN394 "MICROWIRE EEPROM Common 
110 Operation". 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ 

WRITE 

ERASE 
WRITE 
ENABLE 

s 

D 

Q 

s 

D 

Q 

s 

D 

_j L 
~-r,-r~ 

~1-LJ AO 

~-r,-rr-rr,-rr-rr~ 
00 

, , .. L.J .. LJ .. LJ .. I .. L.J .. LJ 

_j 

..... ;..ADDR DATA OUT 
OP 

CODE 

u L 
CHECK 
STATUS r-E· -r,-r,-,-,,-r,-r~ ; 

AO On , .~o~ · 
J.. .. L .J .. L J .. t.. J ..1 .. L J .. L..L...L...W~'-::-----------:--

-+: ;.. AOOR+;ot---

OP 
CODE 

-+: :..
OP 

CODE 

L_ 
;Lj __ ...J 
0 0 0 

DATA IN _____..j ;._BUSY~ READY_.i 

ERASE S 
WRITE 
DISABLE 

D 

-+: :..
OP 

CODE 

-nL n XO 
-LJ 

AI00878C 

Note: An, Xn, On, On· Refer to Table 6a for the M93C06 and M93C46, to Table 6b for the M93C56 and M93C66; to Table 6c for the 
M93C76 and M93C86 
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Figure 7. ERASE, ERAL Sequences 

ERASE 

ERASE 
ALL 

s 

D 

Q 

s 

D 

Q 

_j u 
CHECK 

L 
STATUS 

~,-,.~ 

J-' 

_j 

L. 

....: ;._ ADDR -.i ~ BUSY __.;._READY _.i 
OP 

CODE 

u 
CHECK 
STATUS 

L 
-,.,] ' 

n xol : 
-LJ~~~.~------------~---

'' 

: i '.'------'. 
'' ' 

L. 

....: ;._ ADDR -.i ;._ BUSY ....:.-READY+= 
OP 

CODE 

AIOOB79B 

Note: An, Xn: Refer to Table 7a for the M93C06 and M93C46, to Table 7b for the M93C56 and M93C66; to Table 7c for the M93C76 and 
M93C86. 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s 

Q 

_j 

-+\ ;.. ADDR ,.;.1-----

0P 
CODE 

u 
CHECK 
STATUS 

L 

L. 

DATAIN ____..; ~BUSY~READY..i 

AIOOB80C 

Note: Xn, on· Refer to Table 7a for the M93C06 and M93C46, to Table 7b for the M93C56 and M93C66, to Table 7c for the M93C76 and 
M93CB6 
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Figure 9. WRITE Sequence with One Clock Glitch 

sJ 
c 

D 

An 

START "0" "1" 

' ' :. .: 
, WRITE ' 

CLOCK PULSE COUNTER 

Th~ M~3Cx6 ?ffers a functional security block 
wh1ch filters glitches on the clock input (C), the 
clock pulse counter. In a normal environment, the 
M93Cx6 expects to receive the exact number of 
data bits on the D input (start bit, Op-Code, Ad
dress, Data); that is the exact amount of clock 
pulses on the C input. 
In a noisy environment, the number of pulses re
ceived (on the clock input C) may be greater than 
the clock pulses delivered by the Master (Microcon
troller) driving the M93Cx6. In such a case a part 
o! the instr.uction can be delayed by one ~r more 
b1ts (see F1gure 9), and may induce an erroneous 
write of data at an invalid address. The M93Cx6 
has an on-chip counter which counts the clock 
pulses from the Start bit until the falling edge of the 
Chip Select signal. 
For the WRITE instructions with a M93C56 (or 
M93C66), the number of clock pulses incoming to 
t~e counter must be exactly 20 (with the organisa
tion x8) from the Start bit to the falling edge of Chip 
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;An·1 

Glitch 

An·2 

I n_ 
·····----L_Il__ 

------------~ 

DO 

;._ ADDRESS AND DATA __.; 
ARE SHIFTED BY ONE BIT ' 

AI01395 

Select signal (1 Start bit+ 2 Op-code bit+ 9 Address 
bit+ 8 Databit=20): if so, the M93C56 (orM93C66) 
executes the WRITE instruction; if the number of 
clock pulses is not equal to 20, the instruction will 
not be executed (and data will not be corrupted). 
In the same way, when the organisation x16 is 
selected with the M93C56 (or M93C66), the num
ber of clock pulses incoming to the counter must 
be exactly 27 (1 Start bit + 2 Op-code bit + 8 
Address bit + 16 Data bit = 27) from the Start bit to 
the falling edge of Chip Select signal: if so, the 
M93C56 (or M93C66) executes the WRITE instruc
tion; if the number of clock pulses is not equal to 
27, the instruction will not be executed (and data 
will not be corrupted). The clock pulse counter is 
active on the WRITE, ERASE, ERAL and WRALL 
instructions. 
In order to determine the exact number of clock 
pulses needed for all the M93Cx6 family on ERASE 
and WRITE instructions, refer to the Tables 7A 78 
and 7C, in the column: Requested Clock Cycl~s. 
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ORDERING INFORMATION SCHEME 

Example: M93C86 - T W MN 6 T 

Memory Density 

86 16 Kbit 

76(11 8 Kbit 

66 4 Kbit 

56 2 Kbit 

46 1 Kbtt 

06 256 btt 

Turned Mode I I Operating Voltage 

T(S) 90°Turned die blank4.5V to 5.5V 

blank Standard W 2.5V to 5.5V 

R (•I 1.8V to 3.6V 

BN PSDIP8 
0.25mm Frame 

MN SOB 
150mi1Width 

DW TSSOP8 (SI 
169mi1Width 

Option 

T Tape& Reel 
Packing 

Temperature Range 

1 (21 Oto70°C 

5 -20 to 85 oc 
6 -40 to85 oc 
3 (J) -40 to 125 oc 

Notes: 1. This IS prehminal)' information on a new product now 1n development. Details are subJect to change Without not1ce. 
2. Temperature range on request only 
3 Produced With H1gh Rehab1hty Certrt1ed Flow (HRCF), 1n Vee range 4.5V to 5.5V at 1 MHz only. 
4 -R versiOn (1.BV to 3 6V) are only available 1n temperature ranges 5 or 1. 
5. Turned d1e opt1on IS not available for all devices Please contact the STMicroelectromcs Sales Off1ce nearest to you 
6. TSSOP8 package available for M93C06, 46, 56, 661ow voltage (-Wand -R) only. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 
For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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Symb 

A 

A1 

A2 

B 

B1 

c 
D 

E 

E1 

e1 

eA 

eB 

L 

N 

Draw1ng 1s not to scale 
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PSDIP8- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

mm 

Typ Min Max 

3.90 5.90 

0.49 -

3.30 5.30 

0.36 0.56 

1.15 1.65 

0.20 0.36 

9.20 9.90 

7.62 - -

6.00 6.70 

2.54 - -

7.80 -

10.00 

3.00 3.80 

8 

D 

nnn 

E1 E 

U'-''-' 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -

0.236 

0.100 -

0.307 

0.118 

8 

I .______. \ 

/\ r \ 

c ... ~-oo 
eA 

eB 

PSDIP-a 

Max 

0.232 

-

0.209 

0.022 

0.065 

0.014 

0.390 

-

0.264 

-

-
0.394 

0.150 
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SOB - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.80 

E 3.80 

e 1.27 -

H 5.80 

h 0.25 

L 0.40 

a oo 

N 8 

CP 

E H 

SO-a 

Drawing is not to scale 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

80 

0.10 

I 
I 
; 

Typ 

0.050 

I 
I 

I 

! 

inches 

Min Max 

0.053 0.069 

0.004 0.010 

0.013 0.020 

0.007 0.010 

0.189 0.197 

0.150 0.157 

- -

0.228 0.244 

0.010 0.020 

0.016 0.035 

oo 80 

8 

0.004 
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TSSOPB- Blead Plastic Shrink Small Outline, 169 mils body width 

Symb 
mm 

Typ Min 

A 

A1 0.05 

A2 0.85 

B 0.19 

c 0.09 

D 2.90 

E 6.25 

E1 4.30 

e 0.65 -

L 0.50 

a oo 

N 8 

CP 

D 

N/2 

Draw1ng IS not to scale 
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Max 

1.10 

0.15 

0.95 

0.30 

0.20 

3.10 

6.50 

4.50 

-

0.70 

80 

0.08 

E1 E 

inches 

Typ Min Max 

0.043 

0.002 0.006 

0.033 0.037 

0.007 0.012 

0.004 0.008 

0.114 0.122 

0.246 0.256 

0.169 0.177 

0.026 - -

0.020 0.028 

oo 80 

8 

0.003 

~fk--.......;;,;.;;;DIE -}y C 

I 

I 

I 
I 

! 

TSSOP 



M93S66,M93S56,M93S46 
4K/2K/1 K (x16) Serial Microwire Bus EEPROM 

with Block Protection 

• INDUSTRY STANDARD MICROWIRE BUS 

• 1 MILLION ERASE/WRITE CYCLES, with 
40 YEARS DATA RETENTION 

• SINGLE ORGANIZATION by WORD (x16) 
• WORD and ENTIRE MEMORY 

PROGRAMMING INSTRUCTIONS 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for M93Sx6 version 

- 2.5V to 5.5V for M93Sx6-W version 

- 1.8V to 3.6V for M93Sx6-R v~ •sion 
• USER DEFINED WRITE Pf .,_ TEC rED AREA 

• PAGE WRITE MODE (4 words} 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 
• ENHANCED ESD and LATCH-UP 

PERFORMANCES 

DESCRIPTION 
This M93S46/S56/S66 specification covers a 
range of 4K/2K/1 K bit serial EEPROM products 
respectively. In this text, products are referred to as 
M93Sx6. The M93Sx6 is an Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
STMicroelectronics's High Endurance Single 
Polysilicon CMOS technology. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIP8 (BN) 
0.25mm Frame 

8' 'li:3' 
1 

SOB (MN) 
150mil Width 

TSSOP8 (DW) 
169mil Width 

Figure 1. Logic Diagram 

vee 
I 

D-

e- 1-- Q 

s- M93Sx6 

PRE-

w-

I 
Vss 

A102020 
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Figure 2A. DIP Pin Connections Figure 28. SO and TSSOP Pin Connections 

M93Sx6 M93Sx6 so vee s Vee 
e 2 7 PRE e PRE 
D 3 6 W D w 
a 4 5 v88 Q Vss 

AID2021 AI02022 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oe 

TsTG Storage Temperature -65to150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

Vro Input or Output Voltages (Q = VoH or Hi·Z) --0.3 to Vee +0.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) (21 4000 v 
Electrostatic Discharge Voltage (Machine model} (31 500 v 

Notes: 1. Except for the ratmg "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the devrce These are stress ratings only and operation of the device at these or any other 
conditrons above those indicated in the Operating sections of this specification is not rmphed. Exposure to Absolute Maximum 
Rating condrtions for extended periods may affect devrce reliabrhty. Refer also to the STMrcroelectronics SURE Program and other 
relevant qualrty documents. 

2. MIL·STD·883C, 3015.7 (100pF, 1500 Q) 
3. EIAJ IC·121 (Condrtron C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

The M93Sx6 memory is accessed through a serial 
input (D) and output (Q) using the MICROWIRE 
bus protocol. The M93Sx6 is specified at 5V ±1 0%, 
the M93Sx6-W specified at 2.5V to 5.5V and the 
M93Sx6-R specified at 1.8V to 3.6V. 
The M93866/S56/S46 memory is divided into 
256/128/64 x 16 bit words respectively. These 
memory devices are available in both PSDIP8, 
808 and TSSOP8 packages. 
The M93Sx6 memory is accessed by a set of 
instructions which includes Read, Write, Page 
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Write, Write All and instructions used to set the 
memory protection. A Read instruction loads the 
address of the first word to be read into an internal 
address pointer. The data contained at this address 
is then clocked out serially. The address pointer is 
automatically incremented after the data is output 
and, if the Chip Select input (S) is held High, the 
M93Sx6 can output a sequential stream of data 
words. In this way, the memory can be read as a 
data stream from 16 to 4096 bits (for the M93866), 
or continuously as the address counter automat
ically rolls over to '00' when the highest address is 
reached. 
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Table 3. AC Measurement Conditions 

Input Rise and Fall Times :> 50ns 

Input Pulse Voltages (M93Sxx) 0.4V to 2.4V 

Input Pulse Voltages (M93Sxx-W, M93Sxx-R) 0.2Vcc to 0.8Vcc 

Input Timing Reference Voltages (M93Sxx) 1 .OV to 2.0V 

Output Timing Reference Voltages (M93Sxx) o.av to 2.ov 

Input and Output Timing Reference Voltages (M93Sxx-W, M93Sxx-R) 0.3Vcc to 0.7Vcc 

Output Load CL= 100pF 

Note that Output Hi·Z is def1ned as the point where data is no longer driven. 

Table 4. Capacitance <1> 
(T A = 25 °C, f = 1 MHz ) 

Symbol Parameter 

c,N Input Capacitance 

GouT Output Capacitance 

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

Within the time required by a programming cycle 
(tw), up to 4 words may be written with help of the 
Page Write instruction. the whole memory may also 
be erased, or set to a predetenmined pattern, by 
using the Write All instruction. 

Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array. As a final protection step, data may be per
manently protected by programming a One Time 
Programming bit (OTP bit) which locks the Protect 
Register content. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. The Write instruction writes 16 bits at one time 
into one of the 256/128/64 words of the 
M93S46/S56/S66 respectively, the Page Write in
struction writes up to 4 words of 16 bits to sequen
tial locations, assuming in both cases that all 
addresses are outside the Write Protected area. 

After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when Chip Select (S) is driven High. 

An internal feature of the M93Sx6 provides Power
on Data Protection by inhibiting any operation 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VoUT = OV 5 pF 

Figure 3. AC Testing Input Output Waveforms 

M93SXX 
2.4V 

2.0V 

osv 
0.4V 

INPUT OUTPUT 

M93SXX-W & M93SXX-R 

o.svcc 
o.7Vcc 

o.2Vcc 
o.3Vcc 

A102791 

when the Supply is too low. The design of the 
M93Sx6 and the High Endurance CMOS technol
ogy used for its fabrication give an Erase/Write 
cycle Endurance of 1 ,000,000 cycles and a data 
retention of 40 years. 
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Table SA. DC Characteristics for M935x6 
(TA = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV 5 V1N 5Vee 

ILO Output Leakage Current OV 5 Vour 5 Vee, Q in Hi-Z 

Icc Supply Current Vee= 5V, S = V1H, f = 1 MHz 

lcc1 Supply Current (Standby) Vee= 5V, S = Vss. C = Vss, 
W = Vss or Vee, PRE= Vss or Vee 

v,L 
Input Low Voltage 
(D, C, S, W, PRE) 

v,H 
Input High Voltage 
(D, C, S, W, PRE) 

VoL Output Low Voltage (Q) Vee= 5V, loL = 2.1mA 

VoH Output High Voltage (Q) Vee= 5V, loH = -400j.iA 

Table 58. DC Characteristics for M935x6 
(TA = -40 to 125°C; Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV 5 V1N 5 Vee 

ILO Output Leakage Current OV 5 Vour 5 Vee. Q in Hi-Z 

Icc Supply Current Vee= 5V, S = V,H, f = 1 MHz 

lcc1 Supply Current (Standby) Vee= 5V, S = Vss. C = Vss. 
W = Vss or Vee, PRE= Vss or Vee 

v,L 
Input Low Voltage 
(D, C, S, W, PRE) 

V1H 
Input High Voltage 
(D, C, S, W, PRE) 

VoL Output Low Voltage (Q) Vcc=5V, loL=2.1mA 

VoH Output High Voltage (Q) Vee= 5V, loH = -400j.iA 
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Min Max Unit 

±2.5 j.iA 

±2.5 j.iA 

1.5 mA 

50 !lA 

-0.3 0.8 v 

2 Vee+ 1 v 

0.4 v 

2.4 v 

Min Max Unit 

±2.5 j.iA 

±2.5 j.iA 

1.5 mA 

50 !lA 

-0.3 0.8 v 

2 Vee+ 1 v 

0.4 v 

2.4 v 



Table 5C DC Characteristics for M93Sx6-W 
(TA = 0 to 70°C or -40 to 85°C; Vee = 2.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV $ V;N $Vee 

ILO Output Leakage Current OV s Vour s Vee, Q in Hi-Z 

Icc Supply Current (CMOS Inputs) 
Vee= 5V, S = V;H, I= 1 MHz 

Vee= 2.5V, S = V;H, I= 1 MHz 

lcc1 Supply Current (Standby) Vee= 2.5V, S = Vss. C = Vss. 
W = Vss or Vee, PRE = Vss or Vee 

V;L Input Low Voltage 
(0, C, S, W, PRE) 

V;H Input High Voltage 
(0, C, S, W, PRE) 

VoL Output Low Voltage (Q) 
Vee= 5V,IoL= 2.1mA 

Vee= 2.5V, loL = 1 OOJ.!A 

VoH Output High Voltage (Q) 
Vee= 5V, loH = -400J.1A 

Vee= 2.5V,IoH = -100jlA 

Table 50. DC Characteristics for M93Sx6-R <1l 
(T A = 0 to 70°C or -20 to 85°C; Vee = 1.8V to3.6V) 

Symbol Parameter Test Condition 

iu Input Leakage Current OV SV;N :>Vee 

ILO Output Leakage Current OV :5 Vour :5 Vee. Q in Hi-Z 

Icc Supply Current (CMOS Inputs) 
Vee= 3.6V, S = V;H, I= 1 MHz 

Vee= 1.8V, S = V;H, I= 1 MHz 

lcc1 Supply Current (Standby) Vee= 1.8V, S = Vss. C = Vss. 
W = Vss or Vee. PRE = Vss or Vee 

V;L Input Low Voltage 
(0, C, S, W, PRE) 

V;H Input High Voltage 
(0, C, S, W, PRE) 

VoL Output Low Voltage (Q) Vee= 1.8V, loL = 100jlA 

VoH Output High Voltage (Q) Vee= 1.8V, loH = -100jlA 

Note: 1. This is preliminary data. 

M93S66,M93S56,M93S46 

Min Max Unit 

±2.5 j!A 

±2.5 J.IA 

1.5 mA 

1 mA 

10 j!A 

-Q.3 0.2Vec v 

0.7Vcc Vee+ 1 v 

0.4 v 
0.2 v 

2.4 v 
Vce-0.2 v 

Min Max Unit 

±2.5 I! A 

±2.5 I! A 

1.5 mA 

1 mA 

5 llA 

-Q.3 0.2Vee v 

0.8Vcc Vee+ 1 v 

0.2 v 
Vee-0.2 v 
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Table 6A. AC Characteristics 

M93S66/56/46 

Symbol A It Parameter 
Vee= 4.5V to 5.5V, Vee= 4.5V to 5.5V, Unit TA = o to 70°C, 

TA =-40 to 85°C TA = -40 to 125°C 

Min Max Min Max 

IPRVCH I PRES Protect Enable Valid to Clock High 50 50 ns 

twvcH I PES Wnte Enable Valid to Clock High 50 50 ns 

lsHCH tess Chip Select Set-up Time 50 50 ns 

ICLSH lsKS Clock Set-up Time (relative to S) 100 100 ns 

tovcH to1s Data In Set-up Time 100 100 ns 

lcHDX lo1H Data In Hold Time 100 100 ns 

tcHQL IPDO Delay to Output Low 400 400 ns 

tcHQV lpo1 Delay to Output Valid 400 400 ns 

lcLPRX IPREH 
Clock Low to Protect Enable 0 0 ns 
Transition 

lsLWX IPEH 
Chip Select Low to Write Enable 250 250 ns Transition 

tcLSL tcsH Chip Select Hold Time 0 0 ns 

ISLCH Chip Select Low to Clock High 250 250 ns 

ISLSH (j) tcs Chip Select Low to Chip Select High 250 250 ns 

lsHOV lsv Chip Select to Ready/Busy Status 400 400 ns 

ISLQZ toF Chip Select Low to Output Hi·Z 200 200 ns 

tcHCL (2) lsKH Clock High Time 250 250 ns 

ICLCH (2) ISKL Clock Low Time 250 250 ns 

tw twp Erase/Write Cycle time 10 10 ms 

fc lsK Clock Frequency 0 1 0 1 MHz 

Notes: 1. Chip Select must be brought low for a m1n1mum of tSLSH between consecut1ve Instructions cycles 
2. The Clock frequency specification calls for a mimmum clock penod of 1/IC, therefore the sum of the tim1ngs tCHCL+tCLCH 

must be greater or equal to 1/fC. 
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Table 68. AC Characteristics 

M93S66/56/46 

Symbol A It Parameter 
Vee= 2.5V to 5.5V, Vee= 1.8V to 3.6V, !3) 

Unit 
TA = o to 70°C, TA=0to70°C 

TA = -40 to ssoc TA = -20 to 85°C 

Min Max Min Max 

tPRVCH IPRES Protect Enable Valid to Clock High 50 50 ns 

lwvcH I PES Write Enable Valid to Clock High 50 50 ns 

lsHCH less Chip Select Set-up Time 100 200 ns 

ICLSH lsKS Clock Set-up Time (relative to S) 100 100 ns 

lovcH lo1s Data In Set-up Time 100 100 ns 

lcHDX to1H Data In Hold T1me 100 200 ns 

ICHQL lpoo Delay to Output Low 400 700 ns 

lcHOV lpo1 Delay to Output Valid 400 700 ns 

ICLPRX IPREH 
Clock Low to Protect Enable 0 0 
Transition 

ns 

ISLWX IPEH 
Chip Select Low to Write Enable 250 250 ns Transition 

tcLSL lcsH Chip Select Hold Time 0 0 ns 

ISLCH Chip Select Low to Clock High 250 250 ns 

ISLSH (1) lcs Chip Select Low to Chip Select High 250 1000 ns 

lsHOV lsv Chip Select to Ready/Busy Status 400 700 ns 

lsLOZ I oF Chip Select Low to Output Hi-Z 200 200 ns 

lcHCL (2) lsKH Clock High Time 350 800 ns 

lcLCH (2) ISKL Clock Low Time 250 800 ns 

lw lwp Erase/Write Cycle time 10 10 ms 

fc fsK Clock Frequency 0 1 0 0.5 MHz 

Notes: 1. Ch1p Select must be brought low for a m1mmum of ISLSH between consecutive Instructions cycles. 
2. The Clock frequency specification calls for a min1mum clock period of 1/fC. therefore the sum of the timings tCHCL+tCLCH 

must be greater or equal to 1/fC 
3 ThiS 1s preliminary data. 
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Figure 4. Synchronous Timing, Start and Op-Code Input 

PRE 

w 

c 

s 

D 

+---o.:.--- OP CODE INPUT ___.j 
START 

POWER-ON DATA PROTECTION 
In order to prevent data corruption and inadvertent 
write operations during power-up and power-down, 
a Power On Reset (POR) circuit resets all internal 
programming circuitry and sets the device in the 
Write Disable mode. 
- At Power-up and Power-down, the device 

must NOT be selected (that is, the S input 
must be driven low) until the supply voltage 
reaches the operating value Vee specified in 
the AC and DC tables. 
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AI02025 

- When Vee reaches its functional value, the de
vice is properly reset (in the Write Disable 
mode) and is ready to decode and execute an 
incoming instruction. 

For the M93Sx6 specified at 5V, the POR threshold 
voltage is around 3V. 
For all the other M93Sx6 specified at low Vee (with 
-Wand -R Vee range options), the POR threshold 
voltage is around 1 .5V. 
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Figure 5. Synchronous Timing, Read or Write 

c 

s 

D 

Q 

PRE 

w 

c 

s 

D 

Q 

Hi·Z 

······. . . 
II '•••• 

015 

!+---- ADDRESS INPUT ---l"i :+---- DATA OUTPUT ----+i 

A1002026 

------·········-----~ ···········---

,... .... \ r 
........ \__.J 

Hi·Z 

+----ADDRESS/DATA INPUT·----+: ~ WRITE CYCLE ______,.; 

AI02027 
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INSTRUCTIONS 
The M93S66/S56/S46 have eleven instructions, as 
shown in Table 7. Each instruction is preceded by 
the rising edge of the signal applied on the Chip 
Select (S) input (assuming that the clock C is low). 
After the device is selected, the internal logic waits 
for the start bit, which define the begining of the 
instruction bit stream. The start bit is the first '1' read 
on D input during the rising edge of the clock C. 
Following the start bit, the op-codes of the instruc
tions are made up of the 2 following bits. Notice that 

Table 7 A. Instruction Set for the M93S46 

Start Op-lnstr. Description w PRE 
Bit Code 

READ 
Read Data from X '0' '1' 10 
Memory 

WRITE 
Write Data to '1, '0' '1' 01 
Memory 

Page Write to PAWRITE '1' '0' '1' 11 
Memory 

Write All WRALL Memory 
'1, '0' '1' 00 

WEN Write Enable '1' '0' '1' 00 

WDS Write Disable X '0' '1' 00 

PRREAD Protect X '1' '1' 10 Register Read 

PRWRITE Protect '1' '1' '1' 01 Reg1ster Write 

PRCLEAR 
Protect 
Register Clear '1' '1' '1' 11 

Protect 
PREN Register '1' '1' '1' 00 

Enable 

PRDS Protect '1' '1' '1' 00 Register Disable 

Note: 1. X = don t care brt. 

10/22 

276 

some instructions use only these first two bits, 
others use also the first two bits of the address to 
define the op-code. The op-code is then followed 
by the address of the word to be accessed. 
For the M93S46, the address is made up of 6 bits 
(See Table ?a). For the M93S56 and M93S66, the 
address is made up of 8 bits (See Table ?b). 
The M93Sx6 is fabricated in CMOS technology and 
is therefore able to run from zero Hz (static input 
signals) up to the maximum ratings (specified in 
Table 6). 

Address (l) 
Req. Additional 

Data Clock Information 
Cycles 

A5-AO 015-00 

Write is executed 

A5-AO D15-DO 25 if the address is 
not inside the 
Protected area 

Wnte is executed 

Nx 9+N 
if all theN 

A5-AO addresses are not 
D15-DO x16 

mside the 
Protected area 

Wnte all data if 
01XXXX D15-DO 25 the Protect 

Register is cleared 

11XXXX 9 

ooxxxx 9 

Data Output = 

xxxxxx 05-QO Protect Register 
+Flag content + Protect 

Flag b1t 

Data above 

A5-AO 9 specified address 
A5-AO are 
protected 

Protect Flag is 
111111 9 also cleared 

(cleared Flag = 1) 

11XXXX 9 

000000 9 
OTP bit is set 
permanently 
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Table 78. Instruction Set for the M93S56 and M93S66 

Start Op- Address <1'2) 
Req. Additional lnstr. Description w PRE Bit Code Data Clock Information Cycles 

READ 
Read Data from 

X '0' '1' 10 A7-AO 015-00 Memory 

Write is executed 

WRITE 
Write Data to '1' '0' '1' 01 A7-AO 015·00 27 

if the address is 
Memory not inside the 

Protected area 

Write is executed 

Page Write to Nx 11 + N if all theN 
PAWRITE '1' '0' '1' 11 A7·AO addresses are not Memory 015·00 x16 inside the 

Protected area 

WnteAII Write all data if 
WRALL 

Memory 
'1' '0' '1' 00 01XXXXXX 015·00 27 the Protect 

Register is cleared 

WEN Write Enable '1' '0' '1' 00 11XXXXXX 11 

WDS Write Disable X '0' '1' 00 ooxxxxxx 11 

Data Output = 
PRREAD 

Protect 
X '1' '1' 10 xxxxxxxx 07·00 Protect Register 

Register Read +Flag content+ Protect 
Flag bit 

Data above 

PRWRITE 
Protect '1' '1' '1' 01 A7-AO 11 specified address 
Register Write A7-AO are 

protected 

Protect Protect Flag is 
PRCLEAR 

Register Clear 
'1' '1' '1' 11 11111111 11 also cleared 

(cleared Flag = 1) 

Protect 
PREN Register '1' '1' '1' 00 11XXXXXX 11 

Enable 

PROS Protect '1' '1' '1' 00 00000000 11 OTP bit is set 
Register Disable permanently 

Notes: 1. X = don t care b1t 
2. Address b1t A7 is not decoded by the M93S56. 
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Read 
The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 
High transition of the Clock (C). The M93Sx6 will 
automatically increment the address and will clock 
out the next word as long as the Chip Select input 
(S) is held High. In this case the dummy '0' bit is 
NOT output between words and a continuous 
stream of data can be read. 

Write Enable and Write Disable 
The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed. The 
Write Disable instruction (WDS) disables the exe
cution of the following Write instructions and the 
internal programming cycle cannot run. 

When power is first applied, the M93Sx6 is in Write 
Disable mode and all Write instructions are inhib
ited. When the WEN instruction is executed, Write 
instructions remain enabled until a Write Disable 
instruction (WDS) is executed or Vee falls below 
the Power-On Reset threshold Voltage. 

To protect the memory contents from accidental 
corruption, it is advisable to issue the WDS instruc
tion after every write cycle. The READ instruction 
is not affected by the WEN or WDS instructions. 

Write 
The Write instruction (WRITE) is composed of the 
Start bit plus the Op-Code followed by the address 
and the 16 data bits to be written. The Write Enable 
signal (W) must be held high during the Write 
instruction. Data input (D) is sampled on the Low 
to High transition of the clock. After the last data bit 
has been sampled, Chip Select (S) must be 
brought Low before the next rising edge of the clock 
(C) in order to start the self-timed programming 
cycle. This is really important as, if S is brought low 
before or after this specific frame window, the 
addressed location will not be programmed, provid
ing that the address in NOT in the protected area. 

If the M93Sx6 is still performing the write cycle, the 
Busy signal (Q = 0) will be returned if the Chip 
Select input (S) is driven high after the tsLSH delay, 
and the M93Sx6 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the M93Sx6 is ready to receive a new instruction. 
Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle). 
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Page Write 
A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the PAWRITE instruction. Input ad
dress and data are sampled on the Low to High 
transition of the clock. After the receipt of each data 
word, bits A 1-AO of the internal address register are 
incremented, the high order bits (Ax-A2) remaining 
unchanged. Users must take care by software to 
ensure that the last word address has the same 
upper order address bits as the initial address 
transmitted to avoid address roll-over. After the LSB 
of the last data word, Chip Select (S) must be 
brought Low before the next rising edge of the 
Clock (C) in order to start the self-timed program
ming cycle. This is really important as, if S is 
brought low before or after this specific frame win
dow, the addressed locations will not be pro
grammed. The Page Write operation will not be 
performed if any of the 4 words is addressing the 
protected area. If the M93Sx6 is still performing the 
programming cycle, the Busy signal (Q = 0) will be 
returned if the Chip Select input (S) is driven high, 
and the M93Sx6 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if Sis driven high) that 
the M93Sx6 is ready to receive a new instruction. 

Write All 
The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write All instruc
tion. Input address and data are sampled on the 
Low to High transition of the clock. If the M93Sx6 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if the Chip Select input (S) 
is driven high after the tsLsH delay, and the M93Sx6 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the M93Sx6 is 
ready to receive a new instruction. 

READY/BUSY Status 
During every programming cycle (after a WRITE, 
WRALL or PAWRITE instruction) the Data Output 
(Q) indicates the Ready/Busy status of the memory 
when the Chip Select is driven High. Once the 
M93Sx6 is Ready, the Data Output is set to '1' until 
a new start bit is decoded or the Chip Select is 
brought Low. 



MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The M93S~6 offers a Protect Register containing 
the bottom address of the memory area which has 
to be protected against write instructions. In addi
tion to this Protect Register, two flag bits are used 
to indicate the Protect Register status: the Protect 
Flag enabling/disabling the memory protection 
through! the Protect Register and the OTP bit 
which, when set, disables access to the Protect 
Register and thus prevents any further modifica
tions of this Protect Register value. The content of 
the Protect Register is defined when using the 
PRWRITE instruction, it may be read when using 
the PRREAD instruction. A specific instruction 
PREN (Protect Register Enable) allows the user to 
execute the protect instructions PRCLEAR, 
PRWRITE and PROS. this PREN instruction being 
used together with the signals applied on the input 
pins PRE (Protect Register Enable) and W (Write 
Enable). 

Accessing the Protect Register is done by execut
ing the following sequence: 

- WEN: execute the Write Enable instruction, 

- PREN: execute the PREN instruction, 

- PRWRITE, PRCLEAR or PROS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PROS instruction). 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. 

As in the Read instruction a dummy '0' bit is output 
first. Since it is not possible to distinguish if the 
Protect Register is cleared (all1 's) or if it is written 
with all1 's, user must check the Protect Flag status 
(and not the Protect Register content) to ascertain 
the setting of the memory protection. 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PROS instructions. The PREN 
insruction does not modify the Protect Flag bit 
value. 

Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
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(W) input pins must be held High during the instruc
tion execution. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1 's, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to '1 '. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc
tion execution. 

Note: A PREN instruction must immediately pre
cede the PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca
tions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 
'0', it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 

Note: A PREN instruction must immediately pre
cede the PRWRITE instruction, but it is not neces
sary to execute first a PRCLEAR. 

Protect Register Disable 

The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PROS) is a ONE TIME 
ONLY instruction which latches the Protect Regis
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc
tion), then by writing this same value into the Pro
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap
pear on the Data output (Q). When the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 

Note: A PREN instruction must immediately pre
cede the PROS instruction. 
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Figure 6. READ, WRITE, WEN, WDS Sequences 

READ PRE ]--L. _________ CL...__ 

s 

D 

0 

WRITE PRE 

w 

s 

D 

0 

WRITE PRE 
ENABLE 

w 

s 

D 

_j L 
~"r;·r,-r:J 

__j, ·rr;~ .. , J A.J;o...J....I _____________ _ 

+i ;..- ADDR +:"1---- DATA OUT ---~ 
OP 

CODE 

_j 

+i *ADDR 
OP 

CODE 

J I 

J L 
~ 
~-r'L n XO 

.L J 

-+: :-4-
OP 

CODE 

u 
CHECK 
STATUS 

L 

' ' 
DATA IN _______., :.-BUSY~ READY_.: 

WRITE PRE J I 
DISABLE --....1.-------L---

-+: :.
OP 

CODE 

AI00889D 

Notes: 1. An· Xn ·On- Dn Refer to Table 7a for the M93S46. 
2. An- Xn- On - Dn Refer to Table 7b for the M93S56 and M93S66. 
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Figure 7. PAWRITE, WRALL Sequences 

PAGE PRE 
WRITE 

w 

s _j 

D 

Q 

WRITE PRE 
ALL 

w 

s _j 

D 

Q 

u 
CHECK 
STATUS 

L 

-+; '+ ADDR +i<I---
OP 

DATAIN -------..; :..-sUSY~READY_.; 

CODE 

u 
n XO Dn DO 

CHECK 
STATUS 

L 
1£-r ,-r 1-.- r ,-r,-.-3 
J - 1 J_ L J -L .1 J_l J _L.L.l--'--1...;--------~--

__.; '+ ADDR+i<I---
OP 

CODE 

DATA IN -------..; :.-BUSY~ READY..; 

AI00890C 

Notes: 1. An - Xn - Dn. Refer to Table 7a for the M93S46. 
2. An- Xn - On: Refer to Table 7b for the M93S56 and M93S66. 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 

Protect 
Register 
READ 

PRE J L 
s 

D 

Q 

~~r:·r,-r:.J 

__j 1 1 LX;\, J.J~'-uOIL--------

--....;..--;, ___ ; ~-.,-r~ 
~MI_LJ~ 

-+( f.- ADDR+i+- DATA --+iF= Protect Flag 
OP OUT 

CODE 

Protect PRE J Register 
WRITE 

w J 
s _j u L 

CHECK 

_RfE1"1~ 
STATUS 

D 
J-' 

Q L 

__..J. i.-AOOR+i i+BUSY_...,;..READY~ 

Protect 
Register 
ENABLE 

OP 
CODE 

PRE J L 
w J L 
s .s-1_ 

-+: ~ 
OP 

CODE 

Notes: 1. An- Xn- Dn: Refer to Table ?a for the M93S46. 
2. An - Xn - Dn: Refer to Table 7b for the M93S56 and M93S66. 
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Figure 9. PRCLEAR, PROS Sequences 

Protect 
Register 
CLEAR 

Protect 
Register 
DISABLE 

PRE J 
w J 
s_j u 

CHECK 
STATUS 

L 
D 

1777", .,. '77] 

___jl I I 111~~~------------~~-

Q 

PRE 

w 

s 

D 

Q 

J 
J 
_j 

L 
I : : 0 

...i J.. ADDR _.i I+ BUSY ...;._READY_.: 
OP 

CODE 

u L 
CHECK 

[lnn STATUS 

___j, ~, .L ... o.Lo.Lo..t..:--------------~---

L 
I I : t 

-+i i.-ADOR_.i I+ BUSY...;._READY_.: 
OP 

CODE 

Notes: 1. An • Xn- Dn: Refer to Table 7a for the M93S46. 
2. An- Xn- Dn: Refer to Table 7b for the M93S56 and M93S66. 

AI00892C 
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COMMON 1/0 OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be _connected together, through a current limiting 
resJstor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the STMicroelectronics application 
note AN394 "MICROWIRE EEPROM Common 1/0 
Operation". 

CLOCK PULSE COUNTER 

The M93Sx6 offers a functional security filtering 
glitches on the clock input (C), the clock pulse 
counter. 

In a ~ormal environment, the M93Sx6 expectes to 
rece1ve the exact amount of data on the D input 
(start bit, Op-Code, Address, Data), that is the 
ex~ct am?unt of clock pulses on the C input. In a 
no1sy environment, the number of pulses received 
(on the clock input C) may be greater than the clock 

pulses delivered by the Master (Microcontroller) 
?riving ~he _M93Sx6. In such a case, a part of the 
mstr~ct1on 1_s delayed by one bit (see Figure 10), 
and Jt may induce an erroneous write of data at a 
wrong address. The M93Sx6 has an on-chip 
counter which counts the clock pulses from the 
Start bit until the falling edge of the Chip Select 
signal. 
For the WRITE instructions with a M93S56 (or 
M93S66), the number of clock pulses inc.oming to 
the counter must be exactly 27 from the Start bit to 
the falling edge of Chip Select signal (1 Start bit + 
~ Op-code bit + 8 Address bit + 16 Data bit = 27): 
1f so, the M93S56 (or M93S66) executes the 
WRITE instruction. If the number of clock pulses is 
not equal to 27, the instruction will not be executed 
(and data will not be corrupted). 
The clock pulse counter is active on WRITE 
PAWRITE, WRALL, PRWRITE and PRCLEAR in~ 
structions. In order to determine the exact number 
of clock pulses needed for all the M93Sx6 on 
WRITE instructions, refer to Tables 7a and 7b in 
the column: Requested Clock Cycles. ' 

Figure 10. Write Sequence with One Clock Glitch 

sJ I n_ 
c ------- ---:_ __ Il__ 

D 
------------~ 

An An-2 

START "0" .. , .. DO . . 
;~ ~; 
. WRITE . 

;..._ ADDRESS AND DATA _...; 
ARE SHIFTED BY ONE BIT • 

AI01395 
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ORDERING INFORMATION SCHEME 

Example: M93S56 - W MN 6 

Memory Density 

66 4 Kbit 

56 2 Kbit 

46 1 Kbit 

W 2.5V to 5.5V 

R <3> 1.8V to 3.6V 

Notes: 1 Temperature range on request only 

Package 

BN PSDIPB 
0.25mm Frame 

MN SOB 
150mil Width 

DW TSSOPB 
169mi1Width 

Temperature Range 

1 <1> Oto70°C 

5 -20 to 85 oc 
6 -40!0 85 oc 

3 <2> -40 to 125 oc 

2. Produced with High Reliability Certified Flow (HRCF), in Vee range 4.5V to 5.5V at 1 MHz only. 
3. -R vers1on (1.BV to 3.6V) are only available in temperature ranges 5 or 1. 

Devices are shipped from the factory with the memory content set at all "1's" (FFFFh). 

Option 

T Tape& Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 

19/22 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
Typ 

A 

A1 

A2 

8 

81 

c 
D 

E 7.62 

E1 

e1 2.54 

eA 

e8 

L 

N 

D 

nnn 

II 
N 

D 
1 I 
UL.JL.J 

Draw1ng IS not to scale 
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mm 

Min Max 

3.90 5.90 

0.49 -
3.30 5.30 

0.36 0.56 

1.15 1.65 

0.20 0.36 

9.20 9.90 

- -

6.00 6.70 

- -

7.80 -

10.00 

3.00 3.80 

8 

E1 E 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -
0.236 

0.100 -

0.307 

0.118 

8 

I .___. I 

f' r~:~ 
eA C+!<o 

eB 

PSDIP-a 

Max 

0.232 

-

0.209 

0.022 

0.065 

0.014 

0.390 

-
0.264 

-

-

0.394 

0.150 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.80 6.20 0.228 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 O.Q16 0.035 

u oo so oo eo 

N 8 8 

CP 0.10 0.004 

! 

I 
E H i 

I 

SO· a 

Drawing is not to scale 
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TSSOPB- Blead Plastic Shrink Small Outline, 169 mils body width 

Symb 
mm 

Typ Min Max 

A 1.10 

A1 0.05 0.15 

A2 0.85 0.95 

B 0.19 0.30 

c 0.09 0.20 

D 2.90 3.10 

E 6.25 6.50 

E1 4.30 4.50 

e 0.65 - -

L 0.50 0.70 

a 0' 8' 

N 8 

CP 0.08 

D 

E1 E 

N/2 

--T.J -- A2 

e 

Draw1ng IS not to scale 
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i 
; 

I 

Typ 

0.026 

/ 

; 
; 

inches 

Min 

0.002 

0.033 

0.007 

0.004 

0.114 

0.246 

0.169 

-
0.020 

0' 

8 

Max 

0.043 

0.006 

0.037 

0.012 

0.008 

0.122 

0.256 

0.177 

-
0.028 

8' 

0.003 

TSSOP 
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M28C16A 
M28C17A 

16 Kbit (2Kb x8) Parallel EEPROM 

• FAST ACCESS TIME: 

- 150ns at 5V 

- 250ns at 3V 

• SINGLE SUPPLY VOLTAGE: 

- 5V ± 10% for M2BC16A and M2BC17 A 

- 2.7V to 3.6V for M2BC16-xxW 

• LOW POWER CONSUMPTION 

• FAST WRITE CYCLE 

- 32 Bytes Page Write Operation 

- Byte or Page Write Cycle: 5ms 
• ENHANCED END OF WRITE DETECTION 

- Ready/Busy Open Drain Output 

- Data Polling 

-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 

• HIGH RELIABILITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY 

- Endurance >100,000 Erase/Write Cycles 

- Data Retention >40 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 

DESCRIPTION 

The M28C16A and M28C17 A are 2Kb xBiow power 
Parallel EEPROM fabricated with STMicroelectron
ics proprietary single polysilicon CMOS technology. 
The device offers fast access time with low power 
dissipation and requires a 5V or 3V power supply. 

Table 1. Signal Names 

AO-A10 Address Input 

DQO-DQ7 Data Input I Output 

w Write Enable 

E Chip Enable 

G Output Enable 

RB Ready I Busy 

Vee Supply Voltage 

Vss Ground 

October 1998 

PDIP24 (BG) 

PLCC32 (KA) 

S028 (MS) 
300 mils 

28 

Figure 1. Logic Diagram 

11 

Vee 

M28C16A 
M28C17A 

Vss 

PDIP28 (BS) 

S024 (MG) 
300 mils 

TSOP28 (NS) 
8 x13.4mm 

8 

DQ0-007 

AI02m9 

1120 
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Figure 2A. DIP/SO 28 Pin Connections 

RB[ 1 
....., 

28 Vee 
NC[ 2 27 w 
A7[ 3 26 DU 

A6[ 4 2S AS 

AS[ s 24 A9 

A4[ 6 23 Ne 

A3[ 7 
M28C17A 22 G 

A2[ 8 21 A10 

A1[ 9 20 E 
AO[ 10 19 DQ7 

DQO[ 11 18 DQ6 

DQ1[ 12 17 DOS 

DQ2[ 13 16 DQ4 

Vss£ 14 1S DQ3 

AI02110 

Warnmg: NC = Not Connected, DU = Don't Use. 

Figure 2C. DIP/SO 24 Pin Connections 

A? 1 
....., 

24 pvcc 
A6 2 23 DAB 
AS 3 22 ~A9 
A4 4 21 ~: A3 s 20 

A2 6 
M28C16A 19 ~A10 

A1 7 18 ~E 
AO 8 17 ~DQ7 

DQO 9 16 ~DQ6 
DQ1 10 1S ~DOS 
DQ2 11 14 ~DQ4 
Vss 12 13 0 DQ3 

AI00996 

2/20 
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Figure 28. LCC Pin Connections 

A6 

AS 

A4 

A3 

A2 

A1 
AO 

NC 

DQO 

M28C16A 
M28C17A 

.-C\1 OO()M"<I"LO 
OOcnzOOO oo> ooo 

AS 

A9 

NC 

NC 

G 
A10 
E 
DQ7 

DQ6 

AI02111 

Warning: NC = Not Conn_gcted, DU = Don't Use. 
Note: 1. Pin 2 is either RB for M28C17A or NC 

for M28C16A. 

Figure 2D. TSOP Pin Connections 

G A10 

NC E 
A9 DQ7 

AS DQ6 

DU DOS 

w DQ4 

Vee DQ3 

RB Vss 
NC DQ2 

A? DQ1 

A6 DQO 
AS AO 

A4 A1 
A3 A2 

Warning: NC = Not Connected, DU = Don't Use. 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 12) -40to85 oc 
TsTG Storage Temperature Range -65 to 150 oc 
Vee Supply Voltage -0.3 to 6.5 v 

v,o Input/Output Voltage - 0.3 to Vee +0.6 v 

v, Input Voltage -0.3to6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) 3000 v 

Notes: 1. Except for the rallng "Operatmg Temperature Range", stresses above those listed in the Table "Absolute Max1mum Rat1ngs" 
may cause permanent damage to the dev1ce. These are stress ratings only and operat1on of the dev1ce at these or any other 
cond1t1ons above those indicated in the Operat1ng sections of this speCificatiOn is not imphed. Exposure to Absolute Max1mum 
Rating conditJons for extended periods may affect dev1ce rehab1hty Refer also to the STM1croelectronics SURE Program and other 
relevant quahty documents. 

2. Depends on range. 

Table 3. Operating Modes 

Mode E 

Read V1L 

Write V1L 

Standby I Write Inhibit V1H 

Write Inhibit X 

Write Inhibit X 

Output Disable X 

Note: X = V1H or V1L 

DESCRIPTION (cont'd) 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking mode with Ready/Busy, 
Data Polling and Toggle Bit. The M28C16A/17A 
supports 32 byte page write operation. 

PIN DESCRITPION 

Addresses (AO-A10). The address inputs select 
an 8-bit memory location during a read or write 
operation. 

Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 

Output Enable (G). The Output Enable input con
trols the data output buffers and is used to initiate 
read operations.' 

Data In/ Out (DQO- DQ7). Data is written to or read 
from the M28C16A/17A through the 1/0 pins. 

G w DQO-DQ7 

VIL V1H Data Out 

V1H V1L Data In 

X X Hi-Z 

X V1H Data Out or Hi-Z 

v1L X Data Out or Hi-Z 

V1H X Hi-Z 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28C16A/17A. 

Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. Ready/Busy is available for the 
M28C17A in PDIP, PLCC and SO packages, and 
for the M28C16A in TSOP only. 

OPERATION 

In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 7. 

Read 

The M28C16A/17A is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the 1/0 Qjns._The 1/0 
pins are high impedance when either GorE is high. 

3/20 
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Figure 3. Block Diagram 

A6-A10 
(Page Address) 

AO-AS 

OPERATION (cont'd) 

Write 

Write opera1[Qns are initiated when both W and E 
are low and G is high.The M28C16A/17Asupports 
both E and W controlled write cy~les. The Address 
is latched by the falling edge of E or W which ~er 
occurs last and the Data on the rising edge of E or 
W which ever occurs first Once initiated the write 
operation is internally timed until completion. 
Page Write 

Page write allows up to 32 bytes to be consecu
tively latched into the memory prior to initiating a 

Figure 4. Status Bit Assignment 

D07 006 DOS D04 003 002 001 DOO 

I DP I TB IPLTsl Hi-z I Hi-z I Hi-z I Hi-Z I Hi-z I 

4/20 

294 

DP = Data Polling 
TB = Toggle Btt 
PLTS = Page Load Timer Status 

w 

64K ARRAY 

DQ0-007 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

A101520 

programming cycle. All bytes must be located in a 
single page address, that is A5 - A 10 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 

Following the first byte write instruction the host 
rnay send another address and data !!.P to_i! maxi
mum of twHwH after the rising edge o.f_ E or W which 
ever occurs first. If a transition of E or W is not 
detected within twHwH, the internal programming 
cycle will start. 

Microcontroller Control Interface 

The M28C16A/17A provides two write operation 
status bits and one status pin that can be used to 
minimize the system write cycle. These signals are 
available on the 1/0 port bits DQ7 or DQ6 of the 
m_gmory during programming cycle only, or as the 
RB signal on a separate pin. 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DO? the complementary value of the 
previously latched bit Once the write cycle is fin
ished the true logic value appears on DQ7 in the 
read cycle. 
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Table 4. AC Measurement Conditions 

Input Rise and Fall Times ,;; 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to2.0V 

Note that Output Hi-Z IS defmed as the po1nt where data is no longer driven 

Figure 5. AC Testing Input Output Waveforms Figure 6. AC Testing Equivalent Load Circuit 

4.5V to 5 5V Operating Voltage 

24V~ 

04V 

2.7V to 3.6V Operating Voltage 

20V 

0.8V 

o.5 Vee 

AI02101B 

DEVICE 
UNDER 
TEST 

Vee 

CL includes JIG capacitance 

Table 5. Capacitance (t) 
(T A = 25 °C, f = 1 MHz ) 

Symbol Parameter 

CtN Input Capacitance 

GoUT Output Capacitance 

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

Test Condition 

V1N= OV 

VouT = OV 

Table 6. Read Mode DC Characteristics for M28C16A and M28C17A 
(TA = --40 to 85°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV,;; VtN,;; Vee 

lw Output Leakage Current ov,;; V1N,;; Vee 

lcc(1) Supply Current (TTL and CMOS inputs) E = VtL. G = VtL, f = 5MHz 

lcc1 (1) Supply Current (Standby) TTL E=VtH 

lccz (1) Supply Current (Standby) CMOS E>Vcc-0.3V 

VtL Input Low Voltage 

VtH Input High Voltage 

VoL Output Low Voltage loL= 2.1 mA 

VoH Output High Voltage loH = -400 f.!A 

Note: 1. All I/O's open CirCUit 

Min 

Min 

-D.3 

2 

2.4 

A102114 

Max Unit 

6 pF 

12 pF 

Max Unit 

10 !lA 

10 !lA 

25 rnA 

1 mA 

50 !lA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 
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Table 7. Power Up Timing for M28C16A and M28C17A <1> 
(T A = -40 to 85°C, Vee = 4.5V to 5.5V) 

Symbol Parameter 

tPUR T1me Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee;;, Vw1) 

Vw1 Write Inhibit Threshold 

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

Table 8. Read Mode DC Characteristics for M28C16A·W 
(TA =-40 to 85°C, Vee= 2.7V to 3.6V) 

Symbol Parameter 

lu Input Leakage Current 

ILo Output Leakage Current 

lee<11 Supply Current (TTL and CMOS inputs) 

lcc2 <tl Supply Current (Standby) CMOS 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH Output High Voltage 

Note: 1. All I/O's open CirCUit 

Table 9. Power Up Timing for M28C16A-W <1> 
(TA =-40 to 85°C, Vee= 2.7V to 3.6V) 

Test Condition 

OV:>V1N=>Vcc 

OV:>V1N :>Vee 

E = V1L, G = V1L , f = 5 MHZ 

E>Vcc-o.3V 

loL=2.1 rnA 

loH=-400!!A 

Symbol Parameter 

tPUR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee;;, Vw1) 

Vw1 Write Inhibit Threshold 

Note: 1 Sampled only, not 100% tested 

6/20 
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Min Max Unit 

1 !!S 

10 ms 

1.5 2.5 v 

Min Max Unit 

10 !!A 

10 !!A 

15 rnA 

20 !!A 

-Q.3 0.6 v 
2 Vcc+0.5 v 

0.2Vcc v 
0.8 Vee v 

Min Max Unit 

1 !!S 

10 ms 

1.5 2.5 v 
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Table 1 0. Read Mode AC Characteristics for M28C16A and M28C17 A 
(TA = -40 to 85°C, Vee= 4.5V to 5.5V) 

Symbol A It Parameter Test Condition 

IAVQV IACC 
Address Valid to "E = v,L, G = v,L Output Valid 

IELQV IcE 
Chip Enable Low to 

G=VIL Output Valid 

IGLQV toE 
Output Enable Low to 

E=VIL Output Valid 

IEHOZ(l) Chip Enable High to -
I oF OutputH1-Z G=V1L 

IGHQZ(l) loF 
Output Enable High to 

E=VIL Output Hi-Z 

tAX OX toH 
Address Transition to 

E = v,L, G" = v,L 
Output Transition 

Note: 1 Output H1-Z IS defined as the pOint at wh1ch data 1s no longer driVen. 

Table 11. Read Mode AC Characteristics for M28C16-W 
(TA = -40 to 85°C, Vee= 2.7V to 3.6V) 

Symbol A It Parameter Test Condition 

IAVOV IACC 
Address Valid to 

E = v,L, G = v,L Output Valid 

tELQV IcE 
Chip Enable Low to 

G=VIL Output Valid 

IGLOV toE 
Output Enable Low to 

E=VIL Output Valid 

IEHOZ(l) toF 
Chip Enable High to 

G=VIL Output Hi-Z 

IGHOZ(l) toF 
Output Enable High to 

E=Vil Output Hi-Z 

tAx ox loH 
Address Transition to 

E = v,L, G = v,L Output Transition 

Note: 1. Output H1-Z 1s defined as the point at wh1ch data 1s no longer dnven. 

M28C16A I M28C17 A 

-15 -20 

min max min 

150 

150 

70 

0 50 0 

0 50 0 

0 0 

M28C16A I M28C17 A 

-25 -30 

min max min 

250 

250 

100 

0 70 0 

0 70 0 

0 0 

Unit 

max 

200 ns 

200 ns 

80 ns 

60 ns 

60 ns 

ns 

Unit 

max 

300 ns 

300 ns 

100 ns 

80 ns 

80 ns 

ns 

7120 
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Figure 7. Read Mode AC Waveforms 

AO-A10 

DQ0-007 

Note: Wnte Enable (W) =High 

Toggle bit (DQ6). The M28C16A/17A offers an
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, D06 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read any address in the memory. When the 
internal cycle is completed the toggling will stop and 
the device will be accessible for a new Read or 
Write operation. 

8/20 
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Ht-Z 

Al01511B 

Page Load Timer Status bit (DQS)Jn the Page 
Write mode data rnay be latched by E or W up to 
twHwH after the previous byte. Up to 32 bytes may 
be input. The Data output (D05) indicates the 
status of the internal Page Load Timer. D05 may 
be read by asserting Output Enable Low (tPLTs). 
D05 Low indicates the timer is running, High 



Table 12. Write Mode AC Characteristics for M28C16A and M28C17A 
(T A = -40 to 85°C, Vee = 4.5V to 5.5V) 

Symbol All Parameter Test Condition 

IAVWL lAS Address Valid to Write Enable Low E = v,L, G = v,H 

lA VEL lAs Address Valid to Chip Enable Low 'G = v,H, w = v,L 

-
IELWL leES Chip Enable Low to Write Enable Low G=ViH 

IGHWL toES 
Output Enable High to Write Enable 

E=Vil Low 

lGHEL toES Output Enable High to Chip Enable Low W=Vil 

lwLEL lwEs Write Enable Low to Chip Enable Low G=ViH 

lwLAX IAH Write Enable Low to Address Transition 

IELAX IAH Chip Enable Low to Address Transition 

- -
lwLOV tov Write Enable Low to Input Valid E = v,L, G = v,H 

- -
lELDV tov Chip Enable Low to Input Valid G = v,H, w = v,L 

tELEH twp Chip Enable Low to Chip Enable High 

lwHEH leEH Write Enable High to Chip Enable High 

IWHGL toEH 
Write Enable High to Output Enable 
Low 

IEHGL loEH Chip Enable High to Output Enable Low 

IEHWH lwEH Chip Enable High to Write Enable High 

IWHOX toH Write Enable High to Input Transition 

IEHDX toH Chip Enable High to Input Transition 

lwHWL twPH Wnte Enable High to Write Enable Low 

lwLWH tWP Write Enable Low to Write Enable High 

twHWH IsLe Byte Load Repeat Cycle Time ·-

lWHRH !we Write Cycle Time 

twHRL los Write Enable High to Ready/Busy Low Note 1 

IE HAL los Chip Enable High to Ready/Busy Low Note 1 

lovwH los Data Valid before Write Enable High 

tovEH los Data Valid before Chip Enable High 

Note: 1. With a 3 3 kn external pull-up reststor. 

M28C16A, M28C17 A 

Min Max Unit 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

100 ns 

100 ns 

1 JlS 

1 JlS 

100 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

200 ns 

100 ns 

0.2 30 JlS 

5 ms 

100 ns 

100 ns 

50 ns 

50 ns 
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Table 13. Write Mode AC Characteristics for M28C16-W 
(TA = -40 to 85°C, Vee= 2.7V to 3.6V) 

Symbol A It 

IAVWL 

tAVEL 

IELWL ICES 

IGHWL loES 

IGHEL loES 

IWLEL lwES 

lwLAX 

IELAX 

tWLOV lov 

IELDV lov 

tELEH lwp 

IWHEH lcEH 

IWHGL IOEH 

tEHGL toEH 

twEH 

IWHDX loH 

tEHDX toH 

twPH 

lwLWH tWP 

IsLe 

twHRH I we 

lwHRL los 

IEHRL 

lovwH los 

IDVEH los 

Parameter 

Address Valid to Write Enable Low 

Address Valid to Chip Enable Low 

Chip Enable Low to Write Enable Low 

Output Enable High to Write Enable 
Low 

Output Enable High to Chip Enable Low 

Write Enable Low to Chip Enable Low 

Write Enable Low to Address Transition 

Chip Enable Low to Address Transition 

Write Enable Low to Input Valid 

Chip Enable Low to Input Valid 

Chip Enable Low to Chip Enable High 

Write Enable High to Chip Enable High 

Write Enable High to Output Enable 
Low 

Chip Enable High to Output Enable Low 

Chip Enable High to Write Enable High 

Write Enable High to Input Transition 

Chip Enable High to Input Transition 

Write Enable High to Write Enable Low 

Wnte Enable Low to Write Enable High 

Byte Load Repeat Cycle Time 

Write Cycle Time 

Write Enable High to Ready/Busy Low 

Chip Enable High to Ready/Busy Low 

Data Valid before Write Enable High 

Data Valid before Chip Enable Htgh 

Note. 1 W1th a 3 3 kn external pull-up res1stor. 

10/20 
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Test Condition Min Max Unit 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

200 ns 

200 ns 

f.IS 

f.IS 

200 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

200 ns 

200 ns 

0.4 50 f.IS 

5 ms 

Note 1 250 ns 

Note 1 250 ns 

50 ns 

50 ns 
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled 

AO-A10 

f+--1>/---tWHEH 

-----~+--4~tWHGL 

w 

OQ0-007 OATAIN 

~-----tDVWH------~-

~--.If- tWHRL 

AI01512 

Figure 9. Write Mode AC Waveforms- Chip Enable Controlled 

AO-A10 

w 

1+--1>/--- tEHWH 

000-007 DATA IN 
JIL--------------r------JI'~----
1+------ tDVEH tEHOX 

RB 
14---t- tEHRL 

A101513 
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Figure 10. Page Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

G 

w 

DQO-DQ7 

DOS 

RB 

--.--y---;:;;-;v---
·····'·-~ 

----------------------~ 

. . 

AI01514 

Figure 11. Data Polling Waveform Sequence 

AO-A10 Address of the last byte of the Page Wr~e ~nstrucllon v----"--
"'T\___j 

w 

' 
DO? ----r--cr-

' DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

AI01516 
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Figure 12. Toggle Bit Waveform Sequence 

AO-A10 

-
E 

w 

DQ6 

LAST WRITE 

Note: 1. F~rst Toggle bit is forced to '0' 

______ ( 
.. , 0 1\ ri 

\......J : \......J \......J L 
' ' 
' ' .. , 0 {"\ ri 

\___} : \___} \___} ~ 

·--~ ~ - -----:'L-

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI01517 
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ORDERING INFORMATION SCHEME 

Example: M28C16 - 20 W NS 6 T 

Device Identifier 

C16 RB available only 
fortheT80P 
package 

C17 RB available 

Speed 

15'11 150ns 

20 ' 11 200 ns 

25 (21 250ns 

30'21 300ns 

I I Operating Voltage 

blank 4.5V to 5.5V 
5mswrite 

w 2.7Vto3.6V 
5ms write 

Notes: 1. Available for M28C16Aand M28C17A only 
2. Available for "W" Operating Voltage only. 

I I Package 

BG PDIP24 

B8 PDIP28 

KA PLCC32 

MG 8024 
300 mils 

M8 8028 
300 mils 

N8 T80P28 
8 x 13.4mm 

I I 

Option 

T Tape & Reel 
Packing 

Temperature Range 

6 -40 to 85 oc 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

For a list of available options (Speed, Package, etc ... ) or for further information on any aspect of this device, 
please contact the STMicroelectronics Sales Office nearest to you. 

14/20 
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Symb 

A 

A1 

A2 

B 

81 

c 
D 

D2 

E 

E1 

e1 

eA 

eB 

L 

s 
(X 

N 

Drawmg is not to scale. 
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PDIP24- 24 pin Plastic DIP, 600 mils width 

mm 

Typ Min Max 

- 5.08 

0.38 -
3.56 4.06 

0.45 - -

1.27 - -

0.20 0.30 

31.45 32.20 

27.94 - -

15.24 - -

13.97 14.10 

2.54 - -
14.99 - -

15.24 17.78 

3.30 - -

1.78 2.08 

oo 100 

24 

A 

L 

81 

E1 E 

inches 

Typ Min 

-

0.015 

0.140 

0.018 -

0.050 -

0.008 

1.238 

1.100 -

0.600 -

0.550 

0.100 -

0.590 -
0.600 

0.130 -

0.070 

oo 
24 

J '-' \. 

[ I I \ .... 
~!,-a 

eA c ... ~ 

eB 

PDIP 

Max 

0.200 

-

0.160 

-
-

0.012 

1.267 

-

-

0.555 

-
-

0.700 

-

0.082 

100 

15/20 

305 



M28C16A, M28C17A 

PDIP28 - 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A - 5.08 - 0.200 

A1 0.38 - O.D15 -

A2 3.56 4.06 0.140 0.160 

B 0.38 0.51 0.015 0.020 

81 1.52 - - 0.060 - -

c 0.20 0.30 0.008 0.012 

D 36.83 37.34 1.450 1.470 

02 33.02 - - 1.300 - -

E 15.24 - - 0.600 - -

E1 13.59 13.84 0.535 0.545 

e1 2.54 - - 0.100 - -

eA 14.99 - - 0.590 - -

eB 15.24 17.78 0.600 0.700 

L 3.18 3.43 0.125 0.135 

s 1.78 2.08 0.070 0.082 

a oo 100 oo 10° 

N 28 28 

A J '------' t 
f \ I 

4-(J. .. L ~ 

B1 
eA 

c .. I. 

eB 

E1 E 

PDIP 

Drawtng 1s not to scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm 

Typ Min 

A 2.54 

A1 1.52 

A2 -
B 0.33 

81 0.66 

D 12.32 

D1 11.35 

02 9.91 

E 14.86 

E1 13.89 

E2 12.45 

e 1.27 -
F 0.00 

R 0.89 -

N 32 

Nd 7 

Ne 9 

CP 

D 
01 

I 

~ E1 E 

PLCC 

Drawing 1s not to scale. 

Max 

3.56 

2.41 

0.38 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-
0.25 

-

0.10 

t 
R 

Inches 

Typ Min Max 

0.100 0.140 

0.060 0.095 

- O.Q15 

O.Q13 0.021 

0.026 0.032' 

0.050 

0.035 

0.485 0.495 

0.447 0.455 

0.390 0.430 

0.585 0.595 

0.547 0.555 

0.490 0.530 

- -
0.000 0.010 

- -

32 

7 

9 

0.004 

A2 

I I I 

D2/E2 6~' 
I I I 

1.14 (.045) 

o CP 
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S024- 24 lead Plastic Small Outline, 300 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.46 2.64 0.097 0.104 

A1 0.13 0.29 0.005 0.011 

A2 2.29 2.39 0.090 0.094 

B 0.35 0.48 0.014 0.019 

c 0.23 0.32 0.009 0.013 

D 15.20 15.60 0.59S 0.614 

E 7.42 7.59 0.292 0.299 

e 1.27 - - 0.050 - -

H 10.16 10.41 0.400 0.410 

L 0.61 1.02 0.024 0.040 

a oo so oo so 

N 24 24 

CP 0.10 0.004 

i 
' I 

E H I 

SO-b 

Drawing is not to scale. 
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S028 - 28 lead Plastic Small Outline, 300 mils body width 

Symb 
mm 

Typ Min 

A 2.46 

A1 0.13 

A2 2.29 

B 0.35 

c 0.23 

D 17.S1 

E 7.42 

e 1.27 -
H 10.16 

L 0.61 

()( oo 

N 2S 

CP 

E H 

SO-b 

Drawing IS not to scale 

Max 

2.64 

0.29 

2.39 

0.4S 

0.32 

1S.06 

7.59 

-

10.41 

1.02 

so 

0.10 

I 
I 

I 

Typ 

0.050 

I 
I 

I 

inches 

Min Max 

0.097 0.104 

0.005 0.011 

0.090 0.094 

0.014 0.019 

0.009 O.D13 

0.701 0.711 

0.292 0.299 

- -

0.400 0.410 

0.024 0.040 

oo so 

2S 

0.004 
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TSOP28 • 28 lead Plastic Thin Small Outline, 8 x 13.4mm 

Symb 
mm 

Typ Min 

A 

A1 

A2 0.9S 

B 0.17 

c 0.10 

D 13.20 

01 11.70 

E 7.90 

e 0.55 -
L o.so 
a oo 

N 28 

CP 

2 ~----

I 

2~t 

7 

01 

D 

TSOP-c 

Drawing is not to scale. 
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21 

8 

Max 

1.2S 

0.20 

1.1S 

0.27 

0.21 

13.60 

11.90 

8.10 

0.70 

so 

0.10 

I ; E 

I 

' i 
I 

inches 

Typ Min 

0.037 

0.007 

0.004 

O.S20 

0.461 

0.311 

0.022 

0.020 

oo 

28 

~' 

i 
' i 

I I I 
I I I 

Max 

0.049 

0.008 

0.04S 

0.011 

0.008 

O.S35 

0.469 

0.319 

-
0.028 

so 

0.004 



M28C16B 
M28C17B 

16 Kbit (2K x 8) Parallel EEPROM 
With Software Data Protection 

• Fast Access Time: 90 ns at Vee=5V 

• Single Supply Voltage: 

- 4.5 V to 5.5 V for M28CxxB 

- 2.7 V to 3.6 V for M28CxxB-W 

• Low Power Consumption 

11 Fast BYTE and PAGE WRITE (up to 64 Bytes) 

- 3 ms at Vee=4.5 V 

- 5 ms at Vee=2.7 V 

• Enhanced Write Detection and Monitoring: 

- Data Polling 

- Toggle Bit 

- Page Load Timer Status 

• JEDEC Approved Bytewide Pin-Out 

• Software Data Protection 

• 100000 Erase/Write Cycles (minimum) 

• Data Retention (minimum): 40 Years 

DESCRIPTION 
The M28C168 and M28C178 devices consist of 
2048x8 bits of low power, parallel EEPROM, fabri
cated with STMicroelectronics' proprietary single 
polysilicon CMOS technology. The devices offer 
fast access time, with low power dissipation, and 
require a single voltage supply. 

Table 1. Signal Names 

AO-A10 Address Input 

DOD-DO? Data Input I Output 

w Write Enable 

E Chip Enable 

G Output Enable 

RB Ready/Busy (M28C17B only) 

Vee Supply Voltage 

Vss Ground 

PRELIMINARY DATA 

•', ·~~ 
·~·· 

PLCC32 (K) 

Figure 1. Logic Diagram 

AO-A10 

w 
E 

G 

11 

Vee 

M28C16B 
M28C17B 

Vss 

8 

DQO-D07 

RB 
(M28C17B only) 

AI02816 

March 1999 1/16 
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Figure 2A. PLLC Connections 

r-.() 
<tZ 

A6 AS 
A5 A9 
A4 NC 
A3 NC 
A2 G 
A1 A10 
AO E 
NC DQ7 

DQO DQ6 

T""" N (/)(.) M ~I.{) 

gg~zggg 
A102817 

Note: 1. NC = Not Connected 

The M28C17B is like the M28C16B in ey_ery way, 
except that it has an extra ready/busy (RB) output. 
The device has been designed to offer a flexible 
microcontroller interface, featuring software hand
shaking, with Data Polling and Toggle Bit. The de
vice supports a 64 byte Page Write operation. 
Software Data Protection (SDP) is also supported, 
using the standard JEDEC algorithm. 

SIGNAL DESCRIPTION 
The external connections to the device are sum
marized in Table 1, and their use in Table 3. 
Addresses (AO-A10). The address inputs are 
used to select one byte from the memory array 
during a read or write operation. 
Data In/Out (DQO-DQ7). The contents of the data 
byte are written to, or read from, the memory array 
through the Data 1/0 pins. 
Chip Enable (E). The chip enable input must be 
held low to enable read and write operations. 
When Chip Enable is high, power consumption is 
reduced. 
Output Enable (G). The Output Enable input con
trols the data output buffers, and is used to initiate 
read operations. 
Write Enable (W). The Write Enable input controls 
whether the addressed location is to be read, from 
or written to. 
Ready/Busy (RB). Ready/Busy (on the M28C17B 
only) is an open drain output that can be used to 
detect the end of the internal write cycle. 

2/16 
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Figure 28. PLLC Connections 

A6 
A5 
A4 

A3 
A2 
A1 
AO 
NC 

DQO 

r-.() 
<tZ 

() 
z 

&8 ~~8313 
DO> 000 

Note: 1. NC = Not Connected 

DEVICE OPERATION 

AS 
A9 
NC 
NC 
G 
A10 
E 
DQ7 
DQ6 

AI02830 

In order to prevent data corruption and inadvertent 
write operations, an internal Vee comparator in
hibits the Write operations if the Vee voltage is 
lower than Vw1 (see Table 4A). Once the voltage 
applied on the Vee pin goes over the Vw1 thresh
old (Vcc>VwJ), write access to the memory is al
lowed after a time-out tpuw. as specified in Table 
4A. 
Further prote_gtion C!Qainst data corruption is of
fered b.Y the E._ and W low pass filters: any glitch, 
on the E and W inputs, with a pulse width less than 
10 ns (typical) is internally filtered out to prevent 
inadvertent write operations to the memory. 
Read 
The device is accessed like a static RAM. When E 
and G are low, and W is high, the contents of the 
addressed location are 12res~ted on the 1/0 pins. 
Otherwise, when either G orE is high, the 1/0 pins 
revert to their high impedance state. 
Write 
Write operations are initiated when both W and E 
are low and G is high. The device supports both 
W-controlled and E-controlled write cycles (as 
shown in Figure 11 and Figure 12). The address is 
latched during the falling edge of W or E (which 
ever occurs la.!gr) a_l]d the data is latched on the 
rising edge of W orE (which ever occurs first). Af
ter a delay, twLOSH. that cannot be shorter than the 
value specified in Table 1 OA, the internal write cy
cle starts. It continues, under internal timing con
trol, until the write operation is complete. The 
commencement of this period can be detected by 
reading the Page Load Timer Status on DQ5. The 
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Table 2. Absolute Maximum Ratings 1 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 'C 

TsrG Storage Temperature -65 to 150 'C 

Vee Supply Voltage -0.3 to 6.5 v 
V1o Input or Output Voltage -0.6 to Vcc+0.6 v 
VI Input Voltage -0.3 to 6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) 2 4000 v 
Note: 1. Except for the rat1ng Operatmg Temperature Range , stresses above those listed 1n the Table Absolute Max1mum Ratmgs may 

cause permanent damage to the device. These are stress ratings only, and operation of the dev1ce at these or any other conditions 
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating condi· 
lions for extended periods may affect device reliability. Refer also to the ST SURE Program and other relevant quality documents. 

2. MIL·STD·883C, 3015.7 (100 pF, 1500 n) 

Figure 3. Block Diagram 

A6-A10 
(Page Address) 

AO·AS 

16K ARRAY 

DQ0-007 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI02818 
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Table 3. Operating Modes 1 

Mode E G 

Stand-by 1 X 

Output Disable X 1 

Write Disable X X 

Read 0 0 

Write 0 1 

Chip Erase 0 v 

end of the cycle can be detected by reading the 
status of the Data Polling and the Toggle Bit func
tions on DQ7 and DQ6. 
Page Write 
The Page Write mode allows up to 64 bytes to be 
written on a single page in a single go. This is 
achieved through a series of successive Write op
erations, no two of which are separated by more 
than the twL05H value (as specified in Table 10A). 
The page write can be initiated during any byte 
write operation. Following the first byte write in
struction the host may send another address and 
data with a minimum data transfer rate of: 
1/twL05H-
The internal write cycle can start at any instant af
ter twL05H- Once initiated, the write operation is in
ternally timed, and continues, uninterrupted, until 
completion. 
All bytes must be located on the same page ad
dress (A 1 O-A6 must be the same for all bytes). 

w DQO-DQ7 

X Hi-Z 

X Hi-Z 

1 Hi-Z 

1 Data Out 

0 Data In 

0 Hi-Z 

Otherwise, the Page Write operation is not execut
ed. 
As with the single byte Write operation, described 
above, the DQ5, DQ6 and DQ7 lines can be used 
to detect the beginning and end of the internally 
controlled phase of the Page Write cycle. 
Software Data Protection (SOP) 
The device offers a software-controlled write-pro
tection mechanism that allows the user to inhibit all 
write operations to the device. This can be useful 
for protecting the memory from inadvertent write 
cycles that may occur during periods of instability 
(uncontrolled bus conditions when excessive 
noise is detected, or when power supply levels are 
outside their specified values). 
By default, the device is shipped in the "unprotect
ed" state: the memory contents can be freely 
changed by the user. Once the Software Data Pro
tection Mode is enabled, all write commands are 

Table 4A. Power-Up Timing 1 for M28CxxB (5V range) 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V) 

·Symbol Parameter 

tPUR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee~ Vw1) 

Vwr Write Inhibit Threshold 

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

Table 48. Power-Up Timing 1 for M28CxxB-W (3V range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Parameter 

tpuR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee~ Vw1) 

Vwr Write Inhibit Threshold 

Note. 1. Sampled only, not 100% tested. 
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Min. Max. Unit 

1 ~s 

10 ms 

3.0 4.2 v 

Min. Max. Unit 

1 ~s 

15 ms 

1.5 2.5 v 



M28C16B, M28C17B 

Figure 4. Software Data Protection Enable Algorithm and Memory Write 

Page Write 
Timing 

(see note 1) 

SOP is set 

SOP Enable Algorithm 

Page Write 
Timing 

(see note 1) 

Write to Memory 
When SOP is SET 

AI02819 

Wrije 
is Enabled 

Note: 1. The most significant address bits (A 10 to AS) differ during these specific Page Write operations. 

ignored, and have no effect on the memory con· 
tents. 
The device remains in this mode until a valid Soft· 
ware Data Protection disable sequence is re
ceived. The device reverts to its "unprotected" 
state. 
The status of the Software Data Protection (en
abled or disabled) is represented by a non-volatile 
latch, and is remembered across periods of the 
power being off. 
The Software Data Protection Enable command 
consists of the writing of three specific data bytes 
to three specific memory locations (each location 
being on a different page), as shown in Figure 4. 
Similarly to disable the Software Data Protection, 
the user has to write specific data bytes into six dif-

Figure 5. Status Bit Assignment 

007 DOS DOS 004 003 002 001 DOO 

DP I TB I PL TS I Hi·Z I Hi·Z I Hi·Z I Hi·Z I Hi·Z I 
DP 
TB 
PLTS 
Hi·Z 

=Data Polling 
=Toggle Bit 
= Page Load Timer Status 
= High impedance 

AI02815 

ferent locations, as shown in Figure 6. This com
plex series of operations protects against the 
chance of inadvertent enabling or disabling .of the 
Software Data Protection mechanism. 

Figure 6. Software Data Protection Disable 
Algorithm 

Page Write 
Timing 

Unprotected State 

AI02820 
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Figure 7. Chip Erase AC Waveforms 

1+--~tWHEH 

w 

tELWL --J.oi-----t-1+--- tWLWH2 ---~- tWHRH 

AI01484B 

Table 5. Chip Erase AC Characteristics 1 

(TA- 0 to 70 oc or -40 to 85 oc· Vee= 4 5 to 55 V or 2.7 to 3.6 V) - ' 
Symbol Parameter 

tELWL Chip Enable Low to Write Enable Low 

twHEH Write Enable High to Chip Enable High 

twLWH2 Write Enable Low to Write Enable High 

tGLWH Output Enable Low to Write Enable High 

twHRH Write Enable High to Write Enable Low 

Note· 1. Sampled only. not 100% tested. 

When SDP is enabled, the memory array can still 
have data written to it, but the sequence is more 
complex (and hence better protected from inad
vertent use). The sequence is as shown in Figure 
4. This consists of an unlock key, to enable the 
write action, at the end of which the SDP continues 
to be enabled. This allows the SDP to be enabled, 
and data to be written, within a single Write cycle 
(twe). 
Software Chip Erase 
The contents of the entire mem01y are erased (set 
to FFh) by holding C!!ip Enable (E) low, and hold
ing Output Enable (G) at Vee+7.0V. The chip is 
cleared when a 10 ms low pulse is applied to the 
Write Enable (W) signal (see Figure 7 and Table 5 
for details). 

Status Bits 
The devices provide three status bits (DQ7, DQ6 
and DQ5), for use during write operations. These 
allow the application to use the write time latency 
of the device for getting on with other work. These 
signals are available on the 1/0 port bits DQ7, DQ6 
and DQ5 (but only during programming cycle, 
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Test Condition Min. Max. Unit 

G=Vcc+7V 1 IJS 

G=Vcc+7V 0 ns 

G=Vcc+7V 10 ms 

G=Vcc+7V 1 IJS 

G=Vcc+7V 3 ms 

once a byte or more has been latched into the 
memory). 
Data Polling bit (DQ7). The internally timed write 
cycle starts after twL05H (defined in Table 1 OA) 
has elapsed since the previous byte was latched in 
to the memory. The value of the DQ7 bit of this last 
byte, is used as a signal throughout this write op
eration: it is inverted while the internal write oper
ation is underway, and is inverted back to its 
original value once the operation is complete. 
Toggle bit (DQS). The device offers another way 
for determining when the internal write cycle is 
completed. During the internal Erase/Write cycle, 
DQ6 toggles from '0' to '1' and '1' to '0' (the first 
read value being '0') on subsequent attempts to 
read any byte of the memory. When the internal 
write cycle is complete, the toggling is stopped, 
and the values read on DQ7 -DQO are those of the 
addressed memory byte. This indicates that the 
device is again available for new Read and Write 
operations. 
Page Load Timer Status bit (DQ5). An internal 
timer is used to measure the period between sue-



Table GA. Read Mode DC Characteristics for M28CxxB (SV range) 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 V :OV1N :0 Vee 

ILO Output Leakage Current 0 V:>VouT:>Vcc 

Supply Current (TTL inputs) E = V1L, G = V1L , I= 5 MHz 
Icc 1 

Supply Current (CMOS inputs) E = V,L, G = V1L , I = 5 MHz 

lcc1 1 Supply Current (Stand-by) TTL E=VIH 

lcc2 1 Supply Current (Stand-by) CMOS E> Vee- 0.3V 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL=2.1 mA 

VoH Output High Voltage loH = -400 ~A 

Note: 1. All inputs and outputs open CirCUit 

Table 68. Read Mode DC Characteristics for M28CxxB-W (3V range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 V:>V1N :0 Vee 

ILO Output Leakage Current 0 V :> Vour:> Vee 

1 
E = VIL, G = VIL' I= 5 MHz, Vee= 3.3V 

Supply Current (CMOS inputs) Icc 
E = V1L. G = V1L, I= 5 MHz, Vee= 3.6V 

lcc2 1 Supply Current (Stand-by) CMOS 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH Output High Voltage 

Note. 1. All1nputs and outputs open c1rcu1t 

cessive Write operations, up to twL05H (defined in 
Table 1 OA). The 005 line is held low to show 
when this timer is running (hence showing that the 
device has received one write operation, and is 
waiting for the next). The 005 line is held high 
when the counter has overflowed (hence showing 
that the device is now starting the internal write to 
the memory array). 

E> Vee- 0.3V 

loL = 1.6 mA 

loH = -400 ~A 

M28C16B, M28C17B 

Min. Max. Unit 

10 ~A 

10 ~A 

30 mA 

25 mA 

1 mA 

100 ~A 

-0.3 0.8 v 
2 Vee+ 0.5 v 

0.4 v 
2.4 v 

Min. Max. Unit 

10 ~A 

10 ~A 

8 mA 

10 mA 

20 ~A 

-0.3 0.6 v 

2 Vee+ 0.5 v 

0.2 Vee v 

0.8 Vee v 
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M28C16B, M28C17B 

Table 7. Input and Output Parameters 1 (T A= 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min. Max. Unit 

c,N Input Capacitance V1N=O V 6 pF 

CouT Output Capacitance VouT = 0 V 12 pF 

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

Table 8. AC Measurement Conditions 

Input Rise and Fall Times ~20 ns 

Input Pulse Voltages 0.4 V to 2.4 V 

Input and Output Timing Reference Voltages 0.8 Vto 2.0 V 

Figure 8. AC Testing Input Output Waveforms Figure 9. AC Testing Equivalent Load Circuit 

2.4V~ 

0.4V 

2.0V 

o.ev 

A102821 
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DEVICE 
UNDER 
TEST 

CL includes JIG capacitance 

OUT 

AI02102B 



Table 9A. Read Mode AC Characteristics for M28CxxB (SV range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Symbol Alt. Parameter 
Test 

Condition 

Min 

tAVQV tACC Address Valid to Output Valid 
E=V1L. 
G=VIL 

tELQV teE Chip Enable Low to Output Valid G =VIL 

IGLQV toE Output Enable Low to Output Valid E =VIL 

tEHOZ1 IDF Chip Enable High to Output Hi·Z G =VIL 0 

tGHOZ1 toF Output Enable High to Output Hi-Z E =VIL 0 

IAXQX toH Address Transition to Output Transition 
E=VIL. 

0 
G=VIL 

Note. 1. Output H1-Z 1s defined as the po1nt at wh1ch dala IS no longer dnven. 

Table 98. Read Mode AC Characteristics for M28Cxx8-W (3V range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Alt. Parameter 
Test 

Condition 

Min 

tAVQV IACC Address Valid to Output Valid 
E=VIL. 
G=ViL 

IELQV IcE Chip Enable Low to Output Valid G =V1L 

IGLQV toE Output Enable Low to Output Valid E =VIL 

IEHOZ1 toF Chip Enable High to Output Hi-Z G =VIL 0 

IGHOZ1 toF Output Enable High to Output Hi-Z E=VIL 0 

IAXQX toH Address Transition to Output Transition 
E=V1L. 

0 
G=VIL 

Note: 1. Output H1-Z IS def1ned as the po1nt at which data 1s no longer dnven. 

M28C16B,M28C17B 

M28CxxB 

-90 -12 Unit 

Max Min Max 

90 120 ns 

90 120 ns 

40 45 ns 

40 0 45 ns 

40 0 45 ns 

0 ns 

M28CxxB-W 

-12 -15 Unit 

Max Min Max 

120 150 ns 

120 150 ns 

80 80 ns 

45 0 50 ns 

45 0 50 ·ns 

0 ns 
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M28C16B, M28C17B 

Table 10A. Write Mode AC Characteristics for M28Cxx8 (5V range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Symbol Alt. Parameter Test Condition 

tAVWL lAS Address Valid to Write Enable Low E = ViL. G = ViH 

lA VEL lAS Address Valid to Chip Enable Low G = ViH. W = ViL 

IELWL ICES Chip Enable Low to Wnte Enable Low G =ViH 

IGHWL loES Output Enable High to Write Enable Low E =ViL 

IGHEL loES Output Enable High to Chip Enable Low W=ViL 

IWLEL IWES Write Enable Low to Chip Enable Low G =ViH 

twLAX IAH Write Enable Low to Address Transition 

tELAX tAH Chip Enable Low to Address Transition 

IWLOV tov Write Enable Low to Input Valid E = ViL. G = ViH 

IELOV tov Chip Enable Low to Input Valid G = viH· w = viL 

tELEH lwp Chip Enable Low to Chip Enable High 

twHEH tcEH Write Enable High to Chip EnaiJie High 

twHGL toEH Write Enable High to Output Enable Low 

lEHGL toEH Chip Enable High to Output Enable Low 

tEHWH twEH Chip Enable High to Write Enable High 

twHOX toH Write Enable High to Input Transition 

tEHOX toH Chip Enable High to Input Transition 

IWHWL IWPH Write Enable High to Write Enable Low 

IWLWH twp Write Enable Low to Write Enable High 

IWLQSH IsLe Time-out After the Last Byte Write 

IQSHQSX twc Write Cycle Time 

tovwH los Data Valid before Write Enable High 

tovEH tos Data Valid before Chip Enable High 

10/16 
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M28C17B 
Unit 

Min Max 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

50 ns 

50 ns 

1 ~s 

1 ~s 

50 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

50 ns 

50 ns 

100 ~s 

3 ms 

50 ns 

50 ns 



Table 108. Write Mode AC Characteristics for M28CxxB-W (3V range) 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Alt. Parameter Test Condition 

IAVWL lAS Address Valid to Write Enable Low E = VtL. G = VtH 

lA VEL lAS Address Valid to Chip Enable low G = VtH. W = VtL 

IELWL teES Chip Enable Low to Write Enable Low G=VtH 

tGHWL toES Output Enable High to Write Enable low E=VtL 

IGHEL toES Output Enable High to Chip Enable Low W=VtL 

twLEL twES Write Enable Low to Chip Enable Low G=VtH 

IWLAX tAH Write Enable Low to Address Transition 

IE LAX tAH Chip Enable Low to Address Transition 

twwv tov Write Enable Low to Input Valid E = VtL. G = VtH 

IELOV tov Chip Enable Low to Input Valid G = VtH, W = VtL 

IELEH twp Chip Enable Low to Chip Enable High 

twHEH leEH Write Enable High to Chip Enable High 

IWHGL loEH Write Enable High to Output Enable Low 

IEHGL IOEH Chip Enable High to Output Enable low 

IEHWH lwEH Chip Enable High to Write Enable High 

IWHOX toH Write Enable High to Input Transition 

IEHOX toH Chip Enable High to Input Transition 

twHWL twPH Write Enable High to Write Enable low 

IWLWH twP Write Enable low to Write Enable High 

twLOSH IsLe Time-out after the last byte write 

losHOSX twe Write Cycle Time 

tovwH tos Data Valid before Write Enable High 

tovEH los Data Valid before Chip Enable High 

M28C168, M28C178 

M28C17B-xxW 
Unit 

Min Max 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

100 ns 

100 ns 

1 (JS 

1 (JS 

100 1000 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

50 1000 ns 

100 ns 

100 (JS 

5 ms 

50 ns 

50 ns 
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M28C16B, M28C17B 

Figure 1 0. Read Mode AC Waveforms (with Write Enable, W, high) 

AO-A10 

-
E 

G 

DQ0-007 
HI·Z 

AI02622 

Note: 1. Wnte Enable {W) = V1H 

Figure 11. Write Mode AC Waveforms (Write Enable, W, controlled) 

AO·A10 

1+--*- tWHEH 

G 

--------~.-~~tWHGL 

w 

DQ0-007 DATA IN 

1+------tDVWH------~-

1+----t- !WHRL 

A102823 
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M28C16B, M28C17B 

Figure 12. Write Mode AC Waveforms (Chip Enable, E, controlled) 

AO-A10 VALID 

lA VEL__. +-- tELAX 

j+tGHEL tELEH 

__} \ 

w 
~tWLEL_. J tEHGL 

I 
+tELDv-. tEHWH 

DQO-DQ7 DATA IN I 
IDVEH tEHD~ 

RB \ 
_I tEHRL 

AI02824 

~ n n n ... r.-_"\ n II--

w 

DOO-DQ7 (in) ---If·------· 

DOS (out) 

AI02825 
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M28C168, M28C17B 

Figure 14. Software Protected Write Cycle Waveforms 

G 

.... \_/\_} 

w 
tWHW: ••• ~ 

AO-A5 

A6-A10 Page Address 

DQO-DQ? Byte 62 X Byte 63 '[_ 

AI02826 

Note. 1. A10 to A6 must spec1fy the same page address during each high-to-low transit1on of W (or E). G must be high only when Wand E 
are both low 

Figure 15. Data Polling Sequence Waveforms 

AO-A10 Address of the last byte of the Page Write instruction v-__ ____.A_ 

---f\_j 

G 

w 

DQ7 ---+-<=>-
' OQ7 

Last WRITE Internal Write Sequence Ready 

Al02827 
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Figure 16. Toggle Bit Sequence Waveforms 

AO-A10 

E 

w 

DQ6 

M28C16B, M28C17B 

_____ '( 
' 

.. , 0 1\ ri 
\._j : \._j \._j L 

' ' 

··~:! 
' ' : 

~' 

' 
' 

last WRITE TOGGLE 
Internal Wnte Sequence 

Ready 

Note: 1. The Toggle B1t is first set to '0'. 

Table 11. Ordering Information Scheme 

Example: M28C16 - 120 w 

Ready/Busy 

16 Pin 1 = Not Connected 

17 Pin 1 = Ready/Busy 

Speed 

90 90 ns (5V range only) 

120 120 ns 

150 150 ns (3V range only) 

Operating Voltage 

blank 4.5 Vto 5.5 V 

w 2.7V to3.6 V 

ORDERING INFORMATION 
Devices are shipped from the factory with the 
memory content set at all '1 's (FFh). 
The notation used for the device number is as 
shown in Table 11. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 

A102828 

K 6 TR 

Option 

TR Tape and Reel Packing 

Temperature Range 

0 octo 70 oc 

6 --40 oc to 85 oc 

Package 

K PLCC32 

15/16 
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M28C16B,M28C17B 

Table 12. PLCC32- 32 lead Plastic Leaded Chip Carrier, rectangular 
mm inches 

Symbol 
Typ. Min. Max. Typ. Min. Max. 

A 2.54 3.56 0.100 0.140 

A1 1.52 2.41 0.060 0.095 

A2 - 0.38 - O.Q15 

8 0.33 0.53 0.013 0.021 

81 0.66 0.81 0.026 0.032 

0 12.32 12.57 0.485 0.495 

01 11.35 11.56 0.447 0.455 

02 9.91 10.92 0.390 0.430 

E 14.86 15.11 0.585 0.595 

E1 13.89 14.10 0.547 0.555 

E2 12.45 13.46 0.490 0.530 

e 1.27 - - 0.050 - -
F 0.00 0.25 0.000 0.010 

R 0.89 - - 0.035 - -
N 32 32 

Nd 7 7 

Ne 9 9 

CP 0.10 0.004 

Figure 17. PLCC (K) 

D 
01 A2 

- ..c.l:U:l.. - .=:±1::=--x __ 1_N __ 

0 81 

I I 

Ne: ~ 

~-~-":':~~ 
~ E1 E F D2/E2 

51 (.020) 

1.14 (.045) L---lbH 

t 
R 

PLCC 

Note: 1. Drawing is not to scale. 
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M28C64C 
M28C64X 

64 Kbit (8Kb x8) Parallel EEPROM 

• FAST ACCESS TIME: 150ns 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION 
• FAST WRITE CYCLE 

- 32 Bytes Page Write Operation 
- Byte or Page Write Cycle: 5ms 

• ENHANCED END OF WRITE DETECTION 
- Ready/Busy Open Drain Output 

(for M28C64C product only) 
- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABILITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY 
- Endurance >100,000 Erase/Write Cycles 
- Data Retention >40 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 

DESCRIPTION 
The M28C64C is an 8 Kbit x8 low power Parallel 
EEPROM fabricated with STMicroelectronics pro
prietary single polysilicon CMOS technology. The 
device offers fast access time with low power dis
sipation and requires a 5V power supply. 
The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking mode with Ready/Busy, 
Data Polling and Toggle Bit. The M2BC64C sup
ports 32 byte page write operation. 

Table 1. Signal Names 

AO- A12 Address Input 

DQO- DQ7 Data Input I Output 

w Write Enable 

'E Chip Enable 

'G Output Enable 

RB Ready/Busy 

Vee Supply Voltage 

Vss Ground 

February 1999 

28 

PDIP28 (P) 

8028 (MS) 
300 mils 

Figure 1. Logic Diagram 

vee 

13 

M28C64C 

Vss 

PLCC32 (K) 

TSOP28 (N) 
8x13.4mm 

8 

DQO-DQ7 

RB 

AI00746B 
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M28C64C, M28C64X 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

1 '-' 28 ~ 
2 27p 
3 26~ 
4 25 p 
5 24 p 
6 23 p 
7 

M28C64C ~~ ~ 8 
9 20 p 
10 19 p 

RB vee 
A12 W 

A? DU 
A6 A8 
A5 A9 
A4 A11 
A3 G 
A2 A10 
A1 E 
AO DO? 

11 18 DQO DQ6 
12 17 DQ1 DQ5 
13 16 DQ2 DQ4 
14 15 Vss D03 

AI00747C 

Warning: DU = Don't Use. 

Figure 2C. SO Pin Connections 

RB Vee 
A12 w 
A? 26 DU 
A6 25 A8 
A5 24 A9 
A4 23 A11 
A3 

M28C64C 
22 G 

A2 21 A10 
A1 20 E 
AO 19 DQ7 

DQO 11 18 D06 
D01 12 17 DOS 
DQ2 13 16 DQ4 
Vss 14 15 DQ3 

AI00876C 

Warning: DU = Don't Use. 

PIN DESCRITPION 
Addresses (AO-A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 

2/14 

328 

C\J (.) 

!;( ~ ~~~ ~1:;: ~ 

A6 A8 
AS A9 
A4 A11 
A3 NC 
A2 G 
A1 A10 
AO E 
NC DQ7 

DQO DQ6 

~ C\J en:> t') v It) ggg>oggg 
AI00748D 

Warning: NC = Not Connected, DU = Don't Use. 

Figure 20. TSOP Pin Connections 

G A10 
A11 E 

A9 DQ7 
A8 DQ6 
DU DQ5 
w DQ4 

Vee DQ3 
RB Vss 

A12 DQ2 
A7 DQ1 
A6 DQO 
AS AO 
A4 A1 
A3 A2 

Warning: DU = Don't Use. 

Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 
Output Enable (G). The Output Enable input con
trols the data output buffers and is used to initiate 
read operations. 



M26C64C, M26C64X 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40to 125 oc 
TsrG Storage Temperature Range -65to150 oc 
Vee Supply Voltage -0.3to 6.5 v 
Vto Input/Output Voltage - 0.3 to Vee +0.6 v 
v, Input Voltage -0.3to6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 
Note: Except for the ratmg "Operat1ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratmgs" may 
cause permanent damage to the device. These are stress ratings only and operat1on of the device at these or any other cond1Uons above 
those indiCated in the Operattng secttons of this spectfication is not tmplted. Exposure to Absolute Maximum Rating conditions for extended 
periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and other relevant quality documents. 

Table 3. Operating Modes 

Mode E' 

Read VtL 

Write VtL 

Standby I Write Inhibit VtH 

Write Inhibit X 

Write Inhibit X 

Output Disable X 

Note: X = VtH or V1L 

Data In/ Out (DQO- DQ7). Data is written to or read 
from the M28C64C through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28C64C. 

Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 

OPERATION 

In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 

Read 

The M28C64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the 1/0 Q!ns._The 1/0 
pins are high impedance when eitherG orE is high. 

'G w DQO-DQ7 

VtL VtH Data Out 

VtH VtL Data In 

X X Hi-Z 

X VtH Data Out or Hi-Z 

VtL X Data Out or Hi-Z 

VtH X Hi-Z 

Write 

Write opera!!Qns are initiated when both W and E 
~e low2_nd G is high. The M28C64C supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which §Yer 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 

Page Write 

Page write allows up to 32 bytes to be consecu
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is AS- A12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 

Following the first byte write instruction the host 
may send another address and data !:!P to a maxi
mum of 1 OOJ.IS after the rising edge of E or_ W which 
ever occurs first (tsLc). If a transition of E or W is 
not detected within 1 OOJ.IS, the internal program
ming cycle will start. 
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M28C64C, M28C64X 

Figure 3. Block Diagram 

A5-A12 
(Page Address) 

AO·A4 

Microcontroller Control Interface 
The M28C64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the 1/0 port bits DO? or D06 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 003· DQ2 DQ1 DQO 

I DP I TB IPLTsl Hi-z I Hi-z I Hi-z I Hi-z I Hi-z I 
DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load nmer Status 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DO? the complementary value of the 
previously latched bit. Once the write cycle is fin
ished the true logic value appears on DO? in the 
read cycle. 

4/14 

330 

RB 

64K ARRAY 

DQO-DQ7 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

A100877C 

Toggle bit (DQ6). The M28C64C offers another 
way for determining when the internal write cycle 
is completed. During the internal Erase/Write cycle 
D06 will toggle from "0" to "1" and "1" to "0" (the 
first read value is "0") on subsequent attempts to 
read any address in the memory. When the internal 
cycle is completed the toggling will stop and the 
device will be accessible for a new Read or Write 
operation. 
Page Load Timer Status bit (DQS). In the Page 
Write mode data rnay be latched by E or W up to 
1 OOf!S after the previous byte. Up to 32 bytes may 
be 1nput. The Data output (D05) indicates the 
status of the internal Page Load Timer. D05 may 
be read by asserting Output Enable Low (tPLTs). 
D05 Low indicates the timer is running, High 
indicates time-out after which the write cycle will 
start and no new data may be input. 
Ready/Busy pin. The AB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 



M28C64C, M28C64X 

Table 4. AC Measurement Conditions Figure 6. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times :;; 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8Vto2.0V 

Note that Output H1·Z 1s defined as the point where data is no 
longer dnven. 

Figure 5. AC Testing Input Output Waveforms 

2.4V~ 

0.4V 

2 ov 

O.BV 

AI00826 

DEVICE 
UNDER 
TEST 

1.3V 

T 
CL includes JIG capacitance 

Table 5. Capacitance <1> (T A= 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min 

C1N Input Capacitance V1N= OV 

Cour Output Capacitance Vour = ov 
Note: 1. Sampled only, not 100% tested. 

Max 

6 

12 

Table 6. Read Mode DC Characteristics (TA = 0 to 70°C or-40 to 85°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV :£ V1N :£Vee 10 

ILO Output Leakage Current OV:SV1N :£Vee 10 

lee(1l Supply Current (TTL and CMOS inputs) E = VJL, G = V1L, f = 5 MHz 30 

lee1 (1) Supply Current (Standby) TTL E=VIH 2 

lcc2 (1) Supply Current (Standby) CMOS E > V cc --{).3V 100 

VJL Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2 Vee +0.5 

VoL Output Low Voltage loL= 2.1 rnA 0.4 

VoH Output High Voltage loH=-400 JlA 2.4 

Note: 1. All I/O's open circu1t. 

Table 7. Power Up Timing <1> (TA = 0 to 70°C or-40 to 85°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Min Max 

tPUR Time Delay to Read Operation 1 

tpuw Time Delay to Write Operation 10 

Note: 1. Sampled only, not 100% tested 

Al01129 

Unit 

pF 

pF 

Unit 

I' A 

JlA 

rnA 

rnA 

JlA 

v 
v 
v 
v 

Unit 

JlS 

ms 
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M28C64C, M28C64X 

Table 8. Read Mode AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C, Vee = 4.5V to 5.5V) 

M28C64C 

Symbol A It Parameter Test Condition -150 -200 -250 Unit 

min max min max min max 

lAVOY lAce 
Address Valid to E = v,L, 'G = v,L 150 200 250 ns Output Valid 

IELQV IcE 
Chip Enable Low to G=ViL 150 200 250 ns Output Valid 

IGLQV toE 
Output Enable Low to 

E=ViL 75 100 110 ns 
Output Valid 

IEHQZ(t) loF 
Chip Enable High to 

G=ViL 0 50 0 60 0 65 ns Output Hi-Z 

IGHOZ(I) loF 
Output Enable High to 

E=ViL 0 50 0 60 0 65 ns Output Hi-Z 

lAX OX loH 
Address Transition to E = ViL. G = ViL 0 0 0 ns Output Transition 

Note: 1. Output H1-Z 1s def1ned as the po1nt at wh1ch data IS no longer dnven. 

Figure 7. Read Mode AC Waveforms 

AO-A12 

-
E 

G 

DQO-DQ7 
H1-Z 

AI007498 

Note: Wnte Enable (W) = H1gh 
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M28C64C, M28C64X 

Table 9. Write Mode AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C, Vee= 4.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

IAVWL lAs Address Valid to Write Enable Low E = v,L, G = v,H 0 ns 

lA VEL lAs Address Valid to Chip Enable Low G" = v,H, w = v,L 0 ns 

IELWL IcEs Chip Enable Low to Write Enable Low G=ViH 0 ns 

IGHWL loES 
Output Enable High to Write Enable 

E=ViL 0 ns Low 

IGHEL IOES Output Enable High to Chip Enable Low W=VJL 0 ns 

lwLEL lwEs Write Enable Low to Chip Enable Low G=VJH 0 ns 

lwLAX IAH Write Enable Low to Address Transition 150 ns 

IELAX IAH Chip Enable Low to Address Transition 150 ns 

lwwv lov Write Enable Low to Input Valid E = v,L, G = v,H 1 11S 

tELDV tov Chip Enable Low to Input Valid G = v,H, w = v,L 1 11S 

lwLWH lwp Write Enable Low to Write Enable High 150 ns 

IELEH lwp Chip Enable Low to Chip Enable High 150 ns 

IWHEH ICEH Write Enable High to Chip Enable High 0 ns 

lwHGL loEH 
Write Enable High to Output Enable 10 ns 
Low 

IEHGL toEH Chip Enable High to Output Enable Low 10 ns 

IEHWH twEH Chip Enable High to Write Enable High 0 ns 

twHDX toH Write Enable High to Input Transition 0 ns 

IEHOX loH Chip Enable High to Input Transition 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 200 ns 

lwHWH IsLe Byte Load Repeat Cycle Time 0.35 50 J.IS 

lwHRH I we Write Cycle Time 5 ms 

lwHRL los Write Enable High to Ready/Busy Low Note 1 220 ns 

tEHRL los Chip Enable High to Ready/Busy Low Note 1 220 ns 

lovwH los Data Valid before Write Enable High 50 ns 

tovEH los Data Valid before Chip Enable High 50 ns 

Note: 1. With a 3.3 kQ external pull-up res1stor. 
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M28C64C, M28C64X 

Figure 8. Write Mode AC Waveforms - Write Enable Controlled 

AO·A12 

1+--*"-tWHEH 

G 

---------M+-~~IWHGL 

w 

DQO·DQ7 DATA IN 

1+------tDVWH----~~-

1+----1- tWHRL 

AI00750 

Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 

AO·A12 VALID 

i+IAVEL_. !+- IELAX 

j+-tGHEL IELEH 

w 

_) \ 
~IWLEL_. I tEHGL 

I 
+tELDV_. IEHWH 

DQO-DQ7 DATA IN X 
~ 

IEHox-=:1' tDVEH 

\ 
I' IEHRL 

AI00751 
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M28C64C, M28C64X 

Figure 10. Page Write Mode AC Waveforms- Write Enable Controlled 

AO-A12 
--.--y·-;:;;;;;;-v--
.......... t' .. ~ 

G 

w 

DQO-DQ7 

DOS 

RB 

AI00752C 

Figure 11. Data Polling Waveform Sequence 

AO-A12 

G 

w 

DQ7 

LAST WRITE 

Address of the last byte of the Page Wnte instruction v-__ ___,1\_ 

INTERNAL WRITE SEQUENCE 

---~ 

---~ 

' ---t-CJ-
' ' ' 

DQ7 

READY 

AI00753C 
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M28C64C, M28C64X 

Figure 12. Toggle Bit Waveform Sequence 

AO-A12 

w 

006 

_____ ___.( 
' ' .. , r? r-\ ri 

~ :~ ~ !L 
' ' 

··~ 

··~ 

LAST WRITE TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI007540 

Note: 1. F1rst Toggle brt IS forced to '0' 

ORDERING INFORMATION SCHEME 

Example: M28C64C 

Version Temperature Range 

c RB available -150 150 ns p Oto70°C 

X RB not bonded -200 200 ns K 6 -40 to 85 oc 
(pin NC) 

-250 250 ns MS S028 300 mils 

N TSOP28 
8 x 13.4mm 

For a list of available options (Speed, Package, etc ... ) or for further information on any aspect ofthis device, 
please contact the STMicroelectronics Sales Office nearest to you. 
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M28C64C, M28C64X 

PDIP28- 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 5.08 0.200 

A1 0.38 0.015 

A2 3.56 4.06 0.140 0.160 

B 0.38 0.51 0.015 0.020 

81 1.52 0.060 

c 0.20 0.30 0.008 0.012 

D 36.83 37.34 1.450 1.470 

02 33.02 1.300 

E 15.24 0.600 

E1 13.59 13.84 0.535 0.545 

e1 2.54 0.100 

eA 14.99 0.590 

eB 15.24 17.78 0.600 0.700 

L 3.18 3.43 0.125 0.135 

s 1.78 2.08 0.070 0.082 

a oo 10° oo 10° 

N 28 28 

J ~ ~ A 
: \ I\. 

L ~:' -a. 

B1 eA 
c-.~ 

eB 

E1 E 

PDIP 

Drawing is not to scale 
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M28C64C, M28C64X 

PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm 

Typ Min 

A 2.54 

A1 1.52 

A2 -

B 0.33 

B1 0.66 

D 12.32 

D1 11.35 

02 9.91 

E 14.86 

E1 13.89 

E2 12.45 

e 1.27 -

F 0.00 

R 0.89 -
N 32 

Nd 7 

Ne 9 

CP 

D 

01 

I 

~ E1 E 

PLCC 

Draw1ng is not to scale 

12114 

338 

Max 

3.56 

2.41 

0.38 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-
0.25 

-

0.10 

t 
R 

Typ 

0.050 

0.035 

inches 

Min Max 

0.100 0.140 

0.060 0.095 

- O.Q15 

O.Q13 0.021 

0.026 0.032 

0.485 0.495 

0.447 0.455 

0.390 0.430 

0.585 0.595 

0.547 0.555 

0.490 0.530 

- -

0.000 0.010 

- -
32 

7 

9 

0.004 

A2 

I 

D21E2 B~' 
I I I 

1.14 (.045) 

0 CP 



M28C64C, M28C64X 

S028 - 28 lead Plastic Small Outline, 300 mils body width 

Symb 
mm Inches 

Typ Min Max Typ Min Max 

A 2.46 2.64 0.097 0.104 

A1 0.13 0.29 0.005 0.011 

A2 2.29 2.39 0.090 0.094 

B 0.35 0.4S 0.014 0.019 

c 0.23 0.32 0.009 0.013 

D 17.S1 1S.06 0.701 0.711 

E 7.42 7.59 0.292 0.299 

e 1.27 - - 0.050 - -
H 10.16 10.41 0.400 0.410 

L 0.61 1.02 0.024 0.040 

(J. oo so oo so 

N 2S 2S 

CP 0.10 0.004 

.~& 
A[J{ }yc 

D 

I 
I 

E H 
i 

I 

SO-b 

Drawing is not to scale. 
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M28C64C, M28C64X 

TSOP28- 281ead Plastic Thin Small Outline, 8 x 13.4mm 

Symb 
mm 

Typ Min Max 

A 1.25 

A1 0.20 

A2 0.95 1.15 

B 0.17 0.27 

c 0.10 0.21 

0 13.20 13.60 

01 11.70 11.90 

E 7.90 8.10 

e 0.55 - -

L 0.50 0.70 

0: oo so 

N 28 

CP 0.10 

2 ~---- 21 
I ' 

2~t ; E 

' 

7 8 

01 

D 

~c 
TSOP-c 

Drawmg is not to scale. 
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I 
I 

inches 

Typ Min 

0.037 

0.007 

0.004 

0.520 

0.461 

0.311 

0.022 -

0.020 

oo 

28 

~' 

i 
I 

I 

! 

0 I 0 
0 0 I 

Max 

0.049 

0.008 

0.045 

0.011 

0.008 

0.535 

0.469 

0.319 

-

0.028 

5" 

0.004 



M28C64 
64 Kbit (8K x 8) Parallel EEPROM 

With Software Data Protection 

• Fast Access Time: 

- 90 ns at Vcc=5 V for M28C64 and M28C64-A 

- 120 ns at Vce=3 V for M28C64-xxW 

• Single Supply Voltage: 

- 4.5 V to 5.5 V for M28C64 and M28C64-A 

- 2.7 V to 3.6 V for M28C64-xxW 

• Low Power Consumption 

• Fast BYTE and PAGE WRITE (up to 64 Bytes) 

- 1 ms at Vcc=4.5 V for M28C64-A 

- 3 ms at Vee=4.5 V for M28C64 

- 5 ms at Vee=2.7 V for M28C64-xxW 

• Enhanced Write Detection and Monitoring: 

- Ready/Busy Open Drain Output 

- Data Polling 

-Toggle Bit 

- Page Load Timer Status 

• JEDEC Approved Bytewide Pin-Out 

• Software Data Protection 

• 100000 Erase/Write Cycles (minimum) 

• Data Retention (minimum): 

- 40 Years for M28C64 and M28C64-xxW 

- 1 0 Years for M28C64-A 

Table 1. Signal Names 

AO·A12 Address Input 

D00-007 Data Input I Output 

w Write Enable 

E Chip Enable 

G Output Enable 

RB Ready I Busy 

Vee Supply Voltage 

Vss Ground 

March 1999 

28 

PDIP28 (BS) 

8028 (MS) 
300 mil width 

Figure 1. Logic Diagram 

Vee 

13 

M28C64 

Vss 

• PLCC32 (KA) 

TSOP28 (NS) 
8x13.4mm 

8 

D00-007 

RB 

AI01350C 

1120 
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M28C64 

Figure 2A. DIP Connections 

RB Vee 
A12 W 
A7 Ne 
A6 AS 
AS A9 
A4 A11 
A3 G 
A2 A10 
A1 E 
AO 007 

000 006 
001 DOS 
002 004 
v88 ..,__ ____ ___r- oo3 

AI01351C 

Note: 1. NC =Not Connected 

Figure 28. PLLC Connections 

N () 
() 1'- ::t ~~~ ~~~ <{ z 

G)32 
A6[ 
AS [ 
A4[ 
A3 [ 
A2 9 M2Se64 2S 
A1 
AO 
Ne 

000 
17 

~~~~'c;;'';':n' 
00~~000 
oo> ooo 

Note: 1. NC = Not Connected 
2. DU = Do Not Use 

DESCRIPTION 

pAs 
pA9 
PA11 
D Ne 
p"G 
PA10 
p"E 
p 007 
p 006 

AI01352D 

The M28C64 devices consist of 8192x8 bits of low 
power, parallel EEPROM, fabricated with 
STMicroelectronics' proprietary single polysilicon 
CMOS technology. The devices offer fast access 
time, with low power dissipation, and require a sin
gle voltage supply (SV or 3V, depending on the op
tion chosen). 
The device has been designed to offer a flexible 
microcontroller interface, featuring both hardware 

2/20 
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Figure 2C. SO Connections 

RB Vee 
A12 2 w 

A7 3 Ne 
A6 4 AS 
AS s A9 
A4 6 A11 
A3 7 

M2Se64 
G 

A2 s A10 
A1 9 E 
AO 10 007 

000 11 006 
001 12 DOS 
002 13 004 

Vss 14 003 
AI01353C 

Note: 1. NC =Not Connected 

Figure 2D. TSOP Connections 

G A10 
A11 E 
A9 007 
AS 006 
Ne DOS 
w 004 

Vee M2Se64 
003 

RB Vss 
A12 002 
A7 001 
A6 000 
AS AO 
A4 A1 
A3 A2 

Note: 1. NC = Not Connected 

and software handshaking, with Ready/Busy, 
Data Polling and Toggle Bit. The device supports 
a 64 byte Page Write operation. Software Data 
Protection (SOP) is also supported, using the stan
dard JEDEC algorithm. 



M28C64 

Table 2. Absolute Maximum Ratings 1 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
Vee Supply Voltage -0.3 to V cc+ 1 v 
V,o Input or Output Voltage -0.6 to Vcc+0.6 v 
v, Input Voltage -0.3 to 6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) 2 4000 v 
Note: 1. Except for the rat1ng ''Operating Temperature Range", stresses above those l1sted 1n the Table "Absolute Max1mum Rat1ngs" may 

cause permanent damage to the devrce. These are stress ratings only, and operation of the device at these or any other condttions 
above those mdicated Jn the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating condi
tions for extended penods may affect device reliability. Refer also to the ST SURE Program and other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100 pF, 1500 Q) 

Figure 3. Block Diagram 

A6-A12 
(Page Address) 

AO-A5 

G 

64K ARRAY 

DQO-DQ7 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01355 

3/20 

343 



M28C64 

Table 3. Operating Modes 1 

Mode E G 

Stand-by 1 X 

Output Disable X 1 

Write Disable X X 

Read 0 0 

Write 0 1 

Chip Erase 0 v 

SIGNAL DESCRIPTION 
The external connections to the device are sum
marized in Table 1, and their use in Table 3. 
Addresses (AO-A12). The address inputs are 
used to select one byte from the memory array 
during a read or write operation. 
Data In/Out (DQO-DQ7). The contents of the data 
byte are written to, or read from, the memory array 
through the Data 1/0 pins. 
Chip Enable (E). The chip enable input must be 
held low to enable read and write operations. 
When Chip Enable is high, power consumption is 
reduced. 
Output Enable (G). The Output Enable input con
trols the data output buffers, and is used to initiate 
read operations. 
Write Enable (W). The Write Enable input controls 
whether the addressed location is to be read, from 
or written to. 

w DQ0-007 

X Hi-Z 

X Hi-Z 

1 Hi-Z 

1 Data Out 

0 Data In 

0 Hi-Z 

Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the in
ternal write cycle. 

DEVICE OPERATION 
In order to prevent data corruption and inadvertent 
write operations, an internal Vee comparator in
hibits the Write operations if the Vee voltage is 
lower than Vw1 (see Table 4A and Table 48). Once 
the voltage applied on the Vee pin goes over the 
Vw1 threshold (Vee>Vwl), write access to the 
memory is allowed after a time-out tpuw. as spec
ified in Table 4A and Table 48. 
Further prote_gtion <!gains! data corruption is of
fered b_y the ~and W low pass filters: any glitch, 
on the E and W inputs, with a pulse width less than 
10 ns (typical) is internally filtered out to prevent 
inadvertent write operations to the memory. 

Table 4A. Power-Up Timing 1 for M28C64 (SV range) 
(T A= 0 to 70 oc or -40 to 85 oc· Vee = 4 5 to 5 5 V) , 

Symbol Parameter 

IPUR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee 2: Vw,) 

Vw1 Write Inhibit Threshold 

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

Table 48. Power-Up Timing 1 for M28C64-xxW (3V range) 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 2 7 to 3 6 V) 

Symbol Parameter 

!puR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee 2: Vw1) 

Vw1 Write Inhibit Threshold 
Note: 1. Sampled only, not 100% tested. 
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Min. Max. Unit 

1 IJS 

10 ms 

3.0 4.2 v 

Min. Max. Unit 

1 IJS 

15 ms 

1.5 2.5 v 



Read 
The device is accessed like a static RAM. When E 
and G are low, and Vii is high, the contents of the 
addressed location are Q_!"es~ted on the 1/0 pins. 
Otherwise, when either G or E is high, the 1/0 pins 
revert to their high impedance state. 
Write 
Write operations are initiated when both W and E 
~e low and G is hjgh. The device supports both 
W-controlled and E-controlled write cycles (as 
shown in Figure 11 and Figure 12). The aQdress is 
latched during the falling edge of W or E (which 
ever occurs later) and the data is latched on the 
rising edge of W orE (which ever occurs first). Af
ter a delay, twL05H. that cannot be shorter than the 
value specified in Table 10A and Table 1GB, the 
internal write cycle starts. It continues, under inter
nal timing control, until the write operation is com
plete. The commencement of this period can be 
detected by reading the Page Load Timer Status 
on D05. The end of the cycle can be detected by 
reading the status of the Data Polling and the Tog
gle Bit functions on D07 and D06. 
Page Write 
The Page Write mode allows up to 64 bytes to be 
written on a single page in a single go. This is 
achieved through a series of successive Write op
erations, no two of which are separated by more 
than the twL05H value (as specified in Table 10A 
and Table 1 OB). 

M28C64 

The page write can be initiated during any byte 
write operation. Following the first byte write in
struction the host may send another address and 
data with a minimum data transfer rate of: 
1/twL05H· 
The internal write cycle can start at any instant af
ter twL05H· Once initiated, the write operation is in
ternally timed, and continues, uninterrupted, until 
completion. 
All bytes must be located on the same page ad
dress (A12-A6 must be the same for all bytes). 
Otherwise, the Page Write operation is not execut
ed. 
As with the single byte Write operation, described 
above, the D05, D06 and D07 lines can be used 
to detect the beginning and end of the internally 
controlled phase of the Page Write cycle. 
Software Data Protection (SOP) 
The device offers a software-controlled write-pro
tection mechanism that allows the user to inhibit all 
write operations to the device. This can be useful 
for protecting the memory from inadvertent write 
cycles that may occur during periods of instability 
(uncontrolled bus conditions when excessive 
noise is detected, or when power supply levels are 
outside their specified values). 
By default, the device is shipped in the "unprotect
ed" state: the memory contents can be freely 
changed by the user. Once the Software Data Pro
tection Mode is enabled, all write commands are 

Figure 4. Software Data Protection Enable Algorithm and Memory Write 

Page Write 
T1ming 

(see note 1) 

SOP 1s set 

SOP Enable Algorithm 

Page Wnte 
T1ming 

(see note 1) 

Write to Memory 
When SOP is SET 

AI01356C 

Note: 1. The most significant address b1ts (A 12 to A6) d1ffer during these specifiC Page Write operations. 

Wnte 
1s enabled 
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M28C64 

Figure 5. Software Data Protection Disable Algorithm 

Page Write 
T1mmg 

Unprotected State 

ignored, and have no effect on the memory con
tents. 
The device remains in this mode until a valid Soft
ware Data Protection disable sequence i~ re
ceived. The device reverts to its "unprotected" 
state. 
The status of the Software Data Protection (en
abled or disabled) is represented by a non-volatile 
latch, and is remembered across periods of the 
power being off. 
The Software Data Protection Enable command 
consists of the writing of three specific data bytes 
to three specific memory locations (each location 
being on a different page), as shown in Figure 4. 
Similarly to disable the Software Data Protection, 
the user has to write specific data bytes into six dif· 
ferent locations, as shown in Figure 5. This com
plex series of operations protects against the 
chance of inadvertent enabling or disabling of the 
Software Data Protection mechanism. 
When SOP is enabled, the memory array can still 
have data written to it, but the sequence is more 
complex (and hence better protected from inad
vertent use). The sequence is as shown in Figure 
4. This consists of an unlock key, to enable the 
write action, at the end of which the SOP continues 
to be enabled. This allows the SOP to be enabled, 
and data to be written, within a single Write cycle 
(twc). 
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Software Chip Erase 
Using this function, available on the M28C64 but 
not on the M28C64-A or M28C64-xxW, the con· 
tents of the entire memory_ are erased (set to FFh) 
by holding C.bJp Enable (E) low, and holding Out
put Enable (G) at Vcc+7.0V. The chip is cleared 
when £..1 0 ms low pulse is applied to the Write En
able (W) signal (see Figure 7 and Table 5 for de
tails). 
Status Bits 
The devices provide three status bits (007, 006 
and 005), and one output pin (RB), for use during 
write operations. These allow the application to 
use the write time latency of the device for getting 
on with other work. These signals are available on 

Figure 6. Status Bit Assignment 

007 006 005 004 003 002 001 000 

I DP I TB I PL TS I HI·Z I Hi·Z I Hi-Z I HI-Z I HI-Z I 

DP =Data Polling 
TB =Toggle B1t 
PL TS = Page Load T1mer Status 
H1-Z = High Impedance 

A102815 



M28C64 

Figure 7. Chip Erase AC Waveforms (M28C64 and M28C64-xxW) 

14----.1-- tWHEH 

w 

tELWL ---J.o<---~--- tWLWH2 ----.1---tWHRH 

A1014B4B 

Table 5. Chip Erase AC Characteristics 1 for M28C64 and M28C64-xxW 
(TA = 0 to 70 oc or -40 to 85 oc: Vee= 4.5 to 5.5 V or 2.7 to 3.6 V) 

Symbol Parameter 

tELWL Chip Enable Low to Write Enable Low 

twHEH Write Enable H'f'llv ..., '1ip Enable High 
-

twLWI'i2 Write Enable Low to Write Enable High 

tGLWH Output Enable Low to Write Enable High 

twHRH Write Enable High to Write Enable Low 

Note: 1. Sampled only, not1 00% tested. 

the 1/0 port bits 007, 006 and 005 (but only dur
ing programming cycle, once a byte or more has 
been J?tched into the memory) or continuously on 
the RB output pin. 
Data Polling bit (DQ7). The internally timed write 
cycle starts after twL05H (defined in Table 1 OA and 
Table 1 OB) has elapsed since the previous byte 
was latched in to the memory. The value of the 
007 bit of this last byte, is used as a signal 
throughout this write operation: it is inverted while 
the internal write operation is underway, and is in
verted back to its original value once the operation 
is complete. 
Toggle bit (DQ6). The device offers another way 
for determining when the internal write cycle is 
completed. During the internal Erase/Write cycle, 
006 toggles from '0' to '1' and '1' to '0' (the first 
read value being '0') on subsequent attempts to 
read any byte of the memory. When the internal 
write cycle is complete, the toggling is stopped, 
and the values read on 007-000 are those of the 
addressed memory byte. This indicates that the 

Test Condition Min. Max. Unit 

G =Vee+ 7V 1 ~s 

G =Vee+ 7V 0 ns 

G =Vee+ 7V 10 ms 

G =Vee+ 7V 1 ~s 

G =Vee+ 7V 3 ms 

device is again available for new Read and Write 
operations. 
Page Load Timer Status bit (DQ5). An internal 
timer is used to measure the period between suc
cessive Write operations, up to twLOSH (defined in 
Table 10A and Table 108). The 005 line is held 
low to show when this timer is running (hence 
showing that the device has received one write op
eration, and is waiting for the next). The 005 line 
is held high when the counter has overflowed 
(hence showing that the device is now starting the 
internal write to the memory array). 
Ready/Busy pin. The RB pin is an open drain out
put that is held low during the erase/write cycle, 
and that is released (allowed to float) at the com
pletion of the programming cycle. 
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M28C64 

Table GA. Read Mode DC Characteristics for M28C64 and M28C64-A (SV range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 V:SV1N:SVcc 

ILO Output Leakage Current 0 V::; Vour::; Vee 

Supply Current (TTL inputs) E = V1L, G = V1L , f = 5 MHz 
Icc 1 

Supply Current (CMOS inputs) E = V1L• G = V1L , f = 5 MHz 

lcc1 1 Supply Current (Stand-by) TIL E=VIH 

lcc2 1 Supply Current (Stand-by) CMOS E>Vcc·0.3V 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage loL= 2.1 rnA 

VoH Output High Voltage loH = -400 J.JA 

Note: 1. All1nputs and outputs open c1rcu1t. 

Table 68. Read Mode DC Characteristics for M28C64-xxW (3V range) 
(T A= 0 to 70 oc or -40 to 85 °C; Vee = 2.7 to 3.6 V) 

Symbol Parameter Test Condition 

lu Input Leakage Current o v:sv1N:SVcc 

ILO Output Leakage Current OV:SVour:SVcc 

Icc 1 Supply Current (CMOS inputs) 
E = V1L, G = V1L, f = 5 MHz, Vee= 3.3V 

E = V1L, G = V1L, f = 5 MHz, Vee= 3.6V 

lcc2 1 Supply Current (Stand-by) CMOS E> Vee -0.3V 

VIL Input Low Voltage 

VIH Input High Voltage 

VoL Output Low Voltage loL = 1.6 rnA 

VoH Output High Voltage loH = -400 J.JA 

Note. 1. All1nputs and outputs open c1rcu1t. 
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Min. 

-0.3 

2 

2.4 

Min. 

-0.3 

2 

0.8 Vee 

Max. Unit 

10 J.JA 

10 J.JA 

30 rnA 

25 mA 

1 rnA 

100 J.JA 

0.8 v 

Vee+ 0.5 v 

0.4 v 

v 

Max. Unit 

10 J.JA 

10 . J.JA 

8 mA 

10 rnA 

20 J.JA 

0.6 v 

Vee+ 0.5 v 

0.2 Vee v 

v 
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Table 7. Input and Output Parameters 1 (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min. Max. Unit 

CtN Input Capacitance VtN=O V 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

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

Table 8. AC Measurement Conditions 

Input Rise and Fall Times ~ 20 ns 

Input Pulse Voltages (M28C64, M28C64-A) 0.4 V to 2.4 V 

Input Pulse Voltages (M28C64-xxW) o V to Vcc·0.3V 

Input and Output Timing Reference Voltages (M28C64, M28C64-A) 0.8 Vto 2.0 V 

Input and Output Timing Reference Voltages (M28C64-xxW) 0.5 Vee 

Figure 8. AC Testing Input Output Waveforms Figure 9. AC Testing Equivalent Load Circuit 

4 5V to 5 5V Operating Voltage 

2.4V~ 

0.4V 

2.7V to 3.6V Operating Voltage 

2.0V 

o.sv 

o.5 Vee 

A102101B 

DEVICE 
UNDER 
TEST 

CL includes JIG capacitance 

Table 9A. Read Mode AC Characteristics for M28C64 and M28C64-A (5V range) 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5 to 5.5 V) 

M28C64 
Test 

Symbol Alt. Parameter Condit -90 -12 
ion 

Min Max Min Max 

IAVOV IACC Address Valid to Output Valid 
E=VIL. 

90 120 
G=VIL 

lELOV teE Chip Enable Low to Output Valid G =VIL 90 120 

lGLOV toE Output Enable Low to Output Valid E=VIL 40 45 

lEHOZ1 I oF Chip Enable High to Output Hi-Z G=VIL 0 40 0 45 

lGHOZ1 toF Output Enable High to Output Hi-Z E=VtL 0 40 0 45 

lAX OX loH 
Address Transition to Output E=VtL. 

0 0 
Transition G_=VIL 

Note: 1. Output Ht·Z ts defined as the pomt at whtch data ts no longer dnven. 

OUT 

AI021028 

-15 Unit 

Min Max 

150 ns 

150 ns 

50 ns 

0 50 ns 

0 50 ns 

0 ns 
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M28C64 

Table 98. Read Mode AC Characteristics for M28C64-xxW (3V range) 
(TA = 0 to 70 °C or -40 to 85 °C; Vee= 2.7 to 3.6 V) 

M28C64-xxW 
Test 

Symbol Alt. Parameter Condit ·12 -15 -20 
ion 

Min Max Min Max Min Max 

IAVQV lAce 
Address Valid to E=VIL, 

120 150 200 
Output Valid G=VIL 

IELOV teE 
Chip Enable Low to 

G=VIL 120 150 200 Output Valid 

IGLQV toE 
Output Enable Low 

E=VIL 80 80 100 to Output Valid 

IEHOZ1 toF 
Chip Enable High to 

G= VIL 0 45 0 50 0 55 
Output Hi·Z 

IGHQZ1 I oF 
Output Enable High 

E= VIL 0 45 0 50 0 55 to Output Hi·Z 

IAXQX toH 
Address Transition E=VIL· 0 0 0 to Output Transition G=VIL 

Note: 1. Output H1-Z IS defined as the point at which data IS no longer dnven. 

Figure 10. Read Mode AC Waveforms (with Write Enable, W, high) 

AO-A12 

G 

DQ0-007 

Note: 1. Write Enable (W) = V1H 
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·25 -30 Unit 

Min Max Min Max 

250 300 ns 

250 300 ns 

150 150 ns 

0 60 0 60 ns 

0 60 0 60 ns 

0 0 ns 

Hi-Z 

AI00749B 



Table 10A. Write Mode AC Characteristics for M28C64 and M28C64-A (5V range) 
(TA = 0 to 70 "G or ·40 to 85 "G; Vee= 4.5 to 5.5 V) 

M28C64 

M28C64 
Symbol Alt. Parameter Test Condition Unit 

Min Max 

lAVWL lAS Address Valid to Write Enable Low E = V1L, G = ViH 0 ns 

fA VEL lAs Address Valid to Chip Enable Low G = VIH· W = V1L 0 ns 

lELWL ICES Chip Enable Low to Write Enable Low G =ViH 0 ns 

IGHWL loES Output Enable High to Write Enable Low E=ViL 0 ns 

IGHEL loES Output Enable High to Chip Enable Low W=VIL 0 ns 

IWLEL twEs Write Enable Low to Chip Enable Low G=ViH 0 ns 

IWLAX IAH Write Enable Low to Address Transition 50 ns 

IE LAX IAH Chip Enable Low to Address Transition 50 ns 

IWLDV tov Write Enable Low to Input Valid E = V1L, G = V1H 1 ~s 

IELOV tov Chip Enable Low to Input Valid G = V1H, W = V1L 1 ~s 

IELEH twp Chip Enable Low to Chip Enable High 50 ns 

IWHEH ICEH Write Enable High to Chip Enable High 0 ns 

IWHGL loEH Write Enable High to Output Enable Low 0 ns 

IEHGL IOEH Chip Enable High to Output Enable Low 0 ns 

IEHWH IWEH Chip Enable High to Write Enable High 0 ns 

IWHOX toH Write Enable High to Input Transition 0 ns 

tEHOX toH Chip Enable High to Input Transition 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 50 1000 ns 

lwLWH twp Write Enable Low to Write Enable High 50 ns 

Time-out after last byte write (M28C64) 100 ~s 
lwLQSH IBLC 

Time-out after last byte write (M28C64-A) 20 f.'S 

Write Cycle Time (M28C64) 3 ms 
IQSHOSX twc 

Write Cycle Time (M28C64-A) 1 ms 

IWHRL toe Write Enable High to Ready/Busy Low Note 1 150 ns 

IEHRL toe Chip Enable High to Ready/Busy Low Note 1 150 ns 

tovwH los Data Valid before Write Enable High 50 ns 

loVEH los Data Valid before Chip Enable High 50 ns 

Note: 1. W1th a 3.3 k!l pull-up res1stor. 
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Table 108. Write Mode AC Characteristics for M28C64-xxW (3V range) 
(TA = 0 to 70 oc or -40 to 85 °C; Vee= 2.7 to 3.6 V) --Symbol Alt. Parameter Test Condition 

IAVWL lAS Address Valid to Write Enable Low E = V1L. G = V1H 

lA VEL lAs Address Valid to Chip Enable Low G = V1H. W = V1L 

IELWL ICES Chip Enable Low to Write Enable Low G=ViH 

IGHWL toES Output Enable High to Write Enable Low E=ViL 

IGHEL toES Output Enable High to Chip Enable Low W=ViL 

IWLEL twES Write Enable Low to Chip Enable Low G=ViH 

twLAX lAH Write Enable Low to Address Transition 

tELAX tAH Chip Enable Low to Address Transition 

twLDV tov Write Enable Low to Input Valid E = V1L. G = V1H 

tELDV tov Chip Enable Low to Input Valid G = V1H, W = V1L 

tELEH twp Chip Enable Low to Chip Enable High 

twHEH tcEH Write Enable High to Chip Enable High 

twHGL tQEH Write Enable High to Output Enable Low 

tEHGL toEH Chip Enable High to Output Enable Low 

tEHWH twEH Chip Enable High to Write Enable High 

twHOX toH Write Enable High to Input Transition 

IEHOX !OH Chip Enable High to Input Transition 

lwHWL IWPH Write Enable High to Write Enable Low 

IWLWH twp Write Enable Low to Write Enable High 

IWLOSH IsLe Time-out after the last byte write 

IQSHOSX twc Write Cycle Time 

lwHRL los Write Enable High to Ready/Busy Low Note 1 

IEHRL los Chip Enable High to Ready/Busy Low Note 1 

tovWH tos Data Valid before Write Enable High 

loVEH los Data Valid before Chip Enable High 

Note 1. W1th a 3 3 kn pull-up res1stor. 
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M28C64-xxW 
Unit 

Min Max 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

100 ns 

100 ns 

1 J.IS 

1 J.IS 

100 1000 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

50 1000 ns 

100 ns 

100 J.IS 

5 ms 

150 ns 

150 ns 

50 ns 

50 ns 



M28C64 

Figure 11. Write Mode AC Waveforms (Write Enable, W, controlled) 

AO·A12 

-
E 

tWLWH --------~.---~tWHGL 

w 

000-007 OATAIN 

~-----tDVWHI------~-

RB 
1+--~1- tWHRL 

A!01126 

Figure 12. Write Mode AC Waveforms (Chip Enable, E, controlled) 

AO-A12 VALID 

tAVEL_. +-- tELAX 

-
E 

~tGHEL tELEH 

w 

_/ \ 
----{"" tWLEL _. I tEHGL 

l 
+tELDV-+ tEHWH 

000-007 
-------. 

X DATA IN 
--' 

tEHDX~ tDVEH 

RB \ 
_1· IEHRL 

AI00751 
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Figure 13. Page Write Mode AC Waveforms (Write Enable, W, controlled) 

AO-A12 ) Addr n 
----··.-~/--
----···- ;---

/1---

G 

w 

000-007 (in) 

005 (out) 

RB 

AI00752D 

Figure 14. Software Protected Write Cycle Waveforms 

G 

-·--\_J\_J 

w ----\_J\_J 

AO-A5 By1eAddre~s:::~ 

A6-A12 Page Address 

000-007 By1e 62 X By1e 63 )( 

A101358B 

Note: 1. A 12 to A6 must specify the same page address during each high-to-low transition of W (or E). G must be high only when Wand E 
are both low. 
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Figure 15. Data Polling Sequence Waveforms 

AO-A12 

G 

w 

DQ7 

LAST WRITE 

Address of the last byte of the Page Write instruction v-___ A_ 

INTERNAL WRITE SEQUENCE 

---~ 

' ' ' 
---~ 

' 

---~ 
' DQ7 

READY 

AI00753C 

Figure 16. Toggle Bit Sequence Waveforms 

AO-A12 

E 

G 

w 

DQ6 

LAST WRITE 

Note: 1. The Toggle Bit is first sella '0'. 

________ [ 
.. , ry /"\ ri 

\___} : \___} \___} ~ 

.. , 0 /"\ ~ 
\__j : \__j \__j ~ 

~' 

' 

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

' 

AI00754D 
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Table 11. Ordering Information Scheme 

Example: M28C64 - A 

Write Time 

blank 
twc = 3 ms at 4.5V to 5.5V; 
twc = 5 ms at 2.7V to 3.6V 

A1 twc = 1 ms at 4.5V to 5.5V 

Speed 

go2 90 ns 

12 120 ns 

15 150 ns 

203 200 ns 

253 250 ns 

303 300 ns 

Operating Voltage 

blank 4.5 V to5.5 V 

w4 2.7V to 3.6 V 

12 BS 6 T 

Option 

T Tape and Reel Packing 

Temperature Range 

0 octo 70 oc 

6 -40 oc to 85 oc 

Package 

BS PDIP28 

KA PLCC32 

MS S028 (300 mil width) 

NS TSOP28 (8 x 13.4 mm) 

Note: 1. Available only w1th 120 ns speed (·12), 5V operating range (·blank), and -40 to 85 oc temperature range (·6). 
2. Available for the M28C64 only. 
3. Available for the 3V range (·xxW) only. 
4. Not available for the 1 ms wnte t1me opt1on (·A). 

ORDERING INFORMATION 
Devices are shipped from the factory with the 
memory content set at all '1 's (FFh). 
The notation used for the device number is as 
shown in Table 11. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 
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Table 12. PDIP28- 28 pin Plastic DIP, 600 mils width 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 3.94 5.08 0.155 0.200 

A1 0.38 1.78 0.015 0.070 

A2 3.56 4.06 0.140 0.160 

B 0.38 0.56 0.015 0.021 

81 1.14 1.78 0.045 0.070 

c 0.20 0.30 0.008 0.012 

D 34.70 37.34 1.366 1.470 

E 14.80 16.26 0.583 0.640 

E1 12.50 13.97 0.492 0.550 

e1 2.54 - - 0.100 - -
eA 15.20 17.78 0.598 0.700 

L 3.05 3.82 0.120 0.150 

s 1.02 2.29 0.040 0.090 

a oo 15° oo 15° 

N 28 28 

Figure 17. PDIP28 (BS) 

81 

E1 E 

PDIP 

Note: 1. Drawing os not to scale 

17/20 

357 



M28C64 

Table 13. PLCC32- 321ead Plastic Leaded Chip Carrier, rectangular 
mm Inches 

Symbol 
Typ. Min. Max. Typ. Min. Max. 

A 2.54 3.56 0.100 0.140 

A1 1.52 2.41 0.060 0.095 

A2 - 0.38 - O.D15 

B 0.33 0.53 0.013 0.021 

81 0.66 0.81 0.026 0.032 

0 12.32 12.57 0.485 0.495 

01 11.35 11.56 0.447 0.455 

02 9.91 10.92 0.390 0.430 

E 14.86 15.11 0.585 0.595 

E1 13.89 14.10 0.547 0.555 

E2 12.45 13.46 0.490 0.530 

e 1.27 - - 0.050 - -

F 0.00 0.25 0.000 0.010 

R 0.89 - - 0.035 - -
N 32 32 

Nd 7 7 

Ne 9 9 

CP 0.10 0.004 

Figure 18. PLCC (KA) 

D 

01 A2 

=~= 
0 81 

I I I I I 

Ne: ~ 

~-~-~-~-~::.__J_ 
~ E1 E F D2/E2 

51 (.020) 

1.14 (.045) .L-----1[!;:.1-1 

st=ltte 
I I I 

A 
PLCC 

Note: 1. Drawing is not to scale. 
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Table 14. 5028-28 lead Plastic Small Outline, 300 mils body width 

Symb. 
Typ. 

A 

A1 

A2 

B 

c 
D 

E 

e 1.27 

H 

L 

a 

N 

CP 

Figure 19. 5028 wide (MS) 

Note: 1. Drawing is not to scale. 

mm 

Min. 

2.46 

0.13 

2.29 

0.35 

0.23 

17.81 

7.42 

-

10.16 

0.61 

oo 

28 

~ 
~~ 
SO·b 

Max. Typ. 

2.64 

0.29 

2.39 

0.48 

0.32 

18.06 

7.59 

- 0.050 

10.41 

1.02 

80 

0.10 

M28C64 

inches 

Min. Max. 

0.097 0.104 

0.005 0.011 

0.090 0.094 

0.014 0.019 

0.009 0.013 

0.701 0.711 

0.292 0.299 

- -

0.400 0.410 

0.024 0.040 

oo 80 

28 

0.004 
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Table 15. TSOP28- 281ead Plastic Thin Small Outline, 8 x 13.4 mm 

mm inches 
Symb. 

Typ. Min. Max. Typ. Min. Max. 

A 1.25 0.049 

A1 0.20 0.008 

A2 0.95 1.15 0.037 0.045 

B 0.17 0.27 0.007 0.011 

c 0.10 0.21 0.004 0.008 

D 13.20 13.60 0.520 0.535 

01 11.70 11.90 0.461 0.469 

E 7.90 8.10 0.311 0.319 

e 0.55 - - 0.022 - -

L 0.50 0.70 0.020 0.028 

a o· 5. o• 5• 

N 28 28 

CP 0.10 0.004 

Figure 20. TSOP32 (NS) 

.---
' E 

01 

D 

TSOP·a 

Note: 1. Draw1ng IS not to scale. 
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M28256 
256 Kbit (32Kb x8) Parallel EEPROM 

with Software Data Protection 

• FAST ACCESS TIME: 

- 90ns at5V 
- 120ns at 3V 

• SINGLE SUPPLY VOLTAGE: 
- 5V ± 1 0% for M28256 
- 2.7V to 3.6V for M28256-xxW 

• LOW POWER CONSUMPTION 
• FAST WRITE CYCLE: 

- 64 Bytes Page Write Operation 

- Byte or Page Write Cycle 
• ENHANCED END of WRITE DETECTION: 

- Data Polling 
-Toggle Bit 

• STATUS REGISTER 
• HIGH RELIABILITY DOUBLE POLYSILICON, 

CMOS TECHNOLOGY: 
- Endurance >100,000 Erase/Write Cycles 
- Data Retention > 1 0 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS and DATA LATCHED ON-CHIP 
• SOFTWARE DATA PROTECTION 

DESCRIPTION 
The M28256 and M28256-W are 32K x8 low power 
Parallel EEPROM fabricated with STMicroelectron
ics proprietary double polysilicon CMOS technol
ogy. 

Table 1. Signal Names 

AO-A14 Address Input 

DQO-DQ7 Data Input I Output 

w Write Enable 

E Chip Enable 

'G Output Enable 

Vee Supply Voltage 

Vss Ground 

January 1999 

28 

PDIP28 (BS) 

8028 (MS) 
300mils 

Figure 1. Logic Diagram 

vee 

15 

M28256 

Vss 

PRELIMINARY DATA 

PLCC32 (KA) 

TSOP28 (NS) 
8 x13.4mm 

8 

DQO-DQ7 

AI01885 

1/20 
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M28256 

Figure 2A. DIP Pin Connections 

A14 1 '-../ 2S pvee 
A12 2 27 pW 

A7 3 26 ~ A13 
A6 4 25 QAS 
A5 5 24 0A9 
A4 6 23 ~ A11 
A3 7 

M2S256 
22 ~G 

A2 s 21 pA10 
A1 9 20 ~E 
AO 10 19 p DQ7 

DQO 11 1S ~ DQ6 
DQ1 12 17 p DQ5 
DQ2 13 16 p DQ4 
Vss 14 15 b DQ3 

AI01886 

Figure 2C. SO Pin Connections 

A14 2S Vee 
A12 27 w 

A7 26 A13 
A6 25 AS 
A5 24 A9 
A4 23 A11 
A3 

M2S256 
22 G 

A2 21 A10 
A1 20 E 
AO 10 19 DQ7 

DQO 1S DQ6 
DQ1 17 DQ5 
DQ2 16 DQ4 

Vss 15 DQ3 
AI01888 
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Figure 28. LCC Pin Connections 

A6 
A5 
A4 
A3 
A2 [ 9 
A1 [ 
AO [ 
Ne[ 

DQO[ 

G)32 

M2S256 

17 

AS 
A9 
A11 
Ne 

25 G 
A10 
E 
DQ7 
DQ6 

o2!12~8o<3 
oo> ooo 

AI01887 

Warning: NC = Not Connected, DU = Don't Use. 

Figure 20. TSOP Pin Connections 

8 A10 
A11 E 

A9 DQ7 
AS DQ6 

A13 DQ5 
w DQ4 

Vee DQ3 
A14 Vss 
A12 DQ2 

A7 DQ1 
A6 DQO 
A5 AO 
A4 A1 
A3 A2 

AI01889 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature '21 -40to85 oc 
TsTG Storage Temperature Range -65 to 150 oc 
Vee Supply Voltage -0.3to 6.5 v 
V1o Input/Output Voltage - 0.3 to Vee +0.6 v 
v, Input Voltage -0.3 to 6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) (31 4000 v 
Notes: 1. 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 rattngs 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 penods may affect device reliability. Refer also to the STMicroelectromcs SURE Program and other 
relevant quality documents. 

2. Depends on range. 
3.100pFthrough 1500!1; MIL·STD-883C, 3015.7 

Figure 3. Block Diagram 

A6·A14 
(Page Address) 

AO·A5 

256K ARRAY 

DQO-DQ7 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01697 
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Table 3. Operating Modes (1) 

Mode E 

Read V1L 

Wnte V1L 

Standby I Write Inhibit VIH 

Write Inhibit X 

Write Inhibit X 

Output Disable X 

Notes: 1. X ~ VtH or Vtc. 

DESCRIPTION (Cont'd) 

The devices offer fast access time with low power 
dissipation and requires a 5V or 3V power supply. 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Data Polling and 
Toggle Bit and access to a status register. The 
devices support a 64 byte page write operation. A 
Software Data Protection (SOP) is also possible 
using the standard JEDEC algorithm. 

PIN DESCRIPTION 
Addresses (AO-A 14). The address inputs select 
an 8-bit memory location during a read or write 
operation. 
Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 
Output Enable (G). The Output Enable input con
trols the data output buffers and is used to initiate 
read operations. 
Data In/ Out (DQO- DQ7). Data is written to or read 
from the memory through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the memory. 

OPERATIONS 
Write Protection 

In order to prevent data corruption and inadvertent 
write operations; an internal Vee comparator inhib
its Write operations if Vee is below VWI (see Table 
7 and Table 9). Access to the memory in write mode 
is allowed after a power-up as specified in Table 7 
and Table 9. 
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- -
G w DQO-DQ7 

V1L VIH Data Out 

V1H V1L Data In 

X X Hi-Z 

X V1H Data Out or Hi-Z 

V1L X Data Out or Hi-Z 

VIH X Hi-Z 

Read 

The device is accessed like a static RAM. When E 
and G are low with W high, the data addressed is 
presented on the 1/0 pi!}?. T.b_e 1/0 pins are high 
impedance when either G or E is high. 

Write 

Write operatiQ_ns are initiated when both W and f 
are low and G is high .The device supports both E 
and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ~er 
occurs last and the Data on the rising edge of E or 
W which ever occurs first Once initiated the write 
operation is internally timed until completion and 
the status of the Data Polling and the Toggle Bit 
functions on 007 and 006 is controlled accord
ingly. 

Page Write 

Page write allows up to 64 bytes within the same 
page to be consecutively latched into the memory 
prior to initiating a programming cycle. All bytes 
must be located in a single page address, that is 
A14-A6 must be.the same for all bytes; if not, the 
Page Write instruction is not executed. The page 
write can be initiated by any byte write operation. 

A page write is composed of successive Write 
instructions which have to be sequenced with a 
specific period of time between two consecutive 
Write instructions, period of time which has to be 
smaller than the twHwH value (see Table 12 and 
Table 13). 

If this period of time exceeds the twHWH value, the 
internal programming cycle will start. Once initiated 
the write operation is internally timed until comple
tion and the status of the Data Polling and the 
Toggle Bit functions on 007 and 006 is controlled 
accordingly. 



Status Register 

The devices provide several Write operation status 
flags that can be used to minimize the application 
write time. These signals are available on the 1/0 
port bits during programming cycle only. 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin
ished the true logic value appears on DQ7 in the 
read cycle. 

Toggle bit (DQ6). The devices offer another way 
for determining when the internal write cycle is 
completed. During the internal Erase/Write cycle, 
DQ6 will toggle from "0" to "1" and "1" to "0" (the 
first read value is "0") on subsequent attempts to 
read any byte of the memory. When the internal 
cycle is completed the toggling will stop and the 
data read on DQ7-DQO is the addressed memory 
byte. The device is now accessible for a new Read 
or Write operation. 

Page Load Timer Status bit (DQS). During a Page 
Write instruction, the devices expect to receive the 
stream of data with a minimum period of time 
between each data byte. This period of time 
(twHwH) is defined by the on-chip Page Load timer 
which running/overflow status is available on DQ5. 
DQ5 Low indicates that the timer is running, DQ5 
High indicates the time-out after which the internal 
write cycle will start. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO 

I DP I TB IPLrsl x I x I x I x x 
DP = Data Polling 
TB = Toggle B1t 
PLTS = Page Load Timer Status 

M28256 

Software Data Protection 
The devices offer a software controlled write pro
tection facility that allows the user to inhibit all write 
modes to the device. This can be useful in protect
ing the memory from inadvertent write cycles that 
may occur due to uncontrolled bus conditions. 

The devices are shipped as standard in the "unpro
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. 
The devices remain in this mode until a valid 
Software Data Protection (SOP) disable sequence 
is received whereby the device reverts to its "un
protected" state. The Software Data Protection is 
fully non-volatile and is not changed by power 
on/off sequences. To enable the Software Data 
Protection (SOP) the device requires the user to 
write (with a Page Write addressing three specific 
data bytes to three specific memory locations, each 
location in a different page) as per Figure 6. Simi
larly to disable the Software Data Protection the 
user has to write specific data bytes into six differ
ent locations as per Figure 5 (with a Page Write 
adressing different bytes in different pages). 
This complex series ensures that the user will never 
enable or disable the Software Data Protection 
accidentally. 
To write into the devices when SOP is set, the 
sequence shown in Figure 6 must be used. This 
sequence provides an unlock key to enable the 
write action, and at the same time SOP continues 
to be set. 
An extension to this is where SOP is required to be 
set, and data is to be written. 
Using the same sequence as above, the data can 
be written and SOP is set at the same time, giving 
both these actions in the same Write cycle (twc). 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Write 

Instruction 

SDP is set 

SDP ENABLE ALGORITHM 

Page 
Write 

Instruction 

Figure 6. Software Data Protection Disable Algorithm 
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Unprotected State 
after 

tWC (Write Cycle time) 

SDP SDP 
Set not Set 

Write Write Data 
in Memory 

AI016998 

+ 
SDPSet 
aftertWC 

AI0169BB 

WRITE 
is enabled 



M28256 

Table 4. AC Measurement Conditions 

Input Rise and Fall limes ~ 20ns 

Input Pulse Voltages (M28256} 0.4V to 2.4V 

Input Pulse Voltages (M28256-W) OV to Vee -0.3V 

Input and Output liming Ref. Voltages (M28256} 0.8Vto 2.0V 

Input and Output liming Ref. Voltages (M28256-W) 0.5 Vee 

Figure 7. AC Testing Input Output Waveforms Figure 8. AC Testing Equivalent Load Circuit 

4.5V to 5.5V Operating Voltage 

2.4V~ 

0.4V 

2.7V to 3.6V Operating Voltage 

2.0V 

O.BV 

o.s Vee 

DEVICE 
UNDER 
TEST 

AI021018 CL includes JIG capacitance 

Table 5. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

GIN Input Capacitance VIN= ov 
CoLJT Output Capacitance Vrur= OV 

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

Table 6. Read Mode DC Characteristics for M28256 
(T A = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OVSV1N~Vcc 

ILO Output Leakage Current OVSV1N SVcc 

lcc<'l 
Supply Current (TTL inputs) E = V1L, G = V1L , f = 5 MHz 

Supply Current (CMOS inputs) E = V1L. G = V1L , f = 5 MHz 

lcc1 (l) Supply Current (Standby) TTL E=VIH 

lcc2<11 Supply Current (Standby) CMOS E >Vee -0.3V 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL= 2.1 rnA 

VoH Output High Voltage loH=-400pA 

Note: 1. All I/O's open CirCUit. 

Min 

Min 

-0.3 

2 

2.4 

OUT 

A102102B 

Max Unit 

6 pF 

12 pF 

Max Unit 

10 pA 

10 pA 

30 rnA 

25 rnA 

1 rnA 

100 llA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
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Table 7. Power Up Timing for M28256 <1> 
(TA = 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V) 

Symbol Parameter 

tPUR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee~ Vw1) 

Vw1 Write Inhibit Threshold 

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

Table 8. Read Mode DC Characteristics for M28256-W 
(TA = 0 to 70°C or -40 to 85°C; Vee= 2.7V to 3.6V) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV,; V1N,; Vee 

ILO Output Leakage Current OV s; V1N s; Vee 

lcc('i Supply Current (CMOS inputs) 
E = V1L, G = V1L, I= 5 MHz, Vee = 3.3V 

E = V1L, G = V1L, I= 5 MHz, Vee= 3.6V 

lee2(11 -
Supply Current (Standby) CMOS E> Vee-0.3V 

V1L Input Low Voltage 

v1H Input High Voltage 

VoL Output Low Voltage loL=2.1 rnA 

VoH Output High Voltage loH =-400 11A 

Note: 1. AIII/O"s open CirCUli 

Table 9. Power Up Timing for M28256-W <1> 
(TA = 0 to 70oC or -40 to 85°C; Vee= 2. 7V to 3.6V) 

Symbol Parameter 

tPUR Time Delay to Read OperatiOn 

tpuw Time Delay to Wnte Operation (once Vee~ Vw1) 

Vw1 Write Inhibit Threshold 

Note: 1. Sampled only, not 100% tested 
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Min Max Unit 

1 IJS 

5 ms 

3.0 4.2 v 

Min Max Unit 

10 11A 

10 11A 

15 rnA 

15 rnA 

20 IJA 

-0.3 0.6 v 

2 Vee+ 0.5 v 

0.2 Vee v 

0.8 Vee v 

Min Max Unit 

1 IJS 

10 ms 

1.5 2.5 v 
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Table 1 0. Read Mode AC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V) 

M28256 
Symbol A It Parameter Test Condition -90 ·12 -15 -20 Unit 

min max min max min max min max 

IAVQV lAce 
Address Valid to 

E = VtL. G = VtL 90 120 150 200 ns Output Valid 

IELOV leE 
Chip Enable Low to G =VtL 90 120 150 200 ns Output Valtd 

IGLOV toE 
I Output Enable Low 

to Output Valid E=VtL 40 45 50 50 ns 

IEHOZ(1) !oF 
Chip Enable High to 

G=VtL 0 40 0 45 0 50 0 50 ns Output Hi-Z 

IGHOZ(1) Output Enable High -
loF to Output Hi-Z E = VtL 0 40 0 45 0 50 0 50 ns 

Address Transition - -
tAx ox toH to Output Transition E = VtL, G = VtL 0 0 0 0 ns 

Note: 1. Output H1-Z IS defmed as the po1nt at which data JS no longer dnven. 

Table 11. Read Mode AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 2.7V to 3.6V) 

- M28256-W 
Symbol AI! Parameter Test Condition -12 -15 -20 -25 Unit 

min max min max min max min max 

lAvov lAce 
Address Valid to 

E = v,L, G = v,L 120 150 200 250 Output Valid ns 

IELOV IcE 
Chtp Enable Low to 

G =VtL 120 150 200 250 ns Output Valid 

Output Enable Low -
tGLOV toE to Output Valid E=VtL 45 70 80 100 ns 

IEHQZ(1) Chtp Enable High to -
loF Output Ht-Z G =VtL 0 45 0 50 0 55 0 60 ns 

IGHOZ(1) 
Output Enable High -

loF to Output Ht-Z E=VtL 0 45 0 50 0 55 0 60 ns 

Address Transition - -
lAX OX loH to Output T ransttion E = VtL, G = VtL 0 0 0 0 ns 

Note: 1 Output Ht-Z IS defmed as the po1nt at wh1ch data IS no longer dnven. 
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Table 12. Write Mode AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

M28256 
Symbol A It Parameter Test Condition Unit 

Min Max 

IAVWL lAs Address Valid to Write Enable Low E = V1L. G = V1H 0 ns 

lA VEL lAs Address Valid to Chip Enable Low G = VIH. w = VIL 0 ns 

IELWL ICES Chip Enable Low to Write Enable Low G=ViH 0 ns 

IGHWL toES 
Output Enable High to Write Enable 

E=VIL 0 ns 
Low 

IGHEL IcES Output Enable High to Chip Enable Low W=ViL 0 ns 

-
twLEL twEs Write Enable Low to Chip Enable Low G =VIH 0 ns 

twLAX tAH Write Enable Low to Address Transition 50 ns 

IELAX IAH Chip Enable Low to Address Transition 50 ns 

lwLDV tov Write Enable Low to Input Valid E = v,L, 'G = v,H 1 !lS 

IELDV tov Chip Enable Low to Input Valid G = v,H, w = v,L 1 !lS 

IELEH lwP Chip Enable Low to Chip Enable High 50 ns 

IWHEH ICEH Write Enable High to Chip Enable High 0 ns 

twHGL loEH 
Write Enable High to Output Enable 0 ns 
Low 

IEHGL IOEH Chip Enable High to Output Enable Low 0 ns 

IEHWH lwEH Chip Enable High to Write Enable High 0 ns 

lwHDX loH Write Enable High to Input Transition 0 ns 

IEHDX loH Chip Enable High to Input Transition 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 100 ns 

lwLWH twp Write Enable Low to Write Enable High 50 ns 

lwHWH IsLe Byte Load Repeat Cycle Time 0.15 150 !lS 

lwHRH I we Write Cycle Time 5 ms 

IEL, twL E or W Input Filter Pulse Width Note 1 10 ns 

tovwH los Data Valid before Write Enable High 50 ns 

lovEH los Data Valid before Chip Enable High 50 ns 

Note: 1. eharactenzed only but not tested 1n product1on. 
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Table 13. Write Mode AC Characteristics 
(TA = 0 to 70°C or-40 to 85°C; Vee= 2.7V to 3.6V) 

Symbol Aft Parameter Test Condition 
M28256-W 

Unit 
Min Max 

lAVWL lAs Address Valid to Write Enable Low E = v,L, G = v,H 0 ns 

lA VEL lAs Address Valid to Chip Enable Low G = v,H, w = v,L 0 ns 

IELWL IcES Chip Enable Low to Write Enable Low G=VIH 0 ns 

IGHWL toES 
Output Enable High to Write Enable 

E=VIL 0 ns Low 

IGHEL IOES Output Enable High to Chip Enable Low W=VIL 0 ns 

IWLEL lwES Write Enable Low to Chip Enable Low G=VIH 0 ns 

lWLAX IAH Write Enable Low to Address Transition 70 ns 

IELAX IAH Chip Enable Low to Address Transition 70 ns 

lwLDV lov Write Enable Low to Input Valid E = v,L, G = v,H 1 JlS 

tELDV !ov Chip Enable Low to Input Valid G = V1H. w = v1L 1 JlS 

IELEH lwP Chip Enable Low to Chip Enable High 100 ns 

IWHEH ICEH Write Enable High to Chip Enable High 0 ns 

IWHGL IOEH 
Write Enable High to Output Enable 0 ns Low 

IEHGL IOEH Chip Enable High to Output Enable Low 0 ns 

IEHWH IWEH Chip Enable High to Write Enable High 0 ns 

tWHDX loH Write Enable High to Input Transition 0 ns 

tEHOX loH Chip Enable High to Input Transition 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 100 ns 

lwLWH lwp Write Enable Low to Write Enable High 100 ns 

IWHWH IBLC Byte Load Repeat Cycle Time 0.2 150 JlS 

lwHRH twc Write Cycle lime 5 ms 

IEL, IWL E or W Input Filter Pulse Width Note 1 10 ns 

tovwH los Data Valid before Write Enable High 50 ns 

tovEH los Data Valid before Chip Enable High 50 ns 

Note: 1. eharactenzed only but not tested 1n product1on 
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Figure 9. Read Mode AC Waveforms 

AO-A14 

~--1-IAXQX 

E 

G 

DQO-DQ7 
Hi-Z 

AI01700 

Note: Wnte Enable (W) = Hogh. 

Figure 10. Write Mode AC Waveforms- Write Enable Controlled 

• AO-A14 

G 

w 

DQO-DQ7 DATA IN 

~---tDVWH--~~-

AI01701 
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Figure 11. Write Mode AC Waveforms- Chip Enable Controlled 

AO·A14 

G 

w 

000-007 DATA IN 

1+---- IDVEH tEHOX 

AI01702 

Figure 12. Page Write Mode AC Waveforms- Write Enable Controlled 

AO·A14 
..... ·~··-;:;;;;;;:v--
_____ ,,_~ 

G 
····---~ 

w 

D00-007 

005 

. . 

Al017038 
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Figure 13. Software Protected Write Cycle Waveforms 

G 

----\__f\_J 

w 

AO-AS 

A6-A14 Page Address 

DQO-DQ7 Byte 62 X Byte 63 "[_ 

AI01704 

Note: A6 through A14 must specijy the same page address dunng each high to low transrtron ofW (orE) alter the software code has been 
entered G must be high only when Wand E are both low. 

Figure 14. Data Polling Waveform Sequence 

AO-A14 

G 

w 

DQ7 

DQ7 

LAST WRITE 

14/20 
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Address of the last byte of the Page Write instruction v-__ ____./L 

DQ7 DQ7 DQ7 

INTERNAL WRITE SEQUENCE 

---T\_1 

---t-C>-----
0 

' ' ' ' 

DQ7 

READY 

Al01705 
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Figure 15. Toggle Bit Waveform Sequence 

AO·A14 

w 

DQ6 

LAST WRITE 

Note: 1. F1rst Toggle brt is forced to ·a·. 

_____ ( 
··~ 

: : 
' 

··~ 

··~ 

TOGGLE 
INTERNAL WRITE SEQUENCE 

DQ6 DQ6 

READY 

AI01706 
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ORDERING INFORMATION SCHEME 

Example: M28256 - 15 W KA 6 T 

Speed Operating Voltage 

90 11> 90ns blank 4.5Vto5.5V 

12 120ns w 2.7Vto3.6V 

15 150ns 

20 200ns 
25(2) 250ns 

Notes: 1 Not available for "W" operating voltage. 
2. Available for "W" operating voltage only 
3 Temperature Range on request only 

Package 

BS PDIP28 

KA PLCC32 

MS 8028 300 mils 

NS TSOP28 
8 x 13.4mm 

Temperature Range 
1 (3) Oto70°C 

6 -40to 85 oc 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

Option 

T Tape& Reel 
Packing 

For a list of available options (Speed, Package, etc ... ) or for further information on any aspect ofthis device, 
please contact the STMicroelectronics Sales Office nearest to you. 

16120 
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PDIP28 • 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A - 5.08 - 0.200 

A1 0.38 - 0.015 -

A2 3.56 4.06 0.140 0.160 

B 0.38 0.51 0.015 0.020 

81 1.52 - - 0.060 - -

c 0.20 0.30 0.008 0.012 

D 36.83 37.34 1.450 1.470 

02 33.02 - - 1.300 - -

E 15.24 - - 0.600 - -

E1 13.59 13.84 0.535 0.545 

e1 2.54 - - 0.100 - -

eA 14.99 - - 0.590 - -

eB 15.24 17.78 0.600 0.700 

L 3.18 3.43 0.125 0.135 

s 1.78 2.0·9 0.070 0.082 

(Y. oo 10° oo 100 

N 28 28 

clf~rn~ 
A 

~ 
. . .. .. .. .. 

A1- L ~:: '' 

~ 81 ... .- ........... B e1 

02 B 

0 
.... ~~""" 

N 

) E1 E 

I 1 
LJLJLJLJW PDIP 

Drawing is not to scale. 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 2.54 3.56 0.100 0.140 

A1 1.52 2.41 0.060 0.095 

A2 - 0.38 - 0.015 

B 0.33 0.53 0.013 0.021 

81 0.66 0.81 0.026 0.032 

D 12.32 12.57 0.485 0.495 

01 11.35 11.56 0.447 0.455 

D2 9.91 10.92 0.390 0.430 

E 14.86 15.11 0.585 0.595 

E1 13.89 14.10 0.547 0.555 

E2 12.45 13.46 0.490 0.530 

e 1.27 - - 0.050 - -

F 0.00 0.25 0.000 0.010 

R 0.89 - - 0.035 - -
N 32 32 

Nd 7 7 

Ne 9 9 

D 
14-- A1 

01 A2- ~ 

lC: - Ll.Cl.CJ._ -
1=; ___ 1_N ___ 
~ + 

f 0 81 
I I I I I I ' I 
I 

~ ~ E1 .~· 
I 

Ne; E •14-F D2/E2 
I 
I 

~ 1"51 (.020) I 
I I I I I I 
I p l.J~114(045) ~ t-=- = 

-----~~-----J -A-. 
t 
R IOICP 

PLCC 

Draw1ng IS not to scale 
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S028 - 28 lead Plastic Small Outline, 300 mils body width 

Symb 
mm 

Typ Min 

A 2.46 

A1 0.13 

B 0.35 

c 0.23 

D 17.81 

E 7.42 

e 1.27 -

H 10.16 

L 0.61 

(1. oo 

N 28 

CP 

E H 

SO-b 

Draw1ng is not to scale. 

Max 

2.64 

0.29 

0.48 

0.32 

18.06 

7.59 

-

10.41 

1.02 

so 

0.10 

J 

' -, 

Typ 

0.050 

inches 

Min 

0.097 

0.005 

0.014 

0.009 

0.701 

0.292 

-
0.400 

0.024 

oo 

28 

M28256 

Max 

0.104 

0.011 

0.019 

0.013 

0.711 

0.299 

-
0.410 

0.040 

so 

0.004 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.25 0.049 

A1 0.20 0.008 

A2 0.95 1.15 0.037 0.045 

B 0.17 0.27 0.007 0.011 

c 0.10 0.21 0.004 0.008 

D 13.20 13.60 0.520 0.535 

01 11.70 11.90 0.461 0.469 

E 7.90 8.10 0.311 0.319 

e 0.55 0.022 

L 0.50 0.70 0.020 0.028 

a oo 50 oo 50 

N 28 28 

CP 0.10 0.004 

~' ~----2 21 

' ' 

2~t ; E ' ' ' ' 

' ' 

Q: '.~ 01 

D 

TSOP-c 

a 
A1 t.W 

Drawing IS not to scale. 
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M28010 
1 Mbit (128K x 8) Parallel EEPROM 

With Software Data Protection 

a Fast Access Time: 1 00 ns 

Ill Single Supply Voltage: 

- 4.5 V to 5.5 V for M28010 

- 2.7 v to 3.6 V for M28010-W 

- 1.8 V to 2.4 V for M2801 O-R 

El Low Power Consumption 

111 Fast BYTE and PAGE WRITE (up to 128 Bytes) 

a Enhanced Write Detection and Monitoring: 

- Data Polling 

- Toggle Bit 

- Page Load Timer Status 

Ill JEDEC Approved Bytewide Pin-Out 

r.l Software Data Protection 

B Hardware Data Protection 

a Software Chip Erase 

1>1 100000 Erase/Write Cycles (minimum) 

I:! Data Retention (minimum): 10 Years 

DESCRIPTION 
The M2801 0 devices consist of 128Kx8 bits of low 
power, parallel EEPROM, fabricated with 
STMicroelectronics' proprietary double polysilicon 
CMOS technology. The devices offer fast access 
time, with low power dissipation, and require a sin
gle voltage supply (5V, 3V or 2V, depending on the 
option chosen). 

Table 1. Signal Names 

AO-A16 Address Input 

D00-007 Data Input I Output 

Vii Write Enable 

E Chip Enable 

G Output Enable 

Vee Supply Voltage 

Vss Ground 

32 

PDIP32 (BA) 

PLCC32 (KA) 

Figure 1. Logic Diagram 

Vee 

17 

M28010 

Vss 

PRELIMINARY DATA 

TSOP32 (NA) 
8 x 20 mm 

8 

DQ0-007 

AI02221 

March 1999 1/21 
Tt11s IS prel1mm3.ry mformat1on on a new product now rn development or undergoing evaluation Details are subJect to change Without not\ce 381 
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Figure 2A. DIP Connections 

DU 
A16 
A1S 
A12 

A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 

DQO 
DQ1 
DQ2 

Vss 

1 
2 
3 
4 
s 
6 
7 
s 
9 
10 
11 

[ 12 
[ 13 
[ 14 
[ 1S 
[ 16 

Note: 1. DU = Do Not Use 

\...../ 32 p 
31 
30 
29 
2S 
27 
26 

M2S010 2S 
24 
23 
22 
21 
20 
19 
1S 
17 

A102222 

Figure 28. PLCC Connections 

A7 
A6 
AS 
A4 

Vee 
w 
DU 
A14 
A13 
AB 
A9 
A11 
G 
A10 
E 
DQ7 
DQ6 
DQS 
DQ4 
DQ3 

A14 
A13 
AS 
A9 

A3 9 M28010 2S A11 
A2 G 
A1 A10 
AO E 

DQO DQ7 

a8 ~83<38 
oo>oooo 

AI02223 

Note: 1. DU = Do Not Use 

The device has been designed to offer a flexible 
microcontroller interface, featuring both hardware 
and software hand-shaking, with Data Polling and 
Toggle Bit. The device supports a 12S byte Page 
Write operation. Software Data Protection (SOP) 
is also supported, using the standard JEDEC algo
rithm. 
The M2801 0 is designed for applications requiring 
as much as 100,000 write cycles and ten years of 

2/21 
382 

Figure 2C. TSOP Connections 

A11 G 
A9 A10 
AS E 

A13 DQ7 
A14 DQ6 
DU DQS 
w DQ4 

Vee DQ3 
DU Vss 

A16 DQ2 
A1S DQ1 
A12 DQO 

A7 AO 
A6 A1 
AS A2 
A4 A3 

Note: 1. DU = Do Not Use 

data retention. The organization of the data in a 4 
byte (32-bit) "word" format leads to significant sav
ings in power consumption. Once a byte has been 
read, subsequent byte read cycles from the same 
"word" (with addresses differing only in the two 
least significant bits) are fetched from the previ
ously loaded Read Buffer, not from the memory ar
ray. As a result, the power consumption for these 
subsequent read cycles is much lower than the 
power consumption for the first cycle. By careful 
design of the memory access patterns, a 50% re
duction in the power consumption is possible. 

SIGNAL DESCRIPTION 
The external connections to the device are sum
marized in Table 1, and their use in Table 3. 

Addresses (AO-A16). The address inputs are 
used to select one byte from the memory array 
during a read or write operation. 
Data In/Out (DQO-DQ7). The contents of the data 
byte are written to, or read from, the memory array 
through the Data 1/0 pins. 
Chip Enable (E). The chip enable input must be 
held low to enable read and write operations. 
When Chip Enable is high, power consumption is 
reduced. 
Output Enable (G). The Output Enable input con
trols the data output buffers, and is used to initiate 
read operations. 
Write Enable (W). The Write Enable input controls 
whether the addressed location is to be read, from 
or written to. 
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Table 2. Absolute Maximum Ratings 1 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 85 oc 

Tsm Storage Temperature -65to 150 oc 

Vee Supply Voltage -0.3to VccMAx+1 v 
Vlo Input or Output Voltage (except A9) -0.3 to Vcc+0.6 v 
VI Input Voltage -0.3to4.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) 2 2000 v 
Note: 1. Except for the rating "'Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat1ngs" may 

cause permanent damage to the dev1ce These are stress rat1ngs only, and operation of the dev1ce at these or any other cond1t1ons 
above those 1nd1cated in the Operating sections of this spec1f1cation is not 1m plied. Exposure to Absolute Max1mum Rating condi
tions for extended periods may affect dev1ce reliability. Refer also to the ST SURE Program and other relevant qualrty documents. 

2. MIL-STD-883C, 3015.7 (100 pF, 1500 !l) 

Figure 3. Block Diagram 

DQ0-007 

A102225 
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Table 3. Operating Modes 1 

Mode E G 

Read V1L V1L 

Write V1L V1H 

Stand-by I Write Inhibit V1H X 

Write Inhibit X X 

Write Inhibit X V1L 

Output Disable X V1H 

Note. 1 X= V1H or VIL· 

DEVICE OPERATION 

In order to prevent data corruption and inadvertent 
write operations, an internal Vee comparator in
hibits the Write operations if the Vee voltage is 
lower than Vw1 (see Table 4A to Table 4C). Once 
the voltage applied on the Vee pin goes over the 
Vw1 threshold (Vee>Vwl), write access to the 
memory is allowed after a time-out tpuw. as spec
ified in Table 4A to Table 4C. 

Table 4A. Power-Up Timing 1 for M2801 0 (5V range) 
(T A= -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Symbol Parameter 

I PUR Time Delay to Read Operation 

w DQ0-007 

V1H Data Out 

V1L Data In 

X Hi-Z 

V1H Data Out or Hi-Z 

X Data Out or Hi-Z 

X Hi-Z 

Further prole_flion ~gains! data corruption is of
fered b_y the E._ and W low pass filters: any glitch, 
on the E and W inputs, with a pulse width less than 
10 ns (typical) is internally filtered out to prevent 
inadvertent write operations to the memory. 

Read 

The device is accessed like a static RAM. When E 
and G are low, and W is high, the contents of the 
addressed location are presented on the 1/0 pins. 

Min. Max. Unit 

5 ms 

tpuw Time Delay to Write Operation (once Vee 2: Vw1) 5 ms 

Vw1 Write Inhibit Threshold 

Note· 1 Sampled only, not 100% tested. 

Table 48. Power-Up Timing 1 for M2801 0-W (3V range) 
(TA = -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Parameter 

!puR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee 2: Vw1) 

Vw, Write Inhibit Threshold 

Note: 1. Sampled only, not 100% tested 

Table 4C. Power-Up Timing 1 for M2801 O-R (2V range) 
(TA = -40 to 85 oc; Vee= 1.8 to 2.4 V) 

Symbol Parameter 

!PUR Time Delay to Read Operation 

tpuw Time Delay to Write Operation (once Vee 2: Vw1) 

Vw1 Write Inhibit Threshold 
, Note. 1. Sampled only, not 100 1o tested. 
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3.0 4.2 v 

Min. Max. Unit 

5 ms 

5 ms 

2.0 2.6 v 

Min. Max. Unit 

5 ms 

5 ms 

1.2 1.7 v 



Otherwise, when either GorE is high, the 1/0 pins 
revert to their high impedance state. 
Write 
Write operations are initiated when both W and E 
are low and G is h)gh. The device supports both 
W-controlled and E-controlled write cycles (as 
shown in Figure 12 and Figure 13). The ag_dress is 
latched during the falling edge of W or E (which 
ever occurs later) aJ:!d the data is latched on the 
rising edge of W orE (which ever occurs first). At-

M28010 

ter a delay, twL05H. that cannot be shorter than the 
value specified in Table 9A to Table 9C, the inter
nal write cycle starts. It continues, under internal 
timing control, until the write operation is complete. 
The commencement of this period can be detect
ed by reading the Page Load Timer Status on 
DQ5. The end of the internal write cycle can be de
tected by reading the status of the Data Polling 
and the Toggle Bit functions on DQ7 and DQ6. 

Figure 4. Software Data Protection Enable Algorithms (with or without Memory Write) 

Page Wnte 
T1mmg 

SOP IS D1sabled and Appl1cat1on 
needs to Enable 1t, and Wnte Data 

SOP is set 

Wnte data 
1n any addresses 
withm one page 

DATA has been written 
and SOP is Enabled 

Write 
is enabled 

SOP is Disabled and 
Application needs to Enable 1t 

DATA has been written 
and SOP IS Enabled 

Wnte 
is enabled 

AI02227B 
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Figure 5. Software Data Protection Disable Algorithms (with or without Memory Write) 

Page Write 

SDP IS Enabled and 
Apphcat1on needs to D1sable 1t 

SDP is D1sabled 

The Page Write mode allows up to 128 bytes to be 
written on a single page in a single go. This is 
achieved through a series of successive Write op· 
erations, no two of which are separated by more 
than the twL05H value (as specified in Table 9A to 
Table 9C). 
The page write can be initiated during any byte 
write operation. Following the first Byte Write in
struction, the host may send another address and 
data with a minimum data transfer rate of: 
1/twL05H· 
The internal write cycle can start at any instant af
ter twL05H· Once initiated, the write operation is in
ternally timed, and continues, uninterrupted, until 
completion. 
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SDP 1s Enabled and 
Apphcat10n needs to Wnte Data 

DATA has been wntten 
and SDP is Disabled 

AI02226B 

All bytes must be located on the same page ad
dress (A16-A7 must be the same for all bytes). 
Otherwise, the Page Write operation is not execut
ed. The Page Write Abort event is indicated to the 
application via DQ1 (as described on page 8). 
As with the single byte Write operation, described 
above, the DOS, 006 and DQ7 lines can be used 
to detect the beginning and end of the internally 
controlled phase of the Page Write cycle. 
Software Data Protection (SOP) 
The device offers a software-controlled write-pro
tection mechanism that allows the user to inhibit all 
write operations to the device, including chip 
erase. This can be useful for protecting the mem
ory from inadvertent write cycles that may occur 
during periods of instability (uncontrolled bus con
ditions when excessive noise is detected, or when 



Figure 6. Software Chip Erase Algorithm 

Whole Array has been Set to FFh 

AI02236C 

power supply levels are outside their specified val
ues). 
By default, the device is shipped in the "unprotect
ed" state: the memory contents can be freely 
changed by the user. Once the Software Data Pro
tection Mode is enabled, all write commands are 
ignored, and have no effect on the memory con
tents. 
The device remains in this mode until a valid Soft
ware Data Protection disable sequence is re
ceived. The device reverts to its "unprotected" 
state. 
The status of the Software Data Protection (en
abled or disabled) is represented by a non-volatile 
latch, and is remembered across periods of the 
power being off. 
The Software Data Protection Enable command 
consists of the writing of three specific data bytes 
to three specific memory locations (each location 
being on a different page), as shown in Figure 4. 
Similarly, to disable the Software Data Protection, 
the user has to write specific data bytes into six dif
ferent locations, as shown in Figure 5. This com
plex series of operations protects against the 

M28010 

Figure 7. Status Bit Assignment 

007 006 DOS 004 003 002 001 DQO 

DP = Data Polling 
TB = Toggle B1t 
PL TS = Page Load T1mer Status 
X = undefined 
PWA = Page Write Abort 
SOP = Software Data ProtectiOn 

AI02486B 

Figure 8. Software Data Protection Status Read 
Algorithm 

Page Write 
T1m1ng 

Normal User Mode 

Al02237B 

chance of inadvertent enabling or disabling of the 
Software Data Protection mechanism. 
When SDP is enabled, the memory array can still 
have data written to it, but the sequence is more 
complex (and hence better protected from inad
vertent use). The sequence is as shown in Figure 
5. This consists of an unlock key, to enable the 
write action, at the end of which the SDP continues 
to be enabled. This allows the SDP to be enabled, 
and data to be written, within a single Write cycle 
(twc). 
Software Chip Erase 
The device can be erased (with all bytes set to 
FFh) by using a six-byte software command code. 
This operation can be initiated only if the user 
loads, with a Page Write addressing mode, six 
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specific data bytes to six specific locations (as 
shown in Figure 6). The complexity of the se
quence has been designed to guard against inad
vertent use of the command. 
Status Bits 
The devices provide five status bits (007, 006, 
005, 001 and DOO) for use during write opera
tions. These allow the application to use the write 
time latency of the device for getting on with other 
work. These signals are available on the 1/0 port 
bits 007, 006, 005, 001 and DOO (but only dur
ing the internal write cycle, tosHosx). 
Data Polling bit (DQ7). The internally timed write 
cycle starts as soon as twLOSH (defined in Table 
9A to Table 9C) has elapsed since the previous 
byte was latched in to the memory. The value of 
the DQ7 bit of this last byte, is used as a signal 
throughout this write operation: it is inverted while 
the internal write operation is underway, and is in
verted back to its original value once the operation 
is complete. 
Toggle bit (DQ6). The device offers another way 
for determining when the internal write cycle is 
running. During the internal write cycle, 006 tog
gles from '0' to '1' and '1' to '0' (the first read value 
being '0') on subsequent attempts to read any byte 
of the memory. When the internal write cycle is 
complete, the toggling is stopped, and the values 
read on 007-DOO are those of the addressed 
memory byte. This indicates that the device is 
again available for new Read and Write opera
tions. 
Page Load Timer Status bit (DQ5). An internal 
timer is used to measure the period between sue-

cessive Write operations, up to twLOSH (defined in 
Table 9A to Table 9C). The DQ5 line is held low to 
show when this timer is running (hence showing 
that the device has received one write operation, 
and is waiting .for the next). The 005 line is held 
high .when the counter has overflowed (hence 
showmg that the device is now starting the internal 
write to the memory array). 
Page Write Abort bit (DQ1 ). During a page write 
operation, the A16 to A7 signals should be kept 
constant. They should not change while succes
sive data bytes are being transferred to the inter
nal latches of the memory device. If a change 
occurs on any of the pins, A16 to A7, during the 
page write ogeration (that is, before the falling 
edge of WorE, which ever occurs later), the inter
nal write cycle is not started, and the internal cir
cuitry is completely reset. 
Th.e abort signal can be observed on the DQ1 pin, 
ustng a normal read operation. This can be per
formed at any time _Quring the byte load cycle, 
twLOSH. or while the W input is being held high be
tween two load cycles. The default value of 001 is 
initially set to '0' and changes to '1' if the internal 
circuitry has detected a change on any of the ad
dress. pins A16 to A7. This PWA bit can be 
checked regardless of whether Software Data 
Protection is enabled or disabled. 
Software Data Protection bit (DQO). Reading the 
SOP bit (DQO) allows the user to determine wheth
er the Software Data Protection mode has been 
e~abled (SDP=1) or disabled (SDP=O). The SOP 
bit (DOO) can be read by using a dedicated algo
rithm (as shown in Figure 8), or can be combined 

Table 5A. Read Mode DC Characteristics for M28010 (5V range) 
(T A = -40 to 85 oc · V CC - 4 5 to 5 5 V) -

Symbol Parameter Test Condition Min. Max. Unit 

lu Input Leakage Current 0 V s VtN s Vee 5 I-lA 

ILO Output Leakage Current OVsVouTsVee 5 I-lA 

E = VtL. G = VtL. f = 0.1 MHz 2 rnA 

Icc 1 Supply Current (CMOS inputs) E- VtL. G - VtL. f = 5 MHz 22 rnA 

E = VtL. G = VtL. f = 10 MHz 40 rnA 

lcc1 1 Supply Current (Stand-by) CMOS E>Vce-0.3V 30 I-lA 

v,L Input Low Voltage -0.3 0.8 v 

v,H Input High Voltage 2 Vee+ 0.3 v 

VoL Output Low Voltage loL = 2.1 rnA 0.4 v 

VoH Output High Voltage loH =-400 (lA 2.4 v 

Note: 1. All1nputs and outputs o en CirCUit. 
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Table 58. Read Mode DC Characteristics for M28010-W (3V range) 
(TA = -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 V,; V1N,; Vee 

ILO Output Leakage Current ov,;Vour,;Vee 

E = V1L. G = V1L. I= 0.1 MHz 

Icc 1 Supply Current (CMOS inputs) E = V1L, G = ViL, I= 5 MHZ 

E = V1L. G = V1L, I= 10 MHz 

lcc1 1 Supply Current (Stand-by) CMOS E>Vee-0.3V 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 1.6 rnA 

VoH Output High Voltage loH = -100 J.lA 

Note: 1. All 1nputs and outputs open ctrcutt. 

Table 5C. Read Mode DC Characteristics for M28010-R (2V range) 
(T A= -40 to 85 °C; Vee= 1.8 to 2.4 V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 V,;VIN ,;Vee 

ILO Output Leakage Current o V,; Vour,; Vee 

Icc 1 Supply Current (CMOS inputs) 
E = ViL, G = V1L, I= 0.1 MHz, Vee= 2.4 V 

E = V1L. G = V1L, I= 5 MHz, Vee= 2.4 V 

lcc1 1 Supply Current (Stand-by) CMOS E > Vee-0.3 V 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL=0.4 rnA 

VoH Output High Voltage loH=-100J.1A 

Note: 1. All Inputs and outputs open c~rcu1t. 

with the reading of the OP bit (007), TB bit (006) 
and PL TS bit (005). 

M28010 

Min. Max. Unit 

5 J.lA 

5 J.lA 

2 rnA 

15 rnA 

26 rnA 

30 J.lA 

-0.3 0.6 v 

2 Vee+ 0.3 v 

0.45 v 

2.4 v 

Min. Max. Unit 

5 J.lA 

5 J.lA 

2 rnA 

12 rnA 

30 J.lA 

. 0.3 0.2 v 

Vee· 0.3 Vee+ 0.3 v 

0.15 v 

Vee·0.15 v 
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Table 6. Input and Output Parameters 1 (T A= 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min. Max. Unit 

c1N Input Capacitance V1N =O v 6 pF 

CouT Output Capacitance VouT=OV 12 pF 

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

Table 7. AC Measurement Conditions Figure 10. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times ~ 5 ns 

Input Pulse Voltages o V to Vee 

Input and Output Timing Ref. Voltages Vcc/2 

Figure 9. AC Testing Input Output Waveforms 

A102228 

DEVICE 
UNDER 
TEST 

CL includes JIG capacitance 

Table SA. Read Mode AC Characteristics for M28010 (SV range) 
(TA = -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Test 
Symbol Alt. Parameter Condit -10 

ion 
Min 

tAVQV tACC Address Valid to Output Valid 
E=VIL, 
G =VIL 

tELQV ICE Chip Enable Low to Output Valid G = V1L 

tGLQV toE Output Enable Low to Output Valid E=VIL 

IEHQZ1 I oF Chip Enable High to Output Hi-Z G =VIL 0 

tGHOZ1 IDF Output Enable High to Output Hi-Z E = V1L 0 

IAXQX toH 
Address Transition to Output E=V1L. 

0 
Transition G =VIL 

Note 1. Output H1-Z IS defined as the po1nt at wh1ch data IS no longer dnven 
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Max 

100 

100 

40 

40 

40 

OUT 

AI02578 

-12 Unit 

Min Max 

120 ns 

120 ns 

45 ns 

0 45 ns 

0 45 ns 

0 ns 



Table 88. Read Mode AC Characteristics for M28010·W (3V range) 
(TA = ·40 to 85 oc; Vee= 2.7 to 3.6 V) 

Test 
Symbol Alt. Parameter Condit ·10 

ion 
Min Max 

IAVQV lAce Address Valid to Output Valid 
E=VIL. 

100 
G =VIL 

IELQV IcE Chip Enable Low to Output Valid G = V1L 100 

IGLQV toE Output Enable Low to Output Valid E= V1L 70 

IEHOZ1 I oF Chip Enable High to Output Hi-Z G = V1L 0 50 

IGHOZ1 I oF Output Enable High to Output Hi-Z E=VtL 0 50 

tAX OX toH 
Address Transition to Output E=VtL. 

0 
Transition G =VtL 

Note: 1. Output H1-Z 1s defmed as the pomt at which data IS no longer dnven. 

Table 8C. Read Mode AC Characteristics for M28010·R (2V range) 
(T A = -40 to 85 oc; Vee = 1.8 to 2.4 V) 

Test 
Symbol Alt. Parameter Condit -20 

ion 

M28010-W 

·12 

Min Max 

120 

120 

80 

0 60 

0 60 

0 

M28010-R 

Min Max Min 

IAVQV tACC Address Valid to Output Valid 
E=VtL. 

200 
G=VIL 

IELQV IcE Chip Enable Low to Output Valid G =V1L 200 

IGLQV toE Output Enable Low to Output Valid E= V1L 80 

IEHOZ1 I oF Chip Enable High to Output Hi-Z G =VIL 0 50 0 

IGHOZ1 toF Output Enable High to Output Hi-Z E=VIL 0 50 0 

lAX OX toH 
Address Transition to Output E=VIL• 

0 0 
Transition G=VtL 

Note: 1. Output H1-Z 1s defmed as the po1nt at wh1ch data IS no longer dnven. 

M28010 

·15 Unit 

Min Max 

150 ns 

150 ns 

100 ns 

0 70 ns 

0 70 ns 

0 ns 

-25 Unit 

Max 

250 ns 

250 ns 

90 ns 

60 ns 

60 ns 

ns 
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Figure 11. Read Mode AC Waveforms (with Write Enable, W, high) 

AO-A16 

G 

DQO-DQ7 

Note: 1. Wnte Enable (W) = VtH 

Table 9A. Write Mode AC Characteristics for M28010 (5V range) 
(T A= -40 to 85 oc; Vee= 4.5 to 5.5 V) 

Symbol Alt. Parameter Test Condition 

IAVWL lAs Address Valid to Write Enable Low E = V:L. G = V:H 

lA VEL lAS Address Valid to Chip Enable Low G = V:H. W= VtL 

IELWL ICES Chip Enable Low to Write Enable Low G =V:H 

IGHWL toES Output Enable High to Write Enable Low E =ViL 

tGHEL toES Output Enable High to Chip Enable Low W=V:L 

twLEL twES Write Enable Low to Chip Enable Low G=VtH 

twLAX tAH Write Enable Low to Address Transition 

tELAX tAH Chip Enable Low to Address Transition 

tELEH twp Chip Enable Low to Chip Enable High 

twHEH tcEH Write Enable High to Chip Enable High 

twHGL toEH Write Enable High to Output Enable Low 

tE<jWH twEH Chip Enable High to Write Enable High 

twHDX toH Write Enable High to Input Transition 

tEHDX toH Chip Enable High to Input Transition 

twHWL twPH Write Enable High to Write Enable Low 

twLWH twp Write Enable Low to Write Enable High 

IWLQSH IsLe Time-out after the last byte write 

IQSHQSX twc 
Byte Write Cycle time 

Page Wnte Cycle time (up to 128 bytes) 

tovwH tos Data Valid before Write Enable High 

tovEH tos Data Valid before Chip Enable High 
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M28010 
Unit 

Min Max 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

70 ns 

70 ns 

100 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

50 ns 

100 ns 

150 J.IS 

5 ms 

10 ms 

50 ns 

50 ns 



Table 98. Write Mode AC Characteristics for M28010-W (3V range) 
(TA = -40 to 85 oc; Vee= 2.7 to 3.6 V) 

Symbol Alt. Parameter Test Condition 

IAVWL lAS Address Valid to Write Enable Low E = V1L. G = V1H 

lA VEL lAs Address Valid to Chip Enable Low G = V1H. W= V1L 

IELWL ICES Chip Enable Low to Write Enable Low G =ViH 

IGHWL IOES Output Enable High to Write Enable Low E = V1L 

IGHEL IOES Output Enable High to Chip Enable Low W=VIL 

IWLEL lwES Write Enable Low to Chip Enable Low G=VIH 

IWLAX IAH Write Enable Low to Address Transition 

IE LAX IAH Chip Enable Low to Address Transition 

IELEH twr Chip Enable Low to Chip Enable High 

lwHEH lcEH Write Enable High to Chip Enable High 

IWHGL loEH Write Enable High to Output Enable Low 

tEHWH IWEH Chip Enable High to Write Enable High 

twHOX toH Write Enable High to Input Transition 

tEHOX toH Chip Enable High to Input Transition 

IWHWL twrH Write Enable High to Wnte Enable Low 

lwLWH twr Wnte Enable Low to Write Enable High 

IWLOSH IsLe Time-out after the last byte write 

Byte Write Cycle time 
IOSHOSX twc 

Page Write Cycle time (up to 128 bytes) 

tovwH tos Data Valid before Write Enable High 

tovEH tos Data Valid before Chip Enable High 

M28010 

M28010-W 
Unit 

Min Max 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

70 ns 

70 ns 

100 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

50 ns 

100 ns 

150 JlS 

5 ms 

10 ms 

50 ns 

50 ns 
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Table 9C. Write Mode AC Characteristics for M28010-R (2V range) 
(T A = -40 to 85 oc; V cc = 1.8 to 2.4 V) 

Symbol Alt. Parameter Test Condition 

IAVWL lAs Address Valid to Write Enable Low E = VIL· G = V1H 

lA VEL lAS Address Valid to Chip Enable Low G = VJH, W= V1L 

IELWL IcES Chip Enable Low to Write Enable Low G =ViH 

IGHWL IQES Output Enable High to Write Enable Low E =ViL 

IGHEL IOES Output Enable High to Chip Enable Low W=VIL 

IWLEL lwES Write Enable Low to Chip Enable Low G =VIH 

IWLAX IAH Write Enable Low to Address Transition 

IE LAX IAH Chip Enable Low to Address Transition 

IELEH lwp Chip Enable Low to Chip Enable High 

IWHEH ICEH Write Enable High to Chip Enable High 

IWHGL IQEH Write Enable High to Output Enable Low 

tEHWH twEH Chip Enable High to Write Enable High 

twHOX loH Write Enable High to Input Transition 

IEHOX loH Chip Enable High to Input Transition 

IWHWL lwPH Write Enable High to Write Enable Low 

IWLWH twp Write Enable Low to Write Enable High 

IWLOSH IsLe Time-out after the last byte write 

Byte Write Cycle time 
IWHRH twc 

Page Write Cycle time (up to 128 bytes) 

tovwH los Data Valid before Write Enable High 

tovEH los Data Valid before Chip Enable High 
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Unit 

Min Max 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

120 ns 

120 ns 

120 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

100 ns 

120 ns 

150 J.IS 

5 ms 

10 ms 

120 ns 

120 ns 
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Figure 12. Write Mode AC Waveforms (Write Enable, W, controlled) 

AO-A16 

1+--.r- tWHEH 

G 

---------+~--~tWHGL 

w 

DQ0-007 DATA IN 

~-----tDVWH------~-

AI02230 

Figure 13. Write Mode AC Waveforms (Chip Enable, E, controlled) 

AO·A16 

w 

~----- tDVEH tEHDX 

A102231 
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Figure 14. Page Write Mode AC Waveforms (Write Enable, W, controlled) 

AO·A12 

G 

DQ0-007 (10) 

.... . . . 
Byte n 

DOS (out) •••••• •• • ••••••••••••••••••••••••••••••••••••••••••••••••••••. 

II--

. .. ···/ f········ 

t05HQ5X 

AI02829 

Figure 15. Software Protected Write Cycle Waveforms 

AO-A6 

5555h 2AAAh 5555h 

A7-A16 

·····~ . . . . ---' .. 

G 
__},.--------·········------

. . ..... .__f\_/\_f 
: . 

-+-~-*-" tWHDX 

DQO·DQ7 \... __ ....J \... __ ....Jf'\.. __ ....J"\. ~~~-; "":{ Byte n X'-------
AI02233B 

Note 1. A16 to A7 must spec1fy the same page address dunng each high-to-low trans1t1on of W (or E). G must be h1gh only when Wand E 
are both low 
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Figure 16. Data Polling Sequence Waveforms 

AO-A16 

G 

w 

007 
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AI02234 

Figure 17. Toggle Bit Sequence Waveforms 
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Table 10. Ordering Information Scheme 

Example: 

Speed 

-10 100 ns 

-12 120 ns 

-15 150 ns 

-20 200 ns 

-25 250 ns 

Operating Voltage 

blank 4.5 V to 5.5 V 

w 
R 

2.7 V to 3.6 V 

1.8 V to 2.4 V 

M28010 

Note: 1. This temperature range on request only. 

ORDERING INFORMATION 

-10 w 

Devices are shipped from the factory with the 
memory content set at all '1 's (FFh). 
The notation used for the device number is as 
shown in Table 10. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 
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KA 6 T 

Option 

T Tape & Reel Packing 

Temperature Range 

11 o to 70 oc 
6 -40 to 85 oc 

Package 

BA PDIP32 

KA PLCC32 

NA TSOP32: 8 x 20mm 
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Table 11. PDIP32- 321ead Plastic DIP, 600 mils width, Package Mechanical Data 

mm inches 
Symbol 

Typ. Min. Max. Typ. Min. Max. 

A - 5.08 - 0.200 

A1 0.38 - 0.015 -

A2 3.56 4.06 0.140 0.160 

B 0.38 0.51 0.015 0.020 

81 1.52 - - 0.060 - -

c 0.20 0.30 0.008 0.012 

D 41.78 42.04 1.645 1.655 

02 38.10 - - 1.500 - -

E 15.24 - - 0.600 - -

E1 13.59 13.84 0.535 0.545 

e1 2.54 - - 0.100 - -
eA 15.24 - - 0.600 - -

eB 15.24 17.78 0.600 0.700 

L 3.18 3.43 0.125 0.135 

s 1.78 2.03 0.070 0.080 

a oo 100 oo 100 

N 32 32 

Figure 18. PDIP32 (BA) 

81 

E1 E 

PDIP 

Note: 1. Drawing is not to scale 
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Table 12. PLCC32- 32 lead Plastic Leaded Chip Carrier, rectangular 

mm 
Symbol 

Typ. Min. 

A 2.54 

A1 1.52 

A2 -

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 -

F 0.00 

R 0.89 -

N 32 

Nd 7 

Ne 9 

CP 

Figure 19. PLCC32 (KA) 

D 

01 

- ..r::u::LD... - -=:::!±:=-· __ 1_N __ 

0 

I I 

Ne: ~ ~ E1 E 

~~~~ '-!----'-
PLCC 

Note· 1 Drawing is not to scale. 
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Max. 

3.56 

2.41 

0.38 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.25 

-

0.10 

t 
R 

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 -

0.000 

0.035 -

32 

7 

9 

A2 

F 

51 ( 020) 

I I I 

D2/E2 8~8 
I I I 

1.14 ( 045) J 

Max. 

0.140 

0.095 

0.015 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.010 

-

0.004 
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Table 13. TSOP32- 321ead Plastic Thin Small Outline, 8 x 20mm, Package Mechanical Data 

mm inches 
Symbol 

Typ. Min. Max. Typ. Min. Max. 

A 1.20 0.047 

A1 0.05 0.17 0.002 0.006 

A2 0.95 1.05 0.037 0.041 

B 0.15 0.27 0.006 0.011 

c 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 7.90 8.10 0.311 0.319 

e 0.50 - - 0.020 - -
L 0.50 0.70 0.020 0.028 

a o• 5• o• 5. 

N 32 32 

CP 0.10 0.004 

Figure 20. TSOP32 (NS) 

,-------
0 

N 

E 

01 

D 

Note: 1 Draw1ng IS not to scale. 
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M39208 

Single Chip 2 Mbit Flash and 64 Kbit Parallel EEPROM Memory 

11 2.7V to 3.6V SUPPLY VOLTAGE for 
PROGRAM, ERASE and READ OPARATIONS 

11 100ns ACCESS TIME 
(Flash and EEPROM blocks) 

• WRITE, PROGRAM and ERASE STATUS BITS 

• CONCURRENT MODE (Read Flash while 
writing to EEPROM) 

• 100,000 ERASE/WRITE CYCLES 

• 10 YEARS DATA RETENTION 

., LOW POWER CONSUMPTION 

- Stand-by mode: 60f.!A 
- Automatic Stand-by mode 

- Deep Power Down mode 

• 64 bytes ONE TIME PROGRAMMABLE 
MEMORY 

e STANDARD EPROM/OTP MEMORY 
PACKAGE 

• EXTENDED TEMPERATURE RANGES 

DESCRIPTION 
The M39208 is a memory device combining Flash 
and EEPROM into a single chip and using single 
supply voltage. The memory is mapped in two 
blocks: 2 Mbit of Flash memory and 64 Kbit of 
EEPROM memory. Each space is independant for 
writing, in concurrent mode the Flash Memory can 
be read while the EEPROM is being written. 

Table 1. Signal Names 

AO-A17 Address Inputs 

DQ0-007 Data Input I Outputs 

EE EEPROM Block Enable 

-
EF Flash Block Enable 

G" Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

February 1999 

TSOP32 (NA) 
8 x20 mm 

Figure 1. Logic Diagram 

Vee 

18 

M39208 

Vss 

PRELIMINARY DATA 

TSOP32 (NB) 
8 x 14 mm 

8 

DQ0-007 

AI02589 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40to8S oe 

TeiAS Temperature Under Bias -SOlo 12S oe 

TSTG Storage Temperature -6S to 1SO oe 

V1o<2> Input or Output Voltages -o.6to s v 
Vee Supply Voltage -Q.6toS v 

VAg, VG, VEF (2) A9, G, EF Voltage -o.6to 13.S v 
Notes: 1. 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 
Rabng conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and other 
relevant quality documents 

2. Minimum Vottage may undershoot to -2V during tranSition and for less than 20ns. 

Figure 2. TSOP Pin Connections 

A11 G 
A9 A10 
AS EF 

A13 DQ7 
A14 DQ6 
A17 DOS 

w DQ4 

Vee DQ3 
EE Vss 

A16 DQ2 
A1S DQ1 
A12 DQO 
A7 AO 
A6 A1 
AS A2 
A4 A3 

AI02587 

DESCRIPTION (Cont'd} 

An additional 64 bytes of EPROM are One Time 
Programmable. 
The M39208 EEPROM memory block may be writ
ten by byte or by page of 64 bytes and the integrity 

2129 
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of the data can be secured with the help of the 
Software Data Protection (SOP). 

The M39208 Flash Memory block offers 4 sectors 
of 64 Kbytes, each sector may be erased individu
ally, and programmed Byte-by-Byte. Each sector 
can be separately protected and unprotected 
against program and erase. Sector erasure may be 
suspended, while data is read from other sectors 
of the Flash memory block (or EEPROM memory 
block), and then resumed. 

During a Program or Erase cycle in the Flash 
memory block or during a Write in the EEPROM 
memory block, the status of the M39208 internal 
logic can be read on the Data Outputs DQ7,DQ6, 
DQ5and 003. 

PIN DESCRIPTION 

Address Inputs (AD-A 17). The address inputs for 
the memory array are latched during a write opera
tion. AO-A12 access locations in the EEPROM 
memory block AD-A 17 access locations in the Flash 
memory block. The memory block selected is given 
by the state on the EE and EF inputs respectively. 

When a specific voltage (V1o) is applied on the A9 
address input, additional specific areas can be 
accessed: Read the Manufacturer identifier, Read 
the Flash block identifier, Read/Write the EEPROM 
block identifier, Verify the Flash Sector Protection 
Status. 

Data Input/Output (DQO-DQ7). A writ~eration 
inputs one byte which is latched when EE (or EF) 
and Write Enable W are driven active. 

Data read is valid when one Chip Enable (Chip 
Enable Flash or Chip Enable EEPROM) and Out
put Enable are driven active. The output is high 
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Figure 3. Flash Block Sectors 

TOP BOTTOM 
A17 A16 ADDRESS ADDRESS 

1 1 - 3FFFFh 30000h 

1 0 - 2FFFFh 20000h 

0 1 64K Bytes Block 1FFFFh 10000h 

0 0 64K Bytes Block OFFFFh OOOOOh 

AI02588 

impedance when the chip is deselected (both EE 
and EF driven high) or the outputs are disabled (G 
driven high). 

Read operations are used to output the contents 
from the memory, the Manufacturer identifier, the 
Flash Sector protection Status, the Flash block 
Identifier, the EEPROM identifier or the OTP row 
content. 
Memory Block EnablejgE and EF). The Memory 
Block Enable (EE or EF) activates the memory 
control logic, input buffers, decoders and sense 
amplifiers. When the EE input is driven high, the 
EEPROM memory block is not selected; when the 
EF input is driven high, the Flash memory block is 
not selected. Atte'!!2!s to access both EEPROM 
and Flash blocks (EE low and EF low) are forbid
den. Switching between the two memory block 
enables (EE and EF) must not be made on the 
same clock cycle, a delay of greater than tEHFL must 
be inserted. 
The M39208 is in standby when both EF and EE 
are High (when no internal Erase or programming 
is running). The power consumption is reduced to 
the standby level and the outputs are in the high 
impedance state, indeJ:>endent of the Output En
able G or Write Enable W inputs. 
After 150ns of inactivity and when the addresses 
are driven at CMOS levels, the chip automatically 
enters a pseudo standby mode where consumption 
is reduced to the CMOS standby value, while the 
outputs continue to drive the bus. 
Output Enable (G). The Output Enable gates the 
outputs through the data buffers during a read 
operation. The data outputs are in th~ high imped
ance state when the Output Enable G is High. 

During Se~or Protect and Sector Unprotect opera
tions, the G input must be forced to V10 level (12V 
+ 0.5V) (for Flash memory block only). 

Write Enable Q!Y). Addresses are latched on the 
falling edge of W,_§_nd Data Inputs are latched on 
the rising edge of W. 

OPERATIONS 

The M39208 memory is addressed through 18 
inputs AO-A 17 and provides data on eight Data 
Inputs/Outputs DQO-DQ7 with the help of four con
trol lines: Chip Enable EEPRQ_M (EE), Chip Enable 
Flash (EF), Output Enable (E) and Write Enable 
(W) inputs. · 

An operation is defined as the basic decoding__Qf 
the lqgiC2..!_evel applied to the control input pins (EF, 
EE, G, W) and the specified voltages applied on 
the relevant address pins. These operations are 
detailed in Table 3. 

Read. Botb_ Ch~nabl§. and Output Enable (that 
is EF and G or EE and G) must be low in order to 
read the output of the memory. 

Read operations are used to output the contents 
from the Flash or EEPROM block, the Manufac
turer identifier, the Flash Sector protection Status, 
the Flash block Identifier, the EEPROM identifier or 
the OTP row content. 

Notes: 

- The Chip Enable input mainly provides power 
control and should be used for device selection. 
The Output Enable input should be used to gate 
data onto the output in combination with active 
EF or EE input signals. 

- The data read depends on the previous instruc
tion entered into the memory (see Table 4). 
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Table 3. Basic Operations 

Operation EF EE 

Read 
V1L V1H 

V1H V1L 

Write 
V1L V1H 

V1H V1L 

Output Disable 
V1L V1H 

V1H V1L 

Standby VIH V1H 

Write. A Write operation can be used for two goals: 

- either write data in the EEPROM memory block 

- or enter a sequence of bytes composing an 
instruction. 

The reader should note that Programming a Flash 
byte is an instruction (see Instructions paragraph). 

Writing data requires: 
- the Chip Enable (either EE or EF) to be Low 

- the Write Enable (W) to be Low with Output 
Enable (G) High. 

Addresses in Flash block (or EEPROM block) are 
latched on the falling edge of W or EF (EE) which
ever occurs last; the data to be written in Flash 
block (EEPROM block) is latched on the rising edge 
of W or EF (EE) whichever occurs first. 

Specific Read and Write Operations. Device 
specific data is accessed through operations de
coding the V10 level applied on A9 (V1o = 12V + 
0.5V) and the logic levels applied on address inputs 
(AO, A 1, A6). These specific operations are: 

- Read the Manufacturer identifier 
- Read the Device identifier 

- Define the Flash Sector protection 
- Read the EEPROM identifier 

- Write the EEPROM identifier 

Note: The OTP row (64 bytes) is accessed with a 
specific software sequence detailed in the para
graph "Write in OTP row". 
Instructions 
An instruction is defined as a sequence of specific 
Write operations. Each received byte is sequen· 
tially decoded (and not executed as standard Write 
operations) and the instruction is executed when 
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G w DQ0-007 

V1L ViH Read in Flash Block 

V1L VIH Read in EEPROM Block 

V1H VIL Write in Flash Block 

V1H V1L Write in EEPROM Block 

V1H X Hi·Z 

V1H X Hi·Z 

X X Hi·Z 

the correct number of bytes are properly received 
and the time between two consecutive bytes is 
shorter than the time-out value. 

The sequencing of any instruction must be followed 
exactly, any invalid combination of instruction bytes 
or time-out between two consecutive bytes will 
reset the device logic into a Read memory state 
(when addressing the Flash block) or directly de
coded as a single operation when addressing the 
EEPROM block. 

The M39208 set of instructions includes: 

- Program a byte in the Flash block 

- Read a Flash sector protection status 

- Erase instructions: Flash Sector Erase, Flash 
Block Erase, Flash Sector Erase Suspend, Flash 
Sector Erase Resume 

- EEPROM power down 

- Deep power down 

- Set/Reset the EEPROM software write protec-
tion (SOP) 

- OTP row access 

- Reset and Return 

- Read identifiers: read the manufacturer identi-
fier, Read the Flash block identifier 

These instructions are detailed in Table 4. 

For efficient decoding of the instruction, the two first 
bytes of an instruction are the coded cycles and are 
followed by a command byte or a confirmation byte. 
The coded cycles consist of writing the data AAh at 
address 5555h during the first cycle and data 55h 
at address 2AAAh during the second cycle. 

In the specific case of the Erase instruction, the 
instruction expects confirmation by two additional 
coded cycles. 
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Table 4. Instructions <1> 

Instruction EE EF Cycle 1 Cycle2 Cycle3 Cycle4 CycleS Cycle6 Cycle7 

Read 

Read Manufacturer AAh 55h 90h Identifier 

Identifier (2) 1 0 @5555h @2AAAh @5555h with 
(AO,A1,A6) 
at(O,O,O) 

Read 

Read Flash AAh 55h 90h identifier 

Identifier (2) 
1 0 @5555h @2AAAh @5555h with 

(AO,A1,A6) 
at(1,0,0) 

Read OTP Row 0 1 AAh 55h 90h Read Read Read 
@5555h @2AAAh @5555h byte 1 byte 2 byte N 

Read 

Read Block AAh 55h 90h Identifier 

Protection Status (2) 
1 0 @5555h @2AAAh @5555h with 

(AO,A1,A6) 
at(0,1,0) 

Program a Flash Byte 1 0 
AAh 55h AOh Data 

@5555h @2AAAh @5555h @address 

Erase one Flash AAh 55h 80h AAh 55h 30h 30h 
1 0 @Sector @Sector 

Block @5555h @2AAAh @5555h @5555h @2AAAh 
address address(3) 

Erase the Whole Flash 1 0 
AAh 55h 80h AAh 55h 10h 

@5555h @2AAAh @5555h @5555h @2AAAh @5555h 

BOh 
Suspend Block Erase 1 0 @any 

address 

30h 
Resume Block Erase 1 0 @any 

address 

EEPROM Power 
0 1 AAh 55h 30h 

Down @5555h @2AAAh @5555h 

Deep Power Down 1 0 20h 
@5555h 

SOP Enable 0 1 
AAh 55h AOh Write Write Write 

(EEPROM) @5555h @2AAAh @5555h byte 1 byte2 byte N 

SOP Disable 
0 1 

AAh 55h 80h AAh 55h 20h 
(EEPROM) @5555h @2AAAh @5555h @5555h @2AAAh @5555h 

Write in OTP Row 0 1 
AAh ·ssh BOh Write Write Write 

@5555h @2AAAh @5555h byte 1 byte2 byte N 

Return (from OTP FOh@ 
Read or EEPROM 0 1 any 
Power Down) address 

AAh 55h 
FOh 

Reset 1 0 @5555h @2AAAh 
@any 

Address 

Reset (short FOh 
1 0 @any 

instruction) address 

Notes: 1. AAh @ 5555h means Wnte byte AAh at address 5555h. 
2. Th1s mstruction can also be performed as a simple Read operation with A9=VIo (refer to READ chapter). 
3. Addrtional blocks to be erased must be entered within BO~s. 
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Table 5. Device Identifiers 

Identifier EF EE G w AO 

Read the 
Manufacturer VtL VtH VtL VtH VtL 
Identifier 

Read the Flash 
VtL V1H VtL VIH VtH Block Identifier 

Read the 
EEPROM Block VtH VtL V1L VtH X 
Identifier 

Note. X- Don t Care. 

POWER SUPPLY and CURRENT CONSUMP
TION 

EEPROM Power Down. The M39208 can be set 
with the EEPROM in power down with the help of 
the EEPROM power down instruction (see Table 
4). Once the EEPROM power down instruction is 
decoded, the EEPROM block cannot be accessed 
unless a further Return instruction is decoded. 

Deep Power Down. The M39208 can be set in the 
lowest Icc consumption mode with the help of the 
Deep Power Down instruction (see Table 4). Once 
the instruction is decoded, the device is set in a 
sleep mode until a Reset instruction is decoded. 

Power Up. The M39208 internal logic is reset upon 
a power-up condition to Read memory status. Any 
Write operation in EEPROM is inhibited during the 
first 5 ms following the power-up. 

Either EF, EE or W must be tied to VtH during 
Power-up for the maximum security of the data 
contents and to remove the possibility of ~e 
being written on the first rising edge of EF, EE or 
W. Any write cycle initiation is locked when Vee is 
below VLKO. 

READ 

Read operations and instructions can be used to: 

- read the contents of the Memory Array (Flash 
block and EEPROM block) 

- read the Memory Array (Flash block and 
EEPROM block) status and identifiers. 
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A1 AG A9 Other DQO-DQ7 
Addresses 

VtL VtL Vto Don't Care 20h 

VtL V1L V1o Don't Care t.b.d. 

64 bytes 
X V1L V1o Don't Care user 

defined 

Read data (Flash and EEPROM blocks) 
~th Chip Enable EF (or EE) and Output Enable 
(G) must be low in order to read the data from the 
memory. 

Read the Manufacturer Identifier 

The manufacturer's identifier can be read with two 
methods: a Read operation or a Read instruction. 

Read Operation. The manufacturer's identifier can 
be read with a Read operation with specific logic 
levels applied on AO, A 1, A6 and the Vto level (Vto 
= 12V + 0.5V) on A9 (see Table 5). 
Read Instruction. The manufacturer's identifier 
can also be read with a single instruction composed 
of 4 operations: 3 specific Write operations (see 
Table 4) and a Read which outputs the Manufac
turer identifier, the Flash block identifier or the Flash 
sector protection status. 

Read the Flash Block Identifier 

The Flash block identifier can be read with two 
methods: a Read operation or a Read instruction. 
Read Operation. The Flash block identifier (t.b.d.) 
can be read with a single Read operation with 
specific logic levels applied on AO, A 1, A6 and the 
Vto level on A9 (see Table 5). 

Read Instruction. The Flash block identifier can 
also be read with an instruction composed of 4 
operations: 3 specific Write operations and a Read 
(see Table 4). 



Table 6. Status Bit 

EF EE 007 006 005 

Flash V1L V1H 
Data Toggle Error 

Polling Flag Flag 

EEPROM VIH VIL 
Data Toggle 

Polling Flag 

Note: X= Not guaranteed value, can be read elther'1' or'O'. 

Read the EEPROM Block Identifier 

The EEPROM block identifier (64 bytes, user de
fined) can be read with a single Read operation with 
A6 = '0' and A9 = V1o (see Table 5). 

Read the OTP Row 

The OTP row is mapped in the EEPROM block 
(EE = '0', EF = '1 ').Read of the OTP row (64 bytes) 
is by an instruction (see Table 4) composed of three 
specific Write operations of data bytes at three 
specific memory locations (each location in a dif
ferent page) before reading the OTP row content. 

When accessing the OTP row, only the LSB ad
dresses (A6 to AO) are decoded where A6 must be 
'0'. 
Each Read of the OTP row has to be followed by 
the Return instruction (see Table 4). 

Read the Flash Sector Protection Status 

Reading the Flash sector protection status is by an 
instruction similar to the Read Manufacturer iden
tifier instruction, the only difference being the value 
of the logic levels applied on AO, A 1, A6, while A 16 
and A 17 define the Flash sector whose protection 
has to be verified. Such a read instruction will 
output a 01 h if the Flash sector is protected and a 
OOh if the Flash sector is not protected. 

The Flash sector protection status can also be 
verified with a Read operation (see chapter: Flash 
block specific features), with V1o on A9. 

Read the Status Bits 

The M39208 provides several Write operation 
status flags which may be used to minimize the 
application write (or erase or program) time. These 
signals are available on the 1/0 port bits when 
programming (or erasing) are in progress. 

Data Polling flag, 007. When Erasing or Pro
gramming into the Flash block (or when Writing into 
the EEPROM block), bit DQ7 outputs the comple
ment of the bit being entered for Program
ming/Writing on DQ7. Once the Program 
instruction or the Write operation is performed, the 

X 

M39208 

004 003 002 001 000 

X Erase X X X Time-out 

X X X X X 

true logic value is read on DQ7 (in a Read opera
tion). 

Flash memory block specific features: 

- Data Polling is effective after the fourth 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 
Flash sector being erased. 

- During an Erase instruction, DQ7 outputs a '0'. 
After completion of the instruction, DQ7 will out
put the last bit programmed {that is a '1' after 
erasing). 

- if the byte to be programmed is in a protected 
Flash sector, the instruction is ignored. 

- If all the Flash sectors to be erased are pro
tected, DQ7 will be set to '0' for about 1 OOf.lS, and 
then return to the previous addressed byte. No 
erasure will be performed. 

- if all sectors are protected, a Bulk Erase instruc-
tion is ignored. 

Toggle flag, DQ6. The M39208 also offers another 
way for determining when the EEPROM write or 
the Flash memory Program instruction is com
pleted. During the internal Write operation, the DQ6 
will toggle from '0' to '1' and '1' to '0' on subsequent 
attemQts to read any byte of the memory, when 
either G , EE or EF is low. 

When the internal cycle is completed the toggling 
will stop and the data read on DQ0-007 is the 
addressed memory byte. The device is now acces
sible for a new Read or Write operation. The opera
tion is completed when two successive reads yield 
the same output data. 

Flash memory block specific features: 

a. the Toggle bit is effective after the fourth W pulse 
(for programming) or after the sixth W pulse (for 
Erase). 

b. If the byte to be programmed belongs to a pro
tected Flash sector, the instruction is ignored and: 
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Figure 4. EEPROM SOP Enable Flowcharts 

Page 
Write 

Instruction 

SDP is set 

SDP ENABLE ALGORITHM 

- if all the Flash sectors selected for erasure 
are protected, DQ6 will toggle to '0' for about 
1 OOJlS, and then return to the previous ad
dressed byte. 

- if all sectors are protected, the Bulk Erase in-
struction is ignored. 

Error flag, 005 (Flash block only). This bit is set 
to '1' when there is a failure during either a Flash 
byte programming or a Sector erase or the Bulk 
Erase. 

In case of error in Flash sector erase or byte 
program, the Flash sector in which the error oc
curred or to which the programmed byte belongs, 
must not be used any longer (other Flash sectors 
may still be used). The Error bit resets after Reset 
instruction. 

During a correct Program or Erase, the Error bit will 
set to '0'. 

Erase Time-out flag, 003 (Flash block only). 
The Erase Timer bit reflects the time-out period 
allowed between two consecutive Sector Erase 
instructions. The Erase timer bit is set to '0' after a 
Sector Erase instruction for a time period of 1 OOJls 
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Page 
Write 

I nstrucllon 

SDP SDP 
Set not Set 

Write Write Data 
in Memory + 

SDP Set 
aftertWC 

AI0169BB 

WRITE 
is enabled 

± 20% unless an additional Sector Erase instruction 
is decoded. After this time period or when the 
additional Sector Erase instruction is decoded, 
DQ3 is set to '1 '. 

WRITE a BYTE (or a PAGE) in EEPROM 

It should be noticed that writing in the EEPROM 
block is an operation, it is not an instruction (as for 
Programming a byte in the Flash block). 

Write a Byte in EEPROM Block 

A write operation is initiated~hen Chip Enable EE 
is Low _§_nd Write Enable W is Low with Output 
Enable G Hi.9!:!, Addresses are latched on the falling 
edge of W, EE whichever occurs last. 

Once initiated, the write operation is internally 
timed until completion, that is during a time tw. 

The status of the write operation can be found by 
reading the Data Polling and Toggle bits (as de
tailed in the READ chapter) or the Ready/Busy 
output. This Ready/Busy output is driven low from 
the write of the byte being written until the comple
tion of the internal Write sequence. 



Table 7. Write the EEPROM Block Identifier 

EF EE 'G 

V1H V1L V1H 

Figure 5. SOP disable Flowchart 

Page 
Wnte 

Instruction 

Unprotected State 
after 

tWC (Wnte Cycle time) 

Write a Page in EEPROM Block 

w 
V1L 

AI016998 

AS 

V1L 

The Page write allows up to 64 bytes within the 
same EEPROM page to be consecutively latched 
into the memory prior to initiating a programming 
cycle. All bytes must be located in a single page 
address, that is A6-A12 must be the same for all 
bytes. Once initiated, the Page write operation is 
internally timed until completion, that is during a 
time twc. 

The status of the write operation can be seen by 
reading the Data Polling and Toggle bits (as de
tailed in the READ chapter). 

A Page write is composed of successive Write 
instructions which must be sequenced within a time 

M39208 

A9 Other DQO- DQ7 Addresses 

V1o Don't Care 64 bytes User Defined 

period (between two consecutive Write operations) 
that is smaller than the lwLwL value. If this period of 
time exceeds the twLWL value, the internal program
ming cycle will start. 

EEPROM Block Software Data Protection 

A protection instruction allows the user to inhibit all 
write modes to the EEPROM block: the Software 
Data Protection (referenced as SDP in the follow
ing). The SDP feature is useful for protecting the 
EEPROM memory from inadvertent write cycles 
that may occur during uncontrolled bus conditions. 

The M39208 is shipped as standard in the unpro
tected state meaning that the EEPROM memory 
contents can be changed by the user. After the SDP 
enable instruction, the device enters the Protect 
Mode where no further write operations have any 
effect on the EEPROM memory contents. 

The device remains in this mode until a valid SDP 
disable instruction is received whereby the device 
reverts to the unprotected state. 

To enable the Software Data Protection, the device 
has to be written (with a Page Write) with three 
specific data bytes at three specific memory loca
tions (each location in a different page) as shown 
in Figure 4. This sequence provides an unlock key 
to enable the write action, and, at the same time, 
SDP continues to be set. Any further Write in 
EEPROM when the SDP is set will use this same 
sequence of three specific data bytes at three 
specific memory locations followed by the bytes to 
write. The first SDP enable sequence can be di
rectly followed by the bytes to written. 

Similarly, to disable the Software Data Protection 
the user has to write specific data bytes into six 
different locations with a Page Write addressing 
different bytes in different pages, as shown in Fig
ure 5. 

The Software Data Protection state is non-volatile 
and is not changed by power on/off sequences. The 
SDP enable/disable instructions set/reset an inter
nal non-volatile bit and therefore will require a write 
time twc, This Write operation can be monitored 
only on the Toggle bit (status bit DQ6). 
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Figure 6. Data Polling Flowchart 

AI01369 

Write OTP Row 
Writing (only one time) in the OTP row (64 bytes) 
is enabled by an instruction. This instruction is 
composed of three specific Write operations of data 
bytes at three specific memory locations (each 
location in a different page) followed by the the data 
to store in the OTP row (refer to Table 4). 
When accessing the OTP row, the only LSB ad
dresses (A6 to AO) are decoded, with A6 = '0'. 
Write the EEPROM Block Identifier 
The EEPROM block identifier can be written with a 
single Write operation with specific logic levels 
applied on A6 and the V1o level on A9 (see Table 
7). 

PROGRAM in the Flash BLOCK 
It should be noted that writing data into the 
EEPROM block and the Flash block is not per-
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Figure 7. Data Toggle Flowchart 
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formed in a similar way: the Flash memory requires 
an instruction (see Instruction chapter) for Erasing 
and another instruction for Programming one (or 
more) byte(s), the EEPROM memory is directly 
written with a simple operation (see Operation 
chapter). 
Program lnstuction. During the execution of the 
Program instruction, the Flash block memory will 
not accept any further instructions. 
The Flash block memory can be programmed byte
by-byte. The program instruction is a sequence of 
three specific Write operations followed by writing 
the address and data byte to be programmed into 
the Flash block memory (see Table 4). The M39208 
automatically starts and performs the programming 
after the fourth write operation. 
During programming, the memory status may be 
checked by reading the status bits DQ5, DQ6 and 
DQ7, as detailed in the following sections. 



Data Polling. Polling on D07 is a method of check
ing whether a Program or an Erase instruction is in 
progress or completed (see Figure 6). When a 
Program instruction is in progress, data bit D07 is 
the complement of the original data bit 7; when 
D07 is identical to the old data and the Error bit 
D05 is still '0', the instruction is complete. To de
termine if D07 is valid, each poll must store the 
original data for comparison, and if they are the 
same, it can be considered that the operation was 
successful. The Error bit D05 is checked to ensure 
timing limits have not exceeded. 
When an Erase operation is in progress, D07 is 
always '0', and will be '1' when finished, so long as 
D05= '0'. 
In all cases, when D05 is '1', D07 should be 
checked again, in case D07 changed simultane
ously with D05. If D07 = true data (Program) or 
D07 = '1' (Erase), the operation is successful and 
execution should return to the caller. A suggested 
second read will provide all true data (Program) or 
all FFh (Erase). Otherwise, this should be flagged 
as an error, and the device should be Reset. 
Data Toggle. Checking the Toggle bit D06 is an 
alternative method of checking if Program or Erase 
operations are in progress or completed (see Fig
ure 7). When an operation is in progress, data bit 
D06 constantly toggles for successive read opera
tions. When D06 no longer toggles and the Error 
bit D05 is '0', the operation is completed. To deter
mine if D06 has toggled, each polling action re
quires 2 consecutive read operations of the data, 
and if the data read is the same, it can be consid
ered that the operation was successful. The Error 
bit D05 is checked to ensure timing limits have not 
been exceeded. In all cases, when D05 is '1 ', D06 
should be checked again, in case D06 has 
changed simultaneously with D05. If D06 has 
stopped toggling, the operation is successful and 
execution should return to the caller. A suggested 
second read will provide all true data (Program) or 
all FFh (Erase). Otherwise, this event should be 
flagged as an error, and the device should be 
Reset. 

ERASE in the Flash BLOCK 
It should be noted that: 
a. Programming any byte of one Flash sector (or 
bulk) requires that the Flash sector (or bulk) has 
been previously erased (once for all bytes within 
the sector or bulk) with the correct instruction (see 
Instructions chapter). 

M39208 

b. Writing in the EEPROM memory is an operation 
triggering an automatic sequencing of byte erase 
followed by a byte write. Writing in EEPROM does 
not require a specific erase operation before writ
ing. 

Bulk Erase Instruction. The Bulk Erase instruc
tion uses six write operations followed by Read 
operations of the status register bits, as described 
in Table 4. If any byte of the Bulk Erase instruction 
is wrong, the Bulk Erase instruction aborts and the 
device is reset to the Read Flash memory status. 

During a Bulk Erase, the memory status may 
checked by reading the status bits D05, D06 and 
D07, as detailed in the "PROGRAM in the Flash 
BLOCK" chapter. The Error bit (D05) returns a '1' 
if there has been an Erase Failure (maximum num
ber of erase cycles have been executed). 

It is not necessary to program the array with OOh, 
the M39208 will automatically do this before eras
ing to FFh. 

During the execution of the Bulk Erase instruction, 
the Flash block logic does not accept any instruc
tion. 

Sector Erase in Flash Block. The Sector Erase 
instruction uses six write operations, as described 
in Table 4. Additional Flash Sector Erase confirm 
commands and Flash sector addresses can written 
subsequently to erase other Flash sectors in par
allel, without further coded cycles, if the additional 
instruction is transmited in a shorter time than the 
timeout period to end of period. The input of a new 
Sector Erase instruction will restart the time-out 
period. 

The status of the internal timer can be monitored 
through the level of D03 (Erase time-out bit), if D03 
is '0' the Sector Erase instruction has been re
ceived and the timeout is counting; if D03 is '1 ', the 
timeout has expired and the M39208 is erasing the 
Flash sector(s). Before and during Erase timeout, 
any instruction different than Erase suspend and 
Erase Resume will abort the instruction and reset 
the device to read array mode. 
It is not necessary to program the Flash sector with 
OOh as the M39208 will do this automatically before 
erasing (byte = FFh). 

During a Sector Erase, the memory status may be 
checked by reading the status bits D05, D06 and 
D07, as detailed in the "Program instruction" chap
ter. During the execution of the erase instruction, 
the Flash block logic accepts only the Reset and 
Erase Suspend instructions (erasure of one Flash 
sector may be suspended, in order to read data 
from another Flash sector, and then resumed). 
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Table 8. Flash Sector Protection 
-

EE G w EF AO A1 A6 

V1L V1H V1o VIL X X X 

VIL VIH V1L VIH VIL V1H V1L 

Notes: X = Don't care. 
SA= Software Address. 

Table 9. Flash Unprotection 
- -

EF EE G w AO A1 A6 A9 

V10 V1H V1o V1L X X X V10 

V1L VIH VIL V1H V1L V1H V1H V10 

Notes: X= Don't care. 
SA= Software Address. 

Erase Suspend Instruction. When a Flash Sector 
Erase operation is in progress, the Erase Suspend 
instruction may suspend the operation by writing 
BOh at any address (see Table 4). This allows 
reading of data from another Flash sector while 
erase is in progress. Erase suspend is accepted 
only during the Flash Sector Erase instruction exe
cution and defaults to read array mode. An Erase 
Suspend instruction entered during an Erase 
timeout will, in addition to suspending the erase, 
terminates the timeout. 

The Toggle bit DQ6 stops toggling when the 
M39208 internal logic is suspended. The Toggle bit 
status must be monitored at an address out of the 
Flash sector being erased. Toggle bit will stop 
toggling between 0.1 f.lS and 15f.lS after the Erase 
Suspend instruction has been written. The M39208 
will then automatically be set into Read Flash Block 
Memory Array mode. 

When erase is suspended, Reading from Flash 
sectors being erased will output invalid data, a 
Read from Flash sector not being erased is valid. 
During an Erase Suspend, the Flash memory will 
respond only to Erase Resume and Reset instruc
tions. 

A Reset instruction will definitively abort erasure 
and can leave invalid data in the Flash sectors 
being erased. 

Erase Resume Instruction. If an Erase Suspend 
instruction was previously executed, the erase op-
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A9 A12 A16 A17 000-007 

V1o X SA SA Protection Activation 

Venfy the protection status: 
V1o X SA SA when DOD= 1 , the sector is 

protected 

A12 A15 A16 A17 000·007 

V1H VIH X X Activat1on of Unprotected 
Mode 

Verify the protection status: 
X X SA SA when DOh, the sector is 

unprotected 

eration may be resumed by this instruction. The 
Erase Resume instruction consists of writing 30h 
at any address (see Table 4). 

FLASH BLOCK SPECIFIC FEATURES 

Flash Sector Protection. Each Flash sector can 
be separately protected against Program or Erase. 
Flash Sector Protection provides additional data 
security, as it disables all program or erase oper~ 
lions. This mode is activated when both A9 and G 
are set to V1D (12V + 0.5V) and the Flash sector 
address is applied on A16 and A17, as shown in 
Figure 8 and Table 8. 

Flash sector protection is programmed with the 
help of a specific sequence of levels applied on EF, 
EE, G, AO, A 1, A6, A9, A 16 and A 17; this sequence 
includes a verification of the Protection status on 
DQO as shown in Table 8. 

Any attempt to program or erase a protected Flash 
sector will be ignored by the device. 

Remarks: 

- The Verify operation is a read with a simulated 
worst case conditions. This allows a guarantee 
of the retention of the Protection status 

- During the application life, the Sector protection 
status can be accessed with a regular Read 
instruction without applying a "high voltage" V1D 
on A9. This instruction is detailed in Table 4. 



Figure 8. Sector Protection Flowchart 

READ DQO at PROTECTION 
ADDRESS. AO, A6 = VIL• A1 = VIH and 

A16, A17 DEFINING SECTOR 

A10259B 

M39208 
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Figure 9. Sector Unprotecting Flowchart 

READ at UNPROTECTION 
ADDRESS· At, A6=VIH• AO = V1L and 

A16, A17 DEFINING SECTOR 
(see Note 1) 

NO YES 

AID2597 

Note: 1 A6 is kept at v," during unprotection algorrthm in order to secure best unprotect1on venficat1on. Dunng all other protection status 
reads, A6 must be kept at v,L. 
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Table 1 0. AC Measurement Conditions 

Input Rise and Fall Times 510ns 

Input Pulse Voltages 0.45V to 2.4V 

Input Timing Ref. Voltages 0.8Vand 2V 

Output Timing Ref. Voltages 1.5V 

Figure 10. AC Testing Input Output Waveform 

O::: =><==)( 1.5V 

AI01950 

M39208 

Figure 11. Output AC Testing Load Circuit 

Vee 

CL includes JIG capacitance 
VouT = 1.5V when the DEVICE 

UNDER TEST is in the 
Hi-Z output state. A102596B 

Table11. Capacitance<1l (TA=25°C,f=1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

CIN input Capacitance V1N =OV 6 pF 

Cour Output Capacitance Vour=OV 12 pF 

Note: 1. Sampled only, not 100% tested 

Flash Sector Unprotection. Flash sectors can be 
unprotected to allow updating of their contents. 
Note that the Sector Unprotection unprotects all 
sectors (sector 0 up to sector 7). 

Flash Sector Unprotection is activated with ~spe
cific sequence of levels applied on EF, EE, G, AO, 
A 1, A6, A9, A 12 and A 15; this sequence includes a 
verification of the Protection status on DQ0-007 
as shown in Figure 9 and Table 9. 

This allows a guarantee of the retention of the 
Protection status. 

Remarks: 

- The Verify operation is a read with a simulated 
worst case conditions. This allows a guarantee 
of the retention of the Protection status 

- During the application life, the Sector protection 
status can be accessed with a regular Read 
instruction without "high voltage" V1D on A9. This 
instruction is detailed in Table 4. 

Reset Instruction. The Reset instruction resets 
the device internal logic in a few J-lS. Reset is an 
instruction of either one write operation or three 
write operations (refer to Table 4). 

Supply Rails. Normal precautions must be taken 
for supply voltage decoupling, each device in a 
system should have the Vee rail decoupled with a 
0.1 J-lF capacitor close to the Vee and Vss pins. The 
printed circuit board trace width should be sufficient 
to carry the Vee program and erase currents re
quired. 
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Table 12. DC Characteristics 
(TA = 0 to 70°C or -20 to 85°C or -40 to 85°C; Vee= 2.7 V to 3.6V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV S VtN S Vee ±1 11A 

ILO Output Leakage Current ov s VoLJT s Vee ±1 flA 

lcc1 (1) Supply Current (Read Flash) TTL EE = VtH, EF = VtL, G = 15 mA 
VtH, I= 6MHz 

lcc2 
Supply Current (Read EEPROM) EE = VtL. EF = VtH. G = 15 mA TTL VtH. I= 6MHz 

lccJ Supply Current (Standby) CMOS EF = EE =Vee± 0.2V 60 11A 

lcc4 
Supply Current (Flash Block Byte program, Sector or 

20 mA Program or Erase) Chip Erase in progress 

Ices Supply Current (EEPROM Write) During twc 20 mA 

Ices 
Supply Current in Deep Power After a Deep Power Down 

2 11A Down Mode instruction (see Table 4) 

VtL Input Low Voltage -0.5 0.8 v 
v,H Input High Voltage 0.7Vcc vee+ o.3 v 
VoL Output Low Voltage loL = 1.8mA 0.45 v 

VOH Output High Voltage loH = -100flA Vee -0.4 v 

V10 A9 High Voltage 11.5 12.5 v 

Ito Vto Current A9 = Vto 100 flA 

VLKO 
Vee Minimum for Write, Erase and 

2 2.3 v Program 

Note: 1. When readrng the Flash block when an EEPR.OM byte(s) IS under a wnte cycle, the supply current IS lcc1 +Ices 

GLOSSARY 

Block: EEPROM block (64 Kbit) or Flash block (2 
Mbit) 

Bulk: the whole Flash block (2 Mbit) 

Sector: 64 Kbyte of Flash memory 

Page: 64 bytes of EEPROM 

Write and Program: Writing (into the EEPROM 
block) and programming (the Flash block) is not 
performed in a similar way: 
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- the Flash memory requires an instruction (see 
Instruction chapter) for Erasing and another in
struction for Programming one (or more) byte(s) 

- the EEPROM memory is directly written with a 
simple operation (see Operation chapter). 

SOP: Software Data Protection. Used for protect
ing the EEPROM block against false Write opera
tions (as in noisy environments). 
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Table 13. Read AC Characteristics 
(TA = 0 to 70°C or -20 to 85°C or -40 to 85°C; Vee= 2. 7 V to 3.6V) 

M39208 

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

Min Max Min Max Min Max 

Address Valid to Next ~ rn = (VJL. VJH) or 
IAVAV IRe Address Valid (EE, EE) = (VJH, V,L), 100 120 150 ns 

G =VJL 

Address Valid to ~ ffl. = (VJL, VJH) or 
IAVQV lAce Output Valid (EE, EE.) = (VJH, VJL), 100 120 150 ns 

G=VJL 

IELQX (1) 
Chip Enable Low to -

ILZ Output Transition G =VJL 0 0 0 ns 

lELQV (2) IcE 
Chip Enable Low to 

G=VJL 100 120 150 ns 
Output Valid 

IGLOX (1) loLZ 
Output Enable Low to {~;_hEft= (VJL, VJH) or 0 0 0 ns 
Output Transition (EE, EF) = {VJH, VJL) 

lGLOV (2) toE 
Output Enable Low to (~;_hEft= (VJL, VJH) or 40 55 55 ns 
Output Valid (EE, EF) = {VJH, V,L) 

IEHOX loH 
Chip Enable High to 

G =VJL 0 0 0 ns 
Output Transition 

IEHQZ (1) 1Hz 
Chip Enable High to 

G =VJL 30 40 40 ns 
Output Hi-Z 

IGHQX toH 
Output Enable High to (~;_hEft= (VJL, VJH) or 0 0 0 ns 
Output Transition {EE, EF) = {VJH, V,L) 

IGHQZ (1) loF 
Output Enable High to {~;_hEft= {VJL, VJH) or 30 40 40 ns 
Output Hi-Z (EE, EF) = (V,H, V,L) 

Address Transition to ~ ffl. = (VIL. VIH) or 
IAXOX toH Output Transition (EE, EE) = (V,H. V,L), 0 0 0 ns 

G =VIL 

IEHFL IcED 
I;!;_(EF) Active to EF 100 100 100 ns (EE) 

Notes: 1. Sampled only, not 100% tested. 
2. G may be delayed by up to tELav- to,av after the falling edge of IT (orEF) Without mcreasing tELov. 
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Figure 13. Write AC Waveforms, W Controlled 

AO·A17 

G 

w 

~~~--------------~---~W--RI_:_:_:_:e_L_E ___ tWLAX----------~:~~-------
-c-tAVWL --' 

tELWL -!+----~ 

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

!+---- tWHWL ----+1 

tDVWH --+j..------.r tWHDX 

DQ0-007 ---------------l----------t-------;V;;A~Lji:ID~----~}-------

.r-----+---· ............................................... -
Vee 

tVeHEL 

Notes: Address are latched on the faiiiOJl~dge of W, Data is latched on the rising edge of W. 
'E is either EF when EE = V1H or EE when EF = v,H. 

AI02594 
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Figure 14. Write AC Waveforms, E Controlled 

AO-A17 

w 

G 

E:!1> 

DQO-DQ7 

~-------- WRITE CYCLE 

VALID 

1+------- tELAX -----~ 

tAVEL 

tWLEL 

tGHEL +---~r--- tELEH 

tEHEL 

IDVEH -+l<ot-----1>1- tEHDX 

VALID 

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

tVCHWL 
AI02593 

Notes: Address are latched on the fall1ng edge of E", Data is latched on the nsing edge of E". 
E is either EF when EE = V1H or EE when EF = V1H 
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Table 14. Write AC Characteristics, Write Enable Controlled 
(T A = 0 to 70°C or -20 to 85°C or -40 to 85°C; Vee = 2. 7 V to 3.6V) 

Symbol A It Parameter -100 

Min Max 

IAVAV twc 
Address Valid to Next 

100 Address Valid 

IELWL (2) tcs 
Chip Enable Low to Write 

0 Enable Low 

lwLWH twp 
Write Enable Low to Write 

50 
Enable High 

tovwH tos 
Input Valid to Write Enable 

50 High 

IWHDX toH 
Write Enable High to Input 

0 Transition 

IWHEH(2) lcH 
Write Enable High to Chip 

0 Enable High 

lwHWL lwPH 
Write Enable High to Write 30 
Enable Low 

IAVWL lAS 
Address Valid to Write 

0 Enable Low 

twLAX tAH 
Write Enable Low to Address 

50 Transition 

tGHWL 
Output Enable High to Write 

0 Enable Low 

tvCHEL tvcs Vee High to Chip Enable Low 50 

tWHOV1 (1) Write Enable High to Output 8 Valid (Program) 

IWHQV2 (1) Write Enable High to Output 
0.5 30 Valid (Sector Erase) 

twHWLO 
Time Out between 2 

80 consecutive Section Erase 

lwHGL loEH 
Write Enable High to Output 

0 
Enable Low 

Notes: 1. Trme rs measured to Data Polling or Toggle Brt, IWHav = IWHC7V + lmvav 
2. ehrp Enable means (EE, EF) = (VrL, VrH) or (EE, EF) = (VrH, VrL). 

M39208 

-120 

Min Max 

120 

0 

50 

50 

0 

0 

30 

0 

50 

0 

50 

8 

0.5 30 

80 

0 

M39208 

-150 
Unit 

Min Max 

150 ns 

0 ns 

65 ns 

65 ns 

0 ns 

0 ns 

35 ns 

0 ns 

65 ns 

0 ns 

50 f!S 

8 f!S 

0.5 30 sec 

80 f!S 

0 ns 
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Table 15. Write AC Characteristics, EE or EF Controlled 
(T A = 0 to 70°C or -20 to 85°C or --40 to 85°C; Vee = 2. 7 v to 3.6V) 

M39208 

Symbol A It Parameter -100 -120 -150 Unit 

Min Max Min Max Min Max 

lwLWL IsLe 
Time-out after the Last Byte 150 150 150 J.IS Write 

!we Write Cycle Time (EEPROM) 10 10 10 ms 

tAVAV 
Address Valid to Next Address 100 120 150 ns 
Valid 

IWLEL tws 
Write Enable Low to Memory 

0 0 0 ns 
Block Enable Low 

IELEH lcP 
Memory Block Enable Low to 50 50 65 ns 
Memory Block Enable High 

tovEH los 
Input Valid to Memory Block 50 50 65 ns 
Enable High 

IEHDX toH 
Memory Block Enable High to 

0 0 0 ns 
Input Transition 

IEHWH lwH 
Memory Block Enable High to 

0 0 0 ns 
Write Enable High 

IEHEL lcPH 
Memory Block Enable High to 30 30 35 ns 
Memory Block Enable Low 

tAVEL lAs 
Address Valid to Memory Block 

0 0 0 ns 
Enable Low 

IELAX IAH 
Memory Block Enable Low to 50 50 65 ns 
Address Transition 

IGHEL 
Output Enable High to Memory 0 0 0 ns Block Enable Low 

lvcHWL tvcs Vee High to Write Enable Low 50 50 50 J.IS 

IEHQV1 (l) 
Memory Block Enable High to 8 8 8 J.IS Output Valid (Program) 

IEHOV2 (l) 
Memory Block Enable High to 0.5 30 0.5 30 0.5 30 sec Output Valid (Sector Erase) 

IEHGL IQEH 
Memory Block Enable High to 

0 0 0 ns Output Enable Low 

Notes: 1. Tome os measured to Data Polling or Toggle Bot, tWHav = tv.><a7V + la7Vav. 
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Table 16. Data Polling and Toggle Bit AC Characteristics <1l 
(TA = 0 to 70°C or -20 to 85°C or -40 to 85°C; Vee= 2.7 V to 3.6V) 

M39208 
Test Symbol 

Conditions 
Parameter 

-100 -120 -150 Unit 

Min Max Min Max Min 

twH07V1 
EF=O Write Enabjg High to DQ7 Valid 10 10 10 
EE=1 (Program, W Controlled) 

twH07V2 
EF=O Write Enable H.ig_h to DQ7 Valid 

1.5 30 1.5 30 1.5 
EE=1 (Sector Erase, W Controlled) 

EF=O 
Flash Block Enable H.i9b to 

tEH07V1 EE=1 
DQ7 Valid (Program, EF 10 10 10 
Controlled} 

EF=O 
Flash Block Enable High tQ_ 

tEH07V2 EE=1 
DQ7 Valid (Sector Erase, EF 1.5 30 1.5 30 1.5 
Controlled) 

ta?VOV 
EF=O 07 Valid to Output Valid (Data 40 50 
EE=1 Polling) 

Notes: 1. All other timings are def~ned in Read Ae CharactenstiCS table. 

Table 17. Program, Erase Times and Program, Erase Endurance Cycles (Flash Block) 
(T A= 0 to 70°C or -20 to 85°C or -40 to 85°C; Vee= 2.7 v to 3.6V) 

Parameter 
M39208 

Min Typ Max 

Chip Program (Byte) 8 

Chip Erase (Preprogrammed) 3 30 

Chip Erase 10 

Sector Erase (Preprogrammed} 1 30 

Sector Erase 2 

Byte Program 10 

Program/Erase Cycles (per Sector) 100,000 
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Max 

!!S 

30 sec 

!!S 

30 sec 

55 ns 

Unit 

sec 

sec 

sec 

sec 

sec 

!!S 

cycles 
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Figure 17. EEPROM Page Write Mode AC Waveforms, W Controlled 
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ORDERING INFORMATION SCHEME 

Example: M39208 -15 W NA 1 T 

Speed Package Option 

-10 100ns NA TSOP32 T Tape& Reel 

-12 120ns 
Bx20mm 

5 
Packing 

-15 150ns NB TSOP32 6 -40to85°C Bx 14mm 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

For a list of available options (Speed, Package, etc ... ) or for further information on any aspect of this device, 
please contact the STMicroelectronics Sales Office nearest to you. 
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TSOP32 - 32 lead Plastic Thin Small Outline, 8 x 14mm 

Symb 

A 

A1 

A2 

B 

c 
D 

D1 

E 

e 

L 

()( 

N 

CP 

Drawing 1s not to scale. 

28/29 

432 

mm 

Typ Min 

o.os 

0.9S 

0.17 

0.10 

13.80 

12.30 

7.90 

o.so . 
o.so 

oo 

32 

,-------
1 
I 

N/2 

TSOP-a 

01 

D 

Max 

1.20 

0.1S 

1.0S 

0.27 

0.21 

14.20 

12.50 

8.10 

. 

0.70 

so 

0.10 

N 

E 

i 
! 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

O.S43 

0.484 

0.311 

0.020 . 

0.020 

oo 

32 

~· 

I 

I 

I I 
I I 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

O.SS9 

0.492 

0.319 

. 

0.028 

so 

0.004 



TSOP32 - 32 lead Plastic Thin Small Outline, 8 x 20mm 

Symb 
mm 

Typ Min 

A 

A1 o.os 

A2 0.9S 

B 0.1S 

c 0.10 

D 19.80 

01 18.30 

E 7.90 

e o.so 

L o.so 

a oo 

N 32 

CP 

,--------

N/2 

01 

D 

TSOP-a 

Drawing is not to scale. 

Max 

1.20 

0.1S 

1.0S 

0.27 

0.21 

20.20 

18.SO 

8.10 

-

0.70 

so 

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 

oo 

32 

~' 

' ' i 

I I 
I I 

M39208 

Max 

0.047 

0.007 

0.041 

0.011 

0.008 

0.79S 

0.728 

0.319 

-
0.028 

so 

0.004 
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M39432 
Single Chip 4 Mbit Flash and 

256 Kbit Parallel EEPROM Memory 

• 3.3V±10% SUPPLY VOLTAGE for PROGRAM, 
ERASE and READ OPARATIONS 

• 120ns ACCESS TIME 
(Flash and EEPROM blocks) 

• WRITE, PROGRAM and ERASE STATUS BITS 

• CONCURRENT MODE (Read Flash while 
writing to EEPROM) 

• 100,000 ERASE/WRITE CYCLES 
11 10 YEARS DATA RETENTION 

• LOW POWER CONSUMPTION 

- Stand-by mode: 40!1A 
- Automatic Stand-by mode 

- Deep Power Down mode 

• 64 bytes ONE TIME PROGRAMMABLE 
MEMORY 

• STANDARD EPROM/OTP MEMORY 
PACKAGE 

• EXTENDED TEMPERATURE RANGES 

DESCRIPTION 

The M39432 is a memory device combining Flash 
and EEPROM into a single chip and using single 
supply voltage. The memory is mapped in two 
blocks: 4 Mbit of Flash memory and 256 Kbit of 
EEPROM memory. Each space is independant for 
writing, in concurrent mode the Flash Memory can 
be read while the EEPROM is being written. 

Table 1. Signal Names 

AO-A18 Address Inputs 

DQO-DQ7 Data Input/ Outputs 

EE EEPROM Block Enable 

EF Flash Block Enable 

G Output Enable 

w Write Enable 

RiB Ready/Busy Output 

Vee Supply Voltage 

Vss Ground 

October 1998 

TSOP40 (Ne) 
10x20mm 

Figure 1. Logic Diagram 

Vee 

19 

M39432 

Vss 

B· 

DQO-DQ7 

A101946 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40to85 oc 
TarAs Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
Vro 121 Input or Output Voltages -o.6to 7 v 
Vee Supply Voltage -o.6to7 v 

VAg, VG, VeF 121 A9, G, EF Voltage -0.6 to 13.5 v 
Notes: 1. Except for the ratrng "Operat1ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the dev1ce. These are stress ratings only and operat1on of the dev1ce at these or any other 
conditions above those indiCated 1n the Operat1ng sections of this specd1cation is not implied. Exposure to Absolute Maximum 
Rat1ng conditions for extended penods may affect device reliability. Refer also to the STM1croelectronics SURE Program and other 
relevant quality documents. 

2. M1n1mum Voltage may undershoot to -2V dunng trans1t1on and for less than 20ns. 

Figure 2. TSOP Pin Connections 

NC NC 
NC EE 

A11 G 
A9 A10 
AS EF 

A13 DQ7 
A14 DQ6 
A17 DQ5 
w DQ4 

Vee DQ3 
A18 Vss 
A16 DQ2 
A15 DQ1 
A12 DQO 

A7 AO 
A6 A1 
A5 A2 
A4 A3 
NC RiB 
NC NC 

Warning: NC = Not Connected. 

DESCRIPTION (Cont'd) 

An additional 64 bytes of EPROM are One Time 
Programmable. 
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The M39432 EEPROM array may be written by 
byte or by page of 64 bytes and the integrity of the 
data can be secured with the help of the Software 
Data Protection (SOP). 

The M39432 Flash Memory array offers 8 blocks of 
64 Kbytes, each sector may be erased individually, 
and programmed Byte-by-Byte. Each block can be 
separately protected and unprotected against pro
gram and erase. Block erasure may be suspended, 
while data is read from other blocks of the Flash 
array (or EEPROM memory block), and then re
sumed. The Flash array is functionally compatible 
with the M29W040 4 Mbit Single Voltage Flash 
Memory. 
During a Program or Erase cycle in the Flash array 
or during a Write in the EEPROM memory block, 
the status of the M39432 internal logic can be read 
on the Data Outputs 007,006, 005 and 003. 

PIN DESCRIPTION 
Address Inputs (AO-A18). The address inputs for 
the memory array are latched during a write opera
tion. AO-A14 access locations in the EEPROM 
memory block AO-A 18 access locations in the Flash 
memory block. The memory block selected is given 
by the state on the EE and EF inputs respectively. 
When a specific voltage (V1o) is applied on the A9 
address input, additional specific areas can be 
accessed: Read the Manufacturer identifier, Read 
the Flash block identifier, Read/Write the EEPROM 
block identifier, Verify the Flash Block Protection 
Status. 



M39432 

Figure 3. Flash Memory Map and Block Address Table 

A18 A17 A16 

1 1 1 

1 1 0 

1 0 1 

1 0 0 

0 1 1 

0 1 0 

0 0 1 

0 0 0 

AI01362B 

Data Input/Output (DQ0-007). A writ~eration 
inputs one byte which is latched when EE (or EF) 
and Write Enable W are driven active. 
Data read is valid when one Chip Enable (Chip 
Enable Flash or Chip Enable EEPROM) and Out
put Enable are driven active. The output is h!.9b. 
impedance when the chip is deselected (both EE 
and EF driven high) or the outputs are disabled (G 
driven high). 
Read operations are used to output the contents 
from the memory, the Manufacturer identifier, the 
Flash Sector protection Status, the Flash block 
Identifier, the EEPROM identifier or the OTP row 
content. 
Memory Block Enabi~E and EF). The Memory 
Block Enable (EE or EF) activates the memory 
control logic, input buffers, decoders and sense 
amplifiers. When the EE input is driven high, the 
EEPROM memory block is not selected; when the 
EF input is driven high, the Flash memory block is 
not selected. Atte~s to access both EEPROM 
and Flash blocks (EE low and EF low) are forbid
den. Switching between the two memory block 
enables (EE and EF) must not be made on the 
same clock cycle, a delay of greater than tEHFL must 
be inserted. 
The M39432 is in standby when both EF and EE 
are High (when no internal Erase or programming 
is running). The power consumption is reduced to 
the standby level and the outputs are in the high 
impedance state, inder:>endent of the Output En
able G or Write Enable W inputs. 

TOP BOTTOM 
ADDRESS ADDRESS 

64K Bytes Block 7FFFFh 70000h 

64K Bytes Block 6FFFFh 60000h 

64K Bytes Block 5FFFFh 50000h 

- 4FFFFh 40000h 

- 3FFFFh 30000h 

- 2FFFFh 20000h 

64K Bytes Block 1FFFFh 10000h 

64K Bytes Block OFFFFh OOOOOh 

After 150ns of inactivity and when the addresses 
are driven at CMOS levels, the chip automatically 
enters a pseudo standby mode where consumption 
is reduced to the CMOS standby value, while the 
outputs continue to drive the bus. 
Output Enable (G). The Output Enable gates the 
outputs through the data buffers during a read 
operation. The data outputs are in the high imped
ance state when the Output Enable G is High. 
During Sector Protect and Sector Unprotect opera
tions, the G input must be forced to V1D level (12V 
+ 0.5V) (for Flash memory block only). 
Write Enable ~). Addresses are latched on the 
falling edge of W,_§_nd Data Inputs are latched on 
the rising edge of W. 
Ready/Busy (RIB). The Ready/Busy pin outputs 
the status of the device when the EEPROM mem
ory block is under the write condition 
- RiB= '0': internal writing is in process, 
- RiB= '1': no internal writing in in process. 

It should be noted that the Ready/Busy pin does 
not reflect the status of Programming/Erasing in the 
Flash memory. 
This status bit can be used when reading (or fetch
ing opcodes) in the Flash memory block. 
The Ready/Busy output uses an open drain tran
sistor, allowing therefore the use of the M39432 in 
multi-memory applications with all Ready/Busy out
puts connected to a single Ready/Busy line (OR
wired with an external pull-up resistor). 
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Table 3 Basic Operations 
- -

Operation EF EE 

Read 
V1L V1H 

VIH V1L 

Write 
VIL V1H 

VIH V1L 

Output Disable 
V1L V1H 

V1H V1L 

Standby ViH V1H 

Note: X = V1L or V1H. 

OPERATIONS 

The M39432 memory is addressed through 19 
inputs AO-A 18 and provides data on eight Data 
Inputs/Outputs DQO-DQ7 with the help of four con
trol lines: Chip Enable EEPROM (EE), Chip Enable 
Flash (EF), Output Enable (E) and Write Enable 
(W) inputs. 

An operation is defined as the basic decoding__Qf 
the IQgic level applied to the control input pins (EF, 
EE, G, W) and the specified voltages applied on 
the relevant address pins. These operations are 
detailed in Table 3. 

Read. Both Ch!2._Enable and Output Enable (that 
is EF and G or EE and G) must be low in order to 
read the output of the memory. 

Read operations are used to output the contents 
from the Flash or EEPROM block, the Manufac
turer identifier, the Flash Sector protection Status, 
the Flash block Identifier, the EEPROM identifier or 
the OTP row content. 
Notes: 

- The Chip Enable input mainly provides power 
control and should be used for device selection. 
The Output Enable input should be used to gate 
data onto the output in combination with active 
EF or EE input signals. 

- The data read depends on the previous instruc-
tion entered into the memory (see Table 4). 

Write. A Write operation can be used for two goals: 
- either write data in the EEPROM memory block 

- or enter a sequence of bytes composing an 
instruction. 

The reader should note that Programming a Flash 
byte is an instruction (see Instructions paragraph). 
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G w DQ0-007 

V1L V1H Read in Flash Block 

V1L VIH Read in EEPROM Block 

V1H V1L Write in Flash Block 

V1H V1L Write in EEPROM Block 

V1H X Hi-Z 

V1H X Hi-Z 

X X Hi-Z 

Writing data requires: 
- the Chip Enable (either EE or EF) to be Low 
- the Write Enable (W) to be Low with Output 

Enable (G) High. 
Addresses in Flash block (or EEPROM...Q!_ock) are 
latched on the falling edge of W or EF (EE) which
ever occurs last; the data to be written in Flash 
block (EEPROM block) is latched on the rising edge 
of W or EF (EE) whichever occurs first. 

Specific Read and Write Operations. Device 
specific data is accessed through operations de
coding the V1o level applied on A9 (V1o = 12V + 
0.5V) and the logic levels applied on address inputs 
(AO, A 1, A6). These specific operations are: 
- Read the Manufacturer identifier 
- Read the Device identifier 
- Define the Flash Sector protection 
- Read the EEPROM identifier 
- Write the EEPROM identifier 
Note: The OTP row (64 bytes) is accessed with a 
specific software sequence detailed in the para
graph "Write in OTP row". 
Instructions 

An instruction is defined as a sequence of specific 
Write operations. Each received byte is sequen
tially decoded (and not executed as standard Write 
operations) and the instruction is executed when 
the correct number of bytes are properly received 
and the time between two consecutive bytes is 
shorter than the time-out value. 

The sequencing of any instruction must be followed 
exactly, any invalid combination of instruction bytes 
or time-out between two consecutive bytes will 
reset the device logic into a Read memory state 
(when addressing the Flash block) or directly de
coded as a single operation when addressing the 
EEPROM block. 
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Table 4. Instructions <1> 

Instruction EE EF Cycle 1 Cycle2 Cycle3 Cycle4 CycleS CycleS Cycle7 

Read 

Read Manufacturer AAh 55h 90h Identifier 

Identifier (2) 1 0 @5555h @2AAAh @5555h with 
(AO,A1,A6} 
at(O,O,O} 

Read 

Read Flash AAh 55h 90h identifier 

Identifier (2) 1 0 @5555h @2AAAh @5555h with 
(AO,A1,A6} 
at (1 ,0,0} 

Read OTP Row 0 1 
AAh 55h 90h Read Read Read 

@5555h @2AAAh @5555h byte 1 byte 2 byte N 

Read 

Read Block AAh 55h 90h 
Identifier 

Protection Status (2) 
1 0 @5555h @2AAAh @5555h 

wijh 
(AO,A1,A6} 
at(O, 1 ,0} 

Program a Flash Byte 1 0 AAh 55h AOh Data 
@5555h @2AAAh @5555h @address 

Erase one Flash AAh 55h SOh AAh 55h 30h 30h 
1 0 @Sector @Sector Block @5555h @2AAAh @5555h @5555h @2AAAh 

address addresst3) 

Erase the Whole Flash 1 0 AAh 55h SOh AAh 55h 10h 
@5555h @2AAAh @5555h @5555h @2AAAh @5555h 

BOh 
Suspend Block Erase 1 0 @any 

address 

30h 
Resume Block Erase 1 0 @any 

address 

EEPROM Power 
0 1 AAh 55h 30h 

Down @5555h @2AAAh @5555h 

Deep Power Down 1 0 
20h 

@5555h 

SOP Enable 0 1 AAh 55h AOh Write Write Write 
(EEPROM} @5555h @2AAAh @5555h byte 1 byte2 byte N 

SOP Disable 0 1 AAh 55h SOh AAh 55h 20h 
(EEPROM} @5555h @2AAAh @5555h @5555h @2AAAh @5555h 

Write in OTP Row 0 1 
AAh 55h BOh Write Write Write 

@5555h @2AAAh @5555h byte 1 byte2 byte N 

Return (from OTP FOh@ 
Read or EEPROM 0 1 any 
Power Down} address 

AAh 55h FOh 
Reset 1 0 @5555h @2AAAh @any 

Address 

Reset (short FOh 
1 0 @any 

instruction} address 

Notes: 1. AAh @5555h means Wnte byte AAh at address 5555h. 
2. This instruction can also be performed as a simple Read operation with A9=V•o (refer to READ chapter). 
3. Additional blocks to be erased must be entered Within 80~s. 
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Table 5. Device Identifiers 

-
EE G Identifier EF 

Read the 
Manufacturer v,L V1H V1L 
Identifier 

Read the Flash v,L v,H v,L Block Identifier 

Read the 
EEPROM Block v,H v,L v,L 
Identifier 

Note: X= Don't Care. 

The M39432 set of instructions includes: 
- Program a byte in the Flash block 
- Read a Flash sector protection status 

w AO 

V1H V1L 

v,H v,H 

v,H X 

- Erase instructions: Flash Sector Erase, Flash 
Block Erase, Flash Sector Erase Suspend, Flash 
Sector Erase Resume 

- EEPROM power down 
- Deep power down 
- Set/Reset the EEPROM software write protec-

tion (SOP) 
- OTP row access 
- Reset and Return 
- Read identifiers: read the manufacturer identi-

fier, Read the Flash block identifier 
These instructions are detailed in Table 4. 

For efficient decoding of the instruction, the two first 
bytes of an instruction are the coded cycles and are 
followed by a command byte or a confirmation byte. 
The coded cycles consist of writing the data AAh at 
address 5555h during the first cycle and data 55h 
at address 2AAAh during the second cycle. 

In the specific case of the Erase instruction, the 
instruction expects confirmation by two additional 
coded cycles. 

POWER SUPPLY and CURRENT CONSUMP
TION 

EEPROM Power Down. The M39432 can be set 
with the EEPROM in power down with the help of 
the EEPROM power down instruction (see Table 
4). Once the EEPROM power down instruction is 
decoded, the EEPROM block cannot be accessed 
unless a further Return instruction is decoded. 

Deep Power Down. The M39432 can be set in the 
lowest Icc consumption mode with the help of the 
Deep Power Down instruction (see Table 4). Once 
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A1 A6 A9 Other DQO-DQ7 Addresses 

v,L V1L V1o Don't Care 20h 

v,L v,L v,o Don't Care OE3h 

64 bytes 
X v,L v,o Don't Care user 

defined 

the instruction is decoded, the device is set in a 
sleep mode until a Reset instruction is decoded. 
Power Up. The M39432 internal logic is reset upon 
a power-up condition to Read memory status. Any 
Write operation in EEPROM is inhibited during the 
first 5 ms following the power-up. 
Either EF, EE or W must be tied to VJH during 
Power-up for the maximum security of the data 
contents and to remove the possibility _Q!_ a_Qyte 
being written on the first rising edge of EF, EE or 
W. Any write cycle initiation is locked when Vee is 
below VLKO. 

READ 
Read operations and instructions can be used to: 
- read the contents of the Memory Array (Flash 

block and EEPROM block) 
- read the Memory Array (Flash block and 

EEPROM block) status and identifiers. 
Read data (Flash and EEPROM blocks) 
Both Chip Enable EF (or EE) and Output Enable 
(G) must be low in order to read the data from the 
memory. 

Read the Manufacturer Identifier 
The manufacturer's identifier can be read with two 
methods: a Read operation or a Read instruction. 

Read Operation. The manufacturer's identifier can 
be read with a Read operation with specific logic 
levels applied on AO, A 1, A6 and the Vto level (Vto 
= 12V + 0.5V) on A9 (see Table 5). 

Read Instruction. The manufacturer's identifier 
can also be read with a single instruction composed 
of 4 operations: 3 specific Write operations (see 
Table 4) and a Read which outputs the Manufac
turer identifier, the Flash block identifier or the Flash 
sector protection status (depending on the levels 
applied on AO, A 1, A6, A16, A17 and A 18. 



Table 6. Status Bit 

EF EE DQ7 DQ6 DQS 

Flash V1L V1H 
Data Toggle Error 

Polling Flag Flag 

EEPROM V1H V1L 
Data Toggle 

Polling Flag 

Note: X= Not guaranteed value, can be read elther'1' or'O'. 

Read the Flash Block Identifier 
The Flash block identifier can be read with two 
methods: a Read operation or a Read instruction. 
Read Operation. The Flash block identifier (E3h) 
can be read with a single Read operation with 
specific logic levels applied on AO, A 1, A6 and the 
V1o level on A9 (see Table 5). 
Read Instruction. The Flash block identifier can 
also be read with an instruction composed of 4 
operations: 3 specific Write operations and a Read 
(see Table 4). 
Read the EEPROM Block Identifier 
The EEPROM block identifier (64 bytes, user de
fined) can be read with a single Read operation with 
A6 = '0' and A9 = V10 (see Table 5). 
Read the OTP Row 

The OTP row is mapped in the EEPROM block 
(EE = '0', EF = '1'). Read of the OTP row (64 bytes) 
is by an instruction (see Table 4) composed of three 
specific Write operations of data bytes at three 
specific memory locations (each location in a dif
ferent page) before reading the OTP row content. 
When accessing the OTP row, only the LSB ad
dresses (A6 to AO) are decoded where A6 must be 
'0'. 
Each Read of the OTP row has to be followed by 
the Return instruction (see Table 4). 
Read the Flash Sector Protection Status 
Reading the Flash sector protection status is by an 
instruction similar to the Read Manufacturer iden
tifier instruction, the only difference being the value 
ofthe logic levels applied on AO, A 1, A6, while A 16, 
A 17 and A 18 define the Flash sector whose protec
tion has to be verified. Such a read instruction will 
output a 01 h if the Flash sector is protected and a 
OOh if the Flash sector is not protected. 
The Flash sector protection status can also be 
verified with a Read operation (see chapter: Flash 
block specific features), with V1o on A9. 
Read the Status Bits 
The M39432 provides several Writ~ operation 
status flags which may be used to minimize the 
application write (or erase or program) time. These 

X 

M39432 

DQ4 DQ3 DQ2 DQ1 DQO 

X Erase X X X Time-out 

X X X X X 

signals are available on the 1/0 port bits when 
programming (or erasing) are in progress. It should 
be noted that the Ready/Busy pin also reflects the 
status of the EEPROM Write (the Ready/Busy pin 
does not reflect the status of the Flash Program
ming/Erasing). 

Data Polling flag, 007. When Erasing or Pro
gramming into the Flash block (or when Writing into 
the EEPROM block), bit DQ7 outputs the comple
ment of the bit being entered for Program
ming/Writing on DQ7. Once the Program 
instruction or the Write operation is performed, the 
true logic value is read on DQ7 (in a Read opera
tion). 

Flash memory block specific features: 
- Data Polling is effective after the fourth 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 
Flash sector being erased. 

- During an Erase instruction, DQ7 outputs a '0'. 
After completion of the instruction, DQ7 will out
put the last bit programmed (that is a '1' after 
erasing). 

- if the byte to be programmed is in a protected 
Flash sector, the instruction is ignored. 

- If all the Flash sectors to be erased are pro
tected, DQ7 will be set to '0' for about 1 OOf.LS, and 
then return to the previous addressed byte. No 
erasure will be performed. 

- if all sectors are protected, a Bulk Erase instruc-
tion is ignored. 

Toggle flag, 006. The M39432 also offers an?ther 
way for determining when the EEPROM wnte or 
the Flash memory Program instruction is com
pleted. During the internal Write operation, the DQ6 
will toggle from '0' to '1' and '1' to '0' on subsequent 
attem~ts to read any byte of the memory, when 
either G , EE or EF is low. 

When the internal cycle is completed the toggling 
will stop and the data read on DQ0-007 is the 
addressed memory byte. The device is now acces
sible for a new Read or Write operation. The opera
tion is completed when two successive reads yield 
the same output data. 
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Figure 4. EEPROM SOP Enable Flowcharts 

Page 
Write 

Instruction 

SOP is set 

SOP ENABLE ALGORITHM 

Flash memory block specific features: 

a. The Toggle bit is effective after the fourth W pulse 
(for programming} or after the sixth W pulse (for 
Erase}. 

b. If the byte to be programmed belongs to a pro
tected Flash sector, the instruction is ignored and: 

- if all the Flash sectors selected for erasure 
are protected, D06 will toggle to '0' for about 
100J1S, and then return to the previous ad
dressed byte. 

- if all sectors are protected, the Bulk Erase in-
struction is ignored. 

Error flag, DQS (Flash block only). This bit is set 
to '1' when there is a failure during either a Flash 
byte programming or a Sector erase or the Bulk 
Erase. 

In case of error in Flash sector erase or byte 
program, the Flash sector in which the error oc
curred or to which the programmed byte belongs, 
must not be used any longer (other Flash sectors 
may still be used}. The Error bit resets after Reset 
instruction. 

During a correct Program or Erase, the Error bit will 
set to '0'. 

Erase Time-out flag, DQ3 (Flash block only). 
The Erase Timer bit reflects the time-out period 
allowed between two consecutive Sector Erase 
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Page 
Wnte 

Instruction 

SOP SOP 
Set notSet 

Write Write Data 
in Memory + 

SOP Set 
aftertWC 

AI0169BB 

WRITE 
is enabled 

instructions. The Erase timer bit is set to '0' after a 
Sector Erase instruction for a time period of 1 OOJls 
± 20% unless an additional Sector Erase instruction 
is decoded. After this time period or when the 
additional Sector Erase instruction is decoded, 
D03 is set to '1'. 

WRITE a BYTE (or a PAGE) in EEPROM 

It should be noticed that writing in the EEPROM 
block is an operation, it is not an instruction (as for 
Programming a bYte in the Flash block}. 

Write a Byte in EEPROM Block 

A write operation is initiated when Chip Enable EE 
is Low l!nd Write Enable W is Low with Output 
Enable G Hi_gh, Addresses are latched on the falling 
edge of W, EE whichever occurs last. 

Once initiated, the write operation is internally 
timed until completion, that is during a time tw. 
The status of the write operation can be found by 
reading the Data Polling and Toggle bits (as de
tailed in the READ chapter} or the Ready/Busy 
output. This Ready/Busy output is driven low from 
the write of the byte being written until the comple
tion of the internal Write sequence. 



Table 7. Write the EEPROM Block Identifier 

EF EE . 'G 

VtH VtL VtH 

Figure 5. SOP disable Flowchart 

Page 
Wnte 

Instruction 

Unprotected State 
after 

tWC (Wnte Cycle ttme) 

Write a Page in EEPROM Block 

w 
VtL 

Al016998 

A6 

VtL 

The Page write allows up to 64 bytes within the 
same EEPROM page to be consecutively latched 
into the memory prior to initiating a programming 
cycle. All bytes must be located in a single page 
address, that is A6-A14 must be the same for all 
bytes. Once initiated, the Page write operation is 
internally timed until completion, that is during a 
time twc. 

The status of the write operation can be seen by 
reading the Data Polling and Toggle bits (as de
tailed in the READ chapter) or the Ready/Busy 
oujput. This Ready/Busy output is driven low from 
the write of the first byte to be written until the 
completion of the internal Write sequence. 

A Page write is composed of successive Write 
instructions which must be sequenced within a time 

M39432 

A9 Other 000-007 Addresses 

V10 Don't Care 64 bytes User Defined 

period (between two consecutive Write operations) 
that is smaller than the twLwL value. If this period of 
time exceeds the twLwL value, the internal program
ming cycle will start. 

EEPROM Block Software Data Protection 

A protection instruction allows the user to inhibit all 
write modes to the EEPROM block: the Software 
Data Protection (referenced as SOP in the follow
ing). The SOP feature is useful for protecting the 
EEPROM memory from inadvertent write cycles 
that may occur during uncontrolled bus conditions. 

The M39432 is shipped as standard in the unpro
tected state meaning that the EEPROM memory 
contents can be changed by the user. After the SDP 
enable instruction, the device enters the Protect 
Mode where no further write operations have any 
effect on the EEPROM memory contents. 

The device remains in this mode until a valid SOP 
disable instruction is received whereby the device 
reverts to the unprotected state. 

To enable the Software Data Protection, the device 
has to be written (with a Page Write) with three 
specific data bytes at three specific memory loca
tions (each location in a different page) as shown 
in Figure 4. This sequence provides an unlock key 
to enable the write action, and, at the same time, 
SOP continues to be set. Any further Write in 
EEPROM when the SOP is set will use this same 
sequence of three specific data bytes at three 
specific memory locations followed by the bytes to 
write. The first SOP enable sequence can be di
rectly followed by the bytes to written. 

Similarly, to disable the Software Data Protection 
the user has to write specific data bytes into six 
different locations with a Page Write addressing 
different bytes in different pages, as shown in Fig
ure 5. 

The Software Data Protection state is non-volatile 
and is not changed by power on/off sequences. The 
SOP enable/disable instructions set/reset an inter
nal non-volatile bit and therefore will require a write 
time twc, This Write operation can be monitored 
only on the Toggle bit (status bit 006) and the 
Ready/Busy pin. The Ready/Busy output is driven 
low from the first byte to be written (that is the first 
Write AAh, @5555h of the SOP set/reset se
quence) until the completion of the internal Write 
sequence. 
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Figure 6. Data Polling Flowchart 

AI01369 

Write OTP Row 
Writing (only one time) in the OTP row (64 bytes) 
is enabled by an instruction. This instruction is 
composed of three specific Write operations of data 
bytes at three specific memory locations (each 
location in a different page) followed by the the data 
to store in the OTP row (refer to Table 4). 
When accessing the OTP row, the only LSB ad
dresses {A6 to AO) are decoded, with A6 = '0'. 

Write the EEPROM Block Identifier 
The EEPROM block identifier can be written with a 
single Write operation with specific logic levels 
applied on A6 and the V1o level on A9 (see Table 
7). 

PROGRAM in the Flash BLOCK 
It should be noted that writing data into the 
EEPROM block and the Flash block is not per
formed in a similar way: the Flash memory requires 
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Figure 7. Data Toggle Flowchart 

A101370 

an instruction (see Instruction chapter) for Erasing 
and another instruction for Programming one (or 
more) byte(s), the EEPROM memory is directly 
written with a simple operation (see Operation 
chapter). 

Program lnstuction. During the execution of the 
Program instruction, the Flash block memory will 
not accept any further instructions. 
The Flash block memory can be programmed byte
by-byte. The program instruction is a sequence of 
three specific Write operations followed by writing 
the address and data byte to be programmed into 
the Flash block memory (see Table 4). The M39432 
automatically starts and performs the programming 
after the fourth write operation. 
During programming, the memory status may be 
checked by reading the status bits D05, D06 and 
D07, as detailed in the following sections. 



Data Polling. Polling on DQ7 is a method of check
ing whether a Program or an Erase instruction is in 
progress or completed (see Figure 6). When a 
Program instruction is in progress, data bit DQ7 is 
the complement of the original data bit 7; when 
DQ7 is identical to the old data and the Error bit 
DQ5 is still '0', the instruction is complete. To de
termine if DQ7 is valid, each poll must store the 
original data for comparison, and if they are the 
same, it can be considered that the operation was 
successful. The Error bit DQ5 is checked to ensure 
timing limits have not exceeded. 

When an Erase operation is in progress, DQ7 is 
always '0', and will be '1' when finished, so long as 
DQ5= '0'. 

In all cases, when DQ5 is '1', DQ7 should be 
checked again, in case DQ7 changed simultane
ously with DQ5. If DQ7 = true data (Program) or 
DQ7 = '1' (Erase), the operation is successful and 
execution should return to the caller. A suggested 
second read will provide all true data (Program) or 
all FFh (Erase). Otherwise, this should be flagged 
as an error, and the device should be Reset. 

Data Toggle. Checking the Toggle bit DQ6 is an 
alternative method of checking if Program or Erase 
operations are in progress or completed (see Fig
ure 7). When an operation is in progress, data bit 
006 constantly toggles for successive read opera
tions. When DQ6 no longer toggles and the Error 
bit DOS is '0', the operation is completed. To deter
mine if DQ6 has toggled, each polling action re
quires 2 consecutive read operations of the data, 
and if the data read is the same, it can be consid
ered that the operation was successful. The Error 
bit DQ5 is checked to ensure timing limits have not 
been exceeded. In all cases, when DQ5 is '1', DQ6 
should be checked again, in case DQ6 has 
changed simultaneously with DQ5. If DQ6 has 
stopped toggling, the operation is successful and 
execution should return to the caller. A suggested 
second read will provide all true data (Program) or 
all FFh (Erase). Otherwise, this event should be 
flagged as an error, and the device should be 
Reset. 

ERASE in the Flash BLOCK 

It should be noted that: 

a. Programming any byte of one Flash sector (or 
bulk) requires that the Flash sector (or bulk) has 
been previously erased (once for all bytes within 
the sector or bulk) with the correct instruction (see 
Instructions chapter). 

M39432 

b. Writing in the EEPROM memory is an operation 
triggering an automatic sequencing of byte erase 
followed by a byte write. Writing in EEPROM does 
not require a specific erase operation before writ
ing. 

Bulk Erase Instruction. The Bulk Erase instruc
tion uses six write operations followed by Read 
operations of the status register bits, as described 
in Table 4. If any byte of the Bulk Erase instruction 
is wrong, the Bulk Erase instruction aborts and the 
device is reset to the Read Flash memory status. 

During a Bulk Erase, the memory status may 
checked by reading the status bits D05, DQ6 and 
DQ7, as detailed in the "PROGRAM in the Flash 
BLOCK" chapter. The Error bit (DQ5) returns a '1' 
ifthere has been an Erase Failure (maximum num
ber of erase cycles have been executed). 

It is not necessary to program the array with OOh, 
the M39432 will automatically do this before eras
ing to FFh. 

During the execution of the Bulk Erase instruction, 
the Flash block logic does not accept any instruc
tion. 

Sector Erase in Flash Block. The Sector Erase 
instruction uses six write operations, as described 
in Table 4. Additional Flash Sector Erase confirm 
commands and Flash sector addresses can written 
subsequently to erase other Flash sectors in par
allel, without further coded cycles, if the additional 
instruction is transmited in a shorter time than the 
timeout period to end of period. The input of a new 
Sector Erase instruction will restart the time-out 
period. 

The status of the internal timer can be monitored 
through the level of DQ3 (Erase time-out bit), if DQ3 
is '0' the Sector Erase instruction has been re
ceived and the timeout is counting; if DQ3 is '1 ',the 
timeout has expired and the M39432 is erasing the 
Flash sector(s). Before and during Erase timeout, 
any instruction different than Erase suspend and 
Erase Resume will abort the instruction and reset 
the device to read array mode. 
It is not necessary to program the Flash sector with 
OOh as the M39432 will do this automatically before 
erasing (byte = FFh). 

During a Sector Erase, the memory status may be 
checked by reading the status bits DQ5, DQ6 and 
DQ7, as detailed in the "Program instruction" chap
ter. During the execution of the erase instruction, 
the Flash block logic accepts only the Reset and 
Erase Suspend instructions (erasure of one Flash 
sector may be suspended, in order to read data 
from another Flash sector, and then resumed). 
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Table 8. Flash Sector Protection 

EF EE G w AO A1 AS A9 

V1L V1H V1o V1L X X X V1o 

VJL V1H VJL V1H V1L VIH V1L V1o 

Notes: X = Don't care. 
SA= Software Address. 

Table 9. Flash Unprotection 

EF EE G w AO A1 AS A9 

V1o V1H V1o V1L X X X V10 

VIL VIH VIL V1H VIL V1H V1H V1o 

Notes: X= Don't care. 
SA= Software Address. 

Erase Suspend Instruction. When a Flash Sector 
Erase operation is in progress, the Erase Suspend 
instruction may suspend the operation by writing 
BOh at any address (see Table 4). This allows 
reading of data from another Flash sector while 
erase is in progress. Erase suspend is accepted 
only during the Flash Sector Erase instruction exe
cution and defaults to read array mode. An Erase 
Suspend instruction entered during an Erase 
timeout will, in addition to suspending the erase, 
terminates the timeout. 

The Toggle bit DOS stops toggling when the 
M39432 internal logic is suspended. The Toggle bit 
status must be monitored at an address out of the 
Flash sector being erased. Toggle bit will stop 
toggling between 0. 1 J!S and 15J.1S after the Erase 
Suspend instruction has been written. The M39432 
will then automatically be set into Read Flash Block 
Memory Array mode. 

When erase is suspended, Reading from Flash 
sectors being erased will output invalid data, a 
Read from Flash sector not being erased is valid. 
During an Erase Suspend, the Flash memory will 
respond only to Erase Resume and Reset instruc
tions. 

A Reset instruction will definitively abort erasure 
and can leave invalid data in the Flash sectors 
being erased. 

Erase Resume Instruction. If an Erase Suspend 
instruction was previously executed, the erase op
eration may be resumed by this instruction. The 
Erase Resume instruction consists of writing 30h 
at any address (see Table 4). 
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A12 A1S A17 A18 DQ0-007 

X SA SA SA Protection Activation 

Verify the protection status: 
X SA SA SA when DOD= 1, the block is 

protected 

A12 A1S A17 A18 DQO-DQ7 

V1H V1H X X Activation of Unprotected 
Mode 

Verify the protection status: 
X SA SA SA when DOh, the block is 

unprotected 

FLASH BLOCK SPECIFIC FEATURES 

Flash Sector Protection. Each Flash sector can 
be separately protected against Program or Erase. 
Flash Sector Protection provides additional data 
security, as it disables all program or erase opera
tions. This mode is activated when both A9 and G 
are set to V1D (12V + 0.5V) and the Flash sector 
address is applied on A 16, A 17 and A 18, as shown 
in Figure 8 and Table 8. 

Flash sector protection is programmed with the 
~ .2! a specific sequence of levels applied on EF, 
EE, G, AO, A1, AS, A9, A1S, A17 and A18; this 
sequence includes a verification of the Protection 
status on DQO as shown in Table 8. 

Any attempt to program or erase a protected Flash 
sector will be ignored by the device. 

Remarks: 

- The Verify operation is a read with a simulated 
worst case conditions. This allows a guarantee 
of the retention of the Protection status 

- During the application life, the Sector protection 
status can be accessed with a regular Read 
instruction without applying a "high voltage" V1D 
on A9. This instruction is detailed in Table 4. 

Flash Sector Unprotection. Flash sectors can be 
unprotected to allow updating of their contents. 
Note that the Sector Unprotection unprotects all 
sectors (sector 0 up to sector 7). 

Flash Sector Unprotection is activated with a spe
cific sequence of levels applied on EF, EE, G, AO, 
A1, A6, A9, A12, A16, A17 andA18; this sequence 
includes a verification of the Protection status on 
DQO-DQ7 as shown in Figure 9 and Table 9. 



Figure 8. Block Protection Flowchart 

READ DQO at PROTECTION 
ADDRESS: AD, A6 = Vll• A1 = V1H and 

A16, A17, A18 DEFINING BLOCK 

AI0194B8 

M39432 
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Figure 9. Block Unprotecting Flowchart 

READ at UNPROTECTION 
ADDRESS: A1, A6 = VIH• AO = V1L and 

A16, A17, A18 DEFINING BLOCK 
(see Note 1) 

NO YES 

AI01949B 

Note: 1. A6 rs kept at V1H dunng unprotection algonthm in order to secure best unprotectron venf1catron. Dunng all other protectron status 
reads, A6 must be kept at V". 

14/29 

448 



Table 1 0. AC Measurement Conditions 

Input Rise and Fall Times ~ 10ns 

Input Pulse Voltages 0.45V to 2.4V 

Input Timing Ref. Voltages 0.8Vand2V 

Output Timing Ref. Voltages 1.5V 

Figure 10. AC Testing Input Output Waveform 

2.4V~1.5V 
0.45V 

A101950 

M39432 

Figure 11. Output AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

Vee 

CL 1ncludes JIG capacHance 
VouT = 1.5V when the DEVICE 

UNDER TEST is in the 
Hi·Z output state AI01951 

Table 11 Capacitance <1> (TA- 25 oc f- 1 MHz) - ' -

Symbol Parameter Test Condition Min Max Unit 

GIN Input Capacitance V1N=OV 6 pF 

GouT Output Capac1tance VotJT = OV 12 pF . Note: 1. Sampled only, not 100Yo tested . 

FLASH BLOCK SPECIFIC FEATURES (coni' d) 

This allows a guarantee of the retention of the 
Protection status. 

Remarks: 

- The Verify operation is a read with a simulated 
worst case conditions. This allows a guarantee 
of the retention of the Protection status 

- During the application life, the Sector protection 
status can be accessed with a regular Read 
instruction without "high voltage" V1D on A9. This 
instruction is detailed in Table 4. 

Reset Instruction. The Reset instruction resets 
the device internal logic in a few JlS. Reset is an 
instruction of either one write operation or three 
write operations (refer to Table 4). 

Supply Rails. Normal precautions must ~e t<l:ken 
for supply voltage decoupling, each dev1ce 1n a 
system should have the Vee rail decouple? with a 
0.1 JlF capacitor close to the Vee and Vss p;ns_. ")"he 
printed circuit board trace width should be suff1c1ent 
to carry the Vee program and erase currents re
quired. 

GLOSSARY 
Block: EEPROM block (256 Kbit) or Flash block 
(4Mbit) 
Bulk: the whole Flash block (4Mbit) 
Sector: 64 Kbyte of Flash memory 
Page: 64 bytes of EEPROM 
Write and Program: Writing (into the EE~ROM 
block) and Programming (the Flash block) 1s not 
performed in a similar way: 
- the Flash memory requires an instruction (s~e 

Instruction chapter) for Erasing and another In
struction for Programming one (or more) byte(s) 

- the EEPROM memory is directly written with a 
simple operation (see Operation chapter). 

SOP: Software Data Protection. Used for protect
ing the EEPROM block against false Write opera
tions (as in noisy environments). 
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Table 12. DC Characteristics 
{TA = 0 to 70°C or -40 to 85°C; Vee= 3.3V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV~VIN~Vee ±1 !lA 

ILO Output Leakage Current OV ~ Vour ~Vee ±1 j.IA 

lee1 (tl Supply Current (Read Flash) TTL EE = VJH, EF = VJL, G = 15 mA VtH, f = 6MHz 

lee2 
Supply Current (Read EEPROM) EE = VJL, EF = V1H, G = 15 mA 
TTL VJH, f=6MHz 

leea Supply Current (Standby) CMOS EF = EE =Vee± 0.2V 40 j.IA 

leC4 
Supply Current (Flash Block Byte program, Sector or 20 rnA Program or Erase) Chip Erase in progress 

Ices Supply Current (EEPROM Write) Duringtwe 20 rnA 

Ices 
Supply Current in Deep Power After a Deep Power Down 2 j.IA Down Mode instruction (see Table 4) 

v,L Input Low Voltage -0.5 0.8 v 

v,H Input High Voltage 2 Vee+ 0.5 v 

VoL Output Low Voltage loL=2mA 0.45 v 

VOH Output High Voltage 
loH =-100j.IA Vcc-0.4 v 

loH =-2mA 0.85Vee v 

V1o A9 High Voltage 11.5 12.5 v 

l1o V10 Current A9=VIo 50 flA 

VLKO 
Vee Minimum for Write, Erase and 1.9 2.2 v Program 

Note: 1. When reading the Flash block when an EEPROM byte(s) is under a write cycle. the supply current os lcco + Ices 
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Table 13A. Read AC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee = 3.3V ± 0.3V) 

M39432 
Symbol Aft Parameter Test Condition -120 -150 Unit 

Min Max Min Max 

Address Valid to Next (.55. ffi = (VIL, VIH) or 
IAVAV IRe Address Valid (EE, EEJ = (VIH, VIL), 120 150 ns 

G=VIL 

Address Valid to Output (.55. ffi = (VIL, VIH) or 
IAVQV lAce Valid (EE, EEJ = (VIH, ViL), 120 150 ns 

G=V1L 

IELQX (1) ltz 
Chip Enable Low to Output 

G=VIL 0 0 ns Transition 

IELOV (2) IcE 
Chip Enable Low to Output G=ViL 120 150 ns Valid 

IGLQX (1) lotz 
Output Enable Low to (~Eft= (VIL, VJH) or 0 0 ns Output Transition (EE, EF) = (VJH, V1L) 

tGLQV (2) toE 
Output Enable Low to (~Eft= (VJL, VJH) or 55 55 ns Output Valid (EE, EF) = (VIH. V1L) 

tEHOX toH 
Chip Enable High to G=VJL 0 0 ns Output Transition 

IEHQZ(1) 1Hz Chip Enable High to G=VIL 40 40 ns Output Hi-Z 

tGHQX loH 
Output Enable High to (~Eft= (V1L. V1H) or 0 0 ns Output Transition (EE, EF) = (VIH, V1L) 

IGHOZ (1) I oF Output Enable High to (~Eft= (VIL, ViH) or 40 40 ns Output Hi-Z (EE, EF) = (VIH, V1L) 

Address Transition to (.55. rn = (VIL. VJH) or 
tAXQX loH Output Transition (EE, EEJ = (VJH, V1L), 0 0 ns 

G=ViL 

tEHFL ICED EE (EF) Active to EF (EE) 100 100 ns 

Notes: 1. Sampled only, not 100% tested. 
2. G may be delayed by up to taav- tGLOV after the falling edge of E: (or m Without increasmg tELOV. 
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Table 138. Read AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 3.3V ± 0.3V) 

M39432 

Symbol A It Parameter Test Condition -200 -250 Unit 

Min Max Min Max 

Address Valid to Next ~ i;El = (VrL, VrH) or 
IAVAV IRe Address Valid (EE, EEl = (VrH. VrL), 200 250 ns 

G=VrL 

Address Valid to Output ~ i;El = (VrL. VrH) or 
IAVQV lAce Valid (EE, EEl = (VrH, VrL), 200 250 ns 

G =VrL 

IELOX (1) 
Chip Enable Low to Output -

ILz Transition G=VrL 0 0 ns 

IELQV (2) IcE 
Chip Enable Low to Output 

G=VrL 200 250 ns Valid 

IGLQX (1) lou 
Output Enable Low to (~Eft= (VrL, VrH) or 0 0 ns Output Transition (EE, EF) = (VrH, VrL) 

IGLQV (2) toE 
Output Enable Low to ·(~E.El..= (VrL, VrH) or 70 120 ns Output Valid (EE, EF) = (VrH, VrL) 

IEHQX toH 
Chip Enable High to 

G=VrL 0 0 ns Output Transition 

IEHQZ (1) IHZ 
Chip Enable High to 

G=VrL 50 60 ns Output Hi-Z 

IGHQX loH 
Output Enable High to (IT,_ Eft= (VrL. VrH) or 0 0 ns Output Transition (EE, EF) = {VrH. VrL) 

IGHQZ (t) !oF 
Output Enable High to (IT,_ Eft= (VrL, VrH) or 50 60 ns Output Hi-Z (EE, EF) = (VrH. VrL) 

Address Transition to ~ rn = (VrL. VrH) or 
IAXQX toH Output Transition (EE, EEl = (VrH. VrL), 0 0 ns 

G=VrL 

IEHFL ICED EE (EF) Active to EF (EE) 100 100 ns 

Notes: 1. Sampled only, not 100% tested. 
2. G may be delayed by up to tELov- toLov after the fallrng edge of IT (or~ wrthout increasing IELOV. 
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Figure 13. Write AC Waveforms, W Controlled 

AO-A18 

G 

w 

WRITEeYeLE 

VALID 

!+------- tWLAX -----+1 

IAVWL 

tELWL -J+--1>! 

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

1+--- tWHWL ----+1 

IDVWH -+1--t-----.r tWHDX 

DQO-DQ7 -------+-----[ VALID 
'------t---1• 

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

tVeHEL 

AI01953 

Notes: !!ddress are latched on the falhn~dge of W, Data 1s latched on the rising edge of W. 
E is either EF when EE = V1H or EE when EF = VIH. 

20/29 

454 



M39432 

Figure 14. Write AC Waveforms, E Controlled 

~-----------,~~-~~-W:_R-_I: __ : __ ~~~: __ e--L--E------tE-~--X-------------~-------
-ctAVEL 

AO-A18 

w 

tWLEL ~---+! 

~-----tGHEL+-----~~---

DQ0-007 

RB 

r-------------,1--------------------------------------------------------
Vee 

tVeHWL 
A101954 

Notes: Address are latched on the falling edge of E. Data is latched on the nsing edge of 1:. 
E IS either EF when IT= v,H or EE when EF = v,H 
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Table 14. Write AC Characteristics, Write Enable Controlled 
(TA = 0 to 70°C or -40 to 85°C; Vee = 3.3V ± 0.3V) 

M39432 

Symbol Alt Parameter -120 -150 -200 

Min Max Min Max Min Max 

tAvAV twc 
Address Valid to Next 120 150 200 Address Valid 

tELWL (2) tcs 
Chip Enable Low to Write 0 0 0 
Enable Low 

twLWH lwp 
Write Enable Low to Write 50 65 80 
Enable High 

tovwH los 
Input Valid to Write Enable 

50 65 80 High 

IWHDX loH 
Write Enable High to Input 0 0 0 Transition 

lwHEH(2) teH 
Write Enable High to Chip 

0 0 0 Enable High 

IWHWL lwPH 
Write Enable High to Write 

30 35 35 Enable Low 

IAVWL lAs 
Address Valid to Write 

0 0 0 Enable Low 

tWtAx tAH 
Write Enable Low to Address 50 65 65 
Transition 

toHWL 
Output Enable High to Write 0 0 0 Enable Low 

lveHEL tvcs Vee High to Chip Enable Low 50 50 50 

lwHOV1 (l) Write Enable High to Output 15 15 15 Valid (Program) 

IWHOV2 (l) 
Write Enable High to Output 

2.0 30 2.0 30 2.0 30 Valid (Sector Erase) 

lwHWLO 
Time Out between 2 

80 80 80 consecutive Section Erase 

lwHGL toEH 
Write Enable High to Output 

0 0 0 Enable Low 

twHRL (3) los 
Write Enable High to 

150 150 150 Ready/Busy Output Low 

Notes: 1 T1me IS measured to Data Poll1ng or Toggle Brt. tWHav ~ tWHa7V + tmvav 
2. Ch1p Enable means \EE. IT)~ (V1L. v,H) or "(EE. EF) ~ (V,H. v,L). 
3. With a 3.3KQ pull·up resistor. 
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-250 Unit 

Min Max 

150 ns 

0 ns 

50 ns 

50 ns 

0 ns 

0 ns 

20 ns 

0 ns 

50 ns 

0 ns 

50 ~s 

10 ps 

1.0 30 sec 

80 ps 

0 ns 

150 ns 



Table 15. Write AC Characteristics, EE or EF Controlled 
(T A = 0 to 70°C or -40 to 85°C; Vee = 3.3V ± 0.3V) 

Symbol A It Parameter -120 

Min Max 

IWLWL taLC Byte Load Cycle (EEPROM) 0.2 150 

lwHRH I we Write Cycle Time (EEPROM) 10 

IAVAV 
Address Valid to Next Address 120 Valid 

IWLEL tws Write Enable Low to Memory 0 Block Enable Low 

IELEH lcP 
Memory Block Enable Low to 50 Memory Block Enable High 

tovEH los Input Valid to Memory Block 50 Enable High 

tEHOX loH Memory Block Enable High to 0 Input Transition 

IEHWH lwH Memory Block Enable High to 0 Write Enable High 

IEHEL lcPH 
Memory Block Enable High to 30 Memory Block Enable Low 

lA VEL !AS Address Valid to Memory Block 0 Enable Low 

IELAX IAH 
Memory Block Enable Low to 50 Address Transition 

IGHEL 
Output Enable High to Memory 0 Block Enable Low 

lvcHWL tvcs Vee High to Write Enable Low 50 

IEHOV1 (1) Memory Block Enable High to 15 Output Valid (Program) 

IEHOV2 (1) Memory Block Enable High to 2.0 30 Output Valid (Sector Erase) 

tEHGL toEH 
Memory Block Enable High to 0 Output Enable Low 

IEHRL (2) loa EEPROM Block Enable High to 150 Ready/Busy Output Low 

Notes: 1. Time IS measured to Data Poll1ng or Toggle B1t, tWHav = tWHa7v + ta7Vav. 
2. Woth a 3 3Kn pull-up resistor 

M39432 

M39432 

-150 -200 -250 Unit 

Min Max Min Max Min Max 

0.2 150 0.2 150 0.2 150 f.!S 

10 10 10 ms 

150 200 150 ns 

0 0 0 ns 

65 80 50 ns 

65 80 50 ns 

0 0 0 ns 

0 0 0 ns 

35 35 20 ns 

0 0 0 ns 

65 65 50 ns 

0 0 0 ns 

50 50 50 f.!S 

15 15 10 f.!S 

2.0 30 2.0 30 1.0 30 sec 

0 0 0 ns 

150 150 150 ns 
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Table 16. Data Polling and Toggle Bit AC Characteristics <1> 
(T A = 0 to 70°C or -40 to 85°C; Vee = 3.3V ± 0.3V) 

M39432 

M39432 

Symbol Aft Parameter 
-120 -150 -200 -250 Unit 

Min 

tWHQ7V1 (2) Write Enable High to DQ7 10 
Valid (Program, W Controlled) 

twH07V2(2) 
Write Enable High to_QQ7 
Valid (Sector Erase, W 1.5 
Controlled) 

tEHQ7V1 12) 
Flash Block Enable Hlgb to 
DQ7 Valid (Program, EF 10 
Controlled) 

tEH07V2 12) 
Flash Block Enable High tQ_ 
DQ7 Valid (Sector Erase, EF 1.5 
Controlled) 

ta7VOV 
07 Valid to Output Valid (Data 
Polling) 

twHOV1 
Write Enable High to Output 

10 Valid (Program) 

twHOV2 
Write Enable High to Output 

1.5 Valid (Sector Erase) 

tEHQV1 
Flash Block Enable High to 

10 Output Valid (Program) 

tEHQV2 
Flash Block Enable High to 

1.5 Output Valid (Sector Erase) 

Notes: 1. All other t1m1ngs are defined 1n Read Ae eharactenst1cs table. 
2. IWHa7V 1s the Program or Erase t1me. 

Max Min Max Min Max Min 

10 10 10 

30 1.5 30 1.5 30 1.5 

10 10 10 

30 1.5 30 1.5 30 1.5 

50 55 70 

10 10 10 

30 1.5 30 1.5 30 1.5 

10 10 10 

30 1.5 30 1.5 30 1.5 

Table 17. Program, Erase Times and Program, Erase Endurance Cycles (Flash Block) 
(T A= 0 to 70°C or -40 to 85°C; Vee = 3.3V ± 0.3V) 

Parameter 
M39432 

Min Typ Max 

Chip Program (Byte) 8 

Chip Erase (Preprogrammed) 3 30 

Chip Erase .. 10 

Sector Erase (Preprogrammed) -- ~ -~· 1 30 

Sector Erase •, ·--- 2 

Byte Program 1~ 1200 

Program/Erase Cycles (per Sector) 100,000 

Max 

J.!S 

30 sec 

J.lS 

30 sec 

55 ns 

J.!S 

30 sec 

J.lS 

30 sec 

Unit 

sec 

sec 

sec 

sec 

sec 

J.lS 

cycles 
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M39432 

Figure 17. EEPROM Page Write Mode AC Waveforms, W Controlled 
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ORDERING INFORMATION SCHEME 

Example: M39432 -15 V NC 1 T 

Speed Package Option 

-12 120ns NC TSOP40 T Tape & Reel 

-15 150ns 
10 x 20mm 

5 -20 to 85 ac Packing 

-20 200ns 6 -40 to 85 ac 
-25 250ns 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Speed, Package, etc ... ) or for further information on any aspect of this device, 
please contact the STMicroelectronics Sales Office nearest to you. 
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TSOP40 - 40 lead Plastic Thin Small Outline, 1 0 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

D1 

E 

e 

L 

a. 

N 

CP 

Drawing is not to scale 

mm 

Typ Min 

0.05 

0.95 

0.17 

0.10 

19.80 

18.30 

9.90 

0.50 -
0.50 

0 

40 

,--------
1 
I 

N/2 

TSOP-a 

01 

D 

N 

Max 

1.20 

0.15 

1.05 

0.27 

0.21 

20.20 

18.50 

10.10 

-

0.70 

5 

0.10 

E 

i 
! 

inches 

Typ Min 

0.002 

0.037 

0.007 

0.004 

0.780 

0.720 

0.390 

0.020 -
0.020 

0 

40 

~· 

I 

I 
! 

I I I 
I I I 

M39432 

Max 

0.047 

0.006 

0.041 

0.011 

0.008 

0.795 

0.728 

0.398 

-
0.028 

5 

0.004 
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M39832 
Single Chip 8 Mbit (1Mb x8 or 512Kb x16) Flash and 

256 Kbit Parallel EEPROM Memory 

• 2.7V to 3.6V SUPPLY VOLTAGE for 
PROGRAM, ERASE and READ OPARATIONS 

• FLASH ARRAY 

- Boot block (Top or Bottom location) 

- Parameter and Main blocks 

- Selectable x8/x16 Data Bus (BYTE pin). 

• EEPROM ARRAY 

- x8 Data Bus only. 

• 120ns ACCESS TIME 
(Flash and EEPROM array) 

• WRITE, PROGRAM and ERASE STATUS BITS 

• CONCURRENT MODE (Read Flash while 
writing to EEPROM) 

• 100,000 ERASE/WRITE CYCLES 

• 10 YEARS DATA RETENTION 

a LOW POWER CONSUMPTION 

- Stand-by mode: 1 0011A 

- Automatic Stand-by mode 

• 64 bytes ONE TIME PROGRAMMABLE 
MEMORY (x8 Data Bus only) 

• STANDARD EPROM/OTP MEMORY 
PACKAGE 

• EXTENDED TEMPERATURE RANGES 

DESCRIPTION 

The M39832 is a memory device combining Flash 
and EEPROM into a single chip and using single 
supply voltage. The memory is mapped in two 
arrays: 8 Mbit of Flash memory and 256 Kbit of 
EEPROM memory. Each space is independant for 
writing, in concurrent mode the Flash Memory can 
be read while the EEPROM is being written. 

An additional 64 bytes of EPROM are One Time 
Programmable. 

The M39832 EEPROM memory array is organized 
in byte only (regardless on the BYTE pin). It may 
be written by byte or by page of 64 bytes and the 
integrity of the data can be secured with the help 
of the Software Data Protection (SOP). 

February 1999 

PRELIMINARY DATA 

TSOP48 (NE) 
12 x20 mm 

Figure 1. Logic Diagram 

Vee 

19 

AO-A18 

w 
EE 

M39832 

EF 

G 

RP 

Vss 

15 

DQO-DQ14 

DQ15A-1 

ERB 

FRS 

AI00844 
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M39832 

Figure 2. TSOP Pin Connections 

A16 

BYTE 

Vss 
D01SA-1 

D07 

A10 D014 

A9 D06 

AS D013 

ERB DOS 

EE D012 
w D04 

RP Vee 
NC D011 

NC DOS 

FRB D010 

A1S D02 

A17 D09 

A7 D01 

A6 DOS 

AS DOO 

A4 G 

A3 Vss 
A2 EF 
A1 AO 

A100845 

Warning: NC = Not Connected. 

DESCRIPTION (cont'd) 

The M39832 Flash Memory array can be config
ured as 1Mb x8 or 512Kb x16 with the BYTE input 
pin. The M39832-T and M39832-B feature asymet
rically blocked architecture providing system mem
ory integration. Both M39832-B and M39832-T 
devices have a Flash array of 19 blocks, one Boot 
Block of 16 KBytes or 8 KWords, two Parameter 
Blocks of 8 KBytes or 4 KWords, one Main Block 
of 32 KBytes or 16 KWords and fifteen Main Blocks 
of 64 KBytes or 32 KWords. The M39832-T has the 
Boot Block at the top of the memory address space 
and the M39832-B locates the Boot Block starting 
at the bottom. The memory maps are showed in 
Figures 3A and 3B. Each block can be erased 
separately, any combination of blocks can be speci
fied for multi-block erase or the entire chip may be 
erased. The Erase operations are managed auto
matically. The block erase operation can be sus-

2/3S 
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Table 1. Signal Names 

AO·A1S Address Inputs 

DOD·DQ7 Data Input/Outputs, Commands Input 

DQ8-DQ14 Data Input/Outputs 

DQ1SA-1 Data Input/Outputs or Address Input 

EE EEPROM Array Enable 

EF Flash Array Enable 

G Output Enable 

w Write Enable 

RP Reset/Block Temporary Unprotect 

ERB EEPROM Ready/Busy Output 

FRB Flash Ready/Busy Output 

BYTE Flash Array Byte/Word Organization 

Vee Supply Voltage 

Vss Ground 

pended in order to read from or program to any 
block not being ersased, and then resumed. Block 
protection provides additional data security. Each 
block can be separately protected or unprotected 
against Program or Erase on programming equip
ment. All previously protected blocks can be tem
porarily unprotected in the application. The Flash 
memory array is functionally compatible with the 
M29W800 Single Voltage Flash Memory device. 

During a Program or Erase cycle in the Flash array 
or during a Write in the EEPROM array, status bits 
available on certain DOn pins provide information 
on the M39832 internal logic. 

PIN DESCRIPTION 
Byte/Word Organization Select (BYTE). The 
BYTE input selects the output configuration for the 
Flash array: Byte-wide (x8) mode or Word-wide 
(x16) mode. The EEPROM array and the 64 Bytes 
OTP Row are always accessed Byte-wide (x8). 
When BYTE is High, the Word-wide mode is se
lected for the Flash array (x16) and the data are 
read and programmed on DQ0-0015. The Flash 
array is accessed with AO-A 18 Adrress lines. In this 
mode, data in the EEPROM array (x8) are read and 
programmed on DQ0-007 and the array is ac
cessed with AO-A 14. The 64 bytes OTP are read 
and programmed on DQ0-007 and are accessed 
with AO-A5 and A6 = 0. 

When BYTE is Low, the Byte-wide mode is selected 
for the Flash array (x8) and the data are read and 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 85 oc 

TsiAS Temperature Under Bias -50 to 125 oc 

TsTG Storage Temperature -65 to 150 oc 
V1o(2) Input or Output Voltages -0.6 to 5 v 
Vee Supply Voltage -0.6 to 5 v 

VAg, VG. VEF (2) A9, G, EF Voltage -0.6 to 13.5 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Rat1ngs" 

may cause permanent damage to the dev1ce. These are stress rattngs only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of th1s specification is not Implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect dev1ce reliability. Refer also to the STM1croelectronics SURE Program and olher 
relevant quahty documents. 

2. Minimum Vollage may undershoot to -2V dunng trans1t1on and for less than 20ns 

programmed on DOD-DO?. In this mode, D08-
D014 are at high impedance and D015A-1 is the 
LSB address bit, making the Flash array to be 
accessed with A-1-A 18 Adress lines. In this mode, 
data in the EEPROM array (x8) are read and 
programmed on DOD-DO? and the array is ac
cessed with A-1-A 13. The 64 bytes OTP are read 
and programmed on DOD-DO? and are accessed 
with A-1 - A4 and A6 = 0. 

Address Inputs (AO-A18). The address inputs for 
the memory array are latched during a write opera
tion on the fallin~dge at Chip Enable (EE or EF) 
or Write Enable W. In Word-wide organisation the 
address lines are AO-A18, in Byte-wide organisa
tion D015A-1 acts as an additional LSB address 
line. When Ag is raised to V10, either a Read 
Electronic Signature Manufacturer or Device Code, 
Block Protection Status or a Write Block Protection 
or Block Unprotection is enabled depending on the 
combination of levels on AD, A 1, A6, A 12 and A 15. 

Data Input/Output (DQO-DQ7). These In
puts/Outputs are used in the Byte-wide and Word
wide organisations. The input is data to be 
programmed in the memory array or a command 
to be written. Both arej.§.tched on the risin_g_ edge 
of Chip Enable (EE or EF) or Write Enable W. The 
output is data from the Memory Array, the Elec
tronic Signature Manufacturer or Device codes, the 
Block Protection Status or the Status register Data 
Polling bit DO?, the Toggle Bits D06 and D02, the 
Error bit DOS or the Erase Timer bit D03. Outputs 
are valid when Chip Enable (EE or EF) and Output 
Enable G are active. The output is high impedance 
when the chip is deselected or the outputs are 
disabled and when RP is at a Low level. 
Data Input/Outputs (DQ8-DQ14 and DQ15A-1). 
These Inputs/Outputs are additionally used in the 
Word-wide organisation. When BYTE is High DOS-

D014 and D015A-1 act as the MSB of the Data 
Input or Output, functioning as described for DOO
D07 above, and DOS- D015 are 'don't care' for 
command inputs or status outputs. When BYTE is 
Low, D08-D014 are high impedance, D015A-1 is 
the Address A-1 input. 
Memory Array Enable_{§E and EF). The Memory 
Array Enable (EE or EF) activates the memory 
control logic, input buffers, decoders and sense 
amplifiers. When the EE input is driven high, the 
EEPROM memory array is not selected; when the 
EF input is driven high, the Flash memory array is 
not selected. Atte!J:!Q!s to access both EEPROM 
and Flash arrays (EE low and EF low) are forbid
den. Switching between the two memory array 
enables (EE and EF) must not be made on the 
same clock cycle, a delay of greater than lEHFL must 
be inserted. 
The M39832 is in standby when both EF and EE 
are High (when no internal Erase or programming 
is running). The power consumption is reduced to 
the standby level and the outputs are in the high 
impedance state, independent of the Output En
able G or Write Enable W inputs. 
After 150ns of inactivity and when the addresses 
are driven at CMOS levels, the chip automatically 
enters a pseudo standby mode where consumption 
is reduced to the CMOS standby value, while the 
outputs continue to drive the bus. 
Output Enable (G). The Output Enable gates the 
outputs through the data buffers during a read 
operation. The data outputs are in !h.§. high imped
ance state when the Output Enable G is High. 
During BIQQk Protect and Block Unprotect opera
tions, the G input must be forced to V1o level (12V 
+ O.SV) (for Flash memory array only). 
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Figure 3A. Top Boot Block Memory Map and Block Address Table 

Word-Wide Byte-Wide 

7FFFFh FFFFFh 

78000h FOOOOh 
77FFFh EFFFFh 

70000h EOOOOh 
6FFFFh DFFFFh 

68000h DOOOOh 
67FFFh CFFFFh 

60000h COOOOh 
SFFFFh BFFFFh 

58000h BOOOOh 
57FFFh AFFFFh 

50000h AOOOOh 
4FFFFh 9FFFFh 

48000h 90000h 
47FFFh SFFFFh 

40000h 80000h 
3FFFFh 7FFFFh 

38000h 70000h 
37FFFh 6FFFFh 

30000h 60000h 
2FFFFh SFFFFh 

28000h 50000h 
27FFFh 4FFFFh 

20000h 40000h 
1FFFFh 3FFFFh 

18000h 30000h 
17FFFh 2FFFFh 

10000h 20000h 
OFFFFh 1FFFFh 

08000h 10000h 
07FFFh OFFFFh 

OOOOOh OOOOOh 

4/35 
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TOP BOOT BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

. . . . . 

Byte-Wide 

- FFFFFh 
16K BOOT BLOCK 

FCOOOh 
FBFFFh 

8K PARAMETER BLOCK 
FAOOOh 
F9FFFh 

8K PARAMETER BLOCK 
F8000h 
F7FFFh 

32K MAIN BLOCK . FOOOOh 

AI01725B 

Word-Wide 

7FFFFh 

7EOOOh 
7DFFFh 

7D000h 
7CFFFh 

7COOOh 
7BFFFh 

78000h 



Figure 3B. Bottom Boot Block Memory Map and Block Address Table 

Word-W1de Byte-W1de 

7FFFFh FFFFFh 

78000h FOOOOh 
77FFFh EFFFFh 

70000h EOOOOh 
6FFFFh DFFFFh 

68000h DOOOOh 
67FFFh CFFFFh 

60000h COOOOh 
5FFFFh BFFFFh 

58000h BOOOOh 
57FFFh AFFFFh 

50000h AOOOOh 
4FFFFh 9FFFFh 

48000h 90000h 
47FFFh BFFFFh 

40000h 80000h 
3FFFFh 7FFFFh 

38000h 70000h 
37FFFh 6FFFFh 

30000h 60000h 
2FFFFh 5FFFFh 

28000h 50000h 
27FFFh 4FFFFh 

20000h 40000h 
1FFFFh 3FFFFh 

18000h 30000h 
17FFFh 2FFFFh 

10000h 20000h 
OFFFFh 1FFFFh 

08000h 10000h 
07FFFh OFFFFh 

OOOOOh OOOOOh 

BOTTOM BOOT BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

64K MAIN BLOCK 

' 
64K MAIN BLOCK 

' 

' 

' 

' 

-

32K MAIN BLOCK 

BK PARAMETER BLOCK 

BK PARAMETER BLOCK 

16K BOOT BLOCK 

AI01731B 

M39832 

Byte-Wide Word-W1de 

OFFFFh 07FFFh 

OBOOOh 04000h 
07FFFh 03FFFh 

06000h 03000h 
05FFFh 02FFFh 

04000h 02000h 
03FFFh 01FFFh 

OOOOOh OOOOOh 
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Table 3A. M39832-T Block Address Table 

Address Range (x8) Address Range (x16) A18 A17 A16 A15 A14 A13 A12 

OOOOOh-OFFFFh OOOOOh-07FFFh 0 0 0 0 X X X 

1 OOOOh-1 FFFFh 08000h-OFFFFh 0 0 0 1 X X X 

20000h-2FFFFh 1 OOOOh-17FFFh 0 0 1 0 X X X 

30000h-3FFFFh 18000h-1 FFFFh 0 0 1 1 X X X 

40000h-4FFFFh 20000h-27FFFh 0 1 0 0 X X X 

50000h-5FFFFh 28000h-2FFFFh 0 1 0 1 X X X 

60000h-6FFFFh 30000h-37FFFh 0 1 1 0 X X X 

70000h-7FFFFh 38000h-3FFFFh 0 1 1 1 X X X 

80000h-8FFFFh 40000h-47FFFh 1 0 0 0 X X X 

90000h-9FFFFh 48000h-4FFFFh 1 0 0 1 X X X 

AOOOOh-AFFFFh 50000h-57FFFh 1 0 1 0 X X X 

BOOOOh-BFFFFh 58000h-5FFFFh 1 1 1 1 X X X 

COOOOh-CFFFFh 60000h-67FFFh 1 1 0 0 X X X 

DOOOOh-DFFFFh 68000h-6FFFFh 1 1 0 1 X X X 

EOOOOh-EFFFFh 70000h-77FFFh 1 1 1 0 X X X 

FOOOOh-F7FFFh 78000h-7BFFFh 1 1 1 1 0 X X 

F8000h-F9FFFh 7COOOh-7CFFFh 1 1 1 1 1 0 0 

FAOOOh-FBFFFh 7DOOOh-7DFFFh 1 1 1 1 1 0 1 

FCOOOh-FFFFFh 7EOOOh-7FFFFh 1 1 1 1 1 1 X 
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Table 38. M39832·B Block Address Table 

Address Range (xB) Address Range (x16) A18 A17 A16 A15 A14 A13 A12 

OOOOOh·03FFFh OOOOOh-01 FFFh 0 0 0 0 0 0 X 

04000h-05FFFh 02000h-02FFFh 0 0 0 0 0 1 0 

06000h-07FFFh 03000h-03FFFh 0 0 0 0 0 1 1 

OBOOOh-OFFFFh 04000h-07FFFh 0 0 0 0 1 X X 

1 OOOOh-1 FFFFh OBOOOh-OFFFFh 0 0 0 1 X X X 

20000h-2FFFFh 1 OOOOh-17FFFh 0 0 1 0 X X X 

30000h-3FFFFh 1 BOOOh-1 FFFFh 0 0 1 1 X X X 

40000h-4FFFFh 20000h-27FFFh 0 1 0 0 X X X 

50000h-5FFFFh 28000h-2FFFFh 0 1 0 1 X X X 

60000h-6FFFFh 30000h-37FFFh 0 1 1 0 X X X 

70000h-7FFFFh 3BOOOh-3FFFFh 0 1 1 1 X X X 

BOOOOh-BFFFFh 40000h-47FFFh 1 0 0 0 X X X 

90000h-9FFFFh 48000h-4FFFFh 1 0 0 1 X X X 

AOOOOh-AFFFFh 50000h-57FFFh 1 0 1 0 X X X 

BOOOOh-BFFFFh 58000h-5FFFFh 1 0 1 1 X X X 

COOOOh-CFFFFh 60000h-67FFFh 1 1 0 0 X X X 

DOOOOh-DFFFFh 6BOOOh-6FFFFh 1 1 0 1 X X X 

EOOOOh-EFFFFh 70000h-77FFFh 1 1 1 0 X X X 

FOOOOh-FIFFFh 7BOOOh-7FFFFh 1 1 1 1 X X X 
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Table 4. Basic Operations 

EF EE 'G 

VrL VrH VrL 

VrH VrL VrL 

VrL VrH VrH 

VrH VrL VrH 

VrL VrH VrH 

VrH VrL VrH 

VrH VrH X 

Write Enable ~). Addresses are latched on the 
falling edge of W,_§_nd Data Inputs are latched on 
the rising edge of W. 
EEPROM Ready/Busy (ERB). The EEPROM 
Ready/Busy pin outputs the status of the device 
when the EEPROM memory array is under the 
write condition 
- ERS = '0': internal writing is in process, 
- ERB = '1 ': no internal writing in in process. 
This status pin can be used when reading (or 
fetching opcodes) in the Flash memory array. 
The EEPROM Ready/Busy output uses an open 
drain transistor, allowing therefore the use of the 
M39832 in multi-memory applications with all 
Ready/Busy outputs connected to a single 
Ready/Busy line (OR-wired with an external pull-up 
resistor). 
Flash Ready/Busy (FRB). Flash Ready/Busy is an 
open-drain output and gives the internal state of 
Flash array. When FRS is Low, the Flash array is 
Busy with a Program or Erase operation and it will 
not accept any additional program or erase instruc
tiol}§ except the Erase Suspend instruction. When 
FRB is High, the Flash array is ready for any Read, 
Program or Erase operation. The FRS will also be 
High when the Flash array is put in Erase Suspend 
or Standby modes. 
Reset/Block Temporary Unprotect Input (RP). 
The RP Input provides hardware reset of the Flash 
array and temporary unprotection of the protected 
Flash block(s). Reset of the Flash array is 
acheived by pulling RP to V1L for at least tPLPx. 
When the reset pulse is given while the Flash array 
is in Read or Standby modes, it will be available for 
new operations in tPHEL after the rising edge of RP. 
If the Flash array is in Erase, Erase Suspend or 
Program modes the reset will take tPLYH during 
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w Operation 

VrH Read in Flash Array 

VrH Read in EEPROM Array 

VrL Write in Flash Array 

VrL Write in EEPROM Array 

VrH Output Disable, DOn = Hi·Z 

VrH Output Disable, DOn = Hi·Z 

X Standby, DOn = Hi·Z 

which the FRS signal will be held at VIL. The end 
of the Flash array_reset will be indicated by the 
rising edge of FRB. A hardware reset during an 
Erase or Program operation will corrupt the data 
being programmed or the block(s) being erased. 
See Table 14 and Figure 9. Temporary block unpro
tection is made by holding RP at V!D. In this condi
tion, previously protected blocks can be 
programmed or erased. The transition of RP from 
V1H to V1o must be slower than tPHPHH. See Table 
15 and Figure 9. When RP is returned from V1o to 
V1H all blocks temporarily unprotected will be again 
protected. 

OPERATIONS 

An operation is defined as the basic decodinQ_Qf 
the l~i~evel applied to the control input pins (EF, 
EE, G, W) and the specified voltages applied on 
the relevant address pins. These operations are 
detailed in Table 3. 

Read. Bot!:!_ Ch~nabl~ and Output Enable (that 
is EF and G or EE and G) must be low in order to 
read the output of the memory. 

Read operations are used to output the contents 
from the Flash or EEPROM array, the Manufacturer 
identifier, the Flash Block protection Status, the 
Flash Identifier, the EEPROM identifier or the OTP 
row content. 

Notes: 

- The Chip Enable input mainly provides power 
control and should be used for device selection. 
The Output Enable input should be used to gate 
data onto the output in combination with active 
EF or EE input signals. 

- The data read depends on the previous instruc
tion entered into the memory. 
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Table 5A. Flash Instructions (EF=O. EE=1) 

Mne. lnstr. Cyc. 
1st 2nd 3rd 4th 5th 6th 7th 

Cyc. Cyc. Cyc. Cyc. Cyc. Cyc. Cyc. 

Addr. 13•7) X 
1+ Read Memory Array until a new write cycle is initiated. 

Read/Reset Data FOh 
RD 12.4l Memory 

Array Addr. Byte AAAAh 5555h AAAAh 

3+ 
(3,7) Read Memory Array until a new write 

Word 5555h 2AAAh 5555h cycle is initiated. 

Data AAh 55h FOh 

Addr. Byte AAAAh 5555h AAAAh 
Read Electronic Signature or Block 

ASI4l 
(3,7) 

Auto Select 3+ Word 5555h 2AAAh 5555h Protection Status until a new write 
cycle is initiated. See Note 5 and 6. 

Data AAh 55h 90h 

Addr. Byte AAAAh 5555h AAAAh Program 
(3,7) Read Data Polling or 

PG Program 4 Word 5555h 2AAAh 5555h Address Toggle Bit until Program 
completes. 

Data AAh 55h AOh 
Program 

Data 

Addr. Byte AAAAh 5555h AAAAh AAAAh 5555h Block Additiona 
(3,7) Address I Block 

BE Block Erase 6 Word 5555h 2AAAh 5555h 5555h 2AAAh 
(8) 

Data AAh 55h SOh AAh 55h 30h 30h 

Addr. Byte AAAAh 5555h AAAAh AAAAh 5555h AAAAh 

FAE Flash Array 6 
(3,7) 

Erase Word 5555h 2AAAh 5555h 5555h 2AAAh 5555h Note9 

Data AAh 55h SOh AAh 55h 10h 

Erase Addr. '3•7) X Read until Toggle stops, then read all the data needed ES ItO) 
Suspend 

1 from any Block(s) not being erased then Resume Erase. 
Data BOh 

Erase Addr. 13·7 ) X Read Data Pol11ng or Toggle Bits until Erase completes 
ER 1 

Resume or Erase is suspended another time 
Data 30h 

Notes: 1. Commands not Interpreted 1n th1s table w1ll default to read array mode. 
2. A wa1t of tPLYH is necessary after a Read/Reset command if the memory was in an Erase or Program mode 

before starting any new operation (see Table 14 and F1gure 9). 
3. X = Don't Care. 
4. The first cycles of the RD or AS instructions are followed by read operations. Any number of read cycles can occur after 

the command cycles. 
5. S1gnature Address b1ts AD, A 1, at VrL will output Manufacturer code (20h). Address bits AO at VrH and A 1, at VrL will output 

Flash code. 
6. Block Protection Address: AO, at VIL, A 1 at v," and A 15-A 18 within the Block will output the Block Protection status 
7. For Coded cycles address inputs A11·A18 are don't care. 
8. Optional, add1t1onal Blocks addresses must be entered within the erase t1meout delay after last wnte entry, t1meout status 

can be verified through DQ3 value (see Erase Timer Bit DQ3 descnption) When full command is entered, read Data Polling 
or Toggle bit unt1l Erase is completed or suspended 

9. Read Data Polling, Toggle bits or FRS unt1l Erase completes. 
10.During Erase Suspend, Read and Data Program functrons are allowed in blocks not being erased. 
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Table 58. EEPROM Instructions (EE=O, EF=1) 

Mne. lnstr. Cyc. 1st 2nd 3rd 4th 5th 6th 
Cyc. Cyc. Cyc. Cyc. Cyc. Cyc. 

Byte 5555h 2AAAh 5555h 
Addr. Addr1 Addr2 Addr3 

WOTP(2) WriteOTP >3 Row Word 5555h 2AAAh 5555h 

Data AAh 55h BOh Byte 1 Byte 2 By1e3 

Byte 5555h 2AAAh 5555h Addr1 Addr2 Addr3 

ROTP 12> 
Read OTP Addr. 
Row >3 Word 5555h 2AAAh 5555h 

Data AAh 55h 90h Byte 1 Byte 2 Byte 3 

Return Addr. xl'> 
RT from OTP 1 

Read Data FOh 

Byte 5555h 2AAAh 5555h 

ssoP 14> 
Addr. 

SDP Enable ~3 Word 5555h 2AAAh 5555h 

Data AAh 55h AOh 

Byte 5555h 2AAAh 5555h 5555h 2AAAh 5555h 

ssoP 15> 
SDP Addr. 

Disable 6 Word 5555h 2AAAh 5555h 5555h 2AAAh 5555h 

Data AAh 55h SOh AAh 55h 20h 
Notes: 1. X = Don't Care. 

2. Once the WOTP has been initiated (first 3 Cycles), from 1 up to 64 bytes can be written in one single wrrte cycle 
(See Wnte OTP chapter 1n following pages). 

7th 
Cyc. 

Addr4 

Byte4 

Addr4 

Byte 4 

3. Once the ROTP has been initiated (first 3 Cycles), from 1 up to 64 bytes of the OTP can be read (See Read OTP chapter 
1n following pages). The AT (Return) instruction MUST be sent to the device to exit ROTP mode. 
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4. Once SOP IS set (SSDP instruction sent once), it is necessary to send SSDP prior to any byte or page to be written 
in the EEPROM array (See Figure 4 and EEPROM array Software Data Protection chapter in following pages). 

5. See F1gure 5 and EEPROM array Software Data Protection chapter in following pages. 
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Table 6. User Bus Operations <1> 

- - - w RP BYTE 
DQ15 DQB· Operation EE EF G AO A1 AS A9 A12 A15 A-1 DQ14 DQO-DQ7 

Block V1H V1L Vlo v1L V1H X X X X V1o X X X X X Protection12·4l Pulse 

Blocks V1H Vlo Vlo V1L V1H X X X X VID Vu~ V1H X X X Unprotection14l Pulse 

Block Block Protect Protection YIH YIL YIL YIH YIH X V1L v1H V1L Vlo A12 A15 X X Status 131 Verify12·4l 

Block Block Protect Unprotection v1H v1L v1L v1H V1H X V1L V1H V1H V10 A12 A15 X X Status 131 
Verifyl2.41 

Block 
Temporary V1H X X X V1o X X X X X X X X X X 
U nprotection 

Write the V1H V1L v1H v1L AO A1 v1L Vlo X X A-1 X 64 By1es User 
Def1ned 

EEPROM V1L V1H 
Identifier 151 

V1H V1L V1H V1H AO A1 V1L Vlo X X X X 64 Bytes User 
Defined 

Read the V1L v1H V1H V1L AO A1 V1L Vlo X X A-1 X 64 By1es User 
Defined 

EEPROM V1L YIH 
Identifier 151 

v1L v1H v1H V1H AO A1 v1L Vlo X X X X 64 Bytes User 
Defined 

Notes: 1. X = V1L or V1H 

2. Block Address must be given on A12-A18 bits. 
3. See Table 8. 
4. Operation performed on programming equipment. 
5. The 6~~~Es User defined EEPROM Identifier are accessed on DQ0-007 with AO to A5 when BYTE= 1 (x16) or w1th A-1 to A4 

when = 0 (x8) 

Table 7. Read Electronic Signature (following AS instruction or with A9 = V10) 

Org. Code Device EE EF G w BYTE AO A1 Other DQ15 DQB· oao-
Addresses A-1 DQ14 DQ7 

Manufacturer 
Word-

V1H V1L V1L v1H v1H v1L v1L Don't Care 0 OOh 20h 

wide 
Flash 

M39832·T v1H v1L v1L v1H v1H v1H v1L Don't Care 0 OOh D7h 

M39832-B V1H V1L V1L V1H V1H V1H V1L Don't Care 0 OOh 5Bh 

Manufacturer V1H V1L v1L V1H v1L v1L v1L Don't Care Don't Hi·Z 20h Care 

Byte- Don't 
wide M39832-T v1H v1L v1L v1H v1L V1H V1L Don't Care 

Care 
Hi-Z D7h 

Flash 

M39832-B V1H V1L v1L v1H V1L V1H V1L Don't Care Don't Hi-Z 5Bh 
Care 
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Table 8. Read Block Protection with AS Instruction (EF = 0, EE = 1) 

Code :E G" w AO A1 A12-A18 
Other DQO-DQ7 

Addresses 

Protected Block V1L v,L v,H v,L v,H Block Address Don't Care 01h 

Unprotected Block V1L V1L v,H v,L v,H Block Address Don't Care OOh 

Table 9. Status Bit 

DO Name Logic Level Definition Note 

'1' Erase Complete or erase 
block in Erase Suspend 

·o· Erase On-going 
Indicates the P/E.C. status, check during 

Data Program or Erase, and on completion 7 Pollmg before checking bits D05 for Program or 
Program Complete or data Erase Success. 

DO of non erase block during 
Erase Suspend 

DQ Program On-going 

• -1-0-1-0-1-0-1-' Erase or Program On-going Successive reads output complementary 

DQ Program Complete 
data on DQ6 while Programming or Erase 

6 Toggle Bit 
operations are on-going. D06 remains at 
constant level when P/E.C. operations are 

Erase Complete or Erase completed or Erase Suspend is 
'-1-1-1-1-1-1-1-' Suspend on currently acknowledged. 

addressed block 

Error Bit 
'1, Program or Erase Error This bit is set to '1' in the case of 

5 Programming or Erase failure. ·o· Program or Erase On-going 

4 Reserved 

P/E.C. Erase operation has started. Only 
'1' Erase Timeout Period Expired possible command entry is Erase Suspend 

3 Erase (ES). 
Time Bit 

'0' Erase Timeout Period An additional block to be erased in parallel 
On-going can be entered to the P/E.C. 

Chip Erase, Erase or Erase 
Suspend on the currently 

, -1-0-1-0-1-0-1-' addressed block. 
Erase Error due to the 
currently addressed block 

Indicates the erase status and allows to 2 Toggle Bit (when DQ5 = '1'). 
identify the erased block 

Program on-going, Erase 
1 on-going on another block or 

Erase Complete 

DQ 
Erase Suspend read on 
non Erase Suspend block 

1 Reserved 

0 Reserved 
, , , , Notes: Log1c level 1 1s H1gh, 0 1s Low. -0-1-0-0-0-1-1-1-0- represent bit value 1n success1ve Read operations 
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Figure 4. EEPROM SOP Enable Flowcharts 

Page 
Wnte 

Instruction 

SOP 1s set 

SOP ENABLE ALGORITHM 

Write. A Write operation can be used for two goals: 
- either write data in the EEPROM memory array 
- or enter a sequence of bytes or word composing 

an instruction. 

The reader should note that Programming a Flash 
byte or word is an instruction (see Instructions 
paragraph). 
Writing data requires: 
- the Chip Enable (either EE or EF) to be Low 
- the Write Enable (W) to be Low with Output 

Enable (G) High. 
Addresses in Flash array (or EEPROM array) are 
latched on the falling edge of W or EF (EE) which
ever occurs last; the data to be written in Flash 
ar@Y (EEPROM array) is latched on the rising edge 
of W or EF (EE) whichever occurs first. 
Specific Read and Write Operations. Device 
specific data is accessed through operations de
coding the V1o level applied on A9 and the logic 
levels applied on address inputs (AO, A1, A6). 
These specific operations are: 
- Read the Manufacturer identifier 
- Read the Flash identifier 
- Define and Read the Flash Block protection 

status 

Page 
Wnte 

lnstructron 

SOP SOP 
Set not Set 

Write Write Data 
in Memory + 

SOP Set 
aftertWC 

AI016988 

- Read the EEPROM identifier 
- Write the EEPROM identifier 

M39832 

WRITE 
1s enabled 

Note: The OTP row (64 bytes) is accessed with a 
specific software sequence detailed in the para
graph "Write in OTP row". 
Instructions 
An instruction is defined as a sequence of specific 
Write operations. Each received byte or word is 
sequentially decoded (and not executed as stand
ard Write operations) and the instruction is exe
cuted when the correct number of bytes or word 
are properly received and the time between two 
consecutive bytes or words is shorter than the 
time-out value. 
The sequencing of any instruction must be followed 
exactly, any invalid combination of instruction bytes 
or word or time-out between two consecutive bytes 
or word will reset the device logic into a Read 
memory state (when addressing the Flash array) 
or directly decoded as a single operation when 
addressing the EEPROM array. 
For efficient decoding of the instruction, the two first 
bytes or words of an instruction are the coded 
cycles and are followed by a command confirma
tion byte or word. 
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Figure 5. EEPROM SOP disable Flowchart 

Page 
Wnte 

lnstruc11on 

READ 

Unprotected State 
after 

tWC (Wnte Cycle t1me) 

AI01699B 

Read operations and instructions can be used to: 

- read the contents of the Memory Array (Flash 
and EEPROM) 

- read the status bits and identifiers. 

Read data (Flash and EEPROM) 

Both Chip Enable EF (or EE) and Output Enable 
(G) must be low in order to read the data from the 
memory. 

Read the Manufacturer Identifier 

The manufacturer's identifier can be read with two 
methods: a Read operation or a Read instruction. 

Read Operation. The manufacturer's identifier can 
be read with a Read operation with specific logic 
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Figure 6. EEPROM and Flash Data Polling 
Flowchart 

At01369 

levels applied on AO, A 1, A6 and the V1o level on 
A9 (See Table 7). 

Read Instruction. The manufacturer's identifier 
can also be read with a single read operation 
immediatly following the AS instruction (See Table 
5A and Table 7). 

Read the Flash Identifier 

The Flash identifier can be read with two methods: 
a Read operation or a Read instruction. 

Read Operation. The Flash identifier can be read 
with a single Read operation with specific logic 
levels applied on AO, A 1, A6 and the V1o level on 
A9 (See Table 7). 

Read Instruction. The Flash identifier can also be 
read with a single read operation immediatly follow
ing the AS instruction (See Table SA and Table 7). 



Read the EEPROM Identifier 

The EEPROM identifier (64 bytes, user defined) 
can be read with a single Read operation with A6 
= '0' and A9 = V1o (See Table 6). 

When accessing the 64 Bytes of EEPROM Identi
fier, the only LSB addresses are decoded. The LSB 
addresses are AO to A5 when BYTE= '1' (x16) and 
A-1 to A4 when BYTE= '0' (x8). Each Byte of the 
EEPROM identifier can be individually accessed in 
read or write mode. 

Read the OTP Row 

The OTP .J:QW is mapped in the EEPROM array 
(EE = '0', EF = '1 '). Read of the OTP row (64 bytes) 
is by an instruction (ROTP) composed of three 
specific Write operations of data bytes at three 
specific memory locations (each location in a dif
ferent page) before reading the OTP row content 
(See Table 58). 

When accessing the OTP row, only the LSB ad
dresses are decoded and AS must be '0'. The LSB 
addresses are AO to A5 when BYTE= '1' (x16) and 
A-1 to A4 when BYTE= '0' (x8). 

Each Read of the OTP row has to be followed by 
the (RT) Return instruction (See Table 58). 

Read the Flash Block Protection Status 

Reading the Flash block protection status is by a 
read operation immediatly following the AS instruc
tion (See Table 5A and Table 8). A12-A18 define 
the Flash block whose protection has to be veri
fied. This Read operation will output a 01 h if the 
Flash block is protected and a OOh if the Flash block 
is not protected. 

The Flash block protection status can also be 
verified with a single Read operation (see chapter: 
Flash array specific features), with V1o on A9 (See 
Table 6 and Table 8). 

Read the Status Bits 

The M39832 provides several Write operation 
status flags which may be used to minimize the 
application write (or erase or program) time. These 
signals are available on the 1/0 port bits when 
programming (or erasing) are in progress. It should 
be noted that the Ready/Busy pins also reflects the 
status of the EEPROM Write and the Flash Pro
gramming/Erasing. 

Data Polling flag, DQ7. When Erasing or Pro
gramming into the Flash block (or when Writing into 
the EEPROM block), bit DQ7 outputs the comple-

M39832 

ment of the bit being entered for Program
ming/Writing on DQ7. Once the Program instruc
tion or the Write operation is performed, the true 
logic value is read on DQ7 (in a Read operation). 

Flash memory block specific features: 

- Data Polling is effective after the fourth 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 
Flash sector being erased. 

- During an Erase instruction, DQ7 outputs a '0'. 
After completion of the instruction, DQ7 will out
put the last bit programmed (that is a '1' after 
erasing). 

- if the byte to be programmed is in a protected 
Flash sector, the instruction is ignored. 

- If all the Flash sectors to be erased are pro
tected, DQ7 will be set to '0' for about.1 OOJ1S, and 
then return to the previous addressed byte. No 
erasure will be performed. 

- if all sectors are protected, a Bulk Erase instruc-
tion is ignored. 

Toggle flag, Ddit The M39832 also offers another 
way for determining when the EEPROM write or 
the Flash memory Program instruction is com
pleted. During the internal Write operation, the DQ6 
will toggle from '0' to '1' and '1' to '0' on subsequent 
attemfili; !Q_Jea~ny byte of the memory, when 
either G , EE or EF is low. 

When the internal cycle is completed the toggling 
will stop and the data read on DQ0-007 is the 
addressed memory byte. The device is now acces
sible for a new Read or Write operation. The opera
tion is completed when two successive reads yield 
the same output data. 

Flash memory block specific features: 

a. The Toggle bit is effective after the fourth W pulse 
(for programming) or after the sixth W pulse (for 
Erase). 

b. If the byte to be programmed belongs to a pro
tected Flash sector, the instruction is ignored and: 

- if all the Flash sectors selected for erasure 
are protected, 006 will toggle to '0' for about 
1 OOJ1S, and then return to the previous ad
dressed byte. 

- if all sectors are protected, the Bulk Erase in
struction is ignored. 
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Figure 7 A. Data Toggle Flowchart 

AI01370 

Toggle Bit, DQ2 (Flash array only). This toggle 
bit, together with D06, can be used to determine 
the device status during the Erase operations. It 
can also be used to identify the block being erased. 
During Erase or Erase Suspend a read from a block 
being erased will cause D02 to toggle. A read from 
a block not being erased will set D02 to '1' during 
erase and to D02 during Erase Suspend. During 
Flash Array Erase, a read operation will cause 
D02 to toggle as all blocks are being erased. D02 
will be set to '1 'during program operation and when 
erase is complete. After erase completion and if the 
error bit DOS is set to '1 ', D02 will toggle if the faulty 
block is addressed. 
Error flag, DQ5 (Flash block only). This bit is set 
to '1' by the intemallogic when there is a failure of 
programming, block erase, or chip erase that re
sults in invalid data in the memory block. In case of 
an error in block erase or program, the block in 
which the error occured or to which the pro
grammed data belongs, must be discarded. The 
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Figure 7B. Flash ata Toggle Flowchart 

AI01673 

D05 failure condition will also appear if a user tries 
to program a '1' to a location that is previously 
programmed to '0'. Other Blocks may still be used. 
The error bit resets after a Read/Reset (RD) in
struction. In case of success of Program or Erase, 
the error bit will be set to '0' . when AO is High with 
A1 Low. 

Erase Timer Bit, DQ3 (Flash array only). This bit 
is set to '0' by internal logic when the last block 
Erase command has been entered to the Com
mand Interface and it is awaiting the Erase start. 
When the erase timeout period is finished, after 
50ms to 90ms, D03 returns to '1 '. 

WRITE a BYTE (or a PAGE) in EEPROM 

It should be noticed that writing in the EEPROM 
array is an operation, it is not an instruction (as for 
Programming a byte in the Flash array). 

Write a Byte in EEPROM Array 

A write operation is initiated when Chip Enable EE 
is Low and Write Enable W is Low with Output 



Enable G Hi.!l!J, Addresses are latched on the falling 
edge of W, EE whichever occurs last. 

Once initiated, the write operation is internally 
timed until completion, that is during a time tw. 

The status of the write operation can be found by 
reading the Data Polling and Toggl~ bits (as de
tailed in the READ chapter) or the ERB output. This 
Ready/Busy output is driven low from the write of 
the byte being written until the completion of the 
internal Write sequence. 

Write a Page in EEPROM Array 

The Page write allows up to 64 bytes within the 
same EEPROM page to be consecutively latched 
into the memory prior to initiating a programming 
cycle. All bytes must be located in a single page 
address, that is A6-A14 when BYTE is high (x16) 
or A5-A 13 when BYTE is low (x8) must be the same 
for all bytes. Once initiated, the Page write opera
tion is internally timed until completion, that is dur
ing a time twc. 
The status of the write operation can be seen by 
reading the Data Polling and Togg~ bits (as de
tailed in the READ chapter) or the ERB output. This 
Ready/Busy output is driven low from the write of 
the first byte to be written until the completion of the 
internal Write sequence. 

A Page write is composed of successive Write 
operations which must be sequenced within a time 
period (between two consecutive Write operations) 
that is smaller than the twLWL value. If this period of 
time exceeds the lwLWL value, the internal program
ming cycle will start. 

EEPROM Array Software Data Protection 

A protection instruction allows the user to inhibit all 
write modes to the EEPROM array: the Software 
Data Protection (referenced as SDP in the follow
ing). The SDP feature is useful for protecting the 
EEPROM memory from inadvertent write cycles 
that may occur during uncontrolled bus conditions. 

The M39832 is shipped as standard in the unpro
tected state meaning that the EEPROM memory 
contents can be changed by the user. After the SDP 
enable instruction, the device enters the Protect 
Mode where no further write operations have any 
effect on the EEPROM memory contents. 

The device remains in this mode until a valid SDP 
disable instruction is received whereby the device 
reverts to the unprotected state. 

To enable the Software Data Protection, the device 
has to be written (with a Page Write) with three 
specific data bytes at three specific memory loca
tions (each location in a different page) as shown 
in Figure 4 and Table 58. This sequence provides 
an unlock key to enable the write action, and, at the 
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same time, SOP continues to be set. Any further 
Write in EEPROM when the SOP is set will use this 
same sequence of three specific data bytes at three 
specific memory locations followed by the bytes to 
write. The first SOP enable sequence can be di
rectly followed by the bytes to written. 

Similarly, to disable the Software Data Protection 
the user has to write specific data bytes into six 
different locations with a Page Write addressing 
different bytes in different pages, as shown in Fig
ure 5 and Table 58. 

The Software Data Protection state is non-volatile 
and is not changed by power on/off sequences. The 
SOP enable/disable instructions seVreset an inter
nal non-volatile bit and therefore will require a write 
time twc. This Write operation can be monitored 
only on the Toggle bit (status bit DQ6) and the ERB 
pin. The Ready/Busy output is driven low from the 
first byte to be written (that is the first Write AAh, 
@5555h of the SDP seVreset sequence) until the 
completion of the internal Write sequence. 

Write OTP Row 

Writing (only one time) in the OTP row (64 bytes) 
is enabled by an instruction (WOTP). This instruc
tion is composed of three specific Write operations 
of data bytes at three specific memory locations 
(each location in a different page) followed by the 
the data to store in the OTP row (refer to Table 58). 

When accessing the OTP row, the only LSB ad
dresses are decoded and A6 must be '0'. The LSB 
addresses are AOtoA5 when BYTE= '1' (x16) and 
A-1 to A4 when BYTE= '0' (x8). Once at least one 
Byte of the OTP row has been written (even with 
FFh), the whole row becomes Read only. 

Write the EEPROM Block Identifier 

The EEPROM block identifier (64 Bytes) can be 
written with a single Write operation with A6 = '0' 
and the V10 level on A9 (see Table 6). When ac
cessing the 64 Bytes of EEPROM Identifier, the 
only LSB addresses are decoded. The LSB ad
dresses are AO to A5 when BYTE= '1' (x16) and 
A-1 to A4 when BYTE = '0' (x8). Each Byte of the 
EEPROM identifier can be individually accessed in 
read or write mode. 

PROGRAM in the Flash ARRAY 

It should be noted that writing data into the 
EEPROM array and the Flash array is not per
formed in a similar way: the Flash memory requires 
an instruction (see Instruction chapter) for Erasing 
and another instruction for Programming one (or 
more) byte(s) or word(s), the EEPROM memory is 
directly written with a simple operation (see Opera
tion chapter). 
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Program (PG) Instruction. This instruction uses 
four write cycles. Both for Byte-wide configuration 
and for Word-wide configuration. The Program 
command AOh is written to address AAAAh in the 
Byte-wide configuration or to address 5555h in the 
Word-wide configuration on the third cycle after two 
Coded cycles. A fourth write 2Eeration latches the 
Address on the falling edge of W or EF and the Data 
to be written on the rising edge and starts the 
internal operation. Read operations output the 
Status Register bits after the programming has 
started. Memory programming is made only by 
writing '0' in place of '1'. Status bits DQ6 and DQ7 
determine if programming is on-going and DQ5 
allows verification of any possible error. Program
ming at an address not in blocks being erased is 
also possible during erase suspend. In this case, 
DQ2 will toggle at the address being programmed. 

Auto Select (AS) Instruction. This instruction 
uses the two Coded cycles followed by one write 
cycle giving the command 90h to address AAAAh 
in the Byte-wide configuration or address 5555h in 
the Word-wide configuration for command set-up. 
A subsequent read will output the manufacturer 
code and the device code or the block protection 
status depending on the levels of AO and A 1. The 
manufacturer code is output when the addresses 
lines AO and A 1 are Low, the Flash code for Top 
Boot or Bottom Boot is output when AD is High with 
A1 Low. 

The AS instruction allows access to the block pro
tection status. After giving the AS instruction, AO is 
set to VrL with A 1 at VrH, while A 12-A 18 define the 
address of the block to be verified. A read in these 
conditions will output a 01 h if the block is protected 
and a DOh if the block is not protected. 

The ERASE in the Flash ARRAY 

Flash Array Erase (FAE) Instruction. This in
struction uses six write cycles. The Erase Set-up 
command 80h is written to address AAAAh in the 
Byte-wide configuration or the address 5555h in 
the Word-wide configuration on the third cycle after 
the two Coded cycles. The Flash Array Erase Con
firm command 1 Oh is similarly written on the sixth 
cycle after another two Coded cycles. 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 array with DOh first as it will be done 
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automatically before erasing it to FFh. Read opera
tions after the sixth rising edge of W or EF output 
the Status Register bits. During the execution of the 
erase, Data Polling bit DQ7 returns '0', then '1' on 
completion. The Toggle bits DQ2 and DQ6 toggle 
during erase operation and stop when erase is 
completed. After completion, the Status Bit DQ5 
returns '1' if there has been an Erase Failure. 
Block Erase (BE) Instruction. This instruction 
uses a minimum of six write cycles. The Erase 
Set-up command 80h is written to address AAAh in 
the Byte-wide configuration or address 5555h in 
the Word-wide configuration on third cycle after the 
two Coded cycles. The Block Erase Confirm com
mand 30h is similarly written on the sixth cycle after 
another two Coded cycles. During the input of the 
second command an address within the block to be 
erased is given and latched into the memory. Addi
tional block Erase Confirm commands and block 
addresses can be written subsequently to erase 
other blocks in parallel, without further Coded cy
cles. The erase will start after the erase timeout 
period (see Erase Timer Bit DQ3 description). 
Thus, additional Erase Confirm commands for 
other blocks must be given within this delay. The 
input of a new Erase Confirm 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 Block Erase Command has been given 
and the timeout is running, if DQ3 is '1 ',the timeout 
has expired and the Block(s) are being erased. 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 block with OOh as it 
will be done automatically before erasing it to FFh. 
Read operations after the sixth rising edge of W or 
EF output the Status Register bits. 
During the execution of the erase , the memory 
accepts only the Erase Suspend ES and Read/Re
set RD instructions. Data Polling bit DQ7 returns '0' 
while the erasure is in progress and '1' when it has 
completed. The Toggle bit DQ2 and DQ6 toggle 
during the erase operation. They stop when erase 
is completed. After completion the Status bit DQ5 
returns '1' if there has been an erase failure. In such 
a situation, the Toggle bit DQ2 can be used to 
determine which block is not correctly erased. In 
the case of erase failure, a Read/Reset RD instruc
tion is necessary in order to reset the memory. 



Figure 8. Block Protection Flowchart 

READ DQO at PROTECTION 
ADDRESS: AO, A6 = Vll• A1 = VIH and 

A12 to A18 DEFINING BLOCK 

AI00853 

M39832 
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Figure 9. Block Unprotecting Flowchart 

READ at UNPROTECTtON 
ADDRESS· A 1, A6 = VtH· AO = VIL and 

A12 to A18 DEFINING BLOCK 
(see Note 1) 

NO YES 

AIOOBSO 

Note: 1 A6 1s kept at V1H dunng unprotect1on algonthm 1n order to secure best unprotection verification. During all other protection status 
reads, A6 must be kept at V". 
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Table 10. AC Measurement Conditions 

Input Rise and Fall Times :;; 10ns 

Input Pulse Voltages O.VtoVcc 

Input and Output Timing Ref. 
Vee/ 2 Voltages 

Figure 10. AC Testing Input Output Waveform 

AI00939 

Table 11. Capacitance<1l (TA = 25 ac, f = 1 MHz) 

M39832 

Figure 11. Output AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

Vee 

CL mcludes JIG capac1tance 
VouT = 1.5V when the DEVICE 

UNDER TEST IS in the 
Hi·Z output state. A100854 

Symbol Parameter Test Condition Min Max Unit 

CtN Input Capacitance VtN = OV 6 pF 

CouT Output Capacitance VoUT = OV 12 pF 

Note: 1. Sampled only, not 100% tested 

Erase Suspend (ES) Instruction. The Block 
Erase operation may be suspended by this instruc
tion which consists of writing the command SOh 
without any specific address. No Coded cycles are 
required. It permits reading of data from another 
block and programming in another block while an 
erase operation is in progress. Erase suspend is 
accepted only during the Block Erase instruction 
execution. Writing this command during Erase 
timeout will, in addition to suspending the erase, 
terminate the timeout. The Toggle bit DQ6 stops 
toggling when erase is suspended. The Toggle bits 
will stop toggling between 0.1 ms and 15ms after 
the Erase Suspend (ES) command has been writ
ten. The device will then automatically be set to 
Read Memory Array mode. When erase is sus
pended, a Read from blocks being erased will 
output DQ2 toggling and DQ6 at '1 '. A Read from 
a block not being erased returns valid data. During 
suspension the memory will respond only to the 
Erase Resume ER and the Program PG instruc
tions. 
A Program operation can be initiated during erase 
suspend in one of the blocks not being erased. It 

will result in both DQ2 and 006 toggling when the 
data is being programmed. A Read/Reset com
mand will definitively abort erasure and result in 
invalid data in the blocks being erased. 

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 cycles. 

FLASH ARRAY SPECIFIC FEATURES 

Block Protection (See Figure 8). Each block can 
be separately protected against Program or Erase 
on programming equipment. Block protection pro
vides additional data security, as it disables all 
program or erase operations. This mode is acti
vated when both A9 and G are raised to VtD and an 
address in the block is applied on A 12-A 18. Block 
protection is initiated on the edge of W falling to VtL. 
Then after a delay of 1 OOms, the edge of W rising 
to V;H ends the protection operations.:...§!ock protec
tion verify is achieved by bringing G, EF, AO and A6 
to VtL and A 1 to V;H, while W is at VtH and A9 at V;D. 
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Under these conditions, reading the data output will 
yield 01 h if the block defined by the inputs on 
A12-A18 is protected. Any attempt to program or 
erase a protected block will be ignored by the 
device. 

Remarks: 

- The Verify operation is a read with a simulated 
worst case conditions. This allows a guarantee 
of the retention of the Protection status 

- During the application life, the block protection 
status can be accessed with a regular Read 
instruction without applying a "high voltage" V1o 
on A9. This instruction is detailed in Table 5 and 
Table B. 

Blocks Unprotection (See Figure 9). All protected 
blocks can be unprotected simultaneously on pro
gramming equipment to allow updating of bit con
tents. All blocks must first be protected before the 
unprotection operation. Block unprotection is acti
vated when A9, G and E are at V1o and A12, A15 
at ViH· Unprotection is initiated by the edge of W 
falling to ViL· After a delay of 1 Oms, the unprotection 
operation wJ!! end:...Unprotection verify is achieved 
by bringing G and E to V1L while AO is at V1L, A6 and 
A1 are at V1H and A9 remains at V1o. In these 
conditions, reading the output data will yield OOh if 
the block defined by the inputs A 12-A 18 has been 
succesfully unprotected. Each block must be sepa
rately verified by giving its address in order to 
ensure that it has been unprotected. 

Remarks: 

- The Verify operation is a read with a simulated 
worst case conditions. This allows a guarantee 
of the retention of the Protection status 

- During the application life, the Block protection 
status can be accessed with a regular Read 
instruction without "high voltage" V10 on A9. This 
instruction is detailed in Table 5 and Table 8. 

Block Temporary Unprotection. Any previously 
protected block can be temporarily unprotected in 
order to change stored data. The temporary un
protection mode is activated by bringing RP to V1o. 
During the temporary unprotection mode the pre
viously protected blocks are unprotected. A block 
can be selected and data can be modified by 
executing the Erase or Program instruction with the 
RP signal held at V10. When RP is returned to VIH, 
all the previously protected blocks are again pro
tected. 

22/35 

486 

Read/Reset (RD) Instruction. The Read/Reset 
instruction consists of one write cycle giving the 
command FOh. It can be optionally preceded by the 
two Coded cycles. Subsequent read operations will 
read the memory array addressed and output the 
data read. A wait state of 1 Oms is necessary after 
Read/Reset prior to any valid read if the memory 
was in an Erase mode when the RD instruction is 
given. 

GLOSSARY 
Array: EEPROM array (256 Kbit) or Flash array (8 
Mbit) 
Block: part of the Flash array (See Figure 3A and 
3B). 
Page: 64 bytes of EEPROM 
Write and Program: Writing (into the EEPROM 
array) and programming (the Flash array is not 
performed in a similar way: 
- the Flash memory requires an instruction (see 

Instruction chapter) for Erasing and another in
struction for Programming one (or more) byte(s) 
orword(s) 

- the EEPROM memory is directly written with a 
simple operation (see Operation chapter). 

SOP: Software Data Protection. Used for protect
ing the EEPROM array against false Write opera
tions (as in noisy environments). 

POWER SUPPLY and CURRENT CONSUMP
TION 
Power Up. The M39832 intemallogic is reset upon 
a power-up condition to Read memory status. Any 
Write operation in EEPROM is inhibited during the 
first 5 ms following the power-up. 
Either EF, EE or W must be tied to V1H during 
Power-up for the maximum security of the data 
contents and to remove the possibility ..Q!. ~e 
being written on the first rising edge of EF, EE or 
W. Any write cycle initiation is locked when Vee is 
beloWVLKO. 
Supply Rails. Normal precautions must be taken 
for supply voltage decoupling, each device in a 
system should have the Vee rail decoupled with a 
0.1JlF capacitor close to the Vee and Vss pins. The 
printed circuit board trace width should be sufficient 
to carry the Vee program and erase currents re
quired. 
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Table 12. DC Characteristics 
(TA == 0 to 70°C or -40 to 85°C; Vee== 2.7 to 3.6V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV o> VtN o> Vee ±1 flA 

ILo Output Leakage Current OV,; VoUT o> Vee ±1 flA 

leet 111 Supply Current (Read Flash) EE = VtH, EF = VtL, G = 10 mA 
VtH, f = 6MHz 

lcc2 Supply Current (Read EEPROM) EE = VtL, EF = VtH, G = 10 mA 
VtH, f = 6MHz 

icc3 Supply Current (Standby) EF = EE =Vee± 0.2V 100 flA 

lcc4 
Supply Current (Flash Block By1e program, Sector or 20 rnA 
Program or Erase) Chip Erase in progress 

Ices Supply Current (EEPROM Write) Duringtwc 20 mA 

VtL input Low Voltage -0.5 0.8 v 

VtH Input High Voltage 0.7 Vee vee+ o.3 v 
VoL Output Low Voltage loL= 1.8mA 0.45 v 
VoH Output High Voltage loH = -100flA Vee -0.4 v 
Vto A9 High Voltage 11.5 12.5 v 

ho V10 Current A9 = Vto 100 flA 

VLKO 
Vee Minimum for Write, Erase and 

1.9 2.3 v Program 

Note: 1. When readtng the Flash block when an EEPROM byte(s) 1s under a wnte cycle, the supply current IS lcc1 +Icc' 
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Table 13. Read AC Characteristics 
(TA = 0 to 70°C or -20 to 85°C; Vee= 3.3V ± 0.3V) 

M39B32 

Symbol A It Parameter Test Condition -120 -150 Unit 

Min Max Min Max 

Address Valid to Next {.§,5.. 0 = (VrL, VrH) or 
IAVAV IRe Address Valid (EE, EE.l = (VrH, VrL), 120 150 ns 

G=VrL 

Address Valid to Output (.§,5.. 0 = (VrL. VrH) or 
IAVQV lAce Valid (EE, EE.l = (VrH, VrL), 120 150 ns 

G=VrL 

IELQX (1) ILz 
Chip Enable Low to Output 

G=VrL 0 0 ns Transition 

IELQV (2) IcE 
Chip Enable Low to Output 

G=VrL 120 150 ns Valid 

IGLQX (1) lou 
Output Enable Low to (~Efl.= (VrL. VrH) or 0 0 ns Output Transition (EE, EF) = (VrH. VrL) 

IGLQV (2) loE Output Enable Low to (~Efl.= (VrL, VrH) or 55 55 ns Output Valid (EE, EF) = (VrH. VrL) 

IEHQX loH 
Chip Enable High to 

G=VrL 0 0 ns Output Transition 

IEHOZ (1) IHZ Chip Enable High to 
G=VrL 40 40 ns OutputHi·Z 

IGHQX loH Output Enable High to (~Eft= (VrL, VrH) or 0 0 ns Output Transition (EE, EF) = (VrH, VrL) 

IGHQZ (1) I oF 
Output Enable High to (~Efl. = (VrL, VrH) or 40 40 ns Output Hi-Z (EE, EF) = (VrH, VrL) 

Address Transition to (ll.. ffi = (VrL, VrH) or 
lAX OX loH Output Transition (EE, EE.} = (VrH, VrL), 0 0 ns 

G=VrL 

IEHFL ICED EE (EF) Active to EF (EE) 100 100 ns 

Notes: 1. Sampled only, not 100% tested. 
2. (j may be delayed by up to tEcav- tocav after the falling edge of EE (or EF) whhout increaSing tEcav. 
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Figure 13. Write AC Waveforms, W Controlled 

~r------------------W_R_I:-:-~-~:-e-LE __________________ ~:tr------

ctAVWL 

AO-A18 

1+-------- tWLAX ------t>l 

tELWL ,.._-~1>1 

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

w 

tWHWL .I 
tDVWH -~o-------.1- tWHDX 

ooo-D07 ---------------t----------\_ ______ ~v~A:u~o~ ______ ;---------------

tWH·R-~==r 
tWHRL 

.r-----t---- ................................................ . 
Vee 

tVeHEL 

AI01953 

Notes: ~ddress ar§__latclled on the falling_~dge of W, Data 1s latched on the rrs1ng edge of W 
E IS e1ther EF when EE; V1H or EE when EF; V1H-
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Figure 14. Write AC Waveforms, E Controlled 

~------------,~·==-W---R~I:~:~~-~_: __ e--L-E~~=-t-E-LA-X--~::::::::::~~}-------
-ctAVEL 

AO·A18 

w 

tWLEL -\+--~ 

~--- tGHEL+---~--

DOO·D07 

r-----------1--------------------------------------------------------
vee 

tVeHWL 
AI01954 

Notes: Address are latched on the falling edge of E, Data is latched on the risrng edge of!:. 
E is erther EF when EE = VrH or EE when EF = VrH. 
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Table 14. Write AC Characteristics, Write Enable Controlled 
(TA = 0 to 70°C or-40 to 85°C; Vee= 2.7V to 3.6V) 

Symbol A It Parameter 

IAVAV twc Address Valid to Next Address Valid 

IELWL (Z) tcs Chip Enable Low to Write Enable Low 

lwLWH twp Write Enable Low to Write Enable High 

tovwH los Input Valid to Write Enable High 

lwHOX toH Write Enable High to Input Transition 

tWHEH(Z) tcH Write Enable High to Chip Enable High 

lwHWL IWPH Write Enable High to Write Enable Low 

IAVWL lAs Address Valid to Write Enable Low 

lwLAX IAH Write Enable Low to Address Transition 

IGHWL Output Enable High to Write Enable Low 

lvcHEL tvcs Vee High to Chip Enable Low 

lwHOV1 (1) Write Enable High to Output Valid (Program) 

IWHQV2 (1) Write Enable High to Output Valid 
(Sector Erase) 

IWHWLO Time Out between 2 consecutive Section Erase 

twHGL taEH Write Enable High to Output Enable Low 

IWHRL (3) los Write Enable High to Ready/Busy Output Low 

Notes: 1. Time zs measured to Data Pollzng or Toggle Brt, tWHav = tWHa7V + tmvav 
2 Chip Enable means~. E') = (VIL, v,H) or (EE, E') = (V,H, v,L) 
3 W1th a 3 3Kn pull-up resistor. 
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-120 -150 Unit 

Min Max Min Max 

120 150 ns 

0 0 ns 

50 65 ns 

50 65 ns 

0 0 ns 

0 0 ns 

30 35 ns 

0 0 ns 

50 65 ns 

0 0 ns 

50 50 JlS 

15 15 JlS 

2.0 30 2.0 30 sec 

80 80 JlS 

0 0 ns 

150 150 ns 



Table 15. Write AC Characteristics, EE or EF Controlled 
(T A = 0 to 70°C or -40 to 85°C; Vee = 2. 7V to 3.6V) 

Symbol A It Parameter 

twLWL taLC Byte Load Cycle (EEPROM) 

twHRH twc Write Cycle Time (EEPROM) 

tAVAV Address Valid to Next Address Valid 

twLEL tws Write Enable Low to Memory Block Enable Low 

IELEH lcP 
Memory Block Enable Low to Memory Block 
Enable High 

lovEH los Input Valid to Memory Block Enable High 

IEHOX loH Memory Block Enable High to Input Transition 

IEHWH lwH Memory Block Enable High to Write Enable High 

IEHEL ICPH 
Memory Block Enable High to Memory Block 
Enable Low 

IAVEL lAs Address Valid to Memory Block Enable Low 

tELA X tAH Memory Block Enable Low to Address Transition 

IGHEL Output Enable High to Memory Block Enable Low 

tvCHWL tvcs Vee High to Write Enable Low 

tEHOV1 (1) 
Memory Block Enable High to Output Valid 
(Program) 

IEHQV2 (1) 
Memory Block Enable High to Output Valid 
(Sector Erase) 

tEHGL IOEH Memory Block Enable High to Output Enable Low 

tEHRL (2) los 
EEPROM Block Enable High to Ready/Busy Output 
Low 

Notes: 1. Time is measured to Data Polling or Toggle B1t, tWHav = twHo1v + to?Vav. 
2. W1th a 3 3Kn pull-up resistor. 

M39832 

M39832 

-120 ·150 Unit 

Min Max Min Max 

0.2 150 0.2 150 jlS 

10 10 ms 

120 150 ns 

0 0 ns 

50 65 ns 

50 65 ns 

0 0 ns 

0 0 ns 

30 35 ns 

0 0 ns 

50 65 ns 

0 0 ns 

50 50 jlS 

15 15 jlS 

2.0 30 2.0 30 sec 

0 0 ns 

150 150 ns 
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- LAST CYCLE J_DATA POLLING DATA POLLING (LAST) CYCLE : DATA VERIFY _. 
OF PROGRAM READ CYCLES READ CYCLE 

OR ERASE 

Notes: 1. All other timings are as a normal Read cycle. 
2. DQ7 and DQO-DQ6 can transmit to valid at any point during the data output valid period. 
3. twHo7v is the Program or Erase time. 
4 . .Quring erasing operation Byte address must be within Sector being erased. 
5. E is either EF when EE = V1H or EE when EF = V1H. 
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Table 16. Data Polling and Toggle Bit AC Characteristics <1> 
(T A= 0 to 70°C or -40 to 85°C; Vee = 2. 7V to 3.6V) 

Symbol Parameter 

tWHQ7V1 (2) Write Ena~ High to DQ7 Valid 
(Program, W Controlled) 

twH07V2(2) Write Enable H.ig_h to DQ7 Valid 
(Sector Erase, W Controlled) 

tEH07V1 (2) Flash Block Enable High to DQ7 Valid 
(Program, EF Controlled) 

tEH07V2 (2) 
Flash Block Enable High to DQ7 Valid 
(Sector Erase, EF Controlled) 

ta7VOV 07 Valid to Output Valid (Data Polling) 

Notes: 1. All other timings are defined in Read Ae eharactenstics table. 
2. lwHa1v is the Program or Erase time. 

Min 

10 

1.5 

10 

1.5 

M39832 

-120 -150 

Max Min Max 

10 

30 1.5 30 

10 

30 1.5 30 

50 55 

Table 17. Program, Erase Times and Program, Erase Endurance Cycles (Flash Block) 
(T A = 0 to 70°C; V ec = 2. 7V to 3.6V) 

M39832 
Parameter 

Typical after Min Typ 100k W/E Cycles Max 

Flash array Erase (Preprogrammed) 5 5 

Flash array Erase 12 12 

Flash array Block Erase 2.4 

Parameter Block Erase 2.3 

Main Block (32Kb) Erase 2.7 

Main Block (64Kb) Erase 3.3 15 

Chip Program (Byte) 8 8 

Byte Program 10 10 

Word Program 20 20 

Program/Erase Cycles (per Block) 100,000 

M39832 

Unit 

J.IS 

sec 

J.IS 

sec 

ns 

Unit 

sec 

sec 

sec 

sec 

sec 

sec 

sec 

J.IS 

J.IS 

cycles 

31/35 

495 



+>-I"' (0 "' 
CJ) w 

(11 

~ 

AO-A18 'L 

E''l 

~ ! I 
G 

w ----------~---······ 

tWHOV ______ .:_ _______ ~ 

D06 ~--······· STOP TOGGLE VALID 

DOO-D05, 
DO? ====r----------- ( IGNORE ) ! ~ VALID ) i 

+-LAST CYCLE...:--- DATA 
OFPROGRAM TOGGLE 

OF ERASE READ CYCLE 

Notes: 1 .811 other timl!Jgs arejl& a normal.B.ead cycle. 
2. E is e1ther EF when EE = V1H or EE when EF = V1H. 

DATA TOGGLE ----------
READ CYCLE 

READ CYCLE -----+< 

AI01956 

, :s: tE' (,) 
1:: CD ... 00 CD (,) .... 1\) 
?l 
c 
D> 
S' 
C} 
(Q 
(Q 

iii' 
c 
0 
(j) 

)> 
(") 

~ 
< a 
0 ... 
3 
en 



M39832 

Figure 17. EEPROM Page Write Mode AC Waveforms, W Controlled 

AO·A14 
or A-1·A13 

EE 

w 
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ORDERING INFORMATION SCHEME 

Example: 

Array Matrix 

T Top Boot 

B Bottom Boot 

Speed 

12 120ns 

15 150ns 

M39832 - B 15 W NE 6 T 

Operating Voltage 

W 2.7V to 3.6V 

Package 

NE TSOP48 
12 x 20mm 

Option 

T Tape& Reel 
Packing 

Temp. Range 

1 o to 70 oc 
6 -40 to 85 oc 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Speed, Package, etc ... ) or for further information on any aspect of this device, 
please contact the STMicroelectronics Sales Office nearest to you. 
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TSOP48 - 48 lead Plastic Thin Small Outline, 12 x 20mm 

Symb 

A 

A1 

A2 

B 

c 
D 

D1 

E 

e 

L 

a 

N 

CP 

Draw1ng 1s not to scale. 

mm 

Typ Min 

0.05 

0.95 

0.17 

0.10 

19.80 

18.30 

11.90 

0.50 -

050 

oo 

48 

r----
1 
I 

N/2 

TSOP-a 

01 

D 

Max 

1.20 

0.15 

1.05 

0.27 

0.21 

20.20 

18.50 

12.10 

-

0.70 

50 

0.10 

N 

E 

I 

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 
I 

! 

I I I 
I I I 

M39832 

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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APPLICATION 
SPECIFIC MEMORIES 
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• TWO WIRE 12C SERIAL INTERFACE 
SUPPORTS 400kHz PROTOCOL 

• 1 MILLION ERASE/WRITE CYCLES 
• 40 YEARS DATA RETENTION 

• 2ms TYPICAL PROGRAMMING TIME 
• SINGLE SUPPLY VOLTAGE: 

- 4.5V to 5.5V for M24164 

- 2.5V to 5.5V for M24164-W 
- 1.8V to 5.5V for M24164-R 

• HARDWARE WRITE CONTROL 
• BYTE and PAGE WRITE (up to 16 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH-UP 

PERFORMANCES 

DESCRIPTION 
The M24164 is a 16 Kbit EEPROM. The memory 
is an electrically erasable programmable memory 
(EEPROM) fabricated with STMicroelectronics's 
High Endurance Single Polysilicon CMOS technol
ogy which guarantees an endurance typically well 
above one million erase/write cycles with a data 
retention of 40 years. The "-W" version operate with 
a power supply value as low as 2.5V and the "-R" 
version operate down to 1.8V. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

Table 1. Signal Names 

EO-E2 Chip Enable Inputs 

SDA Serial Data Address lnpuVOutput 

SCL Senal Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

January 1999 

M24164 

16 Kbit Serial FC BUS EEPROM 

PSDIP8 (BN) 
0.25mm Frame 

Figure 1. Logic Diagram 

EO-E2 

SCL 

we 

3 

Vee 

M24164 

Vss 

PRELIMINARY DATA 

8 ·~ 

SOB (MN) 
150mil Width 

SDA 

AI02264 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient OperatingTemperature121 -40to 125 oc 

TsrG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (PSDIPS package) 10 sec 260 oc 

(SOB package) 40sec 215 

v,o Input or Output Voltages -0.6to6.5 v 

Vee Supply Voltage -0.3to6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 131 4000 v 
Electrostatic Discharge Voltage (Machine model) 141 500 v 

Notes: 1. Except for the rat1ng "Operat1ng Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratings" 
may cause permanent damage to the dev1ce. These are stress rat1ngs only and operation of the device at these or any other 
cond1t1ons above those Indicated 1n the Operat1ng sections of this specifiCation is not implied Exposure to Absolute Maximum 
Rating cond1tions for extended penods may affect device reliability Refer also to the STMicroelectron1cs SURE Program and other 
relevant quality documents. 

2 Depends on range 
3. MIL·STD·883C, 3015.7 (100pF, 1500 Q) 
4. EIAJ IC-121 (Cond1t1on C) (200pF, 0 Q). 

Figure 2A. DIP Pin Connections 
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~DVcc E1 2 7 we 

E2 3 6 SCL 

Vss 4 5 SDA 
Al02265 

DESCRIPTION (cont'd) 

The memory is compatible with the two wire serial 
interface which uses a bi-directional data bus and 
serial clock. The memory offers 3 chip enable 
inputs {E2, E1, EO) so that up to 8 x 16K devices 
may be attached to the bus and selected individu
ally. The memory behaves as a slave device with 
all memory operations synchronized by the serial 
clock. 
Read and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 7 bits, plus one 
read/write bit and terminated by an acknowledge 
bit (see Table 3). When writing data to the memory 
it responds to the 8 bits received bY. asserting an 
acknowledge bit during the 9th bit time. When data 

2115 
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Figure 28. SO Pin Connections 

M24164 

EO Vee 
E1 we 

E2 SCL 

Vss SDA 

AI02266 

is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 
Power On Reset: Vee lock out write protect. In 
order to prevent any possible data corruption and 
inadvertent write operations during power up, a 
Power On Reset (POR) circuit is implemented. 
Until the Vee voltage has reached the POR thresh
old value, the internal reset is active, all operations 
are disabled and the device will not respond to any 
command. In the same way, when Vee drops down 
from the operating voltage to below the POR 
threshold value, all operations are disabled and the 
device will not respond to any command. A stable 
Vee must be applied before applying any logic 
signal. 



Table 3. Device Select Code 

Chip Enable 

Bit b7 b6 I b5 

Device Select 1 E2 I E1 

Note. The MSB b7 1s sent f1rst. 

Table 4. Operating Modes <11 

Mode RW bit WP 

Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' VrL 

Page Write '0' VrL 

Note: 1. X = V1H or VIL· 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to V cc 
to act as a pull up (see Figure 3). 
Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (E2 - EO). These chip enable inputs 
are used to set 3 bits {b6, b5, b4) of the 7 bit device 
select code. These inputs may be driven dynami
cally or tied to Vee or Vss to establish the device 
select code. 

Write Control (WC). A hardware Write Control pin 
(WC) is provided on pin 7 of the memory. This 
feature is useful to protect the entire contents of the 
memory from any erroneous erase/writ~cle. The 
Write Control signal is used to enable (WC=VJL) or 
disable (WC=VJH) write instructions to the entire 
memory area. When unconnected, the we input is 
internally read~ VJL and write operations are 
allowed. When WC=1, Device Select and Address 
bytes are acknowledged, Data bytes are not ac
knowledged. 

Refer to Application Note AN404 for more detailed 
information about Write Control feature. 

I 
I 

M24164 

MSB Address RW 

b4 b3 I b2 I b1 bO 

EO A10 I A9 I A8 RW 

Data Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

<:1 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

:>16 START, Device Select, RW = '0' 

DEVICE OPERATION 
12C Bus Background 
The memory supports the 12C protocol. This proto
col defines any device that sends data onto the bus 
as a transmitter and any device that reads the data 
as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The memory is always a slave device 
in all communications. 
Start Condition. START is identified by· a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the memory continu
ously monitors the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 
Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the memory and the 
bus master. A STOP condition at the end of a Read 
sequence, after and only after a No-Acknowledge, 
forces the standby state. A STOP condition at the 
end of a Write command triggers the internal 
EEPROM write cycle. 
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Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 
Data Input. During data input the memory samples 
the SDA bus signal on the rising edge of the clock 
SCL. Note that for correct device operation, the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 
Memory Addressing. To start communication be
tween the bus master and the slave memory, the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the Device Select 
code (7 bits) and a READ or WRITE bit. 
Three out of the four most significant bits of the 
Device Select code are the Device Select bits (b6, 
b5, b4). They are matche_Q_to the chip enable 
signals applied on pins E2, E1, EO. Thus up to 8 x 
16K memories can be connected on the same bus 
giving a memory capacity total of 128 Kbits. 

After a START condition any memory on the bus 
will identify the device code and compare the 3 bits 
to its chip enable inputs E2, E1, EO. The 8th bit sent 
is the read or write bit (RW). 

This bit is set to '1' for read and '0' for write 
operations. If a match is found, the corresponding 
memory will acknowledge the identification on the 
SDA bus during the 9th bit time. If the memory does 
not match the Device Select code, it will self-dese
lect from the bus and go into standby mode. 
Write Operations 
Following a START condition the master sends a 
Device Select code with the RW bit set to '0'. The 
memory acknowledges it and waits for a byte ad
dress, which provides access to the memory area. 
After receipt of the byte address, the memory again 
responds with an acknowledge and waits for the 
data byte. Writing in the Memory may be inhibited 
if input pin we is taken high. 
Any write command with WC=1 (during a period of 
time from the START condition until the Acknow
ledge of the last Data byte) will not modify the 
memory content and will NOT be acknowledged on 
data bytes, as shown in Figure 9. 
Byte Write. In the Byte Write mode, after the 
Device Select code and the address, the master 
sends one data byte. If the addressed location is 
write protected by the WC pin, the memory send a 
NoACK and the location is not modified. If the we 
pin is tied to 0, after the data byte the memory 
sends an ACK. The master terminates the transfer 
by generating a STOP condition. 

Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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Table 5. Input Parameters (1l (T A= 25°C, f = 400 kHz) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance (SDA) 8 pF 

CIN Input Capacitance (other pins) 6 pF 

tLP 
Low-pass filter input time constant 200 500 ns (SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V, 2.5V to 5.5V or 1.8V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu 
Input Leakage Current 

OV<;,VIN<;,Vcc ±2 pA (SCL, SDA} 

ILO Output Leakage Current OV<;,VouT<;,Vcc ±2 pA SDAin Hi-Z 

Supply Current Vee = 5V, fc =400kHz 2 rnA (Rise/Fall time < 30ns) 

Icc Supply Current (-W series) Vee= 2.5V, fe =400kHz 1 rnA (Rise/Fall time< 30ns) 

Supply Current(-' ~ne::s 
Vee= 1.8V, fc =100kHz 0.8 rnA (Rise/Fall time < 30ns) 

lcc1 Supply Current, Standby V1N = Vss or Vee. 
20 pA Vee= 5V 

lcc2 
Supply Current, Standby V1N = Vss or Vee, 1 pA (-W series) Vec=2.5V 

lcc3 
Supply Current, Standby V1N = Vss or Vee. 0.1 pA (-R series) Vee= 1.8V 

V1L 
Input Low Voltage (SCL, SDA, -0.3 0.3Vcc v 
E2, E1, EO) 

V1H 
Input High Voltage (SCL, SDA, 0.7Vce Vee+ 1 v 
E2, E1, EO) 

V1L Input Low Voltage (WC) -0.3 0.5 v 

V1H Input High Voltage 0fVC} Vee -0.5 Vee+ 1 v 

Output Low Voltage loL = 3mA, Vee = 5V 0.4 v 
VoL Output Low Voltage (-W series) loL = 2.1 rnA, Vee= 2.5V 0.4 v 

Output Low Voltage (-R series) loL = 0.15mA, Vee= 1.8V 0.2 v 
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Table 7. AC Characteristics 

M24164 

Symbol AI! Parameter 
Vee= 4.5V to 5.5V Vee= 2.5V to 5.5V Vee= 1.8V to 5.5V 

Unit TA = Oto 70°C TA = Oto 70°C TA = o to70°C 
TA = -40 to 85°C TA = -40 to 85°C TA = -40 to 85°C 

Min Max Min Max Min Max 

ICH1CH2 lA Clock Rise Time 300 300 1000 ns 

lcL1CL2 IF Clock Fall lime 300 300 300 ns 

IQH1DH2 (1) lA SDA Rise Time 20 300 20 300 20 1000 ns 

!ouol2 (1) IF SDA Fall lime 20 300 20 300 20 300 ns 

ICHDX (2) !sU.STA 
Clock High to Input 600 600 4700 ns 
Transition 

!cHCL !HIGH Clock Pulse Width High 600 600 4000 ns 

!oLCL IHD STA 
Input Low to Clock Low 

600 600 4000 ns 
(START) 

lcLDX IHD.DAT 
Clock Low to Input 0 0 0 f.IS Transition 

lcLCH !LOw Clock Pulse Width Low 1.3 1.3 4.7 f.IS 

toxcx !su OAT 
Input Transition to Clock 100 100 250 ns 
Transition 

lcHDH !susro 
Clock High to Input High 600 600 4000 ns 
(STOP) 

IQHDL !suF 
Input High to Input Low 1.3 1.3 4.7 f.IS (Bus Free) 

ICLQV (3) IAA 
Clock Low to Next Data 200 900 200 900 200 3500 ns Out Valid 

ICLQX !oH Data Out Hold lime 200 200 200 ns 

lc fscL Clock Frequency 400 400 100 kHz 

tw twA Write Time 5 10 10 ms 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART condition, or following a write cycle. 
3. The minimum value delays the falling/rismg edge of SDA away form SCL = 1 in order to avoid unwanted START and/or STOP 

conditiOn. 

Table 8. AC Measurement Conditions 

Input Rise and Fall limes <; 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Trming 
0.3Vcc to 0.7Vcc Ref. Voltages 
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Figure 4. AC Testing Input Output Waveforms 
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Figure 5. AC Waveforms 

SCL 

SDAIN 

: : 

i.sTART.j 
CONDITION 

!+ SDA +!+ SDA ...j i+STOP&-"' 
BUS FREE INPUT CHANGE 

SCL 

SDAOUT 

:__ DATA OUTPUT _____.; 

SCL 

SDAIN 

ti""'" c::::::::~::::::::::::::::~:J }t 
L STOP : WRITE CYCLE : START _J. 
CONDITION CONDITION 

Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the most significant memory ad
dress bits are the same. The master sends from 
one up to 16 bytes of data, each of which is 
acknowledged by the memory if the we pin is low. 
If the WC pin is high, each data byte is followed by 
a NoACK and the location will not be modified. After 
each byte is transferred, the internal byte address 

AI007958 

counter (4 least significant bits only) is incre
mented. The transfer is terminated by the master 
generating a STOP condition. Care must be taken 
to avoid address counter 'roll-over' which could 
result in data being overwritten. Note that, for any 
byte or page write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. All inputs are disabled until 
the completion of this cycle and the memory will not 
respond to any request. 
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Figure 6. 12C Bus Protocol 

SCL 
····----~ 

SDA \! I x=t=:::::~ i I 
~START-.: ~ SDA __.:... SDA ...: i+ STOP...: 

CONDITION INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

-----~-· 

:::::~ .. 

SCL 
1."\r::\r::\ 

···--' I \__/ ~ \__/ ~ '--••••• 

SDA ~::::: 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. The sequence is: 
- Initial condition: a Write is in progress (see Figure 

7). 

8/15 
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~ 
STOP 

CONDITION 

AI00792 

- Step 1: the master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, NoACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the incoming in
struction (the first byte of this instruction was 
already sent during Step 1 ). 



Figure 7. Write Cycle Polling using ACK 

F1rst byte of mstruct1on 
with RW = 0 already 
decoded by M24xxx 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Operation 

AI01847 

M24164 
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Figure 8. Write Modes Sequence 

ACK ACK ACK 
BYTE WRITE II :o~y~~~ 11.

1
1 ~~T:E:A~?~ 111: ?~+:~~: 1

10 
~ ~ 

~ RNV f? 
~ w 

ACK ACK ACK 
PAGE WRITE II :o~y~~~ 11.

11 ~~T~:A~~~ 111 :~A~~~:N:< 111 :~A~~~:N:~: 
~ 

a: RNV 
~ 

Read Operations 
Re~erations are independent from the state of 
the WC input pin. On delivery, the memory contents 
is set at all "1 's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read 
this counter is incremented. For the Current Ad~ 
dress Read mode, following a START condition, 
the master sends a Device Select code with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte a?dressed ~Y the internal byte 
address counter. Th1s counter IS then incremented. 
The master have to NOT acknowledge the byte 
output and terminates the transfer with a STOP 
condition. 

Random Address Read. A dummy write is per
formed to load the memory address into the ad
dress counter, see Figure 10. This is followed by 
another START condition from the master and the 
Device Select code is repeated with the RW bit set 
td '1 '. The memory acknowledges this and outputs 

10/15 
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the byte addressed. The master have to NOT ac
knowledge the byte output and terminates the 
transfer with a STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte output 
and ~UST generate a STOP condition. The output 
~ata 1s from consecutive byte addresses, with the 
mternal byte address counter automatically incre
mented after each byte output. After a count of the 
last memory address, the address counter will 'roll
over' and the memory will continue to output data. 
Acknowledge in Read Mode. In all read modes 
the memory wait for an acknowledge during the 9th 
bit time. If the master does not pull the SDA line low 
during this time, the memory terminate the data 
transfer and switches to a standby state. 



M24164 

Figure 9. Write Modes Sequence with Write Control = 1 

ACK ACK NO ACK 
BYTE WRITE II :o~y~~~ 11. 11 ~~~:A~H 111: ~~+:~~: 110 

b: RrN ~ 
~ ~ 

ACK ACK NO ACK NOACK 
PAGE WRITE II :o~y~~\ 11.11 ~~~:A~?~ 111 :~+~~:N:< 111 :~A~~~:N:2: IIC~ 

b: -
J5 RfW 
en 

we (cont'd) 

NOACK NOACK 
PAGE WRITE (cont'd) ~:JII :o~y~~~:N: 110 

AI02038 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

II :D~Y~~~ 1[1
1
1 :D~i~~~~ 1

1
0 

f- 0.. 
~ R~ 0 
~ to 

ACK ACK ACK NO ACK 

II~~~ ~E:L; '[·[' ~~:E:A?~~ II II~~~ ~E:L; IIIII :D~T~ ~~T: 1[0 

tc RiW tc R~ ~ 
~ ~ to 

ACK ACK ACK NO ACK 

II :D~y~~~ 1/l~~+:o:uy~ 1
1C::: :::J 1 1~~+~~f~l 1 0 

tc RiW ~ 
~ to 

ACK ACK ACK ACK 

II~~~ ~E:L; I[, 11 ~~T:E:A?~~ 1
1
11 ~~~ ~E:L: 1/ I ~~+:o~y ~ 1

1C_ 
tc - tc -
~ R~ ~ R~ 
(f) (f) 

ACK NOACK 

::J 1 1~~T~~~f~l 0 

AI01942 

Note: • The 7 Most Signifrcant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be rdentrcal. 
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ORDERING INFORMATION SCHEME 

Example: M24164 - R MN 1 T 

Density 

164 16 Kbit 

w 
A 

2.5Vto5.5V 

1.8Vto5.5V 

Notes: 1. Temperature range on request only. 

Package 

BN PSDIPB 
0.25mm Frame 

MN soa 
150mi1Width 

2. Produced with High Reliability Certnied Flow (HRCF),In Vee range 4.5V to S.SV at 100kHz only. 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

M24164 

Option 

T Tape& Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIPB - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm 

Typ Min 

A 3.90 

A1 0.49 

A2 3.30 

B 0.36 

B1 1.15 

c 0.20 

D 9.20 

E 7.62 -

E1 6.00 

e1 2.54 -
eA 7.80 

eB -

L 3.00 

N 8 

D 

N 

) 
1 
u-o L...J 

Drawrng rs not to scale. 
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Max 

5.90 

-

5.30 

0.56 

1.65 

0.36 

9.90 

-

6.70 

-

-

10.00 

3.80 

E1 E 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -

0.236 

0.100 -
0.307 

-

0.118 

8 

I .____. \ 

/:1\ r;\ 
c .... ~ 

eA 
eB 

PSDIP-a 

Max 

0.232 

-
0.209 

0.022 

0.065 

0.014 

0.390 

-

0.264 

-

-

0.394 

0.150 
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508- 81ead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.80 5.00 0.189 0.197 

E 3.80 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.80 6.20 0.228 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 0.016 0.035 

a 0 8 0 8 

N 8 8 

CP 0.10 0.004 

B~& Au kyc 

D 

I 
i 

! 
! 

E H 
I 

! 
I 

SO-b 

Drawrng is not to scale. 
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M34C02 

2 Kbit Serial EEPROM for DIMM Serial Presence Detect 

• TWO WIRE 12C SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• 1 MILLION ERASE/WRITE CYCLES 
• 40 YEARS DATA RETENTION 
• SINGLE SUPPLY VOLTAGE: 

- 4.5V to 5.5V for M34C02 
- 2.5V to 5.5V for M34C02-W 
- 1.8V to 3.6V for M34C02-R 

• SOFTWARE WRITE PROTECTION FOR 
LOWER 128 BYTES 

• HARDWARE WRITE PROTECTION FOR 
ENTIRE ARRAY 

• BYTE and PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
11 SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD and LATCH-UP 

PERFORMANCES 

DESCRIPTION 

The M34C02 is a 2 Kbit electrically erasable pro
grammable memory (EEPROM), organized as 256 
x8 bits, designed for use as the Serial Presence 
Detect Memory for new DRAM DIMM modules. 
The M34C02 includes a software write protection 
feature for the bottom half of the memory area. By 
sending the device a specific sequence, the first 

Table 1. Signal Names 

EO-E2 Chip Enable Inputs 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

October 1998 

PSDIPB (BN) 
0.25mm Frame 

SOB (MN) 
150mil Width 

TSSOPB (DW) 
169mil Width 

Figure 1. Logic Diagram 

Vee 

3 

EO-E2 SDA 

SCL M34C02 

we 

Vss 
AID1931 
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Figure 2A. DIP Pin Connections Figure 2B. SO and TSSOP Pin Connections 

M34e02 M34e02 

Eooa vee 
E1 2 7 we 

E23 SSeL 

Vss 4 5 SDA 

EO Vee 
E1 we 

E2 SeL 

Vss SDA 

AI01932 A101933 

Table 2. Absolute Maximum Ratings <11 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40to 85 oe 

TSTG Storage Temperature -65 to 150 oe 

TLEAO Lead Temperature, Soldering (PSDIP8 package) 10sec 260 
(SOB package) 40sec 215 oe 
(TSSOPS package) t.b.c. t.b.c. 

v,o Input or Output Voltages -0.6to6.5 v 

Vee Supply Voltage -0.3to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 12l 5000 v 
Electrostatic Discharge Voltage (Machine model) 13l 500 v 

Notes: 1. Except for the rattng "Operattng Temperature Range", stresses above those listed In the Table "Absolute Maxtmum Rattngs" 
may cause permanent damage to the device. These are stress rattngs only and operatton of the device at these or any other 
condttions above those indtcated in the Operating secttons of this spectftcation is not implied. Exposure to Absolute Maximum 
Rattng conditions for extended periods may affect devtce reliability. Refer also to the STMicroelectronics SURE Program and other 
relevant quality documents. 

2. MIL·STD·883C, 3015.7 (100pF, 1500 n) 
3. EIAJ IC-121 (Conditton C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

128 bytes of the memory can be permanently write 
protected. Care must be taken when using this 
sequence as it cannot be reversed. The M34C02 
include also a WC input which, when tied to Vee, 
allows the entire memory area to be write pro
tected. 

The M34C02 is manufactured in STMicroelectron
ics's Hi-Endurance Advanced CMOS technology. 
The memories operate with a power supply value 
as low as 1 .8V for the M34C02-R. Plastic Dual-in
Line, Plastic Small Outline and Thin Shrink Small 
Outline Packages are available. 

The memory is compatible with the 12C standard, 
two-wire serial interface which uses a bi-directional 
data bus and serial clock. The memories carry two 
built-in 4 bit device identification codes: '1010' 
which corresponds to the 12C bus definition to 
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access the memory area and '011 0' to access the 
additional Protect Register. This is used together 
with 3 chip enable inputs (E2, E1, EO) so that up to 
eight 2K devices may be attached to the 12C bus 
and selected individually. The memory behaves as 
a slave device in the 12C protocol with all memory 
operations synchronized by the serial clock. Read 
and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 7 bits (identifi
cation code '1 01 0' or '011 0' followed by th~3 chip 
enable bits), plus one read/write bit (RW) and 
terminated by an acknowledge bit. 
When writing data to the memory, it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition after an Ack for 
WRITE and after a NoAck for a READ. 



M34C02 

Table 3. Device Select Code 

Device Type Identifier Chip Enable RW 

Bit b7 b6 

Memory Area Device Select Code 1 0 

Protect Register Device Select Code 0 1 

Note: The MSB b7 os sent forst. 

Table 4. Operating Modes <1> 

Mode RWbit we 
Current Address Read '1' X 

Random Address Read 
'0' X 

'1' X 

Sequential Read '1' X 

Byte Write '0' VoL 

Page Write '0' VoL 

Note: 1. X= VoH or VoL 

Power On Reset: Vee lock out write protect. 

In order to prevent any possible data corruption and 
inadvertent write operations during power up, a 
Power On Reset (POR) circuit is implemented. 

Until the Vee voltage has risen to the POR thresh
old value, the internal reset is active, all operations 
are disabled and the device will not respond to any 
command. In the same way, when Vee drops from 
the operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 

b5 b4 b3 b2 b1 bO 

1 0 E2 E1 EO RW 

1 0 E2 E1 EO RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

~1 Similar to Current or Random Mode 

1 START, Device Select, RW = '0' 

16 START, Device Select, RW = '0' 

It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (E2 - EO). These chip enable inputs 
are used to set the 3 least significant bits (b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vee or Vss to 
establish the device select code. 

Write Control (WC). A hardware Write Control pin 
(VVC) is provided on pin 7 of the M34C02. This 
feature is useful to protect the contents of the 
memory from any erroneous erase/writ~cle. The 
Write Control signal is used to enable (WC=VIL) or 
disable (WC=ViH) write instructions to the entire 
memory area and the protect register. 

When we is tied to Vss or left unconnected, the 
write protection of the first half of the memory is 
determined by the status of the software protect 
register. 
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DEVICE OPERATION 
12C Bus Background 
The M34C02 supports the 12C protocol. This proto
col defines any device that sends data onto the bus 
as a transmitter and any device that reads the data 
as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The M34C02 is always a slave device 
in all communications. 
Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the M34C02 continu
ously monitors the SDA and SCL signals for a 
START condition and will not respond unless a 
START condition is given. 
·Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the M34C02 and 
the bus master. A STOP condition at the end of a 
Read sequence, after and only after a No-Acknow
ledge, forces the standby state. A STOP condition 
at the end of a Write command triggers the internal 
EEPROM write cycle. 
Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 

bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the M34C02 samples 
the SDA bus signal on the rising edge of the clock 
SCL. Note that for correct device operation, the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave M34C02, the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the device select code 
(7 bits) and a READ or WRITE bit. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For this memory the 4 bits are 
fixed as 101 Ob to access the memory area and as 
011 Ob to access the Protect Register. The following 
3 bits identify the specific memory on the bus. They 
are matched to the chip enable signals E2, E1, EO. 
Thus up to eight 2K memories can be connected 
on the same bus giving a maximum memory ca
pacity total of 16 Kbits. After a START condition any 
memory on the bus will identify the device code and 
compare the following 3 bits to its chip enable 
inputs E2, E1, EO. 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. If the memory does not 
match the device select code, it will self-deselect 
from the bus and go in standby mode. 

Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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Table 5. Input Parameters <1> (T A= 25 °C, f = 400 kHz ) 

Symbol Parameter Test Condition 

CrN Input Capacitance (SDA) 

CIN Input Capacitance (other pins) 

tLP 
Low-pass filter input time constant 
(SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = 0 to 700C or -40 to 850C; Vee = 4.5V to 5.5V, 2.5 to 5.5V) 
(TA = 0 to 700C or-20 to 850C; Vee= 1.8V to 3.6V) 

Symbol Parameter Test Condition 

ILl 
Input Leakage Current 

OV ::;;VIN::;;Vee (SCL,SDA) 

ILo Output Leakage Current OV::;; VoUT $Vee 
SDAin Hi·Z 

Supply Current Vee = 5V, fe =400kHz 
(Rise/Fall time < 30ns) 

Icc Supply Current (·W series) Vee= 2.5V, fe =400kHz 
(Rise/Fall time < 30ns) 

Supply Current ( -R series) Vee= 1.8V, fe =400kHz 
(Rise/Fall time < 30ns) 

lee1 Supply Current, Standby V1N = Vss or Vee, 
Vec=5V 

lee2 
Supply Current, Standby V1N = Vss or Vee. 
(-Wseries) Vee=2.5V 

lee3 
Supply Current, Standby V1N = Vss or Vee, 
(·R series) Vee= 1.8V 

V1L 
Input Low Voltage (SCL, SDA, 
E2, E1, EO) 

Input High Voltage (E2, E1, EO) 

V1H 4.5V $Vee::;; 5.5V 
Input High Voltage (SCL, SDA) 

Vec<4.5V 

VrL Input Low Voltage (WC) 

V1H Input High Voltage (WC) 

Output Low Voltage loL = 3mA, Vee = 5V 

VoL Output Low Voltage (·W series) loL = 2.1 rnA, Vee = 2.5V 

Output Low Voltage (·R series) IOL = 0.15mA, Vee= 1.8V 

M34C02 

Min Max Unit 

8 pF 

6 pF 

200 500 ns 

Min Max Unit 

±2 J.IA 

±2 J.IA 

2 rnA 

1 rnA 

0.5 rnA 

1 J.IA 

0.5 J.IA 

0.1 J.IA 

-o.3 0.3Vee v 

0.7Vee Vee+ 1 v 
0.7Vec VCC+1 v 
0.7Vee 5.7 v 

-o.3 0.5 v 
Vec-0.5 Vee+ 1 v 

0.4 v 
0.4 v 
0.2 v 
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Table 7. AC Characteristics 

M34C02 

Symbol A It Parameter Vee= 4.5V to 5.5V Vee= 2.5V to 5.5V Vee= 1.8V to 3.6V Unit TA = Oto 70°C TA=Oto7o•c TA=Oto7o•c 
TA = -40 to as•c TA = -40 to as•c TA = -20 to as•c <4l 

Min Max Min Max Min Max 

leH1eH2 IR Clock Rise lime 300 300 1000 ns 

lcL1eL2 IF Clock Fall lime 300 300 300 ns 

IOH10H2 (1) IR SDA Rise Time 20 300 20 300 20 1000 ns 

louol2 11 l IF SDAFalllime 20 300 20 300 20 300 ns 

leHOX 121 lsUSTA Clock High to Input 
Transition 

600 600 4700 ns 

ICHCL I HIGH Clock Pulse Width 
High 

600 600 4000 ns 

loLeL IHOSTA Input Low to Clock 
Low(START) 

600 600 4000 ns 

!cLDX IHO OAT Clock Low to Input 0 0 0 !iS 
Transition 

lcLeH !LOw Clock Pulse Width 1300 1300 4700 ns 
Low 

toxex lsu OAT Input Transition to 
Clock Transition 

100 100 250 ns 

leHOH tsusro Clock High to Input 600 600 4000 ns 
High (STOP) 

loHOL teuF Input High to Input 1300 1300 4700 ns 
Low (Bus Free) 

leLOV (a) IAA Clock Low to Next 200 900 200 900 200 3500 ns 
Data Out Valid 

leLOX toH Data Out Hold lime 200 200 200 ns 

fe fseL Clock Frequency 400 400 100 kHz 

tw twA Write Time 5 10 10 ms 

Notes: 1. Sampled only, not 100% tested 
2 For a reSTART condition, or following a write cycle. 
3. The minimum value delays the falling/rising edge of SDA away form SCL = 1 in order to avoid unwanted START and/or STOP 

condition. 
4. This is preliminaJY data. 
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Figure 4. AC Testing Input Output Waveforms 

o.svcc~ 

~ o.2Vcc 

Table 8. AC Measurement Conditions 

Input Rise and Fall Times s SOns 

o.7Vcc 

o.3Vcc 

A100825 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. 0.3Vcc to 0.7Vcc Voltages 

Write Operations 
Following a START condition the master sends a 
device select code with the RW bit set to '0'. The 
memory acknowledges it and waits for a byte ad
dress, which provides access to the 256 bytes of 
the memory area. After receipt of the byte address, 
the memory again responds with an acknowledge 
and waits for the data byte. 
For the M34C02, any write command with WC=1 
will not modify the memory content. 
Byte Write. In the Byte Write mode, after the device 
select code and the address, the master sends one 
data byte. If the addressed location is in a write 
protected area, the memory send a NoACK and the 
location is not modified. If the addressed location 
is not write protected, the memory will send an 
ACK. The master terminates the transfer by gener
ating a STOP condition. 
Depending on the 4 MSBs of the device select 
code, the Byte Write instruction can be used to 
modify a memory location (device select code 
1010b) or can be used to access to the Protect 
Register contents (device select code 0110b). 

M34C02 

Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 4 most significant memory 
address bits (A7-A4) are the same. The master 
sends from one up to 16 bytes of data, which are 
each acknowledged by the memory if the ad
dressed row is not write protected. If the addressed 
row is write protected, each data byte is followed 
by a NoACK and the locations will not be modified. 
After each byte is transferred, the internal byte 
address counter (4 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any byte or page write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. All inputs are disabled until 
the completion of this cycle and the memory will not 
respond to any request. 
Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table. Since the typical time is 
shorter, the time seen by the system may be re
duced by a polling sequence on ACK, issued by the 
master. 
The sequence is as follows: 
- Initial condition: a Write is in progress (see Figure 

7). 
- Step 1: the master issues a START condition 

followed by a device select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, NoACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the incoming in
struction (the first byte of this instruction was 
already sent during Step 1 ). 
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Figure 5. AC Waveforms 
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Figure 6. 12C Bus Protocol 
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Set the Protection using the Protect Register. 
The M34e02 provides a software write protection 
function, with the use of a Protect Register. 

This allows the bottom half of the memory area 
(addresses OOh to 7Fh) to be permanently write 
protected. To activate the write protection feature, 
the protect register must be accessed once in write 
mode with the we input tied to Vss. At this time, it 
is automatically set in order to protect the first 128 
bytes of the memory. 

The Protect Register is accessed by sending a 
write command with the 4 device type identifier bit 
of the device select code set to 011 Ob (see Figure 

Figure 7. Write Cycle Polling using ACK 

First byte of instruction 
w1th RW = 0 already 
decoded by M34C02 

9), the E2-E1-EO bits as applied on the E2-E1-EO 
pins and the we input tied to Vss. The address and 
data bytes must be sent but their value are don't 
care. Once the protect register has been written, 
the write protection of the first 128 bytes of the 
memory is enabled and it will be not possible to 
unprotect the memory, even if the device is pow
ered off and on and regardless the state of the we 
input. 
When the protect register has been written, the 
M34e02 will no longer respond at all to the device 
type identifier 011 Ob in both read and write mode. 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Operat1on 

AI01934 
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Figure 8. Memory Protection 

HOW TO SET THE WRITE PROTECTION 

{ 
OXFFh OXFFh 

STANDARD STANDARD 
ARRAY ARRAY 

Memory OX80h OX80h 
Area OX7Fh OX7Fh 

STANDARD WRITE 

ARRAY PROTECT 

OXOOh ARRAY 
OXOOh 

Default EEPROM memory area State of the EEPROM memory 
state before wnte access area after wnte access 
to the Protect Register to the Protect Register 

AI01936 

Figure 9. Setting the Write Protect Register (WC = 0) 

BUS ACTIVITY 
MASTER 

SDA LINE 

BUS ACTIVITY 

f-
~ CONTROL 
ti; BYTE 

WORD 
ADDRESS DATA 

DJl 0.11:::::::111::::::: l1[f 
ACK ACK ACK 

VALUE VALUE 
DON'T CARE DON'T CARE 

AI01935 

Figure 10. Write Modes Sequence 

ACK ACK ACK 

BYTE WRITE II :D~Y~~L: 11. 11 ~~~:A??~ 111: ?~+:~~: 11D 
f- ~ 

r:r: RN>I 0 

~ tii 

ACK ACK ACK 

PAGE WRITE II :D~Y~~~ 11.11 ~~T:E:A?H 111 :~A~~~:N:< 111 :~A~~~:N:~: 
f-
r:r: 
g RN>I 

ACK ACK 

~:J 1 1 :Dt!~~~:N: 11D 

Al01941 
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Figure 11. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

II :D~y~~~ 11 11 :D~i~~~~J 1 0 
r- ~ o_ 

~ RM ~ 
tii Ul 

ACK ACK ACK NO ACK 

II :D~y~~L: l/l~~+:o:u!~I 1 C::: :::J 1 1~~+~~f~l 1 0 
~ Rm ~ 
~ tii 

ACK ACK ACK ACK 

II ~~~ ~E:< ~~~~~ ~0:E :A~~~ ~~~~ ~~~ ~E:<·I /I~+~ :o~y: l'f_~--
b: - b: -
~ RM ~ RM 
r- r-
Ul Ul 

ACK NOACK 

::J 1 1~+~~~i~l 0 

A!01942 

Note: • The 7 Most S1gmflcant b1ts of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be Jdent1cal 

Read Operations 
Read operations are independent from the state of 
the Protect Register. On delivery, the memory con
tents is set at all "1 's" (or FFh) 
Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a device select code with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
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The master must NOT acknowledge the byte out
put and must terminate the transfer with a STOP 
condition. 
Random Address Read. A dumm~' write is per
formed to load the memory address into the ad
dress counter, see Figure 11. This is followed by 
another START condition from the master and the 
device select code is repeated with the RW bit set 
to '1'. The memory acknowledges this and outputs 
the byte addressed. The master must NOT ac
knowledge the byte output and must terminate the 
transfer with a STOP condition. 



Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte output 
and MUST generate a STOP condition. The output 
data is from consecutive byte addresses, with the 
internal byte address counter automatically incre
mented after each byte output. After a count of the 
last memory address, the address counter will 'roll
over' and the memory will continue to output data. 

Acknowledge in Read Mode. In all read modes 
the M34C02 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the M34C02 terminates the 
data transfer and switches to a standby state. 

M34C02 in DRAM DIMM Application. 

The M34C02 meets the Serial Presence Detect 
needs for the new DRAM DIMM modules. Its pur
pose is to contain all information concerning the 
DRAM module configuration (access time, density, 
organisation, ... ). It is a 2K serial EEPROM memory 
with a specific feature that provides permanent 
locking of the first half of the area (from location OOh 
to 7Fh) where the data is stored. 

In the application, the M34C02 is soldered directly 
on the DRAM PCB module. 

The 3 Chip Enables (pin 1, 2, 3) of the M34C02 are 
connected to respectively pins 165, 166, 167 of the 
168 pins DRAM DIMM module (see Table 9). They 
will be wired at Vee or Vss through the DIMM 
socket. The f/0 pins SCL (pin 6) and SDA (pin 5) 
are connected respectively to pins 83 and 82 of the 
memory module. The pull-up resistors needed for 
normal behaviour of the 12C bus should be con
nected on the Motherboard 12C bus (see Figure 
12). The Write Control WC (pin 7) of the M34C02 

Table 9. 168 Pin DRAM DIMM Module 
Connections 

DIMM Position E2 E1 
(pin 167) (pin 166) 

0 Vss Vss 

1 Vss Vss 

2 Vss Vee 

3 Vss Vee 

4 Vee Vss 

5 Vee Vss 

6 Vee Vee 

7 Vee Vee 

M34C02 

EO 
(pin 165) 

Vss 

Vee 

Vss 

Vee 

Vss 

Vee 

Vss 

Vee 

can be left unconnected but it is recommended to 
connect this pin to Vss in order to keep the top half 
of the memory accessible in read and write mode. 

How to Program the M34C02 
When delivered, all the M34C02 memory area is 
accessible in read and write. First, it is recom
mended that the test equipment writes and verifies 
the module data (configuration, access time, .... ) 
starting from the first memory location of the 
M34C02. When the data is validated, the test 
equipment will send a Write command to the pro
tect register using the device select code 
'011 OOOOOb' followed by an address and data byte 
(don't care values) as shown in Figure 9. After this 
sequence, the first 128 bytes of the memory area 
will be write protected and the M34C02 will no 
longer respond to the specific device select code 
'011 OOOOxb'. It is not possible to reverse this se
quence. 
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Figure 12. Serial Presence Detect Block Diagram 

DIMM Posrtion 7 
SDA I E2 E1 EO SeL 

I 
I 

.1 
Vee 

DIMM Position 6 
SDA I E2 E1 EO SeL 

p 1 I 1 
Vee Vss 

DIMM Positron 5 
SDA l E2 E1 EO SeL 

.1 I I I 
I 

Vee Vss Vee 

DIMM PoSitron 4 
SDA I E2 E1 EO SeL 

1 9 -I T 
Vee Vss 

DIMM Posrtron 3 
SDA I E2 E1 EO SeL 

.I y 
I 

I 
Vss Vee 

DIMM Position 2 
SDA I E2 E1 EO SeL 

.1 .1 .1 I 
I 

Vss Vee Vss 

DIMM Position 1 
SDA I E2 E1 EO SeL 

.t-----J .I I 
I 

Vss Vee 

DIMM Posrtion 0 
SDA l E2 E1 EO SeL 

I 
I 

.T 
Vss 

A101937 

Notes: 1. EO-E2 are wrred at each DIMM socket rna brnary sequence lor a maxrmum alB devrces 
2. Common clock and common data are shared across all positron. 

R = 4.7kQ 

SeL line SDA line 

From the motherboard 
J2e master controller 

3. Pull-up res1stor (4.7kn typical) are requrred on all SDA and SCL bus lines due to open drarn rntertace. 
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ORDERING INFORMATION SCHEME 

Example: M34C02 - R MN 5 T 

Operating Voltage 

blank 4.5V to 5.5V 

W 2.5V to 5.5V 

R 12l 1.8V to 3.6V 

BN 

MN 808 
150mil Width 

DW TSSOP8 
169mil Width 

Notes: 1. Temperature range on request only. 

5 -20 to 85 oc 
6 --40 to 85 oc 

2. -R version (1 8V to 3.6V) are only available in temperature ranges 5 or 1. 

Option 

T Tape & Reel 
Packing 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh}. 

M34C02 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm 

Typ Min 

A 3.90 

A1 0.49 

A2 3.30 

B 0.36 

81 1.15 

c 0.20 

D 9.20 

E 7.62 -

E1 6.00 

e1 2.54 -

eA 7.80 

eB 

L 3.00 

N 8 

D 

_0_ __C1_ _[""]_ 

N 

Wl-ll-1 

Drawrng rs not to scale. 
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Max 

5.90 

-
5.30 

0.56 

1.65 

0.36 

9.90 

-
6.70 

-
-

10.00 

3.80 

E1 E 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -

0.236 

0.100 -

0.307 

0.118 

8 

I ~ I 

/' r \ 
c ... ~ 

eA 
eB 

PSDIP-a 

Max 

0.232 

-
0.209 

0.022 

0.065 

0.014 

0.390 

-

0.264 

-

-

0.394 

0.150 



508 - 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

8 0.33 

c 0.19 

0 4.80 

E 3.80 

e 1.27 -

H 5.80 

h 0.25 

L 0.40 

a oo 

N 8 

CP 

E H 

SO-b 

Drawing os not to scale. 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

so 

0.10 

I 
I 
i 

Typ 

0.050 

! 
I 

I 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.189 

0.150 

-
0.228 

0.010 

0.016 

oo 

8 

M34C02 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-
0.244 

0.020 

0.035 

so 

0.004 
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M34C02 

TSSOPB - 8 lead Thin Shrink Small Outline 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.10 0.043 

A1 0.05 0.15 0.002 0.006 

A2 0.85 0.95 0.033 0.037 

B 0.19 0.30 0.007 0.012 

c 0.09 0.20 0.004 o.oos 

D 2.90 3.10 0.114 0.122 

E 4.30 4.50 0.169 0.177 

e 0.65 - - 0.026 - -
H 6.25 6.50 0.246 0.256 

L 0.50 0.70 0.020 0.02S 

a. oo so oo so 

N 8 8 

CP o.os 0.003 

I 

I 
I 

E H I 
I 

SO-b 

Drawing 1s not to scale. 
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• Compatible with SPI Bus Serial Interface 
(Positive Clock SPI Modes) 

• Single Supply Voltage: 4.5 V to 5.5 V 

• 5 MHz Clock Rate (maximum) 

• Sixteen 16-bit Unidirectional Counters 

• 32 Byte PAGE MODE (except for the 
Incremental Registers) 

• Self-Timed Programming Cycle 

• Hardware Protection of the Status Register 

• Resizeable Read-Only EEPROM Area 

11 4000 V E.S.D. Protection (minimum) 

• 1 Million Erase/Write Cycles (minimum) 

11 40 Year Data Retention (minimum) 

DESCRIPTION 
The M35080 devices consist of 1 024x8 bits of low 
power, serial EEPROM, fabricated with 
STMicroelectronics' proprietary High Endurance 
Double Polysilicon CMOS technology. The device 
is accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). 
The device connected to the bus is selected when 
the chip select input (S) goes low. 
Data is clocked in during the low to high transition 
of clock C, data is clocked out during the high to 
low transition of clock C. 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

Q Serial Data Output 

s Chip Select 

-w Write Protect 

Vee Supply Voltage 

Vss Ground 

March 1999 

M35080 
8 Kbit Serial SPI Bus EEPROM 

With Unidirectional Counters 

SOB (MN) 
150 mil Width 

Figure 1. Logic Diagram 

D 

c 
s 
w 

Vee 

M35080 

vss 

0 

AI02143 
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M35080 

Figure 2. SO Connections 

M35080 

Vss Vee 
s D 
w e 
Q Ne 

AI02144B 

Note: 1. NC = Not Connected 

Table 2. Ordering Information Scheme 

Example: M35080 

Package 

MN SOB (150 mil width) 

Temperature Range 

0 oe to 70 oc 
6 -40 oc to 85 oc 

31 -40 octo 125 oc 

Note. 1. Temperature range ava1lable only on request 

212 
538 

MN 

The memory is organized in pages of 32 bytes. 
However, the first page is treated specially, and is 
not treated in the same way as the other pages. 
The first page is considered to consist of sixteen 
16-bit counters. Each counter can be modified us
ing the conventional write instructions, but the new 
value will only be accepted if it is greater than the 
value currently held in the counter. Thus, each 
counter is restricted to counting monotonically up
wards. 
This is useful in applications where it is necessary 
to protect the counter from fraudulent tampering 
(such as in a car odometer, an electricity meter, or 
a counter of credit remaining). 

ORDERING INFORMATION 
Devices are shipped from the factory with the 
memory content set at all'1's (FFh). 
The notation used for the device number is as 
shown in Table 2. For a list of available options 
(speed, package, etc.) or for further information on 
any aspect of this device, please contact the ST 
Sales Office nearest to you. 

6 T 

Option 

T Tape and Reel Packing 



ST24LC21 B, ST24LW21 
ST24FC21, ST24FW21 

1 Kbit (x8) Dual Mode Serial EEPROM 
for VESA PLUG & PLAY 

11 1 MILLION ERASE/WRITE CYCLES 
., 40 YEARS DATA RETENTION 

"3.6V to 5.5V SINGLE SUPPLY VOLTAGE 

m HARDWARE WRITE CONTROL (ST24LW21 
and ST24FW21) 

" TTL SCHMITT-TRIGGER on VCLK INPUT 

11 1 OOk I 400k Hz COMPATIBILITY with the 12C 
BUS BIT TRANSFER RANGE 

"' TWO WIRE SERIAL INTERFACE 12C BUS 
COMPATIBLE 

a 12C PAGE WRITE (up to 8 Bytes) 
,. 12C BYTE, RANDOM and SEQUENTIAL READ 

MODES 

" SELF TIMED PROGRAMMING CYCLE 

" AUTOMATIC ADDRESS INCREMENTING 
c ENHANCED ESD/LATCH UP 

PERFORMANCES 

" ERROR RECOVERY MECHANISM 
(ST24FC21 and ST24FW21) VESA 2 
COMPATIBLE 

DESCRIPTION 

The ST24LC21 B, ST24LW21, ST24FC21 and 
ST24FW21 are 1 K bit electrically erasable pro
grammable memory (EEPROM), organized in 
128x8 bits. In the text, products are referred as 
ST24xy21, where "x" is either "L" for VESA 1 or "F" 
for VESA 2 compatible memories and where "y" 
indicates the Write Control pin connection: "C" 
means we on pin 7 and "W" means we on pin 3. 

Table 1. Signal Names 

SDA Seria! Data Address Input/Output 

SCL Serial Clock (1 2C mode) 

Vee Supply Voltage 

Vss Ground 

VCLK Clock Transmit only mode 

we Write Control 

January 1999 

8 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 

SCL-

VCLK- ST24xy21 

we-

I 
Vss 

8 -~ 

SOB (M) 
150mil Width 

- SDA 

AI01741 

Note: WC S1gnal1s only available for ST24LW21 and ST24FW21 
products 

1/20 
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ST24LC21B,ST24LVV21,ST24FC21,ST24FVV21 

Figure 2A. DIP Pin Connections 

ST24LC21B 

Nco· 8 Vee 
NC 2 7 VCLK 

NC 3 6 SCL 

Vss 4 5 SDA 
AI01742 

Warning: NC = Not Connected. 

Figure 2C. DIP Pin Connections 

ST24FC21 

Ncos Vee 
NC 2 7 VCLK 

DU 3 6 SCL 

Vss 4 5 SDA 
Al01744 

Warning: NC = Not Connected. DU = Don't Use, must 
be left open or connected to Vee or Vss. 

Figure 2E. DIP Pin Connections 

ST24FW21 
ST24LW21 

Neoa vee 
NC 2 7 VCLK 

we 3 6 SCL 

Vss 4 5 SDA 
Al01746 

Warning: Ne = Not Connected. 

2/20 
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Figure 28. SO Pin Connections 

ST24LC21B 

NC Vee 
NC VCLK 
NC SCL 

Vss SDA 
AI01743 

Warning: NC = Not Connected. 

Figure 2D. SO Pin Connections 

NC 
NC 
DU 

Vss 

ST24FC21 

A101745 

Vee 
VCLK 
SCL 
SDA 

Warning: NC = Not Connected. DU = Don't Use, must 
be left open or connected to Vee or Vss. 

Figure 2F. SO Pin Connections 

ST24FW21 
ST24LW21 

Ne Vee 
NC VCLK 
we SeL 

Vss SDA 
A101747 

Warning: Ne = Not Connected. 



ST24LC21 B, ST24LW21, ST24FC21, ST24FW21 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 85 oc 
TSTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) (21 4000 v 

Electrostatic Discharge Voltage (Machine model) (31 500 v 

Notes: 1. Except for the rat1ng "Operat1ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Ratrngs" 
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 indrcated 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 STMrcroelectronics SURE Program and other 
relevant quality documents. 

2. MIL·STD·883C, 3015.7 (100pF, 1500 n). 
3. EIAJ IC·121 (Condrtion C) (200pF, 0 n). 

Table 3. Device Select Code 

Device Code 

B1t b7 l b6 J b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 rs sent frrst. 
X =Oar 1. 

DESCRIPTION (cont'd) 

The ST24xy21 can o£erate in two modes: Trans
mit-Only mode and I C bidirectional mode. When 
powered, the device is in Transmit-Only mode with 
EEPROM data clocked out from the rising edge of 
the signal applied on VCLK. 
The device will switch to the 12C bidirectional mode 
upon the fallin% edge of the signal applied on SCL 
pin. When in I C mode, the ST24LC21 B (or the 
ST24LW21) cannot switch back to the Transmit 
Only mode (except when the power supply is re
moved). For the ST24FC21 (or the ST24FW21), 
after the falling edge of SCL, the memory enter in 
a transition state which allowed to switch back to 
the Transmit-Only mode if no valid 12C activity is 
observed. The device operates with a power supply 
value as low as +3.6V. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 

I 
I 

Chip Enable RW 

b4 b3 I b2 I b1 bO 

0 X I X I X RW 

Transmit Only Mode 

After a Power-up, the ST24xy21 is in the Transmit 
Only mode. A proper initialization sequence (see 
Figure 3) must supply nine clock pulses on the 
VCLK pin (in order to internally synchronize the 
device). During this initialization sequence, the 
SDA pin is in high impedance. On the rising edge 
of the tenth pulse applied on VCLK pin, the device 
will output the first bit of byte located at address OOh 
(most significant bit first). 

A byte is clocked out (on SDA pin) with nine clock 
pulses on VCLK: 8 clock pulses for the data byte 
and one extra clock pulse for a Don't Care bit. 

As long as the SCL pin is held high, each byte of 
the memory array is transmitted serially on the SDA 
pin with an automatic address increment. 

When the last byte is transmitted, the address 
counter will roll-over to location OOh. 

3/20 
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ST24LC21 B, ST24LW21, ST24FC21, ST24FW21 

Figure 3. Transmit Only Mode Waveforms 

Vee 

SeL 

SDA 

VeLK 

Vee 

SeL 

SDA 

VeLK 

A!01501 

Table 4. 12C Operating Modes 

RW ST24LC21B ST24LW21 
Mode 

bit 
ST24FC21 ST24F\1nl Bytes Initial Sequence 

VCLi< we 
Current Address -
Read 

'1' X X 1 START, Device Select, RW = '1' 

Random Address '0' X X START, Device Select, RW = '0', Address, 
Read 1 

'1' X X reSTART, Device Select, RW = '1' 

Sequential Read '1' X X 1 to 128 Similar to Current or Random Mode 

Byte Wnte '0' v,H v,H 1 START, Device Select, RW = '0' 

Page Write '0' v,H v,H 8 START, Device Select, RW = '0' 

Note: X = V1H or V1L 
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ST24LC218,ST24LVV21,ST24FC21,ST24FVV21 

Figure 4. Transition from Transmit Only (DDC1) to Bi-directional (DDC2B) Mode Waveforms 

Transmit Only Mode -Temporal)' B1·D~rect1onat Mode 
(ST24FC21 and ST24FW21) 

- Locked Bi-D~recllonal 
Mode (ST24FC21 
and ST24FW21) - Locked B1·Direct1onal Mode 

(ST24LC21 Band ST24LW21) 

SCL 

SDA 

VCLK 

fc Bidirectional Mode 

;.----.: 
START 
CONDITION 

The ST24xy21 can be switched from Transmit Only 
mode to 12C Bidirectional mode by applying a valid 
high to low transition on the SCL pin (see Figure 4). 

- When the ST24LC21 B (or the ST24FC21) is in 
the fc Bidirectional mode, the VCLK input 
(pin 7) enables (or inhibits) the execution of 
any write instruction: if VCLK = 1, write instruc
tions are executed; if VCLK = 0, write instruc
tions are not executed. 

- When the ST24LW21 (or the ST24FW21) is in 
the 12C Bidirectional mode, the Write Control 
(WC on pin 3) input enables (or inhibits) the 
execution of any write instruction: if WC = 1, 
write instructions are executed;if WC = 0, 
write instructions are not executed. 

The ST24xy21 is compatible with the 12C standard, 
two wire serial interface which uses a bidirectional 
data bus and serial clock. The device carries a 
built-in 4 bit, unique device identification code 
(1010) named Device Select code corresponding 
to the 12C bus definition. 

The ST24xy21 behaves as a slave device in the 
12C protocol with all memory operations synchro
nized by the serial clock SCL. Read and write 
operations are initiated by a START condition gen-

-~--
:r=\ ACK 

AI01892 

erated by the bus master. The START condition is 
followed by a stream of 7 bits (Device Select code 
101 OXXX), plus one read/write bit and terminated 
by an acknowledge bit. 
When data is written into the memory, the 
ST24xy21 responds to the 8 bits received by as
serting an acknowledge bit during the 9th bit time. 
When data is read by the bus master, it must 
acknowledges the receipt of the data bytes in the 
same way. Data transfers are terminated with a 
STOP condition (see READ and WRITE descrip
tions in the following pages). 
Power On Reset: Vee lock out write protect 
In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value 
(around 3V), the internal reset is active, all opera
tions are disabled and the device will not respond 
to any command. In the same way, when Vee drops 
down from the operating voltage to below the POR 
threshold value, all operations are disabled and the 
device will not respond to any command. A stable 
Vee must be applied before applying any logic 
signal. 

5/20 
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ST24LC21 8, ST24LW21, ST24FC21, ST24FW21 

Figure 5. Error Recovery Mechanism Flowchart for the ST24FC21 and ST24FW21 products 

6/20 
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Transition 
State 

(VESA2) 

and Reset Internal Timer 

Transm1t·Only Mode 
(DDC1) 

AI01748 

12c Mode 
(DDC2B) 



ST24LC21 B, ST24LW21, ST24FC21, ST24FW21 

Figure 6. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 

20 

~16 

" ::> 

~ 12 
a. 
a: 

~ 
\ 

11_ 

I\ 
\ 
'\ 
~ 

Vee 

[ ~ 
RL R I 'I 

SDA 'I 
L 

I"'- MASTER ~ Csus § 8 
E " "' fc= 100kHz SCL -T x 

:1!1 4 

0 
10 

I' 1'--... 
fc- 400kHz 

100 

Csus (pF) 

Error Recovery Modes available in the 
ST24FC21 and the ST24FW21 

When the ST24FC21 (or the ST24FW21) first 
switches to the 12C mode (VESA DDC2B mode), it 
enters a transition state which is functionally iden
tical to 12C operation. But, if the ST24FC21 (or the 
ST24FW21) does not received a valid 12C se
quence, that is a START condition followed ~y _a 
valid Device Select code (1010XXX RW), w1thm 
either 128 VCLK periods or a period of time of 
!RECOVERY (approximately 2 seconds), the 
ST24FC21 (or the ST24FW21) will revert to the 
Transmit-Only mode (VESA DDC1 mode). 

If the ST24FC21 (or the ST24FW21) decodes a 
valid 12C Device Select code, it will lock into 12C 
mode. Under this condition, signals applied on the 
VCLK input will not disturb READ access from the 
ST24FC21 (or the ST24FW21). For WRITE ac
cess, refer to the Signal Description paragraph. 

When in the transition state, the count of VCLK 
pulses and the internal 2 se~onds ~imer are reset 
by any activity on the SCL line. Th1s means that, 
after each high to low transition on SCL, the mem
ory will re-initialise its transition state and will switch 
back to Transmit-Only mode only after 128 more 
VCLK pulses or after a new !RECOVERY delay. 

['-.... r Csus 

1000 

A101665 

SIGNAL DESCRIPTIONS 

12C Serial Clock (SCL). The SCL input pin is used 
to synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 6). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 6). 

Transmit Only Clock (VCLK). The VCLK input pin 
is used to synchronize data out when the 
ST24xy21 is in Transmit Only mode. 

For the ST24LC21 B and the ST24FC21 Only, the 
VCLK offers also a Write Enable (active high) func
tion when the ST24LC21 Band the ST24FC21 are 
in 12C bidirectional mode. 

Write Control (WC). An hardware Write Control 
feature (WC) is offered only on ST24LW21 and 
ST24FW21 on pin 3. This feature is usefull to 
protect the contents of the mem~ry from any ~rro
neous erase/write cycle. The Wnte Control s1gnal 
is used to enable (WC = ViL) or disable (WC = V1H) 
the internal write protection. When unconnected, 
the WC input is internally tied to Vss bX a 1 O_Ok ohm 
pull-down resistor and the memory IS wnte pro
tected. 
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ST24LC21B,ST24LVV21,ST24FC21,ST24FVV21 

Table 5. Input Parameters <1> {T A = 25 ac, f = 100 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance (SDA) 8 pF 

CIN Input Capacitance (other pins) 6 pF 

tLP 
Low-pass filter input time constant 200 500 ns (SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = -40 to 85 oc; Vee= 3.6V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:;:;VIN:;:;Vcc ±2 (.lA 

ILO Output Leakage Current OV:;:; VouT:;:; Vee ±2 (.lA SDAin Hi-Z 

Supply Current Vee= 5V, fc =400kHz 2 rnA 
Icc (Rise/Fall time< 10ns) 

Supply Current Vee= 3.6V, fc =400kHz 1 rnA 

V1N = Vss or Vee, 100 llA 
lcc1 Supply Current (Standby) 

Vee = 5V, fc = 0 

V1N = Vss or Vee. 300 (.lA Vee= 5V, fc =400kHz 

V1N = Vss or Vee, 30 I! A Supply Current (Standby) Vee= 3.6V, fc = 0 
lce2 

V1N = Vss or Vee. 100 (.lA Vee = 3.6V, fe =400kHz 

V1L 
Input Low Voltage -0.3 0.3Vcc v (SCL, SDA, WC) 

V1H Input High Voltage 0.7Vcc Vee+ 1 v (SCL, SDA, WC) 

Vce=5.5V 1.4 2.1 v 
Vp High Level Threshold Voltage 

(Schmitt Trigger on VLCK) Vcc=4.5V 1.2 1.9 v 
Vcc=3.6V 1 1.7 v 
Vee=5.5V 0.6 1.4 v 

VN Low Level Threshold Voltage 
(Schmitt Trigger on VLCK) Vee=4.5V 0.5 1.2 v 

Vee=3.6V 0.4 1 v 
Vee=5.5V 0.4 1.5 v 

VH 
Hysteresis Voltage 
(Schmitt Trigger on VLCK) Vee=4.5V 0.4 1.4 v 

Vee=3.6V 0.35 1.3 v 

VoL Output Low Voltage 
loL = 3mA, Vee= 3.6V 0.4 v 
loL = 6mA, Vee = 5V 0.6 v 
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ST24LC21B,ST24LVV21,ST24FC21,ST24FVV21 

Table 7. AC Characteristics, 12C Bidirectional Mode for Clock Frequency= 400kHz 
(T A = -40 to 85 oc; Vee = 3.6V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 (1) IR Clock Rise Time 300 ns 

tcuct2 (1) IF Clock Fall Time 300 ns 

IOH10H2 (1) IR SDA Rise Time 20 300 ns 

loL10l2 (1) IF SDAFaiiTime 20 300 ns 

lcHOX (2) lsUSTA Clock High to Input Transition 600 ns 

lcHCL IHIGH Clock Pulse Width High 600 ns 

toLCL tHOSTA Input Low to Clock Low (START) 600 ns 

teL OX tHO OAT Clock Low to Input Transition 0 J.IS 

ICLCH !Low Clock Pulse Width Low 1.3 J.IS 

toxcx lsUOAT Input Transition to Clock Transition 100 ns 

tcHOH tsu.sm Clock High to Input High (STOP) 600 ns 

toHDL teuF Input High to Input Low (Bus Free) 1.3 J.IS 

tcLOV IAA Clock Low to Data Out Valid 200 900 ns 

tcLQX loH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 

tw twA Write Time 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART condition, or followong a write cycle. 

DEVICE OPERATION 
12C Bus Background 
The ST24xy21 supports the 12C protocol. This pro
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24xy21 are always slave de
vices in all communications. 
Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24xy21 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

400 kHz 

10 ms 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24xy21 and 
the bus master. A STOP condition at the end of a 
Read command (after the No ACK) forces the 
standby state. A STOP condition at the end of a 
Write command triggers the internal EEPROM 
write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDAbus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input, the ST24xy21 sam
ple the SDA bus signal on the rising edge of the 
clock SCL. Note that for correct device operation 
the SDA signal must be stable during the clock low 
to high transition and the data must change ONLY 
when the SCL line is low. 
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ST24LC21B,ST24LVV21,ST24FC21,ST24FVV21 

Table 8. AC Characteristics, 12C Bidirectional Mode for Clock Frequency= 1QQI(Hz 
(T A = -40 to 85 oc; Vee = 3.6V to 5.5V) 

Symbol Aft Parameter Min Max 

tcHtCH2 tR Clock Rise Time 1 

tcLtCI..2 IF Clock Fall Time 300 

IOH1DH2 lA Input Rise Time 1 

toLtDL1 IF Input Fall Time 300 

lcHDX{I) ISUSTA Clock High to Input Transition 4.7 

lcHCL I HIGH Clock Pulse Width High 4 

toLCL tHOSTA Input Low to Clock Low (START) 4 

tcLDX tHDDAT Clock Low to Input Transition 0 

lcLCH tLOW Clock Pulse Width Low 4.7 

toxcx tsU.DAT Input Transition to Clock Transition 250 

tcHOH tsu:STO Clock High to Input High (STOP) 4.7 

toHOL teuF Input High to Input Low (Bus Free) 4.7 

tcLQV{2) tAA Clock Low to Next Data Out Valid 0.2 3.5 

tcLOX toH Data Out Hold Time 200 

fc fscL Clock Frequency 100 

tw twA Write Time 10 

Notes: 1. For a reSTART condition, or following a write cycle. 

Unit 

!IS 

ns 

!IS 

ns 

!IS 

!IS 

!IS 

liS 

!IS 

ns 

!IS 

!IS 

liS 

ns 

kHz 

ms 

2. The minimum value delays the fall1ng/nsing edge of SDA away from SeL = 1 in order to avoid unwanted START and/or STOP 
conditions. 

Table 9. AC Characteristics, Transmit-only Mode 
(T A = -40 to 85 oc; Vee = 3.6V to 5.5V) 

Symbol Aft Parameter 

tvCHQX tvAA Output Valid from VCLK 

lvcHVCL lvHIGH VCLK High Time 

tvCLVCH tvLOW VCLK Low Time 

tcLOz tv HZ Mode Tansition Time 

tvpu <1·21 Transmit-only Power-up Time 

lvH1VH2 (2) tR VCLK Rise Time 

tvuv1..2 <21 IF VCLK Fall Time 

tRECOVERY (2) Recovery Time 

Notes: 1. Refer to Figure 3. 
2. Sampled only, not1DO% tested. 
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Min Max Unit 

500 ns 

600 ns 

1.3 !IS 

500 ns 

0 ns 

1 liS 

1 liS 

1.5 3.5 sec 



ST24LC21B,ST24LVV21,ST24FC21,ST24FVV21 

Figure 7. AC Waveforms 
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Table 10. AC Measurement Conditions Figure 8. AC Testing Input Output Waveforms 

Input Rise and Fall Times :;; SOns 

Input Pulse Voltages SDA, SCL 0.2Vcc to 0.8Vcc O.BVcc 

Input Pulse Voltages VcLK 0.4V to 2.4V 

Input and Output Timing Ref. 
0.3Vcc to 0.7Vcc Voltages 

o.2vcc 

Figure 9. 12C Bus Protocol 

SCL 
······--~ 

SDA \) I tt:::::==:\ I 
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Figure 10. Write Cycle Polling using ACK 

F~rst byte of mstruc!Jon 
w1th RW = 0 already 
decoded by ST24xxx 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Opera!Jon 

Memory Addressing. To start communication be
tween the bus master and the slave ST24xy21, the 
master must initiate a START condition. Following 
this the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the Device Select 
code (7 bits) and a READ or WRITE bit. The 4 most 
significant bits of the Device Select code are the 
device type identifier, corresponding to the 12C bus 
definition. For these memories the 4 bits are fixed 
as I 01 Ob. The following 3 bits are Don't Care. The 
8th bit sent is the read or write bit (RW), this bit is 
set to 'I' for read and '0' for write operations. If a 
match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 

AI010998 

Write Operations 
Following a START condition the master sends a 
Device Select code with the RW bit set to '0'. The 
memory acknowledges this and waits for a byte 
address. After receipt of the byte address the de
vice again responds with an acknowledge. 
In 12C bidirectional mode, any write command with 
VCLI<=O (for the ST24LC21 B and ST24FC21) or 
with WC=O (for the ST24LW21 and ST24FW21) will 
not modifv data and will be acknowledged on data 
bytes, as 'shown in Figure 12. 
Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 

13/20 
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Figure 11. Write Modes Sequence 

VCLKIWC 

ACK ACK ACK 

BYTE WRITE 0 I :o~y~~~ 11. 11 ~~:E:Ap~~ 111: ?~+:~~: 11. 0 

VCLKJWC 

ACK ACK ACK 

0 I :o~y~~~ 11. 11 ~~~:A??~ 111 :~+~~:N:< 111 :~AT~ 1:N:~: 
~ Rm 

PAGE WRITE 

L 
ACK ACK 

~:J 1 1 :0fT~~~:N: 11. 0 

Page Write. The Page Write mode allows up to 8 
bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the most significant memory ad
dress bits are the same. The master sends from 
one up to 8 bytes of data, which are each acknow
ledged by the memory. 
After each byte is transfered, the internal byte 
address counter (3 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro
gram cycle. All inputs are disabled until the comple-
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tion of this cycle and the memory will not respond 
to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 

- Initial condition: a Write is in progress (see Fig
ure 10). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of 
the new instruction). 
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Figure 12. Inhibited Write when VCLKJWC = 0 

VCLKIWC 

BYTE WRITE 

CONTROL 

;.-- BYTE ----.: ACK ACK ACK ACK 

d1n 0 :~~~~~o:~o:o:nl 1 1: :0~T~~: 111 P~T~~~ 1: 1 1 [o~J3 10 
~ ACK ~ 

PAGE WRITE 

g ~ 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory 
has terminated the internal write cycle, it will 
respond with an ACK, indicating that the mem
ory is reatiy to receive the second part of the 
instruction (the first byte of this instruction was 
already sent during Step 1 ). 

Read Operations 

On delivery, the memory content is set at all "1's" 
(or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends the Device Select code with the 
RW bit set to '1'. The memory acknowledges this 
and outputs the data byte addressed by the internal 
byte address counter. This counter is then incre
mented. The master must NOT acknowledge the 
data byte output and terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 14. This is followed by a Re-

AI01894 

START condition send by the master and the De
vice Select code is repeated with the RW bit set to 
'1'. The memory acknowledges this and outputs the 
addressed data byte. The master must NOT ac
knowledge the data byte output and terminates the 
transfer with a STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last data byte 
output, and MUST generate a STOP condition. 

The output data is from consecutive byte ad
dresses, with the internal byte address counter 
automatically incremented after each byte output. 
After a count of the last memory address, the 
address counter will 'roll-over' and the memory will 
continue to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24xy21 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24xy21 terminate the 
data transfer and switches to a standby state. 
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Figure 13. Recommended Schematic for VESA 2.0 Specification 

+SV 

SCL 15 

SDA 12 

VSync 14 

HOST VGACable 

NOTE CONCERNING THE POWER SUPPLY 
VOLTAGE IN THE VESA 2.0 SPECIFICATION 
According to the VESA 2.0 specification, the 
ST24xy21 can be supplied by either the MONITOR 
or by the HOST (using +5V on the VGA cable pin 
9) power supply. The easyest way to implement this 
is to use 2 diodes as described in the following 
schematic. The ST24xy21 supply voltage will be 
decreased by 0.6V, which is the diode forward 
voltage drop, and will be below 4.5V. Nevertheless, 
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100nF 
SDA 

VCLK 

Vss 

MONITOR 

AI01749 

the ST24xy21 remains operational and no input will 
be damaged if the applied voltage on any input 
complies with the Absolute Maximum Ratings val
ues. 
Under this condition, the threshold voltage of the 
Schmitt-Trigger (pin 7) will be decreased (as in 
Table 6). 
Refer to the AN627 Application Note for more de
tailed information regarding the use and the protec
tion of the ST24xy21 in a Monitor application. 
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Figure 14. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

n I :D~Y~~~ 1/1 :D~T~~~~ 11LD 
f- - a. 
~ R/W ~ 
~ 00 

ACK ACK 

n I :D~Y ~~\ 111 11 ~~+:o~~ ~ 1 1 C:~~ 
ti; RiW g 

ACK NOACK 

~:JII ~~T~?~f ~ IIUJ 

ACK NOACK 

~~:JII ~~+~~~~ IIUJ 

AI00794C 

Note: • The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 

Example: ST24LC21B M TR 

Family Range Package 

ST24Le21 8 VESA 1 B PSDIP8 
we on pin 7 0.25mm Frame 6 -40 to 85 oe 

ST24LW21 VESA 1 M SOB 
we on pin 3 150mil Width 

ST24Fe21 VESA 2 
we on pin 7 

ST24FW21 VESA 2 
we on pin 3 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

Option 

TR Tape & Reel 
Packing 

For a list of available options (Package, etc ... ) or for further information on any aspect of this device, please 
contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

81 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

PSDIPB 

I!~ 
I '---' \ 

/' r \~ A1 L 

B e1 c .... ~. 
B1 eA 

D eB 

nnn 
N 

)) 

D E1 E 

1 
UL-JL-J PSDIP-a 

Drawing 1s not to scale. 
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SOB- Blead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.SO 

E 3.SO 

e 1.27 -
H 5.SO 

h 0.25 

L 0.40 

a oo 

N s 
CP 

SOB 

E H 

SO-a 

Drawing is not to scale. 
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Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

so 

0.10 

I 

Typ 

0.050 

; 
I 

I 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.1S9 

0.150 

-

0.228 

0.010 

O.Q16 

oo 

s 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-

0.244 

0.020 

0.035 

so 

0.004 



.~:yL" ST24C04,ST25C04 
ST24W04, ST25W04 

4 Kbit Serial 12C Bus EEPROM 
with User-Defined Block Write Protection 

a 1 MILLION ERASE/WRITE CYCLES with 
40 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 3V to 5.5V for ST24x04 versions 

- 2.5V to 5.5V for ST25x04 versions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W04 and ST25W04 

• PROGRAMMABLE WRITE PROTECTION 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

a BYTE and MULTI BYTE WRITE (up to 4 
BYTES) 

a PAGE WRITE (up to 8 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH UP 
PERFORMANCES 

DESCRIPTION 

This specification covers a range of 4 Kbits 12C bus 
EEPROM products, the ST24/25C04 and the 
ST24/25W04. In the text, products are referred to 
as ST24/25x04, where "x" is: "C" for Standard 
version and "W" for hardware Write Control ver
sion. 

Table 1. Signal Names 

PRE Write Protect Enable 

E1-E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE 
Multibyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIPB (B) 
0.25mm Frame 

8 ·~ 

SOB (M) 
150mi1Width 

Figure 1. Logic Diagram 

E1-E2 

PRE 

SCL 

MODEIWC* 

2 

vee 

ST24x04 
ST25x04 

Vss 

SDA 

AI00851E 

Note: we s1gnal is only available for ST24/25W04 products 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24x04 ST24x04 
ST25x04 ST25x04 

PAEDVcc PRE Vee 
E1 2 7 MODE/We E1 MODE/We 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI00852E AI01107E 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (808 package) 40 sec 215 oc 

(PSDIP8 package) 10 sec 260 

Vto Input or Output Voltages -0.6 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 12l 4000 v 
Electrostatic Discharge Voltage (Machine model) 13l 500 v 

Notes: 1. Except for the rat1ng "Operaltng Temperature Range", stresses above those ltsted in the Table "Absolute Maximum Rattngs" 
may cause permanent damage to the dev1ce. 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 cond1t1ons for extended periods may affect devtce reliability. Refer also to the STMicroelectronics SURE Program and other 
relevant quality documents 

2. MIL·STD-883C, 3015 7 (100pF, 1500 n). 
3. EIAJ IC-121 (Condttion C) (200pF, 0 !1). 

DESCRIPTION (cont'd) 

The ST24/25x04 are 4 Kbit electrically erasable 
programmable memories (EEPROM), organized 
as 2 blocks of 256 x8 bits. They are manufactured 
in STMicroelectronics's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of one million erase/write cycles with a data 
retention of 40 years. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

The memories are compatible with the 12C stand
ard, two wire serial interface which uses a bi-direc
tional data bus and serial clock. The memories 
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carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the 12C bus defini
tion. This is used together with 2 chip enable inputs 
(E2, E1) so that up to 4 x 4K devices may be 
attached to the 12C bus and selected individually. 
The memories behave as a slave device in the 12C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 101 0), plus one 
read/write bit and terminated by an acknowledge 
bit. 



Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 is sent f~rst. 

Table 4. Operating Modes (t) 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' 

X 
'1' 

Sequential Read '1' X 

Byte Write '0' X 

Multibyte Write '21 '0' V1H 

Page Write '0' v,L 
Notes: 1. X ;::; V1H or V1L 

2 Mult1byte Wnte not available in ST24/25W04 versions. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 

I 
I 

ST24/25C04, ST24/25W04 

Chip Enable Block RW Select 

b4 b3 I b2 b1 bO 

0 E2 I E1 AB RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

1 to 512 Similar to Current or Random Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3}. 

Chip Enable (E1 - E2). These chip enable inputs 
are used to set the 2 least significant bits (b2, b3) 
of the 7 bit device select code. These inputs may 
be driven dynamically or tied to Vee or Vss to 
establish the device select code. 

Protect Enable (PRE). The PRE input pin, in ad
dition to the status of the Block Address Pointer bit 
(b2, location 1 FFh as in Figure 7), sets the PRE 
write protection active. 

Mode (MO!:!§. The MODE input is available on pin 
7 (see also we feature) and may be driven dynami
cally. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. When unconnected, the MODE input 
is internally read as V1H (Multibyte Write mode}. 

Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W04 and 
ST25W04 versions on pin 7. This feature is useful! 
to protect the contents of the memory from any 
erroneous erase/write ~e. The Write Control sig
nal is used to enable (WC = V1H) or disable (WC = 
ViL) the internal write protection. When uncon
nected, the WC input is internally read as V1L and 
the memory area is not write protected. 
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SIGNAL DESCRIPTIONS (cont'd) 

The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera
tion, however all other write modes are fully sup
ported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x04 support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x04 are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x04 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x04 
and the bus master. A STOP condition at the end 
of a Read command, after and only after a No 
Acknowledge, forces the standby state. A STOP 
condition at the end of a Write command triggers 
the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the ST24/25x04 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x04, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 

Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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Table 5. Input Parameters <1> (TA = 25 oc, f =100kHz) 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance (SDA) 8 pF 

CIN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance (ST24/25W04) V1N :>0.3 Vee 5 20 kn 

ZwcH WC Input Impedance (ST24/25W04) V1N ~0.7Vcc 500 kn 

tLP 
Low-pass filter input time constant 

100 ns (SDA and SCL) 

Note: 1. Sampled only, not1 00% tested. 

Table 6. DC Characteristics 
(TA = 0 to 70°C, -20 to 85°C or --40 to 85°C; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:>V1N=>Vcc ±2 J.IA 

ILO Output Leakage Current OV:;; VouT:;; Vee ±2 J.IA SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, fc =100kHz 2 rnA 
Icc (Rise/Fall time< 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, lc =100kHz 1 mA 

V1N = Vss or Vee, 100 f!A Supply Current (Standby) Vee= 5V 
lee1 (ST24 series) 

V1N = Vss or Vee. 
Vee = 5V, fe = 1OOkHz 300 11A 

V1N = Vss or Vee. 5 J.IA 
lce2 

Supply Current (Standby) Vcc=2.5V 
(ST25 series) 

V1N = Vss or Vee, 
Vee= 2.5V, fe =100kHz 50 J.IA 

V1L Input Low Voltage (SCL, SDA) -0.3 0.3Vce v 
V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

V1L 
Input Low Voltage 

-0.3 0.5 v (E1-E2, PRE, MODE, WC) 

V1H 
Input High Voltage 

Vce-0.5 Vee+ 1 v 
(E1-E2, PRE, MODE, WC) 

Output Low Voltage (ST24 series) loL = 3mA, Vee= 5V 0.4 v 
VoL 

Output Low Voltage (ST25 series) loL = 2.1 rnA, Vee= 2.5V 0.4 v 
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Table 7. AC Characteristics 
(TA = 0 to 70°C, -20 to 85°C or -40 to 85°C; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 !lS 

lcucl2 IF Clock Fall Time 300 ns 

loH1DH2 tR Input Rise Time 1 !lS 

louou IF Input Fall Time 300 ns 

lcHDX(j) lsu STA Clock High to Input Transition 4.7 !lS 

lcHCL IHIGH Clock Pulse Width High 4 llS 

loLCL tHo STA Input Low to Clock Low (START) 4 !lS 

ICLDX IHo OAT Clock Low to Input Transition 0 !lS 

lcLCH I LOw Clock Pulse Width Low 4.7 !lS 

toxcx lsu OAT Input Transition to Clock Transition 250 ns 

lcHOH lsusm Clock High to Input H1gh (STOP) 4.7 !lS 

loHOL lsuF Input High to Input Low (Bus Free) 4.7 !lS 

lcLOv(2) IAA Clock Low to Next Data Out Valid 0.3 3.5 !lS 

lcLOx loH Data Out Hold T1me 300 ns 

fc fscL Clock Frequency 100 kHz 

tw(3) twR Write Time 10 ms 

Notes: 1. For a reSTART cond1t1on, or fo1Jow1ng a wnte cycle 
2. The mimmum value delays the falling/ris1ng edge of SDA away from seL; 1 1n order to avo1d unwanted START and/or STOP 

cond1t1ons. 
3. In the Mult1byte Write mode only, 1f accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

max1mum programming time is doubled to 20ms 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 4. AC Testing Input Output Waveforms 

oavee~ 

o.2Vee 
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o.?Vee 

o.3Vee 

AI00825 

DEVICE OPERATION (cont'd) 

The 4 most significant bits of the device select code 
are the device type identifier. corresponding to the 
12C bus definition. For these memories the 4 bits 
are fixed as 101 Ob. The following 2 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1. Thus up to 4 x 4K 
memories can be connected on the same bus 
giving a memory capacity total of 16 Kbits. After a 
START condition any memory on the bus will iden
tify the device code and compare the following 2 
bits to its chip enable inputs E2, E1. 
The 7th bit sent is the block number (one block = 
256 bytes). The 8th bit sent is the read or write bit 
(RW), this bit is set to '1' for read and '0' for write 
operations. If a match is found, the corresponding 
memory will acknowledge the identification on the 
SDA bus during the 9th bit time. 
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Figure 5. AC Waveforms 

SCL 

SDAIN 

4START~ 
CONDITION 

~ SDA __.;... SDA _.j 
INPUT CHANGE 

4-STOP&-.i 
BUS FREE 

SCL 

SDAOUT 

;.._ DATA OUTPUT__...; 

SCL 

SDAIN 

~101""" c.:::::::.~::::::::::::::::~~J ;t 
;.-STOP WRITE CYCLE START --+i 
CONDITION CONDITION 

Write Operations 

The Multibyte Wlite mode (only available on the 
ST24/25C04 versions) is selected when the MODE 
pin is at V1H and the Page Write mode when MODE 
pin is at v,L. The MODE pin may be driven dynami· 
cally with CMOS input levels. 

Following a START condition_...!.he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac
cess to one block of 256 bytes of the memory. After 
receipt of the byte address the device again re
sponds with an acknowledge. 

A!00795B 

For the ST24/25W04 versions, any write command 
with WC = 1 will not modify the memory content. 
Byte Write. In the Byte Wlite mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Wlite mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either V1H 
or V1L, to minimize the stand-by current. 
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Figure 6. 12C Bus Protocol 

SCL 
····----~ 

SDA \! I c=-----~ !/ 
!-START-+! !+- SDA ...;._ SDA ....j !+-STOP ....j 

CONDITION INPUT CHANGE CONDITION 

SCL 

SDA 

START 
CONDITION 

-----~-· 

-----~-· 

SCL ·--~---·· 

SDA 

Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7-
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
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0 
STOP 

CONDITION 

Al00792 

Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes as soon as the first address of 
these 8 bytes is the first address of the row, the 7 
following bytes being written in the 7 following bytes 
of this same row. 
Page Write. For the Page Write mode, the MODE 
pin must be at V1L. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem-



ory address bits (A7-A3) are the same inside one 
block. The master sends from one up to 8 bytes of 
data, which are each acknowledged by the mem
ory. After each byte is transfered, the internal byte 
address counter (3 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro
gram cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request. 
Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. 

Figure 8. Write Cycle Polling using ACK 

F1rst byte of mstruct1on 
w1th RW ~ 0 already 
decoded by ST24xxx 

ST24/25C04, ST24/25W04 

Figure 7. Memory Protection 

100h 

Protect Location 

8 byte 
boundary 
address 

!b7 

Protect Flag 
Enable= 0 

Disable = .'···· ... 
b3lb2 ....... 

AI008558 

A!010998 

Block 1 

Block 0 
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Figure 9. Write Modes Sequence (ST24/25C04) 

BYTE WRITE 

ACK ACK ACK 

MULTIBYTE 
AND 
PAGE WRITE 0 I :o~y~~~ 1

1
•

11 ~~~:A??~ 111 :~A!~~:N:< 111 :~A!~~:N:~: 
b: 
~ 

ACK ACK 

~:J 1 1 :o~y~~~:N: 11
• 0 

DEVICE OPERATION (cont'd) 

The sequence is as follows: 
- Initial condition: a Write is in progress (see Figure 

8). 
- Step 1: the Master issues a START condition 

followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will re
spond with an ACK, indicating that the memory 
is ready to receive the second part of the next 
instruction (the first byte of this instruction was 
already sent during Step 1 ). 

Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 1 FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 1 FFh) is set to '0'. 
The boundary address is user defined by writing it 
in the Block Address Pointer. The Block Address 
Pointer is an 8 bit EEPROM register located at the 
address 1 FFh. It is composed by 5 MSBs Address 
Pointer, which defines the bottom boundary ad
dress, and 3 LSBs which must be programmed at 
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AI00793 

'0'. This Address Pointer can therefore address a 
boundary in steps of 8 bytes. 

The sequence to use the Write Protected feature 
is: 

- write the data to be protected into the top of the 
memory, up to, but not including, location 1 FFh; 

- set the protection by writing the correct bottom 
boundary address in the Address Pointer (5 
MSBs of location 1 FFh) with bit b2 (Protect flag) 
set to '0'. Note that for a correct fonctionality of 
the memory, all the 3 LSBs of the Block Address 
Pointer must also be programmed at '0'. 

The area will now be protected when the PRE input 
pin is taken High. While the PRE input pin is read 
at '0' by the memory, the location 1 FFh can be used 
as a normal EEPROM byte. 

Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 3 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 1 FFh, by 3 bytes. 
This does not apply to the Page Write mode as the 
address counter 'roll-over' and thus cannot go 
above the 8 bytes lower boundary of the protected 
area. 
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Figure 10. Write Modes Sequence with Write Control= 1 (ST24/25W04) 

we 

BYTE WRITE 

we 

AeK AeK AeK 

n I :o~y~~~ 11.11 ~~~E:A~?~ 111 :~AJ~I:N:< 111 :~AJ~I:N:~: 
~ RiW 

PAGE WRITE 

~ 

we (cont'd) 

AeK AeK 

PAGE WRITE 
(cont'd) 

~:JII :o~!~~~:N: II. n 

Read Operations 
Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1's" (or FFh). 
Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

AI01101B 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 11. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to '1'. The 
memory acknowledges this and outputs the byte 
addressed. The master have to NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out-
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DEVICE OPERATION (confd) 

put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 

Figure 11. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

ACK 

counter will 'roll- over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the ST24/25x04 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x04 terminate the 
data transfer and switches to a standby state. 

ACK ACK NOACK 

SEQUENTIAL 
CURRENT 
READ n I :D~Y~~~ 111 11 ~~+?:u!~ 1 1 C:~~ 

II: 
g 

~~:J 1 1 ~~+~~i~I 1 UJ 

SEQUENTIAL 
RANDOM 
READ 

R/W 

ACK NOACK 

~:J 1 1 ~+~ ?~i ~ 11UJ 

AI00794C 

Note: • The 7 Most Significant bns of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 

Example: ST24C04 _M_ TR 

I Range I 
Standard 

ST24W04 3Vto5.5V Hardware Write Control 

ST25C04 2.5Vto 5.5V Standard 

ST25W04 2.5Vto5.5V Hardware Write Control 

Package II Temperature Range II Option 

8 PSDIP8 0 to 70 oc TR Tape & Reel 
0.25mm Frame 

5 -20 to 85 oc Packing 

M S08 150mil Width 
6 -40 to 85 oc 

3* -40 to 125 oc 

Notes: 3 • Temperature range on spec1al request only 

Parts are shipped with the memory content set at all "1 's" (FFh). 
For a list of available options (Operating Voltage, Range, Package, etc ... ) or for further information on any 
aspect of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm 

Typ Min 

A 3.90 

A1 0.49 

A2 3.30 

8 0.36 

81 1.15 

c 0.20 

D 9.20 

E 7.62 -

E1 6.00 

e1 2.54 -

eA 7.80 

e8 -

L 3.00 

N 8 

D 

_o__o_ n 
N 

D 
1 
WL.JL.J 

Draw1ng IS not to scale 
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Max 

5.90 

-

5.30 

0.56 

1.65 

0.36 

9.90 

-

6.70 

-

-

10.00 

3.80 

E1 E 

inches 

Typ Min 

0.154 

0.019 

0.130 

0.014 

0.045 

0.008 

0.362 

0.300 -

0.236 

0.100 -

0.307 

-

0.118 

8 

·Ej . . . . .. .. .. " .. .. .. .. 

r I nA c-+t 
~ 

PSDIP-a 

Max 

0.232 

-

0.209 

0.022 

0.065 

0.014 

0.390 

-

0.264 

-

-

0.394 

0.150 
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SOB- &lead Plastic Small Outline, 150 mils body width 

Symb 
mm Inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.eo 5.00 0.1e9 0.197 

E 3.eo 4.00 0.150 0.157 

e 1.27 - - 0.050 - -
H 5.eo 6.20 0.22e 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 0,016 0.035 

a oo eo oo eo 

N e e 

CP 0.10 0.004 

·~ 
/ 
i 

E H I 

SO-a 

Drawing is not to scale 
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ST24C08,ST25C08 
ST24W08, ST25W08 

8 Kbit Serial 12C Bus EEPROM 
with User-Defined Block Write Protection 

• 1 MILLION ERASE/WRITE CYCLES with 
40 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 3V to 5.5V for ST24x08 versions 

- 2.5V to 5.5V for ST25x08 versions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W08 and ST25W08 

• PROGRAMMABLE WRITE PROTECTION 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTI BYTE WRITE (up to 8 
BYTES) 

• PAGE WRITE (up to 16 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH UP 
PERFORMANCES 

DESCRIPTION 

This specification covers a range of 8 Kbits 12C bus 
EEPROM products, the ST24/25C08 and the 
ST24/25W08. In the text, products are referred to 
as ST24/25x08, where "x" is: "C" for Standard 
version and "W" for Hardware Write Control ver
sion. 

Table 1. Signal Names 

PRE Write Protect Enable 

E Chip Enable Input 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multibyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIP8 (B) 
0.25mm Frame 

8 -~ 

808 (M) 
150mil Width 

Figure 1. Logic Diagram 

Vee 

I 
E- I-- SDA 

PRE- ST24x08 
ST25x08 

SCL-

MODEtwC•-

I 
Vss 

AIOOB60E 

Note: WC signal1s only available for ST24/25W08 products 
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Figure 2A. · DIP Pin Connections 

ST24x08 
ST25x08 

NC 2 7 MODE/WC 
PREDB Vee 

E 3 6 SCL 

Vss 4 5 SDA 
AI00861E 

Warning: NC = Not Connected. 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST24x08 
ST25x08 

PRE Vee 
NC MODEIWC 

E SCL 

Vss SDA 

AI01073E 

Warning: NC = Not Connected. 

Value Unit 

-40 to 125 oc 
-65 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages -0.6 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) <2l 4000 v 

Electrostatic Discharge Voltage (Machine model) (a) 500 v 

Notes: 1. Except for the rating "Operatrng 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 STMicroelectronics SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF,1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

The ST24/25x08 are 8 Kbit electrically erasable 
programmable memories (EEPROM), organized 
as 4 blocks of 256 x8 bits. They are manufactured 
in STMicroelectronics's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of one million erase/write cycles with a data 
retention of 40 years. 
Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 
The memories are compatible with the 12C stand
ard, two wire serial interface which uses a bi-direc-
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tiona! data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. This is used together with 1 chip enable input 
(E) so that up to 2 x BK devices may be attached 
to the 12C bus and selected individually. The memo
ries behave as a slave device in the 12C protocol 
with all memory operations synchronized by the 
serial clock. Read and write operations are initiated 
by a START condition generated by the bus master. 
The START condition is followed by a stream of 7 
bits (identification code 101 0), plus one read/write 
bit and terminated by an acknowledge bit. 



Table 3. Device Select Code 

Device Code 

Bit b7 T b6 T b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 1s sent f1rst 

Table 4. Operating Modes <1> 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' 

X 
'1' 

Sequential Read '1' X 

Byte Write '0' X 

Multibyte Wnte <21 '0' V1H 

Page Write '0' V1L 

Notes: 1. X = VIH or v,L 
2. Multlbyte Wrrte not available in ST24/25WOB versions 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 

T 
I 

ST24/25C08, ST24/25W08 

Chip Block RW Enable Select 

b4 b3 b2 I b1 bO 

0 E A9 I AB RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

1 to 1024 Similar to Current or Random Mode 

1 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

16 START, Device Select, RW = '0' 

with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (E). This chip enable input is used to 
set one least significant bit (b3) of the device select 
byte code. This input may be driven dynamically or 
tied to Vee or Vss to establish the device select 
code. 

Protect Enable (PRE). The PRE input pin, in ad
dition to the status of the Block Address Pointer bit 
(b2, location 3FFh as in Figure 7), sets the PRE 
write protection active. 

Mode (MODE). The MODE input is available on pin 
7 (see also we feature) and may be driven dynami
cally. It must be at VrL or VrH for the Byte Write 
mode, V1H for Multibyte Write mode or VrL for Page 
Write mode. When unconnected, the MODE input 
is internally read as a V1H (Multibyte Write mode). 

Write Control (WC). An hardware Write Control 
(WC) feature is offered only for ST24W08 and 
ST25WOB versions on pin 7. This feature is useful! 
to protect the contents of the memory from any 
erroneous erase/write 9:'f)e. The Write Control sig
nal is used to enable (WC = V1H) or disable (WC = 
V1L) the int~l write protection. When uncon
nected, the WC input is internally read as V1L and 
the memory area is not write protected. 
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SIGNAL DESCRIPTIONS (cont'd) 

The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera
tion, however all other write modes are fully sup
ported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x08 support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x08 are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x08 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x08 
and the bus master. A STOP condition at the end 
of a Read command, after and only after a No 
Acknowledge, forces the standby state. A STOP 
condition at the end of a Write command triggers 
the internal EEPROM write cycle. 
Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 
Data Input. During data input the ST24/25x08 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 
Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x08, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 

Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 

20 

Vee 

\ ------16 

\ o,, 0,, 
12 

\ 
~ \ SDA 
X ....!.. -~~~;-"' '\ E MASTER SCL _J -T a: 8 

" ;:= Csus ""'-. ........ 
4 

Vee= sv 
....._ 

r--
0 

100 200 300 400 

Csus (pF) AI01100 
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Table 5. Input Parameters <1> (TA = 25 ac, f =100kHz) 

Symbol Parameter Test Condition Min Max Unit 

CrN Input Capacitance (SDA) 8 pF 

CrN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance {ST24/25W08) - VrN=>0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance (ST24/25W08) VrN ~0.7Vee 500 kQ 

tLP 
Low-pass filter input time constant 

100 ns (SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = 0 to 70°C, -20 to 85°C or -40 to 85°C; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :> VrN =>Vee ±2 J.IA 

fLO Output Leakage Current OV:>VouT=>Vcc ±2 !lA SDAin Hi·Z 

Supply Current (ST24 series) Vee= 5V, lc =100kHz 
2 rnA 

Icc (Rise/Fall time< 1 Ons) 

Supply Current (ST25 series) Vee = 2.5V, fc = 1OOkHz 1 rnA 

VrN = Vss or Vee, 100 J.IA 
lee1 

Supply Current (Standby) Vee=5V 
(ST24 series) 

VrN = Vss or Vee, 
Vee= 5V, le =100kHz 300 J.IA 

VrN = Vss or Vee, 5 J.IA Supply Current (Standby) Vee=2.5V 
lce2 (ST25 series) 

VrN = Vss or Vee, 
Vee= 2.5V, le =100kHz 50 J.IA 

VrL Input Low Voltage (SCL, SDA) -0.3 0.3Vee v 
VrH Input High Voltage (SCL, SDA) 0.7Vee Vee+ 1 v 

VrL 
Input Low Voltage_ 

-0.3 0.5 v (E, PRE, MODE, WC) 

VrH 
Input High Voltage_ 

Vee-0.5 Vee+ 1 v 
(E, PRE, MODE, WC) 

VoL 
Output Low Voltage (ST24 series) loL = 3mA, Vee = 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1 rnA, Vee = 2.5V 0.4 v 
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Table 7. AC Characteristics 
(T A= 0 to 70°C, -20 to 85°C or -40 to 85°C; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 JlS 

tcucl2 IF Clock Fall Time 300 ns 

loH1DH2 IR Input Rise Time 1 JlS 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX(t) !su STA Clock High to Input Transition 4.7 JlS 

ICHCL !HIGH Clock Pulse Width High 4 JlS 

IDLCL tHD.STA Input Low to Clock Low (START) 4 JlS 

lcLOX tHo OAT Clock Low to Input Transition 0 JlS 

ICLCH !LOw Clock Pulse Width Low 4.7 JlS 

!oxcx lsu DAT Input Transition to Clock Transition 250 ns 

lcHDH !su·sm Clock High to Input High (STOP) 4.7 JlS 

loHDL !suF Input High to Input Low (Bus Free) 4.7 JlS 

ICLQV(2) IAA Clock Low to Next Data Out Valid 0.3 3.5 JlS 

ICLQX toH Data Out Hold Time 300 ns 

fc fscL Clock Frequency 100 kHz 

tw 13l twA WrrteTime 10 ms 

Notes: 1. For a reSTART condrtron, or followrng a wnte cycle. 
2. The minimum value delays the falling/rising edge of SDA away from SCL = 1 in order to avord unwanted START and/or STOP 

condrtions 
3. In the Mull1byte Write mode only. If accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

max1mum programming t1me 1s doubled to 20ms 

Table B. AC Measurement Conditions 

Input Rise and Fall Times :5: SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. 
0.3Vcc to 0.7Vcc Voltages 

Figure 4. AC Testing Input Output Waveforms 

oavcc~ 

o.2Vcc 
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o.7Vcc 

o.3Vcc 
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DEVICE OPERATION (cont'd) 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For these memories the 4 bits 
are fixed as 1 01 Ob. The following bit identifies the 
specific memory on the bus. It is matched to the 
chip enable signal E. Thus up to 2 x BK memories 
can be connected on the same bus giving a mem
ory capacity total of 16 Kbits. After a START condi
tion any memory on the bus will identify the device 
code and compare the following bit to its chip 
enable input E. 
The 6th and 7th bits sent, select the block number 
(one block= 256 bytes). The 8th bit sent is the read 
or write bit (RW), this bit is set to '1' for read and '0' 
for write operations. If a match is found, the corre
sponding memory will acknowledge the identifica
tion on the SDA bus during the 9th bit time. 
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Figure 5. AC Waveforms 

SCL 

SDAIN 

i.sTART.j 
CONDITION 

:_ SDA ...;._ SDA _.; 
: ; 

:.-sTOP & +. 
INPUT CHANGE BUS FREE 

SCL 

SDAOUT 

:.-- DATA OUTPUT____.; 

SCL 

SDAIN 

tJ"""' c::::::::.~::::::::::::::::'~"] }t 
;._STOP WRITE CYCLE START --+. 
CONDITION CONDITION 

Write Operations 
The Multibyte Write mode (only available on the 
ST24/25COB versions) is selected when the MODE 
pin is at V1H and the Page Write mode when MODE 
pin is at V1L. The MODE pin may be driven dynami
cally with CMOS input levels. 
Following a START condition_!he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac
cess to one block of 256 bytes of the memory. After 

AI00795B 

receipt of the byte address the device again re
sponds with an acknowledge. 
For the ST24/25W08 versions, any write command 
with we = 1 will not modify the memory content. 
Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either V!H 
or V1L, to minimize the standby current. 
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Figure 6. 12C Bus Protocol 

SCL 
·····---~ 

SDA \'-'-: ____.;l....--:---f--rr~~~~ ~~ ) 
: : : 

;..-sTART-+. ~ SDA ....;.._ SDA ~ ~STOP~ 
CONDITION CONDITION INPUT CHANGE 

SCL 

SDA 

START 
CONDITION 

~~::~~--

SCL ---~-----
SDA 
~--··· 

~ 

Multibyte Write. For the Multi byte Write mode, the 
MODE pin must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is tenminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 1 Oms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A7-
A3), the programming time is then doubled to a 
maximum of 20ms. Writing more than 8 bytes in the 
Multi byte Write mode may modify data bytes in an 
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!.--.: 
STOP 

CONDITION 

AI00792 

adjacent row (one row is 16 bytes long). However, 
the Multibyte Write can properly write up to 16 
consecutive bytes only if the first address of these 
16 bytes is the first address of the row, the 15 
following bytes being written in the 15 following 
bytes of this same row. 
Page Write. For the Page Write mode the MODE 
pin must be at V1L. The Page Write mode allows up 
to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 4 most significant mem
ory address bits (A7-A4) are the same inside one 
block. The master sends from one up to 16 bytes 



of data, which are each acknowledged by the mem
ory. After each byte is transfered, the internal byte 
address counter (4 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro
gram cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. 

Figure 8. Write Cycle Polling using ACK 

F1rst byte of mstruct1on 
w1th RW = 0 already 
decoded by ST24xxx 

ST24/25C08, ST24/25W08 

Figure 7. Memory Protection 

Page Protect Flag 
pointer Enable~ 0 

Disable~ 1 

b7 b4: :b2 

Block3 

300h 

Block 0 

AI011218 

AI010998 
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Figure 9. Write Modes Sequence (ST24/25COB) 

BYTE WRITE 

ACK ACK ACK 
MULTI BYTE 
AND 
PAGE WRITE n I :o~y~~~ 11. 11 ~~TF:A~H 11

1 :~A~~I:N:< 1
1
1 :~A!~I:N:~: 

h: 
~ 

ACK ACK 

~:JII :D:A~~~~:N: 1~. n 

DEVICE OPERATION (cont'd) 

The sequence is as follows: 
- Initial condition: a Write is in progress (see Fig

ure 8). 
- Step 1: the Master issues a START condition 

followed by a Device Select byte (1st byte of 
the new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory 
has terminated the internal write cycle, it will 
respond with an ACK, indicating that the mem
ory is ready to receive the second part of the 
next instruction (the first byte of this instruc
tion was already sent during Step 1 ). 

Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 3FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 3FFh) is set to '0'. 
The boundary address is user defined by writing it 
in the Block Address Pointer. The Block Address 
Pointer is an 8 bit EEPROM register located at the 
address 3FFh. It is composed by 4 MSBs Address 
Pointer, which defines the bottom boundary ad
dress, and 4 LSBs which must be programmed at 
'0'. This Address Pointer can therefore address a 
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boundary in steps of 16 bytes. The sequence to use 
the Write Protected feature is: 

- write the data to be protected into the top of 
the memory, up to, but not including, location 
3FFh; 

- set the protection by writing the correct bottom 
boundary address in the Address pointer (4 
MSBs of location 3FFh) with the bit b2 (Protect 
flag) set to '0'. 

Note that for a correct fonctionality of the memory, 
all the 4 LSBs of the Block Address Pointer must 
also be programmed at '0'. The area will now be 
protected when the PRE input pin is taken High. 
While the PRE input pin is read at '0' by the mem
ory, the location 3FFh can be used as a normal 
EEPROM byte. 

Caution: Special attention must be used when 
using the protect mode together with the Multi byte 
Write mode (MODE input pin High). If the Multi byte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 3FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter 'roll-over' and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 
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Figure 10. Write Modes Sequence with Write Control= 1 (ST24/25WOB) 

we 

ACK ACK NOACK 

BYTE WRITE 0 I :o~y~~~ 1,. 11 ~~~:A??~ 111: ?~+:~~: 11l[] 
1- a. 
i AM e 
~ w 

we 

PAGE WRITE 

we (cont'd) 

NOACK NOACK 

PAGE WRITE 
(cont'd) 

~:J'I :o~y~ ~~:N: I'UJ 

Read Operations 

Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

AI01161B 

Random Address Read. A dummy write is per
formed to load the address into the address counter 
(see Figure 11 ). This is followed by another START 
condition from the master and the byte address is 
repeated with the RW bit set to '1'. The memory 
acknowledges this and outputs the byte ad
dressed. The master have to NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
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DEVICE OPERATION (cont'd) 

master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 

Figure 11. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

ACK 

counter will 'roll-over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 

· the ST24/25x08 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x08 terminate the 
data transfer and switches to a standby state. 

ACK ACK NOACK 

SEQUENTIAL 
CURRENT 
READ 0 I :D~Y~~~ 1/l~~+:o~!) 1 1 C:~~ 

~ 
~ 

~~:J 1 1~~+?~+~1 1 LO 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

~:J 1 1 ~~+ ?~+~ 11LO 

AI00794C 

Note: • The 7 Most S1gnif1cant brts of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 

Example: ST24C08 

Operating Voltage Range I 
ST24C08 3V to 5.5V Standard 

ST24W08 3V to 5.5V Hardware Write Control 

ST25C08 

ST25W08 

2.5V to 5.5V Standard 

2.5V to 5.5V Hardware Write Control 

I 

_M_ TR 

~_ __ ..:.P.::.a.::.ck-=a=-'g!..:e __ __JI I Temperature Range I I Option 

B PSDIPB 1 01o 70 °C TR Tape & Reel 
L ~--nm Frame 5 11 ) _20 to 85 oc Packing 

M SOB 150mil Width 6 -40 to 85 oc 
3 -40 to 125 oc 

Notes: 1. Temperature range on special request only. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. to you. 
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PSDIPB - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

81 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB - 10.00 - 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

J ...__. \ 

fi r\ 
eA c ... 

D eB 

nnn 
N 

E1 E 

UL...IL...I PSDIP-a 

Draw1ng IS not to scale 
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SOB- Blead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 O.D13 0.020 

c 0.19 0.25 0.007 0.010 

D 4.SO 5.00 0.1S9 0.197 

E 3.SO 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.SO 6.20 0.22S 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 O.D16 0.035 

a. oo so oo so 

N s s 
CP 0.10 0.004 

i 

I 
E H / 

SO-a 

Drawing is not to scale 
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ST24C16, ST25C16 
ST24W16, ST25W16 

16 Kbit Serial 12C Bus EEPROM 
with User-Defined Block Write Protection 

• 1 MILLION ERASE/WRITE CYCLES, with 
40 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for ST24x16 versions 
- 2.5V to 5.5V for ST25x16 versions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W16 and ST25W16 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTI BYTE WRITE (up to 8 
BYTES) for the ST24C16 

• PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES 

DESCRIPTION 
This specification covers a range of 16 Kbit 12C bus 
EEPROM products, the ST24/25C16 and the 
ST24/25W16. In the text, products are referred to 
as ST24/25x16 where "x" is: "C" for Standard ver
sion and "W" for hardware Write Control version. 

The ST24/25x16 are 16 Kbit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x8 bits. These are manufactured 
in STMicroelectronics's Hi-Endurance Advanced 
CMOS technology which guarantees an endur-

Table 1. Signal Names 

PRE Write Protect Enable 

PBO, PB1 Protect Block Select 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

MODE Multybyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIPB (B) 
0.25mm Frame 

SOB (M) 
150mi1Width 

Figure 1. Logic Diagram 

PBO-PB1 

PRE 

SCL 

MODEIWC* 

2 

Vee 

ST24x16 
ST25x16 

Vss 

SDA 

AI008668 

Note: we s1gna11s only available for ST24/25W16 products. 
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Figure 2A. DIP Pin Connections Figure 28. SOB Pin Connections 

ST24x16 ST24x16 
ST25x16 ST25x16 

PREDVcc PRE Vee 
PBO 2 7 MODE/We PBO MODE/We 

PB1 3 6 SeL PB1 SeL 

Vss 4 5 SDA Vss SDA 

A100867B AIOOSOOB 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oe 

Tsm Storage Temperature -65 to 150 oe 

TLEAD Lead Temperature, Soldering (SOB) 40 sec 215 oe 
(PSDIPS) 10 sec 260 

V1o Input or Output Voltages -0.6 to 6.5 v 

Vee Supply Voltage -0.3to6.5 v 

VEsD 
Electrostatic Discharge Voltage (Human Body model) 12l 4000 v 

Electrostatic Discharge Voltage (Machine model) ral 500 v 
Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above those ltsted 1n the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other 
cond1t1ons above those 1nd1cated in the Operating sect1ons of this speclf1cat1on is not implied Exposure to Absolute Maximum 
Rat1ng cond1t1ons for extended penods may affect device reltabiltty. Refer also to the STM!croelectron1cs SURE Program and 
other relevant quality documents. 

2. 100pFthrough 1500Q, MIL·STD-883C, 3015.7 
3. 200pF through OQ, EIAJ IC-121 (conditiOn C) 

DESCRIPTION (cont'd) 

ance of one million erase/write cycles with a data 
retention of 40 years. The ST25x16 operates with 
a power supply value as low as 2.5V. Both Plastic 
Dual-in-Line and Plastic Small Outline packages 
are available. 
The memories are compatible with the 12C stand
ard, two wire serial interface which uses a bi-direc
tional data bus and serial clock. The memories 
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carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. The memories behave as slave devices in the 
12C protocol with all memory operations synchro
nized by the serial clock. Read and write operations 
are initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 101 0), 3 block 
select bits, plus one read/write bit and terminated 
by an acknowledge bit. When writing data to the 



Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 os sent forst. 

Table 4. Operating Modes 

Mode RVVbit MODE pin 

Current Address Read '1' X 

Random Address Read 
'0' 

X 
'1' 

Sequential Read '1' X 

Byte Write '0' X 

Multibyte Write '0' VoH 

Page Write '0' v,L 
Note: X= VoH or VoL. 

memory it responds to the 8 bits received by as
serting an acknowledge bit during the 9th bit time. 
When data is read by the bus master, it acknow
ledges the receipt of the data bytes in the same 
way. Data transfers are terminated with a STOP 
condition. 
Data in the 4 upper blocks of the memory may be 
write protected. The protected area is programma
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the input 
pins PBO, PB1. Protection is enabled by setting a 
Protect Flag bit when the PRE input pin is driven 
High. 

I 
I 

ST24/25C16, ST24/25W16 

Memory MSB Addresses RW 

b4 b3 I b2 I b1 bO 

0 A10 I A9 I AB RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

1 
START, Device Select, RW = '0', Address, 

reSTART, Device Select, RW = '1' 

1to 2048 As CURRENT or RANDOM Mode 

1 START, Device Select, RW = '0' 

8 START, Device Select, RW = '0' 

16 START, Device Select, RW = '0' 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vee 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 
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SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input signal is used 
to synchronise all data in and out of the ~emory. A 
resistor can be connected from the SCL hne to Vee 
to act as a pull up (see Figure 3). 

Serial Data (SDA). The SDAsignal is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Protected Block Select (PBO, PB1 ). PBO and PB 1 
input signals select the block in the upper part of 
the memory where write protection start .... These 
inputs have a CMOS compatible input level. 

Protect Enable (PRE). The PRE input signal, in 
addition to the status of the Block Address Pointer 
bit (b2, location 7FFh as in Figure 7), sets the PRE 
write protection active. 

Mode (MO~. The MODE input is available on pin 
7 (see also we feature) and may be driven dynami
cally. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for ~age 
Write mode. When unconnected, the MODE Input 
is internally read as V1H (Multibyte Write mode). 
Write Control (WC). An hardware Write Control 
feature is offered only for ST24W16 and ST25W16 
versions on pin 7. This feature is usefull to protect 
the contents of the memory from any erroneous 
erase/write ~I e. The Write Contro~nal is used 
to enable (WC at ViH) or disable (WC at ViL) the 
internal write protection. When unconnected, the 
we input is internally read as VJL. The devices with 
this Write Control feature no longer supports the 
Multibyte Write mode of operation, however all 
other write modes are fully supported. 
Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 

4/16 

594 

20 

16 

~ 12 

1;j 
E 
...I 
a: B 

4 

0 

1\ 

\ 
\ 
[\ 

'\ 

Vee=SV 

100 

Vee 

SDA 

Csus 

" " ~ r-t--

T esus 

200 300 400 

Csus (pF) AI01100 



ST24/25C16, ST24/25W16 

Table 5. Input Parameters <1> (T A= 25 oc, f = 100 kHz) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance (SDA) 8 pF 

C1N Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance (ST24/25W16) V1N:> 0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance (ST24/25W16) V1N;;, 0.7Vcc 500 kQ 

tLP 
Low-pass filter input time constant 100 ns 
(SDA and SCL) 

Note: 1. Sampled only, not100%tested. 

Table 6. DC Characteristics 
(T A= 0 to 70 oc or -40 to 85 oc; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:>V1N:>Vcc ±2 f!A 

lw Output Leakage Current OV :> VouT :> Vee ±2 f!A SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, fc =100kHz 
2 mA 

Icc (Rise/Fall time< 10ns) 

Supply Current (ST25 series) Vee= 2.5V, fc =100kHz 1 mA 

V1N = Vss or Vee, 100 f!A 
lcc1 

Supply Current (Standby) Vcc=5V 
(ST24 series) 

V1N = Vss or Vee. 
Vee= 5V, lc =100kHz 

300 f!A 

V1N = Vss or Vee, 5 f!A 
lcc2 

Supply Current (Standby) Vcc=2.5V 
(ST25 series) 

V1N = Vss or Vee. 
V cc = 2.5V, fc = 1OOkHz 

50 f!A 

V1L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

VIL 
Input Low Voltage 

-0.3 0.5 v (PBO- PB1, PRE, MODE, WC) 

V1H 
Input High Voltage Vcc-0.5 Vcc+1 v 
(PBO- PB1, PRE, MODE, WC) 

Output Low Voltage (ST24 series) loL = 3mA, Vee= 5V 0.4 v 
VoL 

Output Low Voltage (ST25 series) loL = 2.1 mA, Vee = 2.5V 0.4 v 
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Table 7. AC Characteristics 
(T A = 0 to 70 oc or -40 to 85 oc; Vee = 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Aft Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 f!S 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 1 f!S 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX (1) lsuSTA Clock High to Input Transition 4.7 f!S 

lcHCL IHIGH Clock Pulse Width High 4 f!S 

loLCL IHDSTA Input Low to Clock Low (START) 4 JlS 

ICLDX IHDDAT Clock Low to Input Transition 0 f!S 

fcLCH !Low Clock Pulse Width Low 4.7 f!S 

lox ex lsuoAT Input Transition to Clock Transition 250 ns 

lcHDH lsuSTo Clock High to Input High (STOP) 4.7 JlS 

loHDL lsuF Input High to Input Low (Bus Free) 4.7 JlS 

ICLOV(2) IAA Clock Low to Next Data Out Valid 0.3 3.5 f!S 

ICLOX loH Data Out Hold Time 300 ns 

lc lscL Clock Frequency 100 kHz 

tw<31 lwR Write Time 10 ms 

Notes: 1. For a reSTART condition, or followmg a wnte cycle. 
2. The m1mmum value delays the falhng/nsing edge of SDA away from SCL = 1 m order to avOid unwanted START and/or STOP 

conditions. 
3 In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (5 address MSB are not constant) 

the maximum programming t1me is doubled to 20ms 

Table 8. AC Measurement Conditions 

Input Rise and Fall Times ,:; 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. 0.3Vcc to 0.7Vcc Voltages 

Figure 4. AC Testing Input Output Waveforms 

o.avec~ 

o.2vee 
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o.7Vee 

o.avee 
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DEVICE OPERATION 
12C Bus Background 
The ST24/25x16 support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x16 are always slave 
devices in all communications. 
Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x16 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 
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Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

l+----1-l- tCHCL 

:.sTART..J 
CONDITION 

i+- SDA ...;._ SDA -..j 
INPUT CHANGE 

+--- DATA OUTPUT ____.; 

4-sTOP&+l 
BUS FREE 

tdJ c::::::::~::::::::::::::::~j }t 
i-- STOP : WRITE CYCLE : START _..j 
CONDITION CONDITION 
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Figure 6. 12C Bus Protocol 

SCL --------~ 

I c-----~ ! I SDA \! 
:-sTART-+! ~ SDA-+!+ SDA -+! l+ STOP-+! 

CONDITION INPUT CHANGE CONDITION 

SCL 

SDA 

:---+! 
START 

CONDITION 

-----~--

SCL ---~-----

SDA 
~-----

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x16 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. , 
Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 
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~ 
STOP 

CONDITION 
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Data Input. During data input the ST24/25x16 
samples the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x16, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifie the device type 
(1010}, 3 Block select bits and one bit for a READ 
(RW = 1} or WRITE (RW = 0} operation. 

There are three modes both for read and write. 
They are summarised in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 
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Figure 7. Memory Protection 

••• •• ~B1 : PBO •• 

~~~~ 11·1 ! r .... 
Protect Locat1on 

16 byte 
boundary i address 

Protect Flag 
Enable =0 
Disable~}··· 

PB1 PBO 
ib7 b4 ib2 ........ 

7FFh - -'-- J_ -l- _l p_l _ _L ~ -'-~ 
700h 

600h 

500h 

400h 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C16 versions) is selected when the MODE 
pin is at V1H and the Page Write mode when MODE 
pin is at V1L The MODE pin may be driven dynami
cally with CMOS input levels. 

Following a START condition.J.he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac
cess to any of the 256 bytes of one memory block. 
After receipt of the byte address the device again 
responds with an acknowledge. 

For the ST24/25W16 versions, any write command 
with we = '1' (during a period of time from the 
START condition untill the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 1 0. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 

Block 7 

BlockS 0 

BlockS 0 

Block4 0 0 

AI00870B 

is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either V1H 
or V1L, to minimize the stand-by current. 
Multibyte Write (ST24/25C16 only). For the Mul
tibyte Write mode, the MODE pin must be at V1H. 
The Multibyte Write mode can be started from any 
address in the memory. The master sends from one 
up to 8 bytes of data, which are each acknowledged 
by the memory. The transfer is terminated by the 
master generating a STOP condition. The duration 
of the write cycle is tw = 1 Oms maximum except 
when bytes are accessed on 2 contiguous rows 
(one row is 16 bytes), the programming time is then 
doubled to a maximum of 20ms. Writing more than 
8 bytes in the Multibyte Write mode may modify 
data bytes in an adjacent row (one row is 16 bytes 
long). However, the Multibyte Write can properly 
write up to 16 consecutive bytes only if the first 
address of these 16 bytes is the first address of the 
row, the 15 following bytes being written in the 15 
following bytes of this same row. 
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Page Write. For the Page Write mode, the MODE 
pin must be at V1L. The Page Write mode allows up 
to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the same Block Address bits 
(b3, b2, b1 of Device Select code in Table 3) and 
the same 4 MSBs in the Byte Address. The master 
sends one up to 16 bytes of data, which are each 
acknowledged by the memory. After each byte is 
transfered, the internal byte address counter (4 
Least Significant Bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad
dress counter 'roll-over' which could result in data 
being overwritten. Note that for any write mode, the 
generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 

Figure 8. Write Cycle Polling using ACK 

F1rst byte of Instruction 
w1th RW = 0 already 
decoded by ST24xxx 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 
The sequence is: 
- Initial condition: a Write is in progress (see Fig

ure 8). 
- Step 1: the Master issues a START condition 

followed by a Device Select byte (1st byte of 
the new instruction). 

- Step 2: if the memory is internally writing, no 
ACK will be returned. The Master goes back 
to Step1. If the memory has terminated the in
ternal writing, it will issue an ACK indicating 
that the memory is ready to receive the sec
ond part of the instruction (the first byte of this 
instruction was already sent during Step 1 ). 

Proceed 
WRITE Operation 

AI010998 
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Write Protection. Data in the upper four blocks of 
256 bytes of the memory may be write protected. 
The memory is write protected between a boundary 
address and the top of memory (address 
7FFh}.The boundary address is user defined by 
writing it in the Block Address Pointer (location 
7FFh}. 

The Block Address Pointer is an 8 bit EEPROM 
register located at the address 7FFh. It is com
posed by 4 MSBs Address Pointer, which defines 
the bottom boundary address, and 4 LSBs which 
must be programmed at '0'. This Address Pointer 
can therefore address a boundary by page of 16 
bytes. 

The block in which the Block Address Pointer de
fines the boundary of the write protected memory 
is defined by the logic level applied on the PB1 and 
PBO input pins: 

- PB1 ='O'and PBO ='0' select block 4 
- PB1 ='O'and PBO ='1' select block 5 

- PB1 ='1'and PBO ='0' select block 6 

- PB1 ='1'and PBO ='1' select block 7 

The following sequence should be used to set the 
Write Protection: 

- write the data to be protected into the top of 
the memory, up to, but not including, location 
7FFh; 

Figure 9. Write Modes Sequence (ST24/25C16} 

ACK 

ST24/25C16, ST24/25W16 

- select the block by hardwiring the signals PBO 
& PB1; 

- set the protection by writing the correct bottom 
boundary address in the Address Pointer (4 
MSBs of location 7FFh} with bit b2 (Protect 
Flag} set to '0'. 

Note that for a correct fonctionality of the memory, 
all the 4 LSBs of the Block Address Pointer must 
also be programmed at '0'. The area will be pro
tected when the PRE input is taken High. 

Remark: The Write Protection is active if and only 
if the PRE input pin is driven High and the bit 2 of 
location 7FFh is set to '0'. In all the other cases, the 
memory Block will not be protected. While the PRE 
input pin is read at '0' by the memory, the location 
7FFh can be used as a normal EEPROM byte. 

Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High}. lithe Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 7FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter 'roll-over' and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 

ACK ACK 

BYTE WRITE n I :o~y ~~~ I j ~~E :AP?~ 111 : ?~+:~~ : 1'. n 

MULTIBYTE 
AND 
PAGE WRITE 

I 

R/W 

ACK ACK ACK 

n I :o~y~~~ 11. 11 ~~:E:Ap?~ 111 :~A!~I:N:< 111 :~A!~I:N:~: 
~ 

~ 
R/W 

ACK ACK 

~:J 1 1 :o~f~~~:N: 11
• n 
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Figure 10. Write Modes Sequence with Write Control= 1 (ST24/25W16) 

we 

BYTE WRITE 

we 

NOACK 

I""T""r-r-r-nr-n I""T"T""T"T""T".,..,..,+,..,..,..,..,...,.., -r 
PAGE WRITE DATAIN2 

L...L..I...L.I...L.I...L.L..lj..L..L.I...L.I...L.I...L..I...L.J....I...L..L..L..L..J....L.J W...t....!-l-LJ -L 

RIW 

we (cont'd) 

NOACK NOACK 

PAGE WRITE 
(cont'd) ~:J 1 1 :DfT~'~:N: 1

1UJ 

Read Operation 
Read operations are independent of the state of the 
MODE signal. On delivery, the memory content is 
set at all "1 's" (or FFh). 
Current Address Read. The memory has an in
ternal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START conditio.!!, 
the master sends a memory address with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 
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Random Address Read. A dummy write is per
formed to load the address into the address counter 
(see Figure 11 ). This is followed by another START 
condition from the master and the byte address 
repeated with the RW bit set to '1'. The memory 
acknowledges this and outputs the byte ad
dressed. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out-



Figure 11. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

0 I :D~Y~~~ 111
1
1 :D~T~?~~ 1

1UJ 
f- - a. 
a: R/W 0 
~ ~ 

ACK ACK 

0 I :D~y~~~ I/1~~+~~!~1 1 C:~~ 
li: RNV 
~ 

ACK NOACK 

~:JII ~~T~~~f ~ llllJ 

ST24/25C16, ST24/25W16 

ACK NOACK 

~~:J 1 1 ~~+~~T ~ 11UJ 
a. 
8 en 

AI00794C 

Note: • The 7 Most Significant Ms of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 

put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25x16 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x16 terminate the 
data transfer and switches to a standby state. 
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ORDERING INFORMATION SCHEME 

Example: ST24C16 M 

I 
TR 

I Operating Voltage I I Range I Package Temperature Range Option 

24 4.5Vto5.5V c Standard B PSDIP8 1 0 to 70 oc TR Tape & Reel 

25 2.5V to 5.5V w Hardware 
0.25mm Frame 

6 -40to85°C 
Packing 

Write Control M 808 3 <'I -40 to 125 oc 150mil Width 

Note: 1. Temperature range on special request only. 

Devices are shipped from the factory with the memory content set at all "1 's" (FFh). 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - O.D19 -
A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

61 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -
E1 6.oo· 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB - 10.00 - 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

~ 
I '---' \ 

{' I ~:, A1 L 

B e1 c ... 
B1 eA 

D eB 

nnn 
N 

D E1 E 

1 
UL..JL..J PSDIP-a 

Drawmg is not to scale. 
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SOB- 8 lead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 1.35 1.75 0.053 0.069 

A1 0.10 0.25 0.004 0.010 

B 0.33 0.51 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.SO 5.00 0.1S9 0.197 

E 3.SO 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.SO 6.20 0.22S 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 0.016 0.035 

a oo so oo so 

N s s 

CP 0.10 0.004 

I 
i 
I 

I 
i 

E H 

SO-a 

Drawing is not to scale. 
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ST24E16 
ST25E16 

16 Kbit Serial 12C EEPROM with Extended Addressing 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• 1 MILLION ERASE/WRITE CYCLES, OVER 
the FULL SUPPLY VOLTAGE RANGE 

• 40 YEARS DATA RETENTION 
• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for ST24E16 version 
- 2.5V to 5.5V for ST25E16 version 

• WRITE CONTROL FEATURE 
• BYTE and PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH UP 
PERFORMANCES 

DESCRIPTION 

The ST24/25E16 are 16 Kbit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x8 bits. It is manufactured in 
STMicroelectronics's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of one million erase/write cycles over the full 
supply voltage range, and a data retention of over 
40 years. The ST25E16 operates with a power 
supply value as low as 2.5V. 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

February 1999 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 

EO-E2 

ST24E16 
SeL ST25E16 

we 

Vss 

SOB (M) 
150mil Width 

SDA 

AI01102B 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24E16 ST24E16 
ST25E16 ST25E16 rnovcc EO Vee 

E1 2 7 we E1 we 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI01103B AI01104C 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oe 

TsTG Storage Temperature -65 to 150 oe 

TLEAD Lead Temperature, Soldering (SOB) 40 sec 215 oc 
(PSDIPB) 10 sec 260 

Vro Input or Output Voltages -0.610 6.5 v 

Vee Supply Voltage -0.310 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 12) 4000 v 
Electrostatic Discharge Voltage (Machine model) 13) 500 v 

Notes: 1. Except for the ratrng "Operatrng Temperature Range", stresses above those lrsted rn the Table "Absolute Maxrmum Ratrngs" 
may cause permanent damage to the devtce These are stress rattngs only and ope rattan of the device at these or any other 
condtttons above those tndtcated tn the Operatmg sections of thts specification is not implied Exposure to Absolute Maxtmum 
Rating condrtrons for extended penods may affect devrce reliabrlity Refer also to the STMicroelectronrcs SURE Program and 
other relevant qual tty documents 

2. 100pF through 1500Q, MIL-STD-883C, 3015 7 
3 200pF through OQ; EIAJ IC-121 (condrtron C) 

DESCRIPTION (cont'd) 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 
Each memory is compatible with the 12C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E16 carry a built-in 4 bit, unique 
device identification code (1 01 0) corresponding to 
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the 12C bus definition. The ST24/25E16 behave as 
slave devices in the 12C protocol with all memory 
operations synchronized by the serial clock. Read 
and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 4 bits (identifi
cation code 101 0), 3 bit Chip Enable input to form 
a 7 bit Device Select, plus one read/write bit and 
terminated by an acknowledge bit. 



Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 is sent frrst 

Table 4. Operating Modes 

Mode RWbit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

1 
'1' 

Sequential Read '1' 1 to 2048 

Byte Write '0' 1 

Page Write '0' 16 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. 

Data transfers are terminated with a STOP condi
tion. In this way, up to 8 ST24/25E16 may be 
connected to the same 12C bus and selected indi
vidually, allowing a total addressing field of 128 
Kbit. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vee 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3) 

ST24E16, ST25E16 

Chip Enable RW 

b4 b3 b2 b1 bO 

0 E2 E1 EO RW 

Initial Sequence 

START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address, 
-

reSTART, Devrce Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 

START, Devrce Select, RW = '0' 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami
cally or tied to Vee or Vss to establish the device 
select code. Note that the VrL and VrH levels for the 
inputs are CMOS, not TTL compatible. 

Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control ~al is used to enable (WC at VrH) or 
disable (WC at VrL) the internal write protection. 
The devices with this Write Control feature no 
longer supports the mul_ill>yte mode of operation. 
When unconnected, the WC input is internally read 
as VrL (see Table 5). 

When WC = '1', Device Select and Address bytes 
are acknowledged; Data bytes are not acnowl
edged. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 
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Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus, fc = 400kHz 
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DEVICE OPERATION 

12C Bus Background 

50 75 
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The ST24/25E16 support the extended addressing 
12C protocol. This protocol defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The ST24/25E16 
are always slave devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E16 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25E16 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
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STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 
Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 
Data Input. During data input the ST24/25E16 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 
Device Selection. To start communication be
tween the bus master and the slave ST24/25E16, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device tYQe, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 
modes both for read and write. These are summa
rised in Table 4 and described hereafter. A commu
nication between the master and the slave is ended 
with a STOP condition. 
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Table 5. Input Parameters <1> (T A = 25 °C, f = 400 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

GiN input Capacitance (SDA) 8 pF 

GIN input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance ViNS0.3 Vee 5 20 kn 

ZwcH WC Input Impedance ViN2:0.7Vcc 500 kQ 

tLP 
Low-pass filter input time constant 

100 ns (SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = 0 to 70 o or --40 to 85 oc; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu 
Input Leakage Current 

OVSViNSVcc ±2 J.IA (SCL, SDA, EO-E2) 

ILO Output Leakage Current OV s VoUT s Vee ±2 J.IA SDAin Hi-Z 

Icc 
Supply Current (ST24 series) fe =400kHz 2 rnA 

Supply Current (ST25 series) 
(Rise/Fall time< 30ns) 

1 mA 

V1N = Vss or Vee, 100 J.IA 
lce1 

Supply Current (Standby) Vcc=5V 
(ST24 series) 

V1N = Vss or Vee, 
Vee= 5V, fc =400kHz 

300 J.IA 

V1N = Vss or Vee, 5 J.IA 
lee2 

Supply Current (Standby) Vcc=2.5V 
(ST25 series) 

V1N = Vss or Vee, 
Vee = 2.5V, fc =400kHz 50 J.IA 

VIL Input Low Voltage (SCL, SDA) -{).3 0.3Vcc v 

V1H Input High Voltage (SCL, SDA) 0.7Vcc Vee+ 1 v 
ViL Input Low Voltage (EQ-E2, WC) -Q.3 0.5 v 
V1H Input High Voltage (EO-E2, WC) Vee-0.5 Vee+ 1 v 

VoL 
Output Low Voltage (ST24 series) loL = 3mA, Vee = 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 v 
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Table 7. AC Characteristics 
(T A = 0 to 70 oc or -40 to 85 °C; Vee = 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 300 ns 

ICL1Cl2 IF Clock Fall Time 300 ns 

IDH1DH2 (1) IR SDA Rise Time 20 300 ns 

loL1DL1 (1) IF SDAFaiiTime 20 300 ns 

lcHDX (2) lsuSTA Clock High to Input Transition 600 ns 

lcHCL IH!GH Clock Pulse Width High 600 ns 

loLCL IHDSTA Input Low to Clock Low (START) 600 ns 

ICLOX IHDOAT Clock Low to Input Transition 0 f.IS 

lcLCH I LOW Clock Pulse Width Low 1.3 f.IS 

toxcx lsU.DAT Input Transition to Clock Transition 100 ns 

lcHDH lsu.STo Clock High to Input High (STOP) 600 ns 

loHDL lsuF Input High to Input Low (Bus Free) 1.3 f.IS 

lcLOV(S) IAA Clock Low to Next Data Out Valid 200 1000 ns 

lcLOX loH Data Out Hold Time 200 ns 

lc lscL Clock Frequency 400 kHz 

tw twA Write Time 10 ms 

Notes: 1. Sampled only. not100% tested. 
2. For a reSTART condition, or following a write cycle 
3. The minimum value delays the falling/rising edge of SDA away from SCL = 1 in order to avoid unwanted START and/or STOP 

conditions. 

Table 8. AC Measurement Conditions 

Input Rise and Fall Times s SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. 
0.3Vcc to 0.7Vcc Voltages 

Figure 4. AC Testing Input Output Waveforms 

O.BVcc~ o.7Vcc 

o 2Vcc o.svcc 

AIOOB25 
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DEVICE OPERATION (cont'd) 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig
nificant Byte addresses a block of 256 bytes, bits 
b10,b9,b8 of the Most Significant Byte select one 
block among 8 blocks (one block is 256 bytes). 

Most Significant Byte 

I X I X I X X X b10 b9 b8 

X =Don't Care. 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 
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Figure 5. AC Waveforms 
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Figure 6. 12C Bus Protocol 

SCL 
--------~ 

SDA \! I c-----~ ! I 
' ' 

i-START-i 
CONDITION 

!- SDA ~ SDA _.j i-STOP _.j 
INPUT CHANGE CONDITION 

SCL 

SDA 

:.---! 
START 

CONDITION 

r::\r:\r:\ 
_____ __} { \_} tl \_} ::J \__, 

-----~ ACK .......... ... 

SCL ---~-----

SDA 
~-----

~ 

Write Operations 

Following a START condition.J.he master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E16 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 8 blocks of 256 
bytes each. WritingJ!!. the ST24/25E16 may be 
inhibited if input pin we is taken high. 

For the ST24/25E16 versions, any write command 
with we = '1' (during a period of time from the 
START condition until! the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 
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,_j 
STOP 

CONDITION 

A100792 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E16. The master then terminates the 
transfer by generating a STOP condition. 
Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 16 bytes 
in the memory, that is the same Address bits (b1 O
b4). The master sends one up to 16 bytes of data, 
which are each acknowledged by the ST24/25E16. 
Alter each byte is transfered, the internal byte 
address counter (4 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 



could result in data being overwritten. Note that for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro
gram cycle. All inputs are disabled until the comple
tion of this cycle and the ST24/25E16 will not 
respond to any request. 
Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E16 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 

Figure 7. Write Cycle Polling using ACK 

First byte of instruction 
With RW = 0 already 
decoded by ST24xxx 

ST24E16, ST25E16 

The sequence is: 

- Initial condition: a Write is in progress (see Fig
ure 7). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 

- Step 2: if the ST24/25E16 are internally writ
ing, no ACK will be returned. The Master goes 
back to Step1. If the ST24/25E16 have termi
nated the internal writing, it will issue an ACK. 
The ST24/25E16 are ready to receive the sec
ond part of the instruction (the first byte of this 
instruction was already sent during Step1). 

YES 

Proceed 
WRITE Operation 

Proceed 
Random Address 
READ Operation 

AI010998 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

BYTE WRITE 

we 

NOACK 

~~~~ ~~~~ ,..,...~~~-r~-r~~~-r 

PAGE WRITE DATA IN 2 
LL~~~4L~~~~LL~~~~~~~~ ~WWWW-~ 

we (cont'd) 

PAGE WRITE 
(cont'd) 

Read Operations 

ANI 

NOACK NOACK 

~:J 1 J :o~T~~~:N: J
10 

On delivery, the memory content is set at all "1's" 
(or FFh). 

Current Address Read. The ST24/25E16 have 
an internal 11 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to '1 '.The ST24/25E16 acknowledge 
this and outputs the byte addressed by the internal 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 
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Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1'. The 
ST24/25E16 acknowledge this and outputs the 
byte addressed. The master does NOT acknow
ledge the byte output, but terminates the transfer 
with a STOP condition. 
Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E16 continue to output the next byte in 
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Figure 9. Write Modes Sequence with Write Control = 1 

we 

AeK AeK AeK AeK 

BYTE WRITE II :o~y~~~ 11. 11 ~~T:E:A~~~ 1
1
1 ~~T~:A~~~ 111: ~~+:~~: 110 

r Q 

~ ~ ~ 
r oo 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cant' d) 

00 

AeK AeK 

::JII :o~!~~~:N: 110 
Q 

~ 
00 

sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 

AI011068 

counter will 'roll-over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the ST24/25E16 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E16 terminate 
the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

II :D~Y~~~ 1,111 :D~H~~~ 110 
!i: RiW l5 
~ til 

ACK ACK ACK NOACK 

II :D~y~~~ 1,1 1 1~~+:o~i~ 1 1 C:~~ ~~:J 1 1~~T~~~i~l 1 0 
!i: R~ l5 
~ til 

ACK 

I"T"1""T"T"T""T'"T""1 ,..,,..,.,..,.,-T"T"l M"T,.,..,--r-r"r-1 ,..,,..,.,..,.,T"T"l, : ,-. 
' LL~~~~~~~~~~~~~~~~~~ LLLL~~~J.-L-

R/W R/W 

ACK NOACK 

~:J 1 1~+~~~i~l 1 0 

AI01105C 

Note: • The 7 Most Sign1f1cant bHs of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 

12115 
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ORDERING INFORMATION SCHEME 

Example: ST24E16 M TR 

Operating Voltage Range Package Temperature Range Option 

24 4.5V to 5.5V E Extended B PSDIP8 1 0 to 70 oc TR Tape & Reel 

25 2.5V to 5.5V 
Addressing 0.25mm Frame 

6 -40 to 85 oc Packing 

M SOB 3 Ill -40 to 125 'C 150mil Width 

Note: 1 .. Temperature range on special request only 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information on any aspect 
of this device, please contact the STMicroelectronics Sales Office nearest to you. 
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PSDIPS- 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

81 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9 20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -

eA 7.80 - 0.307 -

eB - 10.00 - 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

~~ ~ 
. . :, I ;, 

A1 _J L 
.. .. .. .. 

B -e1 

f. :; c~ B1 
D 

rr...n n 
N 

E1 1 E D 
1 ~ -u·--c:r u PSDIP-a 

Draw1ng IS not to scale 
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SOB- 81ead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.go 

E 3.go 

e 1.27 -

H 5.go 

h 0.25 

L 0.40 

a oo 

N g 

CP 

E H 

SO-a 

Draw1ng is not to scale 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

go 

0.10 

i 
i 

I 

Typ 

0.050 

I 
i 

i 
i 

inches 

Min Max 

0.053 0.069 

0.004 0.010 

0.013 0.020 

0.007 0.010 

0.1g9 0.197 

0.150 0.157 

- -
0.22g 0.244 

0.010 0.020 

0.016 0.035 

oo go 

g 

0.004 
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M2201 

2-Wires 1 Kbit (x8) Serial EEPROM 

• TWO WIRE SERIAL INTERFACE 
• 100.000 ERASE/WRITE CYCLES with 

100 YEARS DATA RETENTION at ssoc 
• SINGLE SUPPLY VOLTAGE: 

- 4.5V to 5.5V for M2201 version 
- 2.7V to 5.5V for M2201V version 

• HARDWARE WRITE CONTROL 
• 100 KBITTRANSFER RATE 
• BYTEWRITE 
• PAGE WRITE (up to 4 BYTES) 
• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

DESCRIPTION 
The M2201 is a simplified 2-wire bus 1 Kbit electri
cally erasable programmable memory (EEPROM), 
organized as 128 x8 bits. It is manufactured in 
STMicroelectronics's Hi-Endurance Advanced 
CMOS technology which guarantees a data reten
tion of 100 years at 55°C. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

The memory is compatible with a two wire serial 
interface which uses a bi-directional data bus and 
serial clock. Read and write operations are initi
ated by a START condition generated by the bus 
master and ended by a STOP condition. 

Address bits and RW bit are defined in one single 
b/r!e, instead of two (or three) bytes for the standard 
I C protocol. 

Table 1. Signal Names 

SDA Serial Data Input/Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

October 1998 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 

SCL-

we--e 
M2201 

I 
Vss 

8 ·~ 

SOB (M) 
150mi!Width 

1-SDA 

A101321 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

M2201 M2201 NCO Vee 
NC Vee 

NC 2 7 we NC we 

NC 3 6 SCL NC SCL 

Vss 4 5 SDA Vss SDA 

A101322 AI01323 

Warning: NC = Not Connected. Warning: NC = Not Connected. 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 85 oc 
TsTG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (S08 package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

Vo Output Voltage -0.6 to 6.5 v 
VI Input Voltage -0.6 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
ElectrostatiC Discharge Voltage (Human Body model) (2) 4000 v 
ElectrostatiC Discharge Voltage (Machine model) (3) 500 v 

Notes: 1 Except for the rat1ng "Operat1ng Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat1ngs" 
may cause permanent damage to the dev1ce These are stress rat1ngs only and operation of the dev1ce at these or any other 
cond111ons above those 1nd1cated 1n the Operating sections of th1s spec1f1cat10n is not 1m plied Exposure to Absolute Max1mum 
Ratmg cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the STM1croelectronics SURE Program and other 
relevant quality documents 

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q) 
3. EIAJ IC-121 (Cond1t1on C) (200pF, 0 Q) 

DESCRIPTION (cont'd) 

When writing data to the memory, it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 
Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
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write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 



SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Write Control (WC). An hardware Write Control 
feature (WC) is offered on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/wri~cle. The Write Control 
signal is used to enable (WC = ViH) or disable (WC 
= ViL) the internal write protection. When uncon
nected, the we input is internally read as V1L (WC 
is disabled). 

DEVICE OPERATION 

The device that controls the data transfer is known 
as the master. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The M2201 is always a slave device 
in all communications. 

M2201 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the M2201 continu
ously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 
Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the M2201 and the 
bus master. A STOP condition at the end of a Read 
command forces the standby state. A STOP condi
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 
Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 
Data Input. During data input the M2201 sample 
the SDA bus signal on the rising edge of the clock 
SCL. Note that for correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 

Figure 3. Maximum RL Value versus Bus Capacitance (Csus) 

20 

Vee 

\ ------16 

\ l' t ,, \ 
~ 

12 

1\ SDA 
)( ~ -~~~~-"' \ E MASTER SCL ...1 -T a: 8 

"' y Csus .......... 
I'-.. 4 

Vee= sv r-. -
0 

100 200 300 400 

Csus (pF) AI01100 

3/13 

625 



M2201 

Table 3. Input Parameters (T A = 25 oc, f = 100 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance (SDA) 8 pF 

c,N Input Capacitance (other pins) 6 pF 

ZwcL (l) WC Input Impedance V1N $0.3 Vee 5 20 kQ 

ZwcH<11 WC Input Impedance V1N <: 0.7 Vee 500 kQ 

tLP(l) Low-pass filter input time constant 
100 ns (SDA and SCL) 

Note: 1. The resutts come from s1mulat1on, actual results may vary. These figures are not guaranteed. 

Table 4. DC Characteristics 
(T A = 0 to 70 oc or -40 to 85 oc; Vee = 4.5V to 5.5V or 2. 7V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu 
Input Leakage Current 

OVSViNSVcc ±2 llA (SCL, SDA) 

ILO Output Leakage Current OVSVouTSVcc ±2 llA SDAin Hi·Z 

Supply Current (M2201) Vee= 5V; fc =100kHz 2 rnA 
Icc (Rise/Fall time< 30ns) 

Supply Current (M2201 V) Vee= 2.7V; fc =100kHz 1 rnA 

V1N = Vss or Vee. 100 llA 
Supply Current (Standby) Vec=5V 

lec1 (M2201) 
v,N = Vss or Vee, 300 llA Vee= 5V, fc = 1OOkHz 

V1N = Vss or Vee, 5 llA 
Supply Curreht (Standby) Vec=2.7V 

lce2 (M2201V) 
V1N = Vss or Vee, 

Vee= 2.7V; fe =100kHz 50 llA 

v,L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

v,L Input Low Voltage (WC) -0.3 0.5 v 

v,H Input High Voltage (WC) Vee-0.5 Vee+ 1 v 

VoL 
Output Low Voltage (M2201) loL = 3mA, Vee = 5V 0.4 v 

Output Low Voltage (M2201V) loL = 2mA, Vee= 2.7V 0.4 v 
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Table 5. AC Characteristics 
(TA = 0 to 70 ac or -40 to 85 ac; Vee = 4.5V to 5.5V or 2. 7V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise lime 1 J.IS 

ICL1Cl2 IF Clock Fall lime 300 ns 

IDH1DH2 lA Input Rise lime 1 J.IS 

loL1DL1 IF Input Fall lime 300 ns 

lcHDX(1) tsu.STA Clock High to Input Transition 4.7 J.IS 

ICHCL IHtGH Clock Pulse Width High 4 J.IS 

loLCL IHDSTA Input Low to Clock Low (START) 4 J.IS 

lcLDX IHDDAT Clock Low to Input Transition 0 J.IS 

feLCH !LOw Clock Pulse Width Low 4.7 J.IS 

toxcx lsU·DAT Input Transition to Clock Transition 250 ns 

lcHDH tsusro Clock High to Input High (STOP) 4.7 J.IS 

foHDL !auF Input High to Input Low (Bus Free) 4.7 J.IS 

lcLQV(2) fAA Clock Low to Next Data Out Valid 0.3 3.5 J.IS 

lcLOX loH Data Out Hold lime 300 ns 

fc fscL Clock Frequency 100 kHz 

tw twR Wr~elime 10 ms 

Notes: 1. For a reSTART condttton. or followtng a wnte cycle. 
2. The minimum value delays the falling/ristng edge of SDA away from SeL = 1 in order to avoid unwanted START and/or STOP 

condibons. 

Table 6. AC Measurement Conditions 

Input Rise and Fall limes s sons 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output liming Ref. 0.3Vcc to 0.7Vcc Voltages 

Figure 4. AC Testing Input Output Waveforms 

o.svcc 

o.2Vce 

o.7Vce 

o.avcc 

AI00825 

Memory Addressing. To start communication be
tween the bus master and the slave M2201 , the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the 7th bit byte-ad
dress and a READ or WRITE bit. This 8th bit is set 
to '1' for read and '0' for write operations. If a match 
is found, the corresponding memory will acknow
ledge the identification on the SDA bus during the 
9th bit time. 
Write Operations 
Following a START condition the master sends the 
byte address with the RW bit reset to '0'. The 
memory acknowledges this and waits for a data 
byte. Any write command with we = 1 (during a 
period of time from the START condition until the 
end of the Byte Address) will not modify data and 
will NOT be acknowledged on data bytes, as in 
Figure 8. 
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Figure 5. AC Waveforms 
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Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 
Page Write. The Page Write mode allows up to 4 
bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 5 most significant memory 
address bits (A6-A2) are the same. The master 
sends from one up to four bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(2 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad-

Figure 6. 12C Bus Protocol 

SCL 

M2201 

dress counter 'roll-over' which could result in data 
being overwritten. 
II must be noticed that, for any write mode, the 
generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 
Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the sy~tem may be re-

--------~ 

I c-----~ ! I SDA \! 

SCL 

SDA 

i+- START-+! 
CONDITION 

~ 
START 

CONDITION 

i-SDA--.!+ SDA _.j !+-STOP _.j 
INPUT CHANGE CONDITION 

~----~-· 

-----~--

SCL ---~-----

SDA ~::::: 
~ 
STOP 

CONDITION 
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DEVICE OPERATION (cont'd) 

duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 
- Initial condition: a Write is in progress (see Fig

ure 7). 
- Step 1: the Master issues a START condition 

followed by a Device Select byte (1st byte of 
the new instruction). 

Figure 7. Write Cycle Polling using ACK 

8/13 
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- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory 
has terminated the internal write cycle, it will 
respond with an ACK, indicating that the mem
ory is ready to receive the second part of the 
next instruction (the first byte of this instruc
tion was already sent during Step 1 ). 

YES 
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Read Operation 

Byte Read. The master sends a START condition 
followed by seven bits of address and the RW bit 
(set to '1 ').The M2201 acknowledges it and outputs 
the corresponding data byte. The read operation 
is terminated by a STOP condition issued by the 
master (instead of the ACK bit). 

Sequential Read. The master sends a START 
condition followed by seven bits of address and the 
RW bit (set to '1 ').The M2201 acknowledges it and 
outputs the corresponding data byte. The master 
does acknowledge this byte and reads the next 
data byte (at address+ 1). The read operation is 

M2201 

terminated by a STOP condition issued by the 
master (instead of the ACK bit). The output data is 
from consecutive byte addresses, with the internal 
byte address counter automatically incremented 
after each byte output. After a count of the last 
memory address, the address counter will 'roll
over to address '00' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the M2201 waits for an acknowledge during the 9th 
bit time. If the master does not pull the SDA line low 
during this time, the M2201 terminates the data 
transfer and switches to a standby state. 

Figure 8. Write Modes Sequences with Write Control= 1 (M2201 and M2201V) 

we 

ACK NOACK 

n ~~~~~~o~l~,~': ?~+:~~: IIUJ 
1- - a. 
~ RNJ=O ~ 
1- w w 

BYTE WRITE 

we 

PAGE WRITE 
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Figure 9. Write Modes Sequences (M2201 and M2201V) 

ACK ACK ACK 

BYTE WRITE II :o~y~~~ 11.11 ~~:E:A??~ 111: ?~+:~~: 11D 
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~ ~ 
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Figure 10. Read Modes Sequences 

ACK NOACK 
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ORDERING INFORMATION SCHEME 

Example: M2201 v 

Operating Voltage 

blank 4.5V to 5.5V 8 

V 2.7V to 5.5V 
M 808 

150mil Width 

M TR 

-40to85 oc 

Option 

TR Tape & Reel 
Packing 

Devices are shipped from the factory with the memory content set at all "1's" (FFh). 

M2201 

For a list of available options (Operating Voltage, Package, etc ... ) or for further information please contact 
the STMicroelectronics Sales Office nearest to you. 
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PSDIPB - 8 pin Plastic Skinny DIP, 0.25mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.90 5.90 0.154 0.232 

A1 0.49 - 0.019 -

A2 3.30 5.30 0.130 0.209 

B 0.36 0.56 0.014 0.022 

B1 1.15 1.65 0.045 0.065 

c 0.20 0.36 0.008 0.014 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264 

e1 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394 

L 3.00 3.80 0.118 0.150 

N 8 8 

~ 
I 

....__. 
\ 

/' r \\ A1 L 

B e1 c ... 
B1 eA 

D eB 

_n_n n 
N 

D 
II 

E1 E 

(I 
1 
UL.JL.J PSDIP-a 

Drawmg 1s not to scale. 
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SOB- Blead Plastic Small Outline, 150 mils body width 

Symb 
mm 

Typ Min 

A 1.35 

A1 0.10 

B 0.33 

c 0.19 

D 4.80 

E 3.80 

e 1.27 -

H 5.80 

h 0.25 

L 0.40 

a oo 

N 8 

CP 

E H 

SO-a 

Drawing is not to scale. 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

80 

0.10 

i 
i 
I 

Typ 

0.050 

I 
i 
! 
I 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.189 

0.150 

-

0.228 

0.010 

0.016 

oo 

8 

M2201 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-

0.244 

0.020 

0.035 

80 

0.004 
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AN626 
APPLICATION NOTE 

EEPROM Product Numbering 

The product numbering strategy, on ST EEPROM parts, has been rationalized. Previously, the numbering 
strategy had had to cater many different ranges of products, when the separate groups were united to form 
the company. The new numbering strategy is being adopted on all forthcoming products, ranges and fam
ilies, and will remain constant for the foreseeable future. 

The new product numbering scheme is being introduced gradually, with no immediate effect on existing 
orders. Product numbers are being changed only when a device upgrade is made (such as a die shrink) 
or when a new product is introduced. (All major product changes are announced with a Product Change 
Notice.) 

The new product numbers consist of a 14 digit ordering code (e.g. M28256-12WKA6T), grouped into eight 
fields (A to H) as shown in Table 1. 

Table 1. 

Digit Field Use 

1st A Product line ("M" = memory) 

2nd 8 Product family 
-

3rd 

4th c Memory capacity 
-

5th 
-

6th 

7th - Dash, to separate the product number identifiers from the product option designators 

8th D Operating speed or product options 
-

9th 

10th E Vee range 

11th F Package type 
r--

12th 

13th G Temperature range 

14th H Tape and reel packaging 

An additional solidus, "f', and two digits are used by ST to aid traceability, and might appear on some doc
uments. These can be ignored as far as the product type and specification are concerned. 
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The "ST' at the start of the product number, to indicate SGS-THOMSON Microelectronics, IS now being phased out. 

Table 2. Field A, 1st character, Product line 

I Memory 

Table 3. Field B, 2nd and 3rd characters, Product family 

93 Non-Volatile MICROWIRE® 
Memory 

24 12c 1M (including XI2C) 

25 SPI ~1Mb 

95 SPI< 1Mb 

28 Parallel 

33 Application Specific MICROWIRE 
Memory 

34 12c 

35 SPI 

37 EPROM 

38 Parallel EEPROM or Dual Voltage Flash 

39 Flash+ 

Table 4. Field C, 4th, 5th and 6th characters, Memory capacity 

C01 e.g. M24C01 1 Kb 12C serial EEPROM 

C64 e.g. M24C64 64 Kb bit 12C serial EEPROM 

128 e.g. M24128 128 Kb bit 12C serial EEPROM 

etc. 

010 e.g. Mg5010 1 Kb SPI serial EEPROM 

640 e.g. M95640 64 Kb SPI serial EEPROM 

128 e.g. M95128 128 Kb SPI serial EEPROM 

etc. 
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The "-"character is used to separate the product identifiers from the product options. 

Table 5. Field D, 8th and 9th characters (optional), Operating speed (or product options) 

30 Parallel Interface 300 ns 
Products 

25 250 ns 

20 200 ns 

18 180 ns 

15 150 ns 

12 120 ns 

10 100 ns 

90 90 ns 

etc. That is, for speeds less than 100 ns, the actual value is used 

XX Serial and Maximum of two characters describing specific product options 
Application Specific 
Memories 

Table 6. Field E, 10th character, Vee range 

"blank" Serial devices 4.5 Vto 5.5 V 

v 3.0 Vto 5.5 V 

w 2.5 Vto 5.5 V 

R 1.8 Vto 3.6 V 

"blank" Parallel devices 4.5 Vto 5.5 V 

w 2.7 Vto 3.6 V 
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Table 7. Field F, 11th and 12th characters, Package (two letters used in every case) 

BN PSDIPB standard 

BG PDIP24 standard 

BS PDIP2B standard 

KA PLCC32 standard 

NS TSOP2B standard 

NC TSOP40 standard 

ow TSSOPB 

DL TSSOP14 

MN SOB narrow 0.150 mils 

MW SOB wide 0.200 mils 

ML S014 

MJ S014wide 

MS S02B 

MG S024 

Table 8. Field G, 13th character, Temperature range 

1 0 octo 70 oc 

3 -40 octo + 125 oc, with a certified reliability flow tailored for the automotive industry 

5 -20 oc to +B5 oc 

6 -40 oc to +B5 oc 

Table 9. Field H, 14th character, Tape and Reel packaging 

"blank" Discrete packaging 

T Tape and Reel packaging 

For complete details of the correct product number, and ordering codes, for a specific product, please con
tact your nearest ST sales office or distributor, or the technical support centre at the electronic mail ad
dress given on the next page. 
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APPLICATION NOTE 

Timing Specifications for Memory Products 

STMicroelectronics has, for many years, committed itself to the JEDEC naming convention for the timing 
parameters of its memory products. Historically, timing parameter names had tended towards describing 
the function that was being performed during the time interval, for example: 

- IAH to represent the Address Hold time 

- loH to represent the Data Hold time 

- lAce to represent the Access time 

However, these names are ambiguous. They do not specify which signals are used to indicate the start 
and end events, and they do not specify which transitions are involved. For example, lAce does not spec
ify, whether this is the time from addresses becoming valid, or from the Chip Enable becoming enabled, 
or from the Chip Enable ceasing to be disabled. 

Under the JEDEC system, liming parameter names are composed from the names of the signals involved, 
and their corresponding logic transitions. They take the general form, 11234, where 1 and 3 specify two 
signal names, and 2 and 4 specify the logic transitions. Each timing period consists of a start event, as 
specified by a given logic transition-2 on signal-1, and an end event, as specified by a given logic transi
tion-4 on signal-3. 

To help in keeping the names of the timing periods consistent between designers, there are conventions 
on how the signal names, 1 and 3, should be chosen, and on how the transition names, 2 and 4, should 
be specified. The core of the signal naming system is as follows: 

- Q to represent a Data Output 

- D to represent a Data Input 

- A to represent an Address Line 

- E to represent a Chip Enable Input 

- G to represent a, Output Enable Input 

- W to represent a Write Enable Input 

These are shown in use for the example memory device in Figure 1. 
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Figure 1. Signal Names on an Example Memory Device 

Vee Vpp 

15 8 

AO-A14 DQO-DQ7 

w 

E 

G 

Vss 
A1007088 

The naming convention for the transitions is as follows: 

- H indicates the earliest moment at which the signal can be considered to be driven in the high logic 
state (for example, as a result of a low-to-high transition). 

- L indicates the earliest moment at which the signal can be considered to be driven in the low logic state 
(for example, as a result of a high-to-low transition). 

V indicates the earliest moment at which the signal can be considered to be driven in a valid logic state, 
either high or low (for example, as a result of coming out of a high-to-low, or low-to-high transition, 
passing through the invalid state in between). 

- X indicates the earliest moment at which the signal can be considered to be driven in the invalid logic 
state (between V1L and V1H in Figure 2), neither high nor low (for example, as a result of going into a 
high-to-low, or low-to-high transition, passing through the invalid state in between). 

- Z indicates earliest moment at which the signal can be considered to be undriven, and left floating in 
its high impedance state. 

Figure 2. Logic State Transitions on Example Input and Output Waveforms 

AI00830B 
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EXAMPLES 

The parameter tAvov specifies a time interval: starting from the instant when the address lines are below 
V1L (for signals at, or going to a logic Low level) or above V1H (for those at, or going to a High logic level); 
and ending at the instant when the data output signals are all below V1L or above VIH· 

The parameter tEHOz specifies a time interval: starting from the instant when the Chip Enable input goes 
above V1H; and ending at the instant when the data output is no longer driven. 

The parameter tAxox specifies a time interval: starting from the instant when any single address line goes 
outside its stable, valid level; and ending at the instant when any data output line transition passes these 
levels, and is consequently no longer valid. 

Some further examples are shown in the first column of Table 1. The second column indicates the old style 
of name for the same parameter. As can be seen in some of the names, the inversion bar is always omitted 

from signals that use negative logic. For example, E from Figure 1 appears as E in tELOX in Table 1. 

Table 1. Timing Characteristics Example 

Symbol Alt. Parameter 

tAVAV tRC Read Cycle Time 

tAVQV !ACC Address Valid to Output Valid 

tELQX tLZ Chip Enable Low to Output Transition 

tELQV ICE Chip Enable Low to Output Valid 

IGLQX tOLZ Output Enable Low to Output Transition 

tGLQV tOE Output Enable Low to Output Valid 

IEHQZ Chip Enable High to Output Hi·Z 

tGHQZ !OF Output Enable High to Output Hi·Z 

!AXQX IOH Address Transition to Output Transition 

Notes: 1. These are taken from the FLASH Memory data sheets. 

MEASUREMENT CONDITIONS 
There are a few other parameters that need to be included in the data sheets, to make the specification 
complete. Firstly, the limits on the output levels, as used in Figure 2, need specifying: 

VoH ~ 0.8 Vee 

VoL:::; 0.2 Vee 

Next, the thresholds recognized by the input buffers, again as used in Figure 2, need specifying: 

VIH ~ 0.7Vee 

VIL :::;0.3 Vee 

Finally, the reference voltages for the timing measurements need specifying. Let us call them VRH and 
V RL• here, but note that, because these are not physical parameters of the hardware, they are not gener
ally given explicit names in the data sheet. However, they do appear in the "AC Measurement Conditions" 
table, and in the accompanying "AC Testing Input Output Waveforms" diagram. Generally, they set at 
v1H(min) and V1L(max), respectively. That is, the measurement equipment is set to recognize the logic 
thresholds at the same voltages as are recognized by the input buffers of the chip. 

VRH = 0.7 Vee 

VRL = 0.3 Vee 
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Notice, though, that this is by definition, and is not itself a measured parameter (hence the "equal" sign, 
rather than the "less than or equals" or "greater than or equals" sign for the bounded value. 

Although, in theory, no timings depend on the rise and fall times of signals, some products may have char
acteristics which vary with the slew rate of the input. For an ST EPROM device, the data sheet might state 
"Input rise and fall times are 20 ns (max)". 

As a further point of definition, the data sheets might state that "a signal is defined as Hi-Z (high imped
ance) when it is not driving or being driven". 

TIMING DIAGRAMS 
The JEDEC convention leads to clearer, less ambiguous timing specifications. Also, it allows a substantial 
simplification to be made to timing diagrams, and hence to an increase in their clarity. Since the voltage 
reference levels (VRH and VRLl are specified explicitly in the data sheet, as described in the section above, 
these levels do not need to be spelled out precisely each time on the timing diagram. Instead, it is sufficient 
to depict, diagrammatically, the timing events starting and ending at the midpoints of logic transitions, and 
to let the name of the parameter indicate which of the reference levels are involved. 

For example, the data sheet might specify the measurement conditions, with V cc=5 V, as follows: 

- Input Voltage levels are VoL =1 V and VoH=4 V 

- Input and Output timing reference levels are 1.5 V and 3.5 V 

- Output Hi-Z is the point where the signal is no longer driving 

The parameters in the timing diagram (Figure 3) would then be interpreted as follows: 

- IAvAv is measured from the point where all address lines are either above 3.5 V or below 1.5 V, to the 
point of similar conditions at the end of the cycle. 

- teLov is measured from E being below 1.5 V, to the point when all data lines are either above 3.5 V or 
below 1.5 V. 

- teHOZ is measured from E being above 3.5 V, to the point when the data outputs are no longer driving 
the signal lines. 

Note that, in Figure 3, the leLov timing, for example, is shown diagrammatically not from a "low" point on 
theE falling edge, but from the center, and is shown not to a "high/low" point on the Data Output but again 
to the center. 

Figure 3. Timing Diagram (an Example) 

AO-A14 =t~~--:::~~::::::=====--:-AA_V~-~:-_-_ -_:-_-_-_-_-:::~~-:+11...._ _____ _ 

DQQ-007 

~ """ ~ ( <HOZ ~ 
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APPLICATION NOTE 

Choice of Serial EEPROMs Requires 
Understanding of Bus Differences 

Serial access memory devices offer many advantages over their parallel access counterparts. The list on 
the next page assumes the use of 1 O-bit addressing, as depicted in Figure 1. The differential becomes 
even greater as the address space is increased. 

Figure 1. Serial Access versus Parallel Access 

Address A9 

AddressA8 _~""-.. 

Address A7 

AddressA6 _ 

AddressAS _ 

AddressA4 _ 

Address A3 __ 

AddressA2. _ 

AddressA1 _ 

Address AO 

Data 07 

Data 06 

Data OS 

Data 04 

Data03--< 
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The advantages of serial access to the EEPROM, or other slave devices, over parallel access, can be list
ed as follows: 

• Fewer interconnect lines and PCB tracks: 

- A factor of 1/18th compared to the PCB area that is taken up by the ten address and eight data lines 

• Fewer line buffers: 

- A factor of 1/18th comparing the PCB area that is taken up by address and data buffers 

- A factor of between 1/8th and 1/18th of the cost of address and data buffers (remembering that the 
address buffers of the parallel memory can be simple unidirectional devices) 

• Fewer control lines: 

- A factor of 1/3rd, say, of the PCB area taken up by the control line pins of the chip 

• Fewer interconnect pins: 

- A factor of 1/Sth, say, of the PCB area taken up by the pins of the chip, and hence its footprint 

• Fewer on-chip buffers: A factor of between 1/8th and 1/18th of the silicon area taken up by pads and 
1/0 buffers for the address and data lines: 

- Therefore, serial access memory devices have more silicon area available for increasing the mem
ory capacity, appearing on the market earlier than parallel access memory devices using compara
ble technology. 

The greatest disadvantage of serial access memory, of course, is access time. 

• Lower data rate, due to the serial multiplexing of the single data line: 

- A factor of between 1/8th and 1/10th (depending on the number of stop and acknowledge bits) of 
the data transfer rate, during the data transfer cycles. 

- An even worse factor for the address transfer rate, partly because of the 1 O-bit address width, and 
partly because of the prefix instruction required to put the memory in its address-mode. 

For many applications, though, the access times of parallel access memory devices represent "overkill"
being unnecessarily fast for the requirements of the application. EEPROM is not used like RAM, and is 
used, in many applications, mainly for system parameter tables. These do not require very high speed ac
cess to the data for reading or writing, so serial bus speeds of 100 kHz to 1 MHz are more than adequate. 

COMPARISON OF THE FOUR MAJOR SERIAL ACCESS STANDARDS 

Having decided that serial access EEPROM is an appropriate choice for the application, the next design 
problem faced by the engineer is one of choosing the most appropriate serial bus standard. There are four 
main ones to choose from, each one available in STMicroelectronics memory products, and each offering 
differing capabilities in terms of bus size, bus protocol, noise immunity and access time. 

• 12c bus 

• XI2C bus 

• SPI bus 

• MICROWIRE bus 

This document discusses these four standards, and the design trade-offs with which the application de
signer is faced when choosing between them. 
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12C AND XI2C BUSES 

Perhaps the most popular of the four standards is the 12C bus, designed by Philips. It was initially aimed 
at consumer applications market. A wide spectrum of devices is available today, not only memory devices. 

The 12C standard specifies a two-wire bus, as shown in Figure 2. Its sophisticated protocol allows systems 
to support many devices on the bus, with the capability even of allowing multiple masters, as well as mul
tiple slaves. 

The originaii2C standard only allowed an address space of up to 16 Kbit of memory, but the subsequent 
XI 2C (extended 12C) bus standard, has extended this to 4 Mbit. The bus speed is limited to 100kHz for 
12C and 400 kHz for X1 2C. The noise immunity in both cases is good. 

Figure 2. 12C and XI2C Bus Block Diagram 

Vee 

Data 0 
Clock 

r2c!XI2c 
EEPROM 

Wnte Protect 

AI024n 

Bus transfers start when the clock line is high on the falling edge of the data, as shown in Figure 3. Trans
fers are always 8 bits, followed by a ninth - an acknowledge bit from the bus receiver. Data is transferred 
when the clock signal is high. The data line is wired "or'' with an external pull-up resistor to V cc· 
Figure 3. 12C and XI2C Bus Timing 

Data Transfer when Clock High 

Clock 

Data 8 bits 

Start Acknowledge 
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SPI BUS 

The SPI standard was first proposed by Motorola, for its microcomputers, but is now offered by ST and 
other companies, integrated as a peripheral into their MCUs, and is rapidly gaining support. 

Memories using this bus have four signal wires (data input, data output, clock and chip select), as shown 
in Figure 4. Each device on the bus must have its own, separate, chip select line. This means there is no 
limit to the number of slaves on one SPI bus, but each increase demands another MCU 1/0 line. The max
imum bus speed is 5 MHz, and the noise immunity is very good. 

Figure 4. SPI Bus Block Diagram 

Data Out 

Data In 

Clock 

SPI 
EEPROM 

Wnte Protect Chip Select 

AI02475 

Bus transfers start after the chip select goes low, as shown in Figure 5. Transfers are always 8 bit, and 
each bit is detected on the rising edge of the clock. A write protect input is provided. 

Figure 5. SPI Bus Timing 

Chip Select 

Clock { \ { 
Data X bit7 X bJt6 X 

A102472 
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MICROWIRETM 

The MICROWIRE bus is based on the system that was developed for the MCU products of National Sem
iconductor. However, market support for this bus no longer appears to be growing. Like the SPI bus, it 
uses four wires and requires a chip select for each device on the bus, as shown in Figure 6. The maximum 
bus speed is quite high, at 1 MHz. 

Figure 6. MICROWIRE Bus Block Diagram 

Data Out 

Data In 

Clock 

MICROWIRE 
EEPROM 

Write Protect 
(""S" senes only) 

Ch1p Select 

AI02476 

Bus transfers start after chip select goes high. Each data bit is detected on the rising edge of the clock, as 
shown in Figure 7. A Write Enable input is provided on the "S" series devices. 

Figure 7. MICROWIRE Bus Timing 

Chip Select 

Clock -{ 
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THE BUS CHOICES 

The choice of appropriate bus standard revolves round the following four major concerns: 

• The number of interface pins on the MCU: 

- Here the 12C or XI2C buses are clear winners, since they need only two lines. 

• The system communication protocol: 

- For simple read or writes to the memory by an MCU, any of the bus types offers the same potential, 
but in a system where many different types of circuit are connected to the bus, or where a complex 
system of multi-masters/multi-slaves is used, only the 12C or XI2C can provide the necessary re
sources. 

• Speed: 

- This is not a primary concern in many EEPROM applications, but where it is important, the SPI and 
MICROWIRE buses are favoured. 

a Noise immunity, data security and protection from data corruption: 

- These concerns are not completely determined by the choice of bus standard. Large differences 
exist between different manufacturers, and even between the different products from one manufac
turer. However, this issue is discussed further on the next page. 

DATA TRANSFER SPEED AND WRITE COMPLETION POLLING 

The read data transfer speed of the serial buses varies from: 

• one byte every 1.6 JlS for the SPI with a 5 MHz clock 

• one byte every 8 JlS for the MICROWIRE with a 1 MHz clock 

a one byte every 22.5 JlS for the XI2C with a 400 kHz clock. 

a one byte every 90 JlS for the 12C with a 100 kHz clock. 

All four standards support a burst mode, or sequential read mode, in which a contiguous block of any size 
can be read, one byte after another. 12C and XI2C types also support page write operations, allowing be
tween 8 and 32 consecutive bytes to be written in 5 to 10 ms. The SPI standard is similar, but only the 
newer "CS" series of MICROWIRE devices offer a page write of 4 words (4x16 bits). 

The ST specification, for all families of serial EEPROM, states a maximum write time of 10 ms. However, 
the actual value, which is managed automatically and internally, is typically much faster than this. To take 
advantage of the faster typical write time in systems, designers use memory polling to detect when the 
write sequence has finished. 

The 12C and X1 2C bus devices offer a very efficient polling system by detecting a memory acknowledge 
signal (a single bit that is sent by the EEPROM, or other bus receiver, in the ninth bit time after the memory 
is addressed or data is exchanged). Thus to poll the 12C devices, it is sufficient to send a single one byte 
address to the memory and to check the acknowledge bit that is sent response. 

For the SPI bus, the polling technique requires that an internal status register be read to check a write-in
progress bit. This requires a read sequence of only two bytes' length. 

The MICROWIRE devices can be polled by simply placing the chip select line high. A data output low in
dicates that writing is still in progress. 
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NOISE IMMUNITY AND DATA SECURITY 

Some defences, against noise and corrupt write commands, are applied automatically, internally within 
the device: 

• A low-pass filter on each input pin allows noise glitches to be ignored. 

• Clock counting allows the device to time-out if the validity of the write operation becomes dubious (such 
as if it has exceeded the maximum specified duration). 

Other defences can be applied only at the command of the external circuitry. This is potentially the strong
est defence since the external circuitry can be designed to monitor for quite elaborate conditions that are 
specific to the particular application. 

• The Write Control pin (We) can be used to disable write sequences completely when conditions are 
unstable. 

• The user-defined Read-Only Area, along with a previously set-up address pointer in the memory, can 
be used to make the selected block behave like ROM. 

It is possible to overlap the effects of the internal and external defences. For example, de-assertion of the 
we pin, during a write cycle on some devices, causes the internal write cycle to be aborted. This is a useful 
fail-safe defence if the source of the glitch on the we line is also injecting noise on the data lines. 

Table 1 shows the different memory ranges, capacities and features of ST's serial EEPROMs. 

Table 1. ST Serial EEPROMs (in production or for release in 1995) 

Bus Type Series Capacity 
Sequential 

Page Write 
Write Write 

Read Control Protection 

12C ST24Cxx 1 Kbit-16 Kbit X X 4 Kbit-16 Kbit 

ST24Wxx 1 Kbit-16 Kbit X X 4 Kbit-16 Kbit 

M24Cxx 1 Kbit-16 Kbit X X X 

XI2C M24xxx 16 Kbit-256 Kbit X X X 

SPI M95xxx 1 Kbit-64 Kbit X X X X 

MICROWIRE M93Cxx 256 bit-4 Kbit X X 

M93Sxx 1 Kbit-4 Kbit X X X 

Because of its better clock counting protocol, the Xl2e standard offers good noise immunity. Each 8-bit 
data transfer is accompanied by a ninth bit acknowledge by the device on the bus which is the current data 
receiver. Moreover, a memory write cycle can only be triggered after both a correct series of acknowledg
es and a corresponding correct count of clock pulses. Products that include an external write control input 
give added protection to the memory, especially during power up. 

These EEPROMs are designed to function even when V cc has dropped to 1.8 V, and can be functional 
as low as 1.5 V. However, because the MeU is not necessarily guaranteed to be functional at these volt
ages, random signals from the MeU can trigger spurious write cycles. This can be prevented by holding 
the write control inputs low, along with the MeU reset signal, until the bus signals are stable. Both 12e ("W" 

series) and Xl2e ("E" series) products from ST feature write control inputs. In addition, the Xl2e types in
clude an input filter on the data lines which rejects pulses narrower than 50 ns, thus filtering short noise 

glitches. 
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The 12C EEPROMs ("ST24Cxx" and "ST24Wxx" series, 4 Kbit to 16 Kbit capacities) also offer software 
programmed data protection. Up to half of the memory can be made to behave like ROM. A non-volatile 

register is set up to point to the address at which the write protection begins. 

Of the two higher speed buses, SPI and MICROWIRE, SPI offers the better noise immunity and the great
er data protection. The SPI protocol reads instructions, addresses and data from the bus by sampling on 
the rising edge of the clock. Since all transfers are in 8-bit format, this allows an internal counter to inhibit 
writing to the memory should the chip select go high, to indicate the start of a write cycle, when the count 
is not a multiple of eight. Additional immunity is provided by the instruction set which includes commands 

to enable a write control latch before a write cycle can begin. Lastly, detection of an incorrect command 
instruction will automatically de-select the chip. 

Data protection in the SPI products is provided by both an external write protect input, like the 12C and 

XI2C devices, plus a programmable, non-volatile block protection scheme that allows zero, 25%, 50% or 
75% of the total memory array to be write protected. 

The protocol of the MICROWIRE bus has several features that allow protection against spurious glitches 
on data or clock lines. Two families of MICROWIRE products offer different levels data protection. The "S" 
family offers both a write enable input and programmable block write protection, in addition to the data 
protection features that were already provided in the older "C" family. 

THE MEMORY ENDURANCE 

A final consideration when choosing an EEPROM device is its reliability after repeated write/erase cycles. 
All types of non-volatile memory using floating-gate technology suffer from a gradual wear-out of the ox

ide. This leads to a deterioration of the cells' ability to store a "1" or a "0", and hence to malfunction and 
loss of data. 

The endurance of the memory depends on the quality of the CMOS manufacturing process, the technol
ogy and the memory cell design. ST EEPROMs use a unique and very successful cell layout and process 
technology which is able to offer a performance of over one million write/erase cycles for medium capacity 
memory devices (up to 16 Kbit). This is ten times better than competitive products, and even if not called 

for in the specific application, it can be viewed as an additional "noise protection", as it guarantees much 
better security of memory retention during the lifetime of the equipment. 
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Changing from the ST24xxx and ST25xxx to the M24xxx 
In Your Application 

This document is written for users of the following ranges of EEPROM device: 

Table 1. ST24xxx and ST25xxx Devices 

Vee= 4.5 to 5.5 V Vee= 2.5 to 5.5 V 

ST24C01 ST24W01 ST25C01 ST25W01 

ST24C02 ST24W02 ST25C02 ST25W02 

ST24C04 ST24W04 ST25C04 ST25W04 

ST24C08 ST24W08 ST25C08 ST25W08 

ST24C16 ST24W16 ST25C16 ST25W16 

ST24164 ST25164 

ST24E32 ST25E32 

ST24E64 ST25E64 

The above devices, in all variations of package and temperature range, are to be discontinued. They can 
be replaced by equivalents in the more advanced M24xxx range: 

Table 2. M24xxx Devices 

Vee= 4.5 to 5.5 V Vee= 2.5 to 5.5 v 

M24C01 M24C01-W 

M24C02 M24C02-W 

M24C04 M24C04-W 

M24C08 M24C08-W 

M24C16 M24C16-W 

M24164 M24164-W 

M24C32 M24C32-W 

M24C64 M24C64-W 

For the maJonty of apphcat1ons, the M24xxx dev1ces can be treated as pm compatible and functionally 
equivalent to the ST24xxx and ST25xxx devices, as listed in the first two columns of the following table. 
There are some exceptional cases, though. For these, the third column of the table makes reference to 
the notes on the next page. 
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Table 3 Approximate Equivalents 

Capacity Previous device Eagle range replacement Exceptions 

1 Kbit ST24C01 M24C01 see note 2 

ST24W01 M24C01 

ST25C01 M24C01-W see note 2 

ST25W01 M24C01-W 

2Kbit ST24C02 M24C02 see note 2 

ST24W02 M24C02 

ST25C02 M24C02-W see note 2 

ST25W02 M24C02-W 

4Kbit ST24C04 M24C04 see notes 1 & 2 

ST24W04 M24C04 see note 1 

ST25C04 M24C04-W see notes 1 & 2 

ST25W04 M24C04·W see note 1 

BKbit ST24C08 M24COB see notes 1 & 3 

ST24WOB M24C08 see note 1 

ST25COB M24COB-W see notes 1 & 3 

ST25WOB M24C08-W see note 1 

16 Kbit ST24164 M24164 

ST24C16 M24C16 see notes 1 & 3 

ST24W16 M24C16 see note 1 

ST25164 M24164-W 

ST25C16 M24C16-W see notes 1 & 3 

ST25W16 M24C16-W see note 1 

32 Kbit ST24E32 M24C32 

ST25E32 M24C32-W 

64 Kbit ST24E64 M24C64 

ST25E64 M24C64-W 

NOTE 1: USE OF THE PROTECT ENABLE (PRE) PIN 
If, in the circuit, the PRE pin (pin 1) is always held low, the M24xxx family can be used as a direct replace

ment for the original device. If, though, the PRE pin is held high, or is allowed to vary, the replacement is 

not so direct, and the designer is advised to contact the ST local sales office for technical support (or to 
e-mail the technical support electronic mail address: ask.memory@st.com). 
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NOTE 2: USE OF THE MODE (MODE) PIN FOR ACCESSING MORE THAN 4 BYTES 
If, in the circuit, the MODE pin (pin 7) is always held low, the M24xxx family can be used as a direct re
placement for the original device. If, though, the MODE pin is held high, or is allowed to vary, the device 
is being used to make multi byte accesses. If no more than 4 bytes are manipulated at a single write access 
of any given page, then the direct replacement can still be made. 

However, if multi byte write accesses of more than 4 bytes per page ever occur, the replacement is not so 
direct, and the designer is advised to contact the ST local sales office for technical support (or to e-mail 
the technical support electronic mail address: ask.memory@st.com). 

NOTE 3: USE OF THE MODE (MODE) PIN FOR WRITING MORE THAN 8 BYTES 
This exception is identical to that described in note 2, except that up to 8 bytes in any one write access 
are tolerated by the M24xxx replacement, allowing the direct replacement still to be made. 
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Extending the 12C Bus - XI2C 

The 12C (Inter Integrated-Circuit) standard was designed for applications that need to be highly efficient of 
board space. It has been adopted almost universally by consumer equipment makers for internal commu
nication between the digitaiiCs in their products. It is also gaining popularity in other types of equipment. 

The standard uses a two wire bus: respectively the serial data line (SDA) and the serial clock line (SCL). 
Each line is configured for use in a wired-or arrangement, with one external pull-up resistor each. Data on 
SDA is synchronous with respect to SCL. 

Specific combinations of data and clock signals are used to mark the Start or Stop of a data transfer. De

vices on the bus can act as transmitters or receivers of data. Their action can also be described as being 
initiators (masters) or responders (slaves) of the data transfer. 

Each type of circuit connected to the bus has a unique "device select code". For example, all memory de
vices have the four bit code "1 01 0" and will only respond if they detect this code. 

12C BUS 

Figure 1 shows how the first byte of a data transfer contains the EEPROM select code "1010", the chip 
enable E2-EO or address bits A 1 O-A8, and the read/write operation bit. The second byte contains the ad
dress bits A7 to AO. 

Figure 1. The First Two Bytes of an 12C Data Transfer 

b7 b6 b5 b4 b3 b2 b1 bO 

1st byte: 0 0 

A10 A9 AB R/W 

E2 E1 EO 

b7 b6 b5 b4 b3 b2 b1 bO 

2nd byte: 

A7 A6 A5 A4 A3 A2 A1 AO 

Addresses on the 12C bus, therefore, are limited to 11 bits, and hence to an address space of 2 Kbyte. In 
the case of a 2 Kbyte memory chip, the address is decoded directly from the A 10 to AO settings. In the 
case of a 256 byte memory chip, only address bits A7 to AO are used. This leaves the bits in the first byte 
available for use as chip select bits, E2 to EO. The 256 byte memory chip will only respond to the address 
in bits A7 to AO if the pattern in the E2 to EO bits is the same as that which has been hard-wired on the E2 
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to EO pins of the chip itself. In this way, it is possible to select between as many as eight 256 byte memory 
chips, and hence an address space still of the maximum 2 Kbyte capacity. 

Between these two extremes, it is also possible to implement a memory capacity of 2 Kbyte using two 
1 Kbyte memory chips, or four 512 byte memory chips. The four possible configuration, therefore, are as 
follows: 

• 1 chip containing 2 Kbyte, 16 Kb, of memory (addresses A10-A8 in the first byte, A7-AO in the second) 

• 2 chips containing 1 Kbyte (one chip enable, E, to select between them, and address bits A9-A8 in the 
first byte, A7-AO in the second) 

• 4 chips containing 512 bytes (two chip enables, E2-E1, to select between them, and address bit A8 in 
the first byte, A7-AO in the second) 

• 8 chips containing 256 bytes (three chip enables, E2-EO, in the first byte to select between them, and 
address bits A7-AO in the second) 

THE EXTENDED 12C BUS 

The 12C bus suffers from two limitations built into its specification: 

• It allows a maximum of 11 bit addressing, giving a memory limit of 2 Kbyte (16 Kb). 

• It offers a maximum transfer rate of 100 Kb/second. 

As equipment was needing ever larger amounts of EEPROM for parameter storage, it became apparent 
that a new standard was required. In January 1992, a new specification was published for the 12C bus 
which increased the speed up to 400 Kb/second, and added an option for extending the slave-select (chip 
enable) bits to 10 bits (EO to E9), thus allowing up to 1024 slave devices to be connected to the bus. 

Upon receiving the special four bit code "1111", in place of the usual "1 01 0", the hardware would switch 
from the default 12C mode, and would expect the next eleven bits (3 bits in the current byte, and 8 in the 

next) to contain a leading 0 followed by E9 to EO. 

However, SGS-THOMSON was not happy with this proposal as it is not backward compatible with the pre
vious standard. This format is not supported by ST's EEPROM devices. 

Instead, SGS-THOMSON took the initiative to request a further change to the 12C bus. The aim was to 
extend the memory addressing itself, rather than just the number of chip enable lines, by using two ad
dress bytes instead of one. This would allow up to three bits for chip enable selection E2-EO (or addresses 
A 18-A 16) and a full 16 bit address A 15 to AO. Memory addresses could thereby be extended from eight 
blocks of 256 bytes to eight blocks of 64 Kbytes (a total capacity of 512 Kbyte, 4Mb). This request was 
granted, and gave rise to the Extend 12C format, otherwise known as "XI2C". The format is depicted in Fig
ure 2. 

A further feature of this format is that, if bits b3-b1 of the first byte are used for chip enable E2-EO, it is 
possible to implement a system that addresses a mixture of 12C and XI2C devices. 

400 K BITS PER SECOND 

The main implications of changing to faster clocking rates are felt not only by the bus interface, in which 
the timing schedule needs adaptation, but also by the spike suppression circuitry in the memory chip. Each 
input must be able to reject noise pulses of up to 50 ns in width, and each output must be able to sink up 
to 6 mA at VOL= 0.6 V, and to have a output fall time of no more than 250 ns. 
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Figure 2. The First Three Bytes of an XI2C Data Transfer 

b? b6 b5 b4 b3 b2 b1 bO 

1st byte: 0 0 

E2 E1 EO R/W 

b7 b6 b5 b4 b3 b2 b1 bO 

2nd byte: 

A15 A14 A13 A12 A11 A10 A9 AS 

b7 b6 b5 b4 b3 b2 b1 bO 

3rd byte: 

A? A6 A5 A4 A3 A2 A1 AO 

NEW PRODUCTS 

The first devices to use the XI 2C standard are listed in Table 1. The total theoretical capacity is 4 Mb, so 

future ST product growth is assured for many years to come. 

Table 1. Members of the M24xxx Eagle Range 

Product Description 

M24C32 32 Kb XI 2C EEPROM, organised as 4 Kbyte 

M24C64 64 Kb XI 2C EEPROM, organised as 8 Kbyte 

M24128 128 Kb XJ2C EEPROM, organised as 16 Kbyte 

M24256 256 Kb XI 2C EEPROM, organised as 32 Kbyte 

M24512 512 Kb XI2C EEPROM, organised as 64 Kbyte 
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The Write Control Feature on 12C EEPROM 

The ST24xxx/ST25xxx EEPROM devices are fully compatible with the 12e TM standard. Some, though, 
have the extra feature of offering a hardware write control (We) line. The purpose of this document is to 
highlight the advantages of this facility. 

On the ST24exx/ST25exx 12e EEPROM devices, pin 7 is used to select between the multi byte and page
write modes. On the ST24Wxx/ST25Wxx 12e EEPROM devices, this is replaced by the we line, as shown 
in Figure 1. 

Figure 1. ST24xxx/ST25xxx Pin Connections 

ST24exx/ST25exx ST24Wxx/ST25Wxx 

EODB vee 
E1 2 7 MODE 

E2 3 6 SeL 

Vss 4 5 SDA 

Eoos Vee 
E1 2 7 Wc 
E2 3 6 seL 

Vss 4 5 SDA 
Al02404 Al02405 

we is an active-low signal. When it is held low, erase and write commands are executed; when it is held 
high, erase and write operations are inhibited (and any erase or write commands issued by the master 
device are ignored). 

This feature has been designed to be used by the application hardware whenever there is any question 
as to the validity of the data. The device can thereby reject the data, and wait for the master device to send 
it again. In particular, the ST24W/25Wxx series, in combination with suitable hardware design, can offer 
better data protection against the following conditions: 

• during power-up and power-down sequences, when voltage levels are wandering out of specification 

• whenever high levels of electrical noise are detected, and the validity of the received data becomes 
questionable 

• whenever the 12e bus is shared by devices using other protocols, and unexpected conflicts arise 

• under other detectable fault conditions, specific to the application. 

For specific examples of the use of this feature, please see Application Notes AN404 and AN627. 
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Changing from the ST95P08 to the M95080 in Your Application 
Using a Simple Software Recognition Method 

The members of the new M95xxx, SPJ serial-bus, EEPROM chips offer features that were not available 

with the ST95xxx family. Table 1 summarizes the main differences between the new 8 Kbit M95080 mem

ory, and the ST95P08, by way of example. 

This document is aimed at helping the designer to convert designs from using the ST95P08 to using the 

M95080. It concludes by indicating a simple algorithm that can be used in the application software to de

tect which of the two devices is being used. 

Table 1. Differences and Improvements 
(Functional and Electrical) Between the ST95POB and the M95080 

ST95P08 M95080 

Memory capacity 8 Kbit 8 Kbit 

4.5 V to5.5 V 
Supply range (Vee) 3 Vto 5.5 V 2.5 V to5.5 V 

1.8 V to 3.6 V 

Clock frequency (!MAx) 2 MHz 5 MHz 

-40 to 85 oc (6) 
Temperature range -40 to 85 oc -20to 85 oc (5) 

-40 to 125 oc (3) 

Page size 16 By1es 32 Bytes 

Number of address by1es 1 2 

Block protection (BP1 ,BPO) yes yes 

50 J.lA at 5.5 V 
10 11A at 5 V 

Icc stand-by 21JA at2.5 V 
10 11A at 3 V 1 11A at 1.8 V 

4 mA at 2 or 5 MHz at 5 V 
Icc operating 2 mA at2 MHz 2 mA at 2 MHz at 5 V 

2 mA at 1 MHz at 1.8 V 

W feature (write control) Hardware write protection of the entire Hardware write protection of the BPn 
memory array. protected area, and of the status register 

Status register format 1 1 1 1 BP1 BPO WEL WIP SRWD XXX BP1 BPO WEL WIP 

Write cycle time (max.) 10 ms 10 ms 

Instruction format o o o X2 x, 12 11 10 o o o 0 0 12 11 10 
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TheW feature 

Both the ST95P08 and M95080 support the software protection mode using the BP1 and BPO status reg
ister bits. However, their behaviors are different with the use of theW pin. 

On the ST95P08, theW pin controls the write access to the memory array: 

• W=1: write enabled throughout the entire memory array that is not software write-protected 

• W=O: write disabled throughout the entire memory array 

On the M95080, the W pin provides hardware write protection of the status register (SR), except for the 
WIP and WEL bits. When bit 7 (SRWD, the Status Register Write Disable bit) of the status register is '0' 
(the initial delivery state), it is possible to write to the status register once the WEL (Write Enable Latch) 
has been set, and regardless of the status of pin W (high or low). 

Once bit 7 (SRWD) of the status register has been set to '1 ',the possibility to rewrite the SR depends on 
the logical level present at pin W: 

- If W pin is high, it is possible to write to the status register after setting the WEL (Write Enable Latch). 

- If W pin is low, any attempt to modify the status register is ignored by the device, even if the WEL is 
set. Consequently, all the data bytes in the EEPROM area that are protected by the BPn bits of the 
status register, are also hardware protected against data corruption, and become a Read Only EE
PROM area from the microcontroller. This mode is called the Hardware Protected Mode (HPM). 

It is possible to enter the Hardware Protected Mode (HPM) by setting the SRWD bit after pulling down the 
W pin, or by pulling down theW pin after setting SRWD bit. 

The only way to return from the Hardware Protected Mode, once entered, is to pull the W pin high. 

If theW pin is permanently tied high, the Hardware Protected Mode cannot be activated, and the Memory 
only allows the user to software-protect a part of the memory using the BPn bits of the status register. The 
protection features of the device are summarized in Table 2. 

Table 2. Write Protection Control on the M95080 

w SRWD Data Bytes 
Mode Status Register Bit Protected Area Unprotected Area 

1 0 
Software Software write protected 

0 0 Protected Wnteable after setting 
by the BPn of the status 

Writeable after setting the 

(SPM) WEL 
register WEL 

1 1 

Hardware 
Writeable after setting the 0 1 Protected Hardware write protected Hardware write protected 

(HPM) WEL 

Instruction code 
Using the two standard address bytes, M95080 instructions take the following format: 

o o 0 0 o 12 11 10 

(where 12, 11 and 10 are the instruction bits). 

The ST95P08, on the other hand, does not support the standard two byte addressing mode for high den
sities. Instead, the AS and A9 address bits are placed beside the instruction bits, according to the following 
format: 

o o o x2 X1 12 11 10 
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(where X2 and X1 are respectively A9 and AB for Read and Write operations, and are Don't Care bits for 

others). 

SOFTWARE RECOGNITION ALGORITHM 
This last difference can be used by the application software to differentiate between the two types of mem
ory device. (For a further summary, please see the comparison of the instruction formats of the two devic
es, in Table 3). 

The WREN instruction is used, prior to any write attempt to the memory, to set an internal logical bit of the 
status register which has to be set to 1 to try a write access to the memory. 

As described above in the "instruction format" section, 0001 1101 is a valid WREN instruction code for the 
ST95POB, and is not a valid WREN instruction for the M95080. 

The following algorithm is short, and easy to insert in the MCU code. It is also safe to use, inasmuch that 
it does not attempt to write to any non volatile bits. 

- Master sends the WREN instruction "0001 111 0" to the memory (note that b3 and b4 are "1 "). 

Master sends the RDSR instruction "0000 0101" to the memory (note that b3 and b4 are ''0" to avoid 
the High-Z state on the Q-bus during WEL bit read) and stores the value of the WEL bit in a variable 
that we will refer to as WEL 1. 

- Master sends the WADI instruction "0001 11 00" to the memory (note that b3 and b4 are "1 "). 

- Master sends the RDSR instruction "0000 0101" to the memory (again, b3 and b4 are "0" to avoid the 
High-Z state on the Q-bus during WEL bit read) and stores the value of the WEL bit in a variable that 
we will refer to as WEL2. 

- If (WEL 1 ,WEL2)= (1 ,0) 

then the EEPROM device is a ST95POB 

else the EEPROM device is an M95080 

Table 3. Differences Between the ST95POB and the M950BO Instruction Formats 

Instruction Format 
Instruction Description 

ST95POB 

WREN Set Write Enable Latch OOOX X110 

WADI Reset Write Enable Latch OOOX X100 

RDSR Read Status Register OOOX X101 

WRSR Write Status Register OOOX X001 

READ Read Data from Memory Array OOOA A011 

WRITE Write Data to Memory Array OOOA A010 

Notes. 1. A _ 1 1nd1cates that the upper page 1s selected, A = 0 1nd1cates that the lower page 1s selected 
2. X = Don't Care 

M95080 

0000 0110 

0000 0100 

0000 0101 

0000 0001 

0000 0011 

0000 0010 
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MICROWIRE EEPROM COMMON 1/0 OPERATION 

Within STMicroelectronics' broad spectrum of different types of serial access EEPROM product, the MI
CROWIRE® family is based on a 4-wire interface. The four lines consist of: the Clock Input (C), the Chip 
Select Input (S), the Serial Data Input (D), and the Serial Data Output (Q). 

Some microprocessor chips, such as ST's microcontroller series, include an on-chip Serial Peripheral In
terface (SPI). The MICROWIRE interface is ideally suited to use with these devices. However, the MICRO
WIRE EEPROM devices can also be used with any general purpose microcontroller, provided that care is 
taken not to allow signal conflicts to result. This document discusses how to avoid such conflicts when 
tying the D and Q lines together as a single bus. 

While commands, addresses or data are being shifted into the D serial input of the EEPROM device, the 
Q output is held in the high impedance state. It should be possible, therefore, to tie the D and Q pins to
gether to provide a common D/Q bus, as depicted in Figure 1. The device can, indeed, operate correctly 
in this configuration, provided that appropriate design rules are followed. 

The potentially troublesome situations are during commands which activate the Q output (such as 
READ, WRITE, ERASE, WRAL and ERAL). This document considers these cases, and recommends the 
most conservative solution to each problem. In order to provide the designer with a safe design guide, all 
calculations are based on worst case values, as found in the data sheets for these EEPROM devices. 

Figure 1. Typical Application of the Common-D/Q Approach 
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Dnver Enable 
(active low) 

Data Out 

Clock In 

Chip Select In 

READ INSTRUCTION 

DDriver 
Common D/Q Bus 

~ 

Q Receiver 
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EEPROM Device 

L~ 

c s 
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The D driver and the Q receiver, in Figure 1, can be discrete logic, or part of a microcontroller 1/0 port, or 
any equivalent circuitry. The READ command and its address bits are clocked into the chip, through the 
D pin, on the rising edges of the C clock. Each bit must be kept valid for a minimum hold time (IDVCH) as 
specified in the data sheet for the memory device. The device holds the Q pin in the high impedance state 
during most of the input operation. However, as Figure 2 shows, the Q pin is taken out of this state at the 
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start of the last address bit (AO) of the instruction (signalled by the rising edge of C), and starts to output 
the leading zero that precedes the 16-bit data string. The data sheets specify the maximum delay (tCHQL) 
between the rising edge of C and the leading zero data bit. 

Figure 2. Timing Sequence for a Read Instruction 

c 

s 

D I 1 I 1 I o I As I A41 A31 A21 A1 I AO I 
0 _____ H_ig_h_l_m_pe_d_an_c_e ____ ---1, 0 ID151D141D131D121D111D101 091 ~~~~~~~ 

~: :• 
Bus Conflict 
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Since the D driver must remain enabled with the AO bit for a minimum of tDVCH (the hold time), a bus 
conflict occurs whenever the AO bit is a "1", as it would be for all odd addressed registers). The conse
quences are: 

- A low impedance path is created between Vee and ground through the D driver and the on-chip Q output 
buffer (as depicted in Figure 3). This short-circuit may produce glitches on the power supply which can 
disturb all the circuits on the board. 

- The logic level on the D/Q bus is not well-defined: the potential divider chain, so created, can end up 
producing a voltage level anywhere between Vee and 0 V. Thus access to the o9d addressed registers 
will probably be impossible. 

Figure 3. Short-Circuit Created Between Vee and Ground 
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This problem can be avoided by inserting a current limiting resistor in the current sink path. Figure 4 shows 
some possible locations for this resistor. However, the best location is between the Q output and the D/Q 
bus for the following reasons: 

- During the overlap time, only the D driver is providing useful information. The Q driver simply outputs a 
constant zero. By placing the resistor in this position, the D driver overrides the Q driver at setting the 
logic level on the D/Q bus, thereby allowing the last address bit to be presented on the D pin for the 
specified hold time (tDVCH). 

- The R resistor slows down the propagation time of the Q output signals on the D/Q bus, as discussed 
later in this document. In this position, the resistor only slows down the transmission of the 16 bits of 
data during a READ operation. If R were in series with the D driver, all operations would ·be slowed 
down. 

Figure 4. Possible Locations for the Current Limiting Resistor 
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The R resistor does not have any effect as long as Q is in its high impedance state. During the execution 
of a READ instruction, R sinks some current from the D driver during the short overlap time. Then the D 
driver is disabled and Q output takes control of the D/Q bus through the R resistor. 

Because of the bus capacitance, C, the signals are distorted, as shown in Figure 5 (on the next page): the 
rising and falling edges of the Q output are transformed into exponential curves whose shape depends on 
the time constant RC. 
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Figure 5. Exponential Charge and Discharge of the Bus Capacitance 
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As a consequence, the logic level on the D/0 bus is not stable until some time after the rising edge of the 
C clock. The delay in reading the bus should be at least 3xRC. 

In a typical data sheet for a 5 V device, VOH(min) = 2.4 V and VOL(max) = 0.4 V, so giving a voltage swing 
of 2 V. Using the 3xRC approximation, the D/0 bus levels will be: 

- logical "1" = 2.3 V minimum after a delay of 3xRC 

- logical "0" = 0.5 V maximum after the C rising edge 

It might be necessary to reduce the C clock frequency, when shifting the 16 data bits out from the EEP
ROM during a READ operation, by an amount that is directly related to the RC time constant of the D/Q 
bus. All other operations can be performed at the nominal clock rate. 

Figures 6, 7, 8 show some experimental examples, plotted from the oscilloscope, with different values of 
R and C. In the last example, the maximum clock frequency is: 1/(3xRC) = 1 00 kHz, assuming that the D/ 
Q bus is sampled by the Q receiver circuitry just before the rising edge of the C clock. 
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Figure 6. Oscilloscope Plot, R = 10 kn, C = 100 pF, RC = 1 f!S 
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Figure 7. Oscilloscope Plot, R = 5 kn, C = 100 pF, RC = 500 ns 
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Figure 8. Oscilloscope Plot, R = 10 kQ, C = 330 pF, RC = 3.3 J.lS 
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In order to avoid over reducing the clock frequency, the following techniques can be used to minimize the 
R and C values: 

• To minimize the bus capacitance: 

- the EEPROM device should be position as close as possible to the 0-driver/Q-receiver circuitry (theca
pacitance is proportional to the surface area of the bus line). 

- As few devices as possible should share the D/Q bus (the capacitance is proportional to the number of 
input gates connected to the bus). 

• To minimize the resistor value: 

- Find, from the data sheet, the maximum current that the D driver can source, and divide this value into 
the value of Vee. 

- Find the maximum transient current that the power supply can source without glitches being introduced 
on to the power lines, and divide this value into the value of Vee. 

- It is up to the designer to decide the best trade-off, based upon his specific application's requirements, 
but the resistor value should not be less than the higher of the two values calculated above. 

INTERFACE WITH CMOS CIRCUITS 

The MICROWIRE EEPROM specification makes these devices compatible with TTL input/output levels. 
When interfacing these devices to CMOS circuits, however, some precautions must be taken, to ensure 
the correct interpretation of the logic levels. 

Since the output-high level is close to VCC, and the output-low level is close to 0 V, there are no difficulties 
in driving the D, S and C inputs of the EEPROM devices. 

For the Q output, though, the minimum output-high level is specified as being 2.4 V, which is lower than 
the minimum input-high level of CMOS (3.5 V for Vee= 5 V). A common practice is to connect a pull-up 
resistor, Rp, between the Q output and Vee. 

This solution works well when D and Q are separate. However, it raises some difficulties when D and Q 

are tied together. 
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When the Q output is at a "zero" level (VOL= 0.4 V), during the overlap period, the Rand Rp resistors form 
a potential divider chain, as shown in Figure 9. Rp must have a resistance greater than 5 times that of R. 
This means that the "zero" level on the D/Q bus is: 0.4 V + (5 V -0.4 V) x R I (R + Rp) = 1.17 V. Although 
this value is 330 mV below the 1.5 V maximum input-low level for CMOS, it does mean losing the wide 
noise margin that is traditionally associated with the CMOS specification. 

Figure 9. 0/Q Bus Configuration with Pull-up Resistor (Rp) 
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For a high to low transition, the Q on-chip output buffer has to discharge the bus capacitance through the 
R resistor and to sink some current from Vee through the Rp resistor. The new time constant, when com
pared to that calculated earlier in this document, is reduced by 17%, because of the parallel combination 
of R and Rp. However, the steady low level is not 0.4 V, as had been assumed for TTL levels, but 1.17 V, 
as calculated above for Rp = 5xR. Despite this smaller time constant, the voltage swing between high and 
low is greater in this case, as described later in this document, so it is advisable to keep the same delay 
(3xRC) between the C clock rising edge and the first sampling of the data line. 

A greater problem is faced during the low to high transition, though. At first, the bus capacitance is charged 
by the Q output through R, and from the Vee power supply via Rp, again leading to a time constant for Rp 
connected in parallel with R. But once the D/0 bus reaches the Q output voltage level, the Q on-chip buffer 
automatically turns off, and the Rp resistor remains the only contributor to the charge of the bus capaci
tance. This results in a much higher time constant: RpxC =5xRC. 

For the worst case output-high level for Q (VOH= 2.4 V), combined with the minimum input-high level for 
CMOS, the charging delay, after the Q driver cuts out, needs to be at least 0.55xRpC: that is, 2.75xRC. 
This is still assuming Vee= 5 V, and allowing for a noise margin of 300 or 400 mV. 

As a result, the minimum delay between the rising edge of C and the sampling of the D/Q bus should be 
2 or 3 times longer than the one we have found for the TTL levels (without Rp), and the clock frequency 
must be reduced accordingly. (A typical oscilloscope plot is shown in Figure 10). 

It is possible to avoid this situation by using a TTL-compatible CMOS device as the Q receiver circuit, and 
thereby to remove the need for the Rp resistor. Suitable devices include: 

• members of the 74HCTXXX family 

• a CMOS microcontroller that provides an option for ''TTL input levels" on its 1/0 ports, such as the ST9 
series. 

7/9 

675 



AN394- APPLICATION NOTE 

Figure 10. Oscilloscope Plot, R = 10 kQ, C = 100 pF, Rp =50 kQ 
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PROGRAMMING MODE: ACKNOWLEDGEMENT OF READY/BUSY STATUS 

During a self-timed programming cycle, MICROWIRE EEPROM devices use the Q output to indicate the 
ready/busy status of the chip. This occurs during the execution of commands such as: WRITE, ERASE, 
WRAL and ERAL. 

The self-timed programming cycle begins with the falling edge of S, at the end of a programming com
mand. The S pin must be kept low for a minimum of tSLSH (as described in the data sheet). The Q output 
remains in its high impedance state as long asS is low. If S is brought high for clocking-in a new command, 
Q comes out of its high impedance state, and indicates the Ready/Busy status of the chip (0 = Busy, 
1 =Ready). 

Figure 11. Acknowledgement of the Ready/Busy Signal on the Q Output 
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In applications where D and 0 are tied together, this may again create bus conflicts. Therefore, it is rec
ommended that this status signal be cancelled as soon as possible: this can be achieved very simply by 
applying a single clock pulse on the C input while S is high, as depicted in Figure 11. 

The operation is scheduled as follows: 

- shift the write command into the chip 

- bring S low for the minimum period of tSLSH 

- bring S high 

- monitor the D/0 bus until a high level (Ready) is detected 

- clock C once 

- bringS low 

- the chip is now ready to accept the next instruction 

It should also be noted that, on power-up, the Ready/Busy status be initially in the active state. Therefore, 
it is recommended to clock C once (with S = 1) prior to the issue of the first command. 

IMPROVING ON THE CALCULATIONS IN THIS DOCUMENT 

This document has discussed how MICROWIRE devices can be used in a configuration in which the D 
and Q lines are tied together as a single bus. For safety, and for generality, the worst case and most con
servative conditions have been assumed in all calculations. 

In particular circumsiances, however, it might be possible for the designer to do better than this. In the 
designer's own particular application, it might be reasonable to rule out some worst-case situations as nev
er occurring, and to adapt the calculations accordingly. 
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Correct Power-On and Power-Off 
for the M93Cxx and M93Sxx 

This document has been written for those users who have become used to using the members of the 
ST93C/CSxx and M93C/Sxx family outside of their specifications. 

Table 1. Members of the ST93C/CSxx and M93Cxx Family 

Earlier Members Later members 

ST93C06 M93C06 

ST93C46, ST93CS46 M93C46, M93S46 

ST93C56, ST93CS56 M93C56, M93S56 

ST93C66, ST93CS66 M93C66, M93S66 

M93C86, M93S86 

It is very important to use each of these devices only in the way specified in the data sheets. In particular, 
as shown in Figure 1, it is important for the C input (clock) to be held low whenever there is a rising edge 
on the S input (chip-select). 

Figure 1. Correct Sequence 

s 

c \ Held at 0 I 
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If a rising edge of the S input is allowed to occur while either the D (data-in) or the C input is high or high
impedance, as shown in Figure 2, the behavior of the device becomes unpredictable. 

Figure 2. Hazardous Sequence 

s 

Dore ____ _,~/ H1gh·Z or 1 ''-----

MAIN SOURCES OF ERROR: POWER-UP AND MCU RECOVERY START-UP 
There are two main causes of users using these devices outside their specifications: 

• Uncontrolled inputs during Power-Up and Power-Down 

• Uncontrolled inputs during Microcontroller Recovery Start-up Time 

Uncontrolled Inputs During Power-Up and Power-Down 

Al02462 

During power-up, all three lines (C, D and S) start in their uncharged state, and might well be undriven. 
There is no control of low-to-high transitions being picked up from noise. Also, there is no guarantee that 
if drive is later applied simultaneously to the three signals, that the S line will cross the low-to-high thresh
old before either of the other two. 

During power-down, the problem of noise pick-up on undriven lines returns as the main source of hazard. 

Most microcontrollers will attempt to avoid these problems by going into a Microcontroller Recovery Start
up Mode when the Vee line is outside its specified range. However, as discussed next, this does not com
pletely resolve the problems. 

Uncontrolled Inputs During Microcontroller Recovery Start-up Time 
During the Microcontroller Recovery Start-up Time, which is typically several milliseconds in duration, 
some microcontrollers configure all I/O lines in their input mode, as shown in Figure 3. That is, they are all 
set to their high-impedance state. Under these conditions, with inputs C, D and S all undriven, each line 
behaves like a small antenna, and can pick up electromagnetic noise radiation. It is not impossible for 
there to be a rising edge on the S line while C or D is floating high. 

Alternatively, some microcontrollers configure all I/O lines as outputs during the Microcontroller Recovery 
Start-up Time, and drive the lines high. As soon as S crosses the low-to-high threshold, the EEPROM is 
enabled, and will decode whatever enters its D and C inputs. If these are acting outside the specification, 
the behavior of the EEPROM becomes unpredictable. 
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Figure 3. All Signals Being Treated as Inputs 
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CORRECT POWER-UP AND MICROCONTROLLER RECOVERY 
The critical line is the S line. For safety, it can be tied low by a pull-down resistor, so that it does not float 
high when the input is undriven. 

Figure 4. Signal Transients of Bad and Good Design 
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While input S is held low, the chip is not selected, and it does not matter what signals occur on the other 
lines (provided that they remain within the specified safe range). It is only necessary, therefore, for the S 
line to be tied low by a pull-down resistor, as shown in Figure 5, so that it never goes high when it is un
driven, as confirmed in Figure 4. 
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Figure 5. Safe Design with a Pull-Down Resistor on the Chip-Select (S) Line 
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The value for the pull-down resistor can be calculated from the minimum logic '1' input voltage, VIH• that 
is recognized by the M93xxx, and the maximum source current, loH• that can be sustained by the micro
controller. The resistance must be greater than the quotient of these two values: R > VIH(M93xxx/loH(MCU)· 

INPUT SIGNALS UNDER CONTROL 
Once the application power-up and power-down are properly controlled, it is next important to check that 
the specification is adhered to for all normal uses of the chip-select signal (as indicated in Figure 4). The 
data sheet specifies that there is a minimum chip-select set-up time, tCLSH, and a minimum chip-select 
hold time, tSHCH (as shown in Table 6 of the M93C06/46/56/66/76/86 data sheet). That is, the clock must 
be held low for at least tCLSH before S is allowed to go from low to high, and to continue to be held low 
for at least tSHCH after the rising edge of S (as shown in Figure 6, which is an extract from Figure 4 of the 
M93C06/46/56/66/76/86 data sheet). 

Figure 6. Extract from: Synchronous Timing, Start and Op-Code Input" 
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INCORRECT CONTROL OF THE INPUT SIGNALS 
Figure 7 shows an example of incorrect use of the input signals. The designer has assumed, incorrectly, 
that it is safe for all three signals (C, D and S) to rise at the same time. However, the interpretation of this 
event is undefined, and will be decoded randomly as being a {Select} event, or a {Select, D=O} event, or 
a {Select, 0=1} event. The last of these being interpreted, therefore, as a start bit. It is for this reason that 
this sort of sequence is forbidden, and recognized as being a use of the device outside of its specification. 

Figure 7. Incorrect Sequence 
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FLASH+: The End of the Emulation Compromise 

Designers are constantly under pressure to reduce the size of printed circuit boards, and are frequently 
faced with the EEPROM emulation dilemma: in a system that requires both Flash and EEPROM memory 
functions, is it necessary to use separate EEPROM and Flash memory chips? In theory the answer is 'no' 
because with appropriate software part of the Flash memory can be made to emulate an EEPROM. in 
practice, however, the benefits of this approach are often outweighed by severe performance penalties. 

An exciting new memory concept promises to end this dilemma once and for all by allowing EEPROM 
functionality to be selectively added to a Flash memory array - a major breakthrough as the Flash cell 
structure is much more cost-effective than conventional EEPROM technology. STMicroelectronics has ful
ly industrialized the concept, and manufactures products that combine 2, 4 or 8 Mbit of Flash memory and 
64 or 256 Kbit of EEPROM on the same chip. 

The new memory concept is called FLASH+. Using essentially the same process that is used for standard 
Flash memories, FLASH+ allows a hardware emulation of the EEPROM function to be performed. This 
uses a double metal process that is only a little more complex than the standard single metal EEPROM 
process, but allows much smaller cell sizes to be used. However, the benefits of FLASH+ go much further 
because the EEPROM functionality can be selectively implemented on the die, resulting in a device that 
combines a conventional Flash memory and a full-featured EEPROM on the same chip. 

Before this breakthrough, designers who needed Flash and EEPROM in their systems either had to ac
cept the cost and space over-heads of using two separate devices or had to use a software emulation 
technique to simulate the EEPROM in a Flash memory. 

The software emulation technique was developed to get round the fact that a Flash cell can only be pro
grammed once between sector-erase cycles. If the application stored parameters and variables in fixed 
Flash locations, the Flash sector would have to be erased every time a variable changed value- and with 
sector erase times being typically more than one second, this would slow down performance intolerably. 

The solution was to write each new parameter value in a fresh Flash location and to maintain a string of 
address pointers to allow the latest value to be found. When the sector is full, the latest values are copied 
across to a second sector, and the first sector is erased ready to start the process again. 

This approach is very straightforward, but the first software emulations to adopt this approach suffered 
from the major disadvantage that the microprocessor could not read its program code from the Flash 
memory while a sector was being erased. Amongst other effects, this gave a worst-case interrupt re
sponse time of over a second. Newer Flash architectures such as "Fast Suspend to Read" and "Simulta
neous Read/Write" have greatly reduced the interrupt latency problem, but still cannot address the most 
important disadvantage of software emulation, which is the large and unpredictable access time and the 
corresponding increase in power consumption. 

REMOVING THE LONG AND UNPREDICTABLE ACCESS TIMES 
When the processor wants to access a parameter stored in "simulated EEPROM", it has to begin at the 
initial location and follow the chain of address pointers, tracing through every updated value until it reaches 
the current one (the one most recently written). Depending on the number of parameters, and the average 
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number of updates between sector erases, this can take anything from six to more than 8000 times longer 
than a simple Flash read-cycle. A detailed explanation of this result can be found in Application Note 
AN931. 

Of course, for some applications, like a remote data logger that only has to make occasional measure
ments, the designer might not be too worried about a worst-case access time measured in milliseconds. 
However, most designers would prefer a fixed access time that is of the same order as that of a standard 
Flash memory. This is particularly important in applications such as mobile phones where the processor 
often has to scan through long lists of data such as user directories or call routing preferences, and users 
will not tolerate noticeable operating delays. 

Thanks to FLASH+, there is now a new solution that eliminates the need for compromise. The new 
M39xxx, the family of FLASH+ products, is a single 3V supply device that appears to the host processor 
as a two separate memory types, a standard multi-Mbit Flash block and a standard multi-Kbit block of par
allel EEPROM. The two memory functions share common address and data buses, and operate concur
rently, exactly as if they were implemented as separate Flash and EEPROM chips. 

FLASH+ is an excellent example of how ST has leveraged its expertise in memory technologies to create 
innovative new solutions. With its advanced technology, and with a dedicated Flash fabrication facility 
ramping up in Italy, the company is greatly strengthening its position in the commodity Flash market. 

Another example is shown where the mobile communications industry has been crying out for Flash mem
ories that can read at supply voltages down to 1.8 V (the voltage available from two almost fully discharged 
batteries). ST has won the race to meet this demanding target. The M29R800 (organized as x8/x16) and 
M29R008 (organized as x8) are 8 Mbit devices that are hardware and software compatible with AMD, and 
hardware compatible with Intel products, but allow data to be read with supply voltages ranging from 1.8 V 
to 3.6 V. This is as opposed to the 2.2 V and 2.7 V minimum supply for corresponding products from other 
suppliers. Both devices feature fast access times of 80 ns at2. 7 V (180 ns at 1.8 V) and allow a transpar
ent hardware upgrade path from standard 2.7 V devices. 
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Emulating the Unification of Flash and EEPROM: A Glossary 

Many microcontroller applications need both Flash memory and EEPROM. This document summarises 
the relevant issues and terminology involved in designing efficient systems with the two types of memory. 

The subjects are arranged in alphabetical order, in the form of a glossary. Cross-references are shown in 
bold face. 

The aim of this document is to highlight the advantages of the M39432: a new memory device that is fab
ricated by ST using a new dual memory technology called FLASH+ rM. This device contains 4 Mb of single
voltage Flash memory, and 256 Kb of parallel-access EEPROM, fabricated together on a single chip. 

ACCESS TIME 

The access time depends on the value of Vee. Presently, the M39432 is available with a voltage range of 
3.0 V to 3.6 V, and an access time of 120 ns at Vee= 3.0 V. Later versions of the M39432 will have a volt
age range of 2.7 to 3.6 V, and an expected access time of 150 ns at 2.7 V. 

APPLICATIONS 

With FLASH+, dual memories (one Flash memory and one EEPROM) can be fabricated together, thereby 
reducing the number of memory packages on the PCB, and also reducing the system Power Consump
tion. The technology is, therefore, ideally suited for use in the portable applications market, notably for: 

• mobile telephones 

• cordless telephones 

• electronic notebooks 

• hand held meters 

• electronic personal assistants 

• portable PCs with very long periods away from the mains. 

CONCURRENT OPERATION 

Write and erase operations in the EEPROM area are managed internally. Although this requires a few mil
liseconds, the Flash memory remains accessible during this time. In particular, instruction fetches from the 
Flash memory can continue uninterrupted while the EEPROM area is still updating itself. 

EMULATION OF EEPROM 

There are three main techniques, as described more fully in AN931, for emulating EEPROM in an area of 
flash memory. 
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The first method is to use a single bank of flash memory, and to write software that traps addresses aimed 
at some of the memory sectors, and makes them behave like EEPROM memory. This External Software 
Emulation of EEPROM (ESE) technique, though, suffers from a number of disadvantages. At run-time, 
accesses to the memory are slowed down enormously by the need to execute the emulation software. The 
development-time, too, is greatly extended by the need to fine-tune the application software to work with 
the emulation software. 

The second method is to use a device with two banks of flash memory: one to be accessed as flash mem
ory, the other to be accessed as if it were EEPROM. This avoids the need for much, but not all, of the 
emulation software, and also allows Read While Write (RWW) operations, thereby reducing access la
tency. However, these devices still require some emulation software, for the management of the linked list 
that allows byte-wise write operations to be emulated in flash memory, and for managing the flash memory 
sector-erase operation. 

The third method is to integrate all of the necessary hardware logic on the chip, and to perform on-chip 
hardware emulation of EEPROM (OHE). This is the technique that is used in FLASH+ technology, as 
used for implementing the M39432. The emulated EEPROM, in the Flash memory block, can be accessed 
as a true EEPROM, with a byte or page write cycle of less than 10 ms. 

ERASING THE FLASH MEMORY 

The M39432 has a bulk-erase function, to erase the entire 4 Mb of Flash memory in one go. It also has a 
sector-erase function, to erase selected sectors (of which there are eight, each one 64 Kbytes in size). 

EXTERNAL SOFTWARE EMULATION OF EEPROM (ESE) 

Flash memory and EEPROM can both be read in a bytewise fashion. Flash memory, though, only allows 
bytewise writing to bytes that have previously been erased, with the erase operation only being able to be 
performed in a sectorwise (or devicewise) fashion. 

To emulate the bytewise update capability of EEPROM in flash memory, each emulated byte is represent
ed as a linked list within a newly erased sector of flash memory. A second sector is reserved for taking 
over when the first sector becomes full, and is erased in readiness. Each data byte is accompanied by a 
two-byte address pointer whose initial value is 'null' (erased). Each write operation involves adding an el
ement on to the end of the linked-list of the byte that is being addressed. 

ESE is costly in terms of performance. Each read operation in the emulated EEPROM involves finding the 
first entry for the byte that is being addressed, and then tracing down through the linked-list until the end 
of the list is reached. The read operation, therefore, can involve a very long sequence of read cycles. The 
access time of any one byte is proportional to the number of elements in the linked list, and hence to the 
number of times that the particular byte has been updated. 

ESE is also costly in terms of memory. If the linked lists are to be allowed to grow to an average length of 
five elements between sector erases, and given that every data byte is accompanied by a two-byte point
er, two 16 Kbyte sectors of flash memory can only emulate an EEPROM of a thirtieth of that capacity (just 
over 1 Kbyte). A further 16 Kbyte of flash memory is occupied by the emulation software. Moreover, 
around 4 Kbyte of external RAM must also be provided, for caching some of the emulation software. 

IDENTIFIERS 

The M39432 supports three different identifiers: 
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a The manufacturer identifier (1 byte, whose value is 20h) 

111 The Flash memory block identifier (1 byte, whose value is OE3h) 

" The EEPROM block identifier (64 bytes, whose contents are user defined). 

A further 64 byte One-Time-Programmable Row (OTP) is provided, as described on page 3. 

ON-CHIP HARDWARE EMULATION OF EEPROM (OHE) 

ST's FLASH+ technology has been developed expressly to support the on-chip hardware Emulation of 
EEPROM. It is used to implement the functionality of multiple memory: two memory devices, one Flash 
memory and one EEPROM, within a single package. 

ONE-TIME-PROGRAMMABLE ROW (OTP) 

The M39432 contains a 64 byte OTP row, distinct from the EEPROM block Identifier that is described on 
page 2. The OTP row can be written once, using a dedicated multi-byte instruction (see the application 
note AN999, or Table 4 of the M39432 data sheet). This row can be used for any user-defined purpose 
(such as for the holding of serial numbers, fabrication parameters, and other tags for identification and 
traceability). The first write operation (whether it be a byte or page write) to the OTP row will freeze the 
whole row against any further writes. 

PACKAGE 

The M39432 is packaged in a TSOP40 (1 Ox20 mm) format. The 40-pin arrangement is forward-compati
ble with (that is, an extended form of) that of the 32-pin M29F040 Flash memory. 

The footprint of the M39432 allows significant savings in circuit board space when compared to the alter
native of using two discrete packages. An M39432 in a single TSOP40 occupies about 40% less area of 
PCB than a standard 4 Mb TSOP32 Flash memory device and a 256 Kb TSOP28 EEPROM device. 

POWER CONSUMPTION 

The M39432 is particularly well suited for portable equipment applications where the power consumption 
in both operating and stand-by modes are critical parameters. The stand-by current can be as low as 5 ~A 
over the full voltage and temperature ranges when the device is set in the Deep Power-Down mode. 

Because the stand-by current is so small, it is largely negligible in calculations of the typical energy con
sumption of the system. These calculations are dominated by the size of the operating current. For the 
M39432, though, the operating current is required only during the processor's read and write cycles. For 
ESE, each read or write operation is composed of a very long sequence of microprocessor read and write 
cycles (possibly several hundred of them in each sequence). The full operating current is therefore re
quired for shorter periods using t11e lv139432 than it is for the ESE technique, and so its energy consump
tion is proportionately much lower. 

PROGRAMMING THE MEMORY 

See Writing to the device. 
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PROTECTION 

The whole EEPROM area and each Flash sector can be protected against spurious writes. (See Software 
Data Protection (SOP) and Sector Protection). 

READY/BUSY (R/B) 

The Ready/Busy output pin (RiB) indicates the status of the EEPROM, and operates completely inde
pendently of the status of the Flash memory. It is normally held high, and only goes low to indicate when 
the EEPROM is performing an internal write operation. 

READ WHILE WRITE (RWW) 

Read While Write is a type of Concurrent Operation. It is a feature of the technique for the Emulation 
of EEPROM using a dual-bank of flash memory. 

SOFTWARE DATA PROTECTION (SOP) 

The EEPROM area of the M39432 can be protected from inadvertent writes. Two specific multi-byte in
structions are provided (see the application note AN999, or Table 4 of the M39432 data sheet) for protect
ing and un-protecting the EEPROM. By being composed of a specific sequence of bytes, the probability 
is reduced of the instruction being issued inadvertently. 

The Flash memory area can also be protected, as described for Sector Protection. 

SECOND SOURCE 

The M39432 is compatible with an other competitor devices announced as available on the market for ear
ly 1997. 

SECTOR PROTECTION 

Each Flash sector of the M39432 can be protected separately against programming or erasure. Flash sec
tor protection is programmed with a specific sequence (see Figure 8 and Table 8 of the M39432 data 
sheet). Any attempt to program or erase a protected Flash sector will be ignored by the device. Reading 
the Flash protection status allows the user to know which sectors of the Flash area are protected or not 
protected. Flash sectors can only be unprotected together by using a specific sequence (see Figure 9 and 
Table 9 of the M39432 data sheet). 

The EEPROM area can also be protected, as described under the Software Data Protection (SOP) 
heading. 

TECHNOLOGY 

FLASH+ technology is implemented using a standard 0.6 micron Flash memory process. 
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WRITING TO THE DEVICE 

The EEPROM area can be written to in a bytewise or pagewise fashion (64 bytes at a time). In either case, 
two successive operations are performed (internally and automatically): a byte-erase or a page-erase cy
cle followed by a byte-write or a page-write cycle. This takes less than 10 ms to complete for a page write, 
and significantly less for a byte write. 

The Flash memory area can only be written in a bytewise fashion. This operation uses a dedicated multi
byte instruction (see the application note AN999, or Table 4 of the M39432 data sheet), and takes less 
than 10 11s for each byte. 

FURTHER READING 

Table 1 lists all the application notes that describe FLASH+ technology and the M39432 memory device. 

Table 1. Bibliography of the Application Notes on FLASH+ Technology 

Application 
Content Title 

Note 

AN997 Introduction M39432: a FLASH+"' Multiple Memory Device 

AN931 Greater detail On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions 

AN996 Glossary Emulating the Umfication of Flash and EEPROM: a Glossary 

AN998 Technology FLASH+"' Multiple Memory Technology 

AN999 Drivers Software Drivers for the M39432 FLASH+"' Multiple Memory 
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On-Chip Hardware EEPROM Emulation 
Versus Flash Memory Software Solutions 

FLASH+ technology, from STMicroelectronics, was developed to allow the advantages of EEPROM and 
those of Flash memory to be obtained from a single device, fabricated on a single chip. Based on Flash 
memory technology, the devices integrate all the control logic to provide a large block of Flash memory, 
and a smaller block which is able to emulate in hardware the functionality of EEPROM. 

The FLASH+ family is modular, and offers Flash blocks from 1 Mbit to 8 Mbit, and EEPROM blocks from 
64 Kbit to 256 Kbit. The first product in this FLASH+ family was the M39432. This features a single supply 
4 Mbit Flash memory (512K x 8) combined with a 256 Kbit EEPROM (32K x 8), in a TSOP40 package. 

The alternative approach of using software algorithms to emulate the EEPROM in Flash memory (as de
scribed on the next page) suffers from considerable disadvantages when compared to the full hardware 
emulation technique used by FLASH+ devices. The EEPROM block of FLASH+ offers the cell density of 
Flash memory with the functionality of EEPROM, with the ability to re-write the memory at the byte level, 
with a write (Erase+ Write) operation that takes under 10 ms. 

Moreover, with FLASH+, the two memory blocks can be addressed in a concurrent mode, so that the EE
PROM block can continue its internal algorithm while the Flash block is being read. This enables param
eter data to be updated in the EEPROM concurrently with program execution in the Flash memory, thus 
offering the same functionality as separate Flash and EEPROM devices. This is an advantage which the 
software emulation technique is unable to offer. 

Figure 1. The FLASH+ Solution 

MICROPROCESSOR FLASH~ (MPU) 

FLASH + EEPROM 

AI02125 

This document compares the FLASH+ family to the alternatives, starting with the technique of emulating 
a block of EEPROM within a Flash memory device, using external software emulation. 
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FLASH MEMORY WITH EXTERNAL SOFTWARE EMULATION OF EEPROM 
This solution uses one large Flash memory, split logically into two areas: the executable code is stored in 
one area, and the remaining memory (typically, two sectors) is dedicated to EEPROM emulation. 

Flash memory may be written byte-by-byte, but cannot be erased, and so cannot be re-written at the byte 
level. Flash memory can only be erased by sector, sector sizes in general ranging from 8 KByte up to the 
whole chip size. The inflexibility of the sector erase limitation can be overcome by writing data sequentially 
into one sector, and making a 'clean' copy of it in the second sector whenever the first sector becomes 
full. The byte program and sector erase operation, in the Flash memory, run concurrently, thereby allowing 
the second sector to take over from the first, while the first is being erased. However, these operations do 
not run currently with other operations, and so the program code in the Flash memory is not available for 
reading while these operations are proceeding. 

Figure 2. Example of a Flash Memory Sector being used to Emulate EEPROM 

FLASH SECTOR 

OOOOh Parameter-1, Address Pointer= OOOCh ... -
First value of Parameter-1 

0003h Parameter-2, Address Pointer= OOOFh 

0006h Parameter-3, Address Pointer = 0012h 

0009h Parameter-4, Address Po1nter = 001 Bh 

Parameter-1, Address Pomter = 001 Eh + -OOOCh Second value of Parameter-1 

OOOFh Parameter-2, Address Pomter = 0015h 

0012h Parameter-3, Address Pointer= 0021h 

0015h Parameter-2, Address Pointer= FFFFh 

001Bh Parameter-4, Address Pointer = FFFFh 

001Eh Parameter-1, Address Pointer = FFFFh + f- Third value of Parameter-1 

0021h Parameter-3, Address Po1nter = FFFFh 

0024h 

AI02126B 

In more detail, at first power-up, the two sectors are erased (to FFh since it is Flash memory). Whenever 
the application needs to update one of its parameters, stored in the emulated EEPROM, the emulation 
software writes three bytes: a 16 bit pointer to the new value and the new Parameter-1 value itself. 

Each parameter, then, is stored in a linked list, with The content of the Flash memory sector is a stack of 
three byte values or parameter/address pointer pairs, forming a linked list whose last value is the latest 
update of the parameter. 

This is shown in Figure 2. Parameter-1 was first programmed at location OOOOh of Sector-1. It was then 
modified and re-programmed at location OOOCh. Its third, and latest, value was programmed at 001 Eh. 
The emulator knows that the value at location 001 Eh is the latest update because the 16-bit address point
er, associated with it, is still blank (the value FFFFh is stored at locations 001 Fh and 0020h). 
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Similarly, Parameter-2 was programmed at first at location 0003h, then at OOOFh and then at 0015h. Pa
rameter-3 was programmed at 0006h, 0012h and 0021h; Parameter-4 was programmed at 0009h and 
001Bh. 

During the application's life time, the parameters will be updated many times, and Sector-1 of the Flash 
memory will be soon filled. When this happens, the application software must copy the latest values of 
each parameter into Sector-2, and to start using Sector-2 instead of Sector-1. Meanwhile, Sector-1 can 
be erased, so as to be ready for when Sector-2 become filled, and the process needs to be reversed again. 

System Requirements 
Flash memory cannot be read while another part, even in a completely different sector, is being pro
grammed or erased. This is because the internal algorithms of the Flash memory are busy controlling the 
program or erase cycle. This means that the software code for the EEPROM emulation has to be stored 
outside the Flash memory itself. 

This means the application hardware design must include an additional memory, often a small SRAM, 
from which to fetch and execute the device drivers for the emulator. 

The initial copy of the executable code, of the EEPROM emulation, is stored in the Flash memory. This 
includes all the code for sequencing the emulation process, including the specific "program a byte in Flash 
memory" driver. This must be copied to the SRAM before execution. 

Typically, as shown in Figure 3, the EEPROM emulation software code is 16 KByte, and the part that 
needs to be "cached" in the SRAM is 4 KByte. 

Figure 3. Memories Required for the External Software Emulation of EEPROM in Flash Memory 

FLASH MEMORY SRAM 

Microprocessor 4 KByte 
(MPU) Application Code 

·--------------
Parameters 

·--------------
Emulation Software 

(4 KByte to 16 KByte) 
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HARDWARE VERSUS SOFTWARE EMULATION 

EEPROM can be emulated in Flash memory in two ways: 

- Using hardware EEPROM emulation based on Flash memory technology, as used in FLASH+ devices 

- Using software EEPROM emulation in two Flash memory sectors, with a small external SRAM device 

In the comparison that follows, hardware emulation is referred to as OHE (On-chip Hardware Emulation) 
and software emulation as ESE (External Software Emulation). 

ACCESS TIME 
The access times for the two different emulations are not the same. Moreover, that for ESE varies with the 
number of times the parameter has previously been updated. 

OHE Access Times 
Read and write times for On-chip Hardware Emulation are the same as the access times for standard par
allel-access EEPROM. That is, tREAD is one MPU cycle, and !wRITE is one MPU cycle plus a write latency 
of 10 ms during which the EEPROM performs its internal write cycle (and during which the Flash memory 
may continue to be read). 

So the OHE access time is constant, and is not weighted by the number of previous updates of each pa
rameter. The 10 ms latency between byte writes can be significantly ameliorated using the Page Write 
Mode, which allows up to 64 bytes to be written during a single 10 ms write cycle. 

ESE Access Times 
For ESE, as shown in Figure 2, each parameter byte is associated with a two byte address pointer in a 
linked list. Each Read or Write involves a sequence of MPU read cycles to find the end of the relevant 
parameter list. Thus, for example, the time to read the last value of the Parameter-1 involves the following 
operations: 

read the first address pointer at OOOlh and 0002h 
if this pointer is not FFFFh, then 

read the second pointer at OOODh and OOOEh 
if this pointer is not FFFFh, then 

read the third pointer at OOlFh and 0020h 
if this pointer is not FFFFh, then 
... and so on ... 

else read the latest pararneter-1 value 

From this example the general rule for the access time can be derived: 

Time to read last value in list= (2N+ 1 )*MPU_read_cycles + N *MPU_conditional_test 

where N is the number of times the parameter has been updated. Table 1 summarizes the access times 
for a few extreme cases of sector configuration. 
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Table 1. ESE Access Times 

1 EEPROM byte 100 EEPROM bytes 2730 EEPROM bytes 1 

Maximum number of 
2730 27 1 

updates possible2, N 

tREAD (N): read time for one (2N+ 1 )*MPU_read_cycles (2N+ 1 )*MPU_read_cycles (2N+ 1 )*MPU_read_cycles 
byte + N*MPU_cond_test + N *MPU_cond_test + N *MPU_cond_test 

!WRITE (N): write time for tREAD(N) + 3 write cycles tREAD(N) + 3 write cycles IREAD(N) + 3 write cycles one byte 

Time to swap last update to IREAD(2730) + 3 write IREAD(27) + 3 write cycles IREAD(1) + 3 write cycles 
new Flash memory sector3 cycles 

Notes: 1. 2730 1s the max1mum number of bytes that can be emulated With a Flash mem01y sector of 8 KBytes. 
2. Assum1ng each byte is updated the same number of times. 
3. When swapping data, addotoonal tome os requored to down· load the executable drovers to the SRAM, and to perform the sector erase. 

Table 1 shows the cases for an application with only one parameter, for 100 parameters and for the max
imum that can be stored in a Flash memory sector of 8 Kbytes (8 Kbytes/3 bytes per parameter= 2730). 
If the application MPU can perform a Read or Write in 200 ns, and conditional test in 200 ns, and if the 
Flash memory byte write time is 10 f!S, then we get the following expressions for the access times: 

For one parameter, the first parameter update times are as follows: 

tREAD= (2N+ 1 )*MPU_read_cycles + N *MPU_conditional_lest = 0.8 f!S 

!WRITE= (2N+1)*MPU_read_cycles + N*MPU_conditional_test + 3 *-write= 30.8 f!S 

The 27301h parameter update times are as follows: 

tREAD= 1.638 ms 

!WRITE = 1.668 ms 

After every 27301h update, the application software has to copy the last updated values to the second sec
tor. The sector erase operation takes about 1 second at the beginning of the device's life, but becomes 
longer with successive erase/write cycles. Consequently, the application will freeze for some seconds af
ter every 27301h update. 

If the Flash memory is, instead, used to handle 100 parameters, the first parameter update times are as 
follows: 

tREAD = 0.8 f!S 

!WRITE = 30.8 J.lS 

The 27th parameter update times are as follows: 

tREAD = 16.4 f!S 

!WRITE = 46.4 J.lS 

In this case, the application software has to copy the last updates to the second sector after only 27 up
dates. The application freezes for some seconds to erase the Flash memory sector after 27 updates of 
each parameter. 

For 2730 parameters the read and write times are absurdly high as each update means using a new Flash 
memory sector and freezing the application for some seconds to erase the other one. 

The read and write times for ESE are always larger than for OHE, with the worst case occurring as the 
sector approaches being full. The long read access time is a major weakness of the ESE approach, as 
opposed to the 200 ns read access time (as for parallel access EEPROM) that is offered by OHE. 
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In addition, the ESE Flash memory sector erase causes the entire application to be frozen for several sec
onds. The sector erase can be suspended and resumed, but this requires external drivers in the additional 
SRAM, and prolongs the operation. 

Either way, this is still particularly inappropriate in an application where interrupt requests have to be ser
viced within a very short time. If the interrupt request rate is high, and parameter refresh is also high, it is 
possible to reach the point where the first emulated EEPROM sector has not completed erasing when the 
second sector becomes full. The emulation then grinds to a complete standstill. 

Figure 4. Access Times plotted against the Number of Updates 

Access T1me 

1s 

100ms 
Latency between 2 successtve 

10ms 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ / OHE Wntes (Byte or Pages ol64 by1es) 

1ms 

100~s 

30.8~s 

10~s 

0.8~s 
200ns 

POWER CONSUMPTION 

2730 

__ / 
Read or Write OHE By1e = 200ns 

Number of updates 
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The power consumption of any single power supply memory is dependent on three parameters: the Icc 
operating current, the Icc standby current. and the proportion of time spent in each of these states. 

A device needs to be active (Icc= operating current) whenever it is accessed. The access time of ESE is 
usually several times longer than it is for OHE, for the reasons stated in the previous section. Consequent
ly, the active time for ESE is much larger than for OHE. As the standby current value is much less than 
the operating current, the ratio of power consumption between OHE and ESE concepts depends mostly 
on the operating current values and active times. 

Table 2 shows that the ESE access time can be between 6 and 8000 times longer than the OHE access 
time. Thus the ESE technique is considerably more energy consumptive than the OHE technique. 

Table 2. Read and Write Times after Several Updates 

Number of Updates 1 27 2730 

tREAD 0.8 J.!S 16.4 J.IS 1.638 ms 

!WRITE 30.8 J.IS 46.4J.!S 1.668 ms 
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MEMORY SIZE FOR EMULATION 

Two factors are important when comparing the External Software Emulation and the On-chip Hardware 
Emulation solutions: the number of parameters to be stored, and the number of updates. 

For OHE, the memory size chosen is simply determined by the number of parameters to be stored. The 
number of updates, that can be made, is determined by the technology. This is able to sustain over 
100,000 re-write cycles for the emulated EEPROM. 

For ESE, the choice is not so simple. First is the case where the data is updated a few times, say 1 to 10 
times. Most applications that modify data only a few times might be expected to accept that they will be 
frozen every once in a while, for a few seconds, while sector erase is in progress. During the freeze, they 
will offer limited functionality, with most interrupts disabled, and no real time operations. Table 3 shows 
the memory size requirements for this case. 

Table 3. Memory Size Required for Infrequent Updates 

Emulated EEPROM Size 16 Kbit 64 Kbit 256 Kbit 

ESE Size1 
3*2*16 Kbit 3*2*64 Kbit 3*2*256 Kbit 

ESE solution = 96 Kbit =384 Kbit = 1.536 Mbit 

SRAM Size 32 Kbit 32 Kbit 32 Kbit 

OHESize 16 Kbit 64 Kbit 256 Kbit 
OHE solution 

SRAM Size none none none 

Notes. 1. For ESE, one EEPROM byte reqwres 3 Flash memory bytes, doubled mto 2 Flash memory sectors 

If the number of updates is higher, in the range of 1 00 to 1000 times, the application probably needs a 
more flexible access to the EEPROM. The main concern is to spread the long Flash memory sector erase 
time over many small Erase Suspend/Resume slots in such a way that this operation does not impact on 
the application's other real time tasks. If we consider an application that cannot afford to be slowed down 
by the Erase Suspend/Resume operation, except after each 1oth parameter update, then this will have to 
emulate the EEPROM in a Flash memory sector that is ten times larger than the data size in order to offer 
fast access time for the first 10 updates. The values are shown in Table 4. 

Table 4. Memory Size Required for Frequent Updates, Delay at each 1Oth Update 

Emulated EEPROM Size 16 Kbit 64 Kbit 256 Kbit 

ESE Size1 
10*3*2'16 Kbit 1 0'3"2 .. 64 Kbit 1 0'3'2'256 Kbit 

ESE solution = 960 Kbit =3.84 Mbit = 15.36 Mbit 

SRAM Size 32 Kbit 32 Kbit 32 Kbt! 

OHE Size 16 Kbit 64 Kbit 256 Kbit 
OHE solution 

SRAM Size none -- 119ne none 

Notes: 1. For ESE, each EEPROM byte needs to be stored 10 t1mes, each t1me needtng 3 Flash memory bytes, doubled Into 2 Flash memory 
sectors. 

In the last case where the parameters are updated thousands of times, say 1000 to 1 00,000, the applica
tion is typically one that requires fast data acquisition of at least 100 parameter updates before it can be 
slowed to erase the Flash memory sector. In this case to Flash memory sector emulating the EEPROM 

7/8 

699 



AN931 ·APPLICATION NOTE 

has to be 100 times larger than the EEPROM memory. This results in huge and impractical Flash memory 

size requirements (up to 153.6 Mbit to emulate an EEPROM of just 256 Kbit). 

In all cases, the OHE solution requires just the straight EEPROM size specified by the application. 

EMULATION SOFTWARE DRIVERS 

No software drivers are needed for the OHE solution. The EEPROM part of the FLASH+ device is ac

cessed directly in the memory address space, for both Read and Write operations. The ESE solution re

quires software drivers, which must be stored in the Flash memory and downloaded to an SRAM (of the 

order of 4 KBytes to 16 KBytes in size). 

HARDWARE ENVIRONMENT AND CONCURRENT MODE 

The ESE solution cannot access both the Flash memory and the ESE blocks concurrently. A Write to the 

ESE has to be controlled by software running outside the Flash memory in the external SRAM. 

The OHE solution, however, allows reading the Flash memory during the internal EEPROM write cycle. It 

does not require any additional, external memory. 

CONCLUSION 

When developing new applications, requiring parameter storage, two important issues have to be taken 
into account: the access time, and the number of parameter updates expected during the application's life. 
When these two parameters are known, the designer can evaluate the two competing solutions, according 

to the concerns summarized in Table 5. The ESE solution will be found to be suitable only for those appli

cations where the software development costs can be spread over a large volume production, where the 
updates are small (less than 1 00) and occasional freezing of the application for one or more seconds is 

acceptable. The OHE solution has none of these restrictions, and can be the ideal solution for all types of 

application. 

Table 5. Summary of the ESE and OHE Solutions 

ESE Technique OHE Technique 

Read access time Increases in proportion to the number of F1xed, one MPU read cycle updates 

Write time 30 J.IS in addition to the read access time 1 0 ms for between 1 and 64 bytes 

Energy consumption V cc *Icc *lEsE 
Vcc*lcc*toHE 

(where 6*toHE <lEsE< 8000*1oHE) 

Memory size Flash memory at least 6 times larger than Equal to EEPROM size EEPROM that is being emulated 

Software dnvers Flash memory around 16 KBytes + SRAM None around 4 KBytes 

Additional hardware SRAM of around 4 KBytes None requirements 
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M39432: a FLASH+™ Multiple Memory Device 

The new FLASH+ technology, from ST, allows Flash memory and EEPROM to be fabricated together on 
a single die. Significant cost, speed and power consumption advantages are gained over designs that pre
viously used two separate memories, or that previously used software to emulate the effect of having the 
two types of memory in a single package. This document briefly considers some of these alternative tech
niques, and highlights the advantages of the FLASH+ technology solution, as used in the M39432 product. 

ADVANTAGES AND DISADVANTAGES OF EACH TYPE OF MEMORY 

Electronic memory is usually classified under two main headings: volatile (losing its contents when the 
power supply is removed), or non-volatile (retaining its contents even when disconnected from an external 
power supply). Non-volatile memory can be further subdivided into the following technology families: 

a ROM (read only, not erasable, mask programmable at time of manufacture) 

., EPROM (bytewise electrically programmable, devicewise UV erasable or not erasable) 

a Flash memory (bytewise electrically programmable, blockwise electrically erasable) 

., EEPROM (bytewise electrically re-programmable, bytewise electrically erasable) 

The key advantages and disadvantages of each family are summarized in Table 1. In general, the cell size 
increases as the inconvenience of erasing is decreased. Since the chip size depends on the cell size, the 
cost of the memory is proportional to its ease of erasure. Choosing the most appropriate compromise for 
the application becomes an important design decision within any project. 

Table 1. Key Advantages and Disadvantages of Each Family of Non-volatile Memory 

Memory Type Advantages Disadvantages 

ROM Very small cell size Cannot be modified except at high cost (a new mask set) 

EPROM Small cell size The application must be taken out of service for UV erase 

FLASH Medium cell size; electrical erase Erase only in blocks (sectors) 

EEPROM Bytewise re-programming Cell size too large for cost effective megabit memories 

APPLICATIONS USING A MICROCONTROLLER CHIP AND ONE EXTERNAL MEMORY TYPE 

Most microcontroller systems need at least two types of memory: 

,. a relatively large amount of program memory that does not need to be changed very often 

., a small area of scratch memory, for the temporary storage of transient data. 

Many microcontroller systems also need an area of non-volatile memory to be set aside for storing per
sistent data (data that is changed from time to time, but that must be retained from one power-on period 
to the next). These three areas of memory can be implemented as summarised in the table on the follow

ing page. 
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Table 2. Suitable Memory Technology for Each of the Different Data Types 

Data Type Suitable Technology 

Executable program instructions, ROM, EPROM or Flash memory 
and large tables of fixed data 

Persistent data Flash memory or EEPROM 

Transient data and cache storage RAM or register banks within the microcontroller chip itself 

The demands on all three areas is growing annually. To take a typical example, such as a digital cellular 
phone, the current requirements, versus those of the near future, are as follows: 

,. Flash memory, for the executable program 

- currently: 4Mb (512 Kx8) with a 5 V power supply 

- required soon: 8Mb (512 Kx16) with a 3 V power supply 

• EEPROM, for storing fabrication parameters, user set-up parameters, tables, directories 

- currently: Parallel, 64 Kb with a 5 V power supply 

- required soon: Serial (to reduce package size), 64 Kb with a 3 V power supply 

- There is already a very large market for low capacity, serial EEPROMs, and the market for larger ca-
pacity EEPROMs is growing steadily, with a trend to ever greater capacities. When the 12CTM bus was 
first developed, 16 Kb was considered adequate as an upper limit for the address space. However, this 
limit has long been exceeded by applications in robotics, mobile telephones, test equipment and indus
trial controllers. Microcontroller applications routinely require 256 Kb EEPROMs, and will soon require 
1 Mb and even 4 Mb products. This was, of course, anticipated by the introduction of the extended fC 
bus, allowing addressing up to 4 Mb. 

• SRAM, for holding transient data, for use as DSP scratch-pad memory and for storing voice messages 

- currently: 64 Kb, or more, with minimum power consumption, and access times oi 100 ns 

- required soon: 256 Kb or 1 Mb, or more, with minimum power consumption, and access times of 70 ns 

For a more modestly sized application, one possible arrangement is to use just two chips: 

1. one microcontroller (complete with scratch memory areas) 

2. one flash memory, to hold the executable code and persistent data. 

This arrangement has the advantage of compactness and simplicity, but is not always an acceptable so
lution. Flash memory allows bytewise writing to bytes that have previously been erased, but the erase op
eration can only be performed in a sectorwise (or devicewise) fashion. (Sector sizes can be 8 Kbyte, or 
more, depending on the manufacturer). 

APPLICATIONS USING A MICROCONTROLLER CHIP AND TWO EXTERNAL MEMORIES 

Due to the widespread market-availability of EEPROM and flash memory, this solution, depicted in 
Figure 1, is the one that is frequently adopted. The main disadvantage of this approach is the need to have 
two memory packages, and consequently the relatively large PCB area that is occupied. 
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Figure 1. Application Based on Separate Flash Memory and EEPROM 
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COMBINING THE FUNCTIONALITY OF FLASH MEMORY AND EEPROM IN A SINGLE PACKAGE 

It would be preferable not to have to include several memory chips on the PCB, but to have the function
ality of each of the types of memory combined in a single package. This would, in fact, be advantageous 
to all microcontroller applications. For those that previously could not justify the cost of having different 
types of memory in the system, the increased functionality becomes available at little or no extra cost. For 
applications that previously needed separate integrated circuit packages for each memory type, multi
function memory either offers the opportunity to incorporate more functionality within the same area of 
PCB, or offers the advantages of reducing the PCB area and chip count, as summarized in the following 
list: 

• miniaturization, due to smaller PCBs 

• reduced component purchasing and assembly costs 

• faster testing (or more thorough testing) 

• increased system reliability 

• better use of silicon area through the sharing of common functions 

• increased system quality 

• lower power consumption. 

The appearance of having flash memory and EEPROM, fabricated together on a single chip, can be em
ulated by either of the following strategies: 

1. by fabricating a large EEPROM device, and using a part of it as Flash memory 

2. by fabricating a large Flash memory device, and using a part of it as EEPROM. 

The first approach is not economically viable: the standard EEPROM process is based on a two-transistor 
cell, whereas Flash memory uses a single transistor memory cell (as described in Application Note, 
AN998). Since today's applications demand large Flash memory capacities, of 4 Mb or more, this two-fold 
bloating of the required silicon area is too high a price to pay for the increased functionality. 

The second approach is more attractive, and can be undertaken in either of the following ways: 

a. emulation in software of the EEPROM area (ESE) 

b. emulation in hardware of the EEPROM area. 
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APPLICATIONS USING EMULATION IN SOFTWARE OF THE EEPROM AREA 

This technique takes one large flash memory, and splits it into two functional areas: 

i. one area is used as normal flash memory, for holding the executable program 

ii. the remaining area (typically two sectors in size) is used for the emulation of the EEPROM. 

To emulate the bytewise update capability of EEPROM in flash memory, each emulated byte is represent
ed as a linked list within a newly erased sector of flash memory. A second sector is reserved for taking 
over when the first sector becomes full, and is erased in readiness. Each data byte is accompanied by a 
two-byte address pointer whose initial value is 'null' {the erased state). Each write operation involves add
ing an element on to the end of the linked-list for the byte that is being addressed. 

Each read operation in the emulated EEPROM involves finding the first entry for the byte that is being ad
dressed, and then tracing down through the linked-list until the end of the list is reached. The read opera
tion, therefore, can involve a very long sequence of read cycles. 

When the sector becomes full, the last element of each linked list (the most recent value of each stored 
byte) is copied across to the second sector, and that sector takes over as the current state of the emulated 
EEPROM. The first sector is erased, in readiness for taking over again, once the linked lists have grown 
too large in the second sector. 

In applications where the data are changed frequently, the read access time of the emulated EEPROM 
can be hundreds of times longer than the read access time of a true EEPROM. This would be a major 
concern for applications in which the processor has to perform frequent data searches. 

Another problem is that flash memory cannot perform simultaneous reads and writes, even to addresses 
in unrelated sectors. This limitation, of course, applies to all single-ported memory. However, it is particu
larly significant in this case: every read and write to the emulated sectors of the flash memory involves a 
long sequence of instruction fetches for the emulator software. These instructions, therefore, need to be 
stored in another memory device (usually in an external static RAM chip) if the fetching of each one is not 
to interfere with normal user-access of the flash memory. 

Figure 2 depicts the partitioning of the various memory regions. The emulation driver generally takes up 
16 Kbytes of the flash memory, but only 1 to 4 Kbytes of this needs to be copied into SRAM at any one 
time. The emulated EEPROM takes a further two sectors from the flash memory, leaving the remainder 
available for use as normal flash memory (for the application program, for example). 

Figure 2. Application Based on a Single Bank of Flash Memory 
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The drawbacks of the ESE approach include: 

1. extra software complexity, caused by the emulation software 

2. the need for a data buffer for the sector that is being changed 

3. the long write time 

4. all other memory operations are suspended, including instruction fetch, during the long write time 

5. the need, still, for two types of memory chip to be included on the PCB. 

APPLICATIONS USING EMULATION IN HARDWARE OF THE EEPROM AREA 

ST's FLASH+ technology provides EEPROM functionality that is emulated using conventional Flash tech
nology. A key benefit is that the host controller can read the Flash memory while an EEPROM write cycle 
is in progress; the EEPROM block manages its write cycle internally once the host controller has issued 
the program command. 

Figure 3. Application Based on the M39432 Device 
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FLASH+ offers the power-consumption and footprint advantages of the single memory package solution, 
along with the speed advantages of the dual memory device solution. It is particularly well suited for use 
in the portable-applications market, as highlighted by the numbered points that follow. 

1. Small footprint: 

FLASH+ brings savings in PCB size, fabrication steps and a consequent improved overall product 
quality. An M39432 in a single TSOP40 occupies about 40% less PCB area than a standard 4 Mb 
TSOP32 Flash memory, plus a 256 Kb TSOP28 parallel EEPROM. 

Within the FLASH+ device, the Flash memory and EEPROM blocks share the same data, address and 
control lines. The only extra overhead is the distinction between EF (Enable Flash) and EE (Enable 
EEPROM), and the R/B (Ready/Busy) output (as depicted in the functional block diagram of Figure 4). 

The 40-pin TSOP40 arrangement (as shown in Figure 5) is forward-compatible with (that is, an extend
ed form of) the 32-pin M29W040 Flash memory. Pins 3 to 18 and 23 to 38 correspond exactly with the 
pins of the M29W040 device. 

2. Low power consumption: 

There is a single supply voltage, across the Vee and Vss pins. The stand-by current can be as low as 
5 f!A, over the full voltage and temperature ranges, when the device is in its Deep-Power-Down mode. 
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Though much higher than this, the full operating current is required only during processor read and 
write cycles. This gives the FLASH+ device a much lower power consumption than is possible with the 
ESE technique: under ESE, each read or write cycle is composed of a sequence of microprocessor 
read and write cycles (often, several hundreds of them), the full operating current is required for longer 
periods than it is for the FLASH+ device. 

3. High speed: 

When the application is running, the processor fetches executable instructions from the Flash memory, 
and data from the EEPROM, occasionally writing data to the EEPROM. The EEPROM region of the 
FLASH+ device can be read or written a byte at a time, or a 64-byte page at a time. 

Although writing to the EEPROM region requires a few milliseconds, the FLASH+ device is accessed 
as two independent memories. This concurrent mode of operation allows the Flash memory to continue 
to service read requests, such as instruction fetches, even while the EEPROM is in the middle of per
forming a write or erase operation. 

4. Short program development time: 

Using FLASH+, the designer does not need to write EEPROM emulation software, or to fine-tune ex
istent emulation software for the pattern of read, write, erase and interrupt requests that occur in the 
particular application in hand. 

5. Traceability and tagging: 

The M39432 contains a 64 byte OTP row (one-time-programmable). This can be written once, using a 
dedicated multi-byte instruction (see Table 4 of the M39432 data sheet). The OTP row can be used for 
any user-defined purpose (such as for the holding of serial numbers, fabrication parameters, and other 
tags for identification and traceability). The first write operation (whether it be a byte or page write) to 
the OTP row will freeze the whole row against any further writes. 

6. Large memory: 

The FLASH+ device is ideally suited to applications that need a large array of executable code and a 
medium/large array of persistent, but changeable, data. 

The two independent blocks of memory are each organized on an 8-bit bus. For the M39432, for ex
ample, one block consists of 4Mb of Flash memory (arranged as 512 K by 8 bits), and the other of 
256 Kb of parallel EEPROM (arranged as 32 K by 8 bits). 

FURTHER READING 

Table 3 lists the application notes that describe ST's FLASH+ technology and M39432 memory device. 

Table 3. Bibliography of the Application Notes on FLASH+ Technology 

Application Content Title 
Note 

AN997 Introduction M39432: a FLASH+"' Multiple Memory Device 

AN931 Greater detail On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions 

AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary 

AN998 Technology FLASH+"' Multiple Memory Technology 

AN999 Drivers Software Drivers for the M39432 FLASH+"' Multiple Memory 
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SUMMARY OF THE FEATURES OF THE M39432 FLASH+ DEVICE 

• Uniform access time: 120 ns (Flash memory and EEPROM) 

• Single, uniform supply voltage: 3.0 V to 3.6 V (for read, program and erase operations) 

• Low stand-by current: 5 J.IA in deep power-down 

• Automatic stand-by and deep power-down modes 

• Device-type and memory-type identifier 

• Write, program and erase status bits 

11 Data retention: 10 years 

• Standard memory package: TSOP40 (10 x 20 mm) 

• Extended temperature range: -40 octo +85 oc 

FLASH MEMORY BLOCK (IDENTICAL TO THE M29W040 FLASH MEMORY) 

Programming time: 10 ms per byte 

Flash sector erase 

• Erase time: 1.5 seconds per sector 

• 8 Sectors of 64 Kbytes each 

• Sector protection 

• Multi-sector erase 

• Erase suspend and resume 

10,000 Program/Erase cycles per sector 

EEPROM BLOCK 

• 512 pages of 64 bytes 

• Additional 64 byte one-time-programmable (OTP) page 

Writing features 

11 64 byte page-write or single byte-write: 10 ms (maximum) 

11 Ready/Busy output pin 

• Software data protection 

100,000 write cycles 
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Figure 4. Functional Block Diagram 
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Figure 5. M39432 TSOP40 Pin-out 
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FLASH+™ Multiple Memory Technology 

EPROM, Flash and EEPROM devices all use the same basic floating-gate mechanism to store data, but 
they use different techniques for reading and writing. This application note discusses the similarities and 
differences between these technologies, and introduces ST's new FLASH+ multiple memory technology. 

In each technology mentioned above, the memory cell consists of an MOS transistor with two gates: 

• a control gate that is connected to the read/write control circuitry 

• a floating-gate (located between the control gate and the MOSFET channel) that is completely 
surrounded by an insulating layer of silicon dioxide. 

Because the floating-gate is very close to the MOSFET channel, even a small electrical charge on it has 
a readily detectable effect on the threshold voltage of the transistor. This mechanism is usually used to 
store a single bit, which is read by comparing the present threshold voltage with a reference value. (With 
more sophisticated read/write techniques it is possible to distinguish between more than two charge 
states, thus allowing two or more bits to be represented on each floating-gate.) 

Several techniques are available for moving electrons to and from the electrically isolated floating-gate: 

1. Channel Hot Electron injection (CHE) 

2. High energy light rays 

3. Electron tunnelling 

The first method is used in EPROM and flash memory devices, for charging the floating gate. The MOS
FET channel is filled with high energy electrons by applying relatively high voltages to the control gate and 
the drain. Some of these "hot" electrons have sufficient energy to cross the potential barrier between the 
channel and the floating-gate. When the high voltages are removed, these electrons remain trapped on 
the floating-gate. 

In EPROM devices, the discharging of the floating-gates is achieved in parallel by flooding the entire mem
ory array with ultra-violet light. The high energy light rays penetrate the chip structure and impart enough 
energy to the trapped electrons to allow them to escape from the floating-gate. As well as being simple 
and effective, this method is immune to problems of over-erasure: continuing to expose the gate to UV 
light, after it has already been discharged, does not discharge it further to some non-operative region. 

The third method, used in EEPROM devices, relies on a quantum-mechanical effect called tunnelling. A 
voltage is applied to the source that is sufficient to cause electrons to 'tunnel" across the insulating oxide 
layer. This effect can be used both to charge or discharge the floating-gate, according to the polarity of the 
applied tunnelling voltage. 

For an EPROM device, the thickness of the oxide layer that separates the floating-gate from the source is 
typically 20 to 25 nm (200 to 250 Angstroms). For EEPROM, though, the number of electrons that can tun
nel across in a given time depends on the thickness of the layer and the value of the applied voltage. Con
sequently, in order to meet realistic voltage-level and erase-time constraints, the insulating layer has to be 
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very thin, typically 10 to 13 nm (1 00 to 130 Angstroms). The quality of this oxide layer has a profound effect 
on the performance and reliability of the device. 

Table 1. Summary of Methods for Charging and Discharging the Floating-gate 

Technology Charge Discharge 

EPROM channel hot electron ultra-violet light 

Flash memory channel hot electron tunnelling 

EEPROM tunnelling tunnelling 

From the summary in Table 1, it can be seen that flash memory is programmed like an EPROM and erased 
like an EEPROM. It therefore inherits many of the performance and reliability limitations of both EPROMs 
and EEPROMs. On the other hand, flash memory avoids the main disadvantages of both: it has the elec
trical erasability of EEPROM at a packing density close to that of EPROM. The high packing density is 
made possible by a compromise in which, unlike EEPROM, flash memory is erased a sector at a time. 

This, however, brings its own technological problems. A special erase algorithm is implemented, in hard
ware, that first writes to all the cells in the sector, to ensure that every floating-gate is fully charged, and 
then applies a short erase pulse to all of the cells simultaneously. The algorithm tests the state of the cells 
in the sector, and repeats the erase-test cycle until all of the cells have been erased. 

A problem may occur, however, if one cell discharges too quickly. The erase pulse will continue to be ap
plied to it, until all the other cells have been erased, so causing the problem cell not only to be discharged 
further, but to become increasingly charged at the opposite polarity. Charged with a surfeit of holes (over 
depleted of electrons) the transistor will be placed in its depletion mode of operation. The problem cell will 
exhibit a "stuck at" fault. The entire chip will thereby be rendered useless. 

This problem can be easily prevented in low density EEPROMs by design techniques that are not feasible 
in multi-megabit flash devices. The solution is to combine optimized circuit design with a meticulously 
tuned process that ensures a uniform and tightly controlled distribution of cell characteristics. For example, 
increasing the thickness of the oxidation around the corners of the floating-gates prevents the occurrence 
of high, local electric fields that can accelerate discharge. Special test modes and structures can also be 
built into the devices to assist in process monitoring. 

THE NEED FOR MULTI-TYPE MEMORY DEVICES 

The reason that all three technologies survive, and continue to be supported, is that they each have their 
own advantages. EEPROM is the most versatile of the non-volatile memory technologies, but is also the 
most expensive. Since cells can be erased individually, or on a bytewise basis, each cell must include a 
switch to enable it to be isolated from its neighbours. There must be as many switches to do this as there 
are cells in the memory device. The most efficient EEPROM device, therefore, needs a two transistor cell. 

EPROM, on the other hand, does not need transistors to isolate the individual bytes during the erase cycle, 
and so can be implemented with a one transistor cell. EPROM is, therefore, the cheapest of the non-vol
atile memory technologies discussed here. Large areas of storage that do not need to be changed often 
are more effectively implemented in EPROM than in EEPROM. 

Flash memory attempts to achieve the advantages of both, and the disadvantages of neither. With a single 
transistor cell, it achieves most of the advantages of EPROM, allowing it to be used for large, unchanging 
storage, such as for holding the microcontroller's executable program. However, this is made possible by 
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limiting its erase operation only to whole sectors at a time. Flash memory, therefore, does not quite 
achieve the flexibility of EEPROM. 

For some applications, where the flexibility of EEPROM is required, it is necessary to include two memory 
chips: 

11 one for the large executable program 

,. one for the frequently changing non-volatile data (data that needs to be retained from one power-on 
period to another, but which can change often during any one power-on period). 

To get round this problem, techniques are available that can emulate the flexible behaviour of EEPROM 
in flash memory, thus allowing a single chip to be used for both types of memory. These techniques are 
introduced in AN997, and analysed in more detail in AN931. A glossary for these techniques is available 
in AN996. These application notes, listed in Table 2, are written to highlight the advantages offered by the 
M39432 memory, implemented in ST's new FLASH+ TM technology. 

Table 2. Bibliography of the Application Notes on FLASH+ Technology 

Application Content Title Note 

AN997 Introduction M39432: a FLASH+"'' Multiple Memory Device 

AN931 G realer detail On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions 

AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary 

AN998 Technology FLASH+"' Multiple Memory Technology 

AN999 Drivers Software Drivers for the M39432 FLASH+T" Multiple Memory 

FLASH+ TECHNOLOGY 

FLASH+ technology uses the same 0.6 micron process that is used for our standard Flash memories. The 
main difference is the use of a thinner tunnel oxide layer. The result is a "double poly/double metal" proc
ess that is a little more complex than the industry standard "double poly/single metal" EEPROM process, 
but provides significantly greater memory densities. For example, a 1 Mb parallel EEPROM complete with 
error correction circuitry could be built with a cell size less than that of a 256 Kb serial EEPROM built with 
the industry standard process. 

Because this new technology is so closely related to flash, it has opened up the possibility of integrating 
both types of memory on a single chip. This, in turn, leads to further efficiency, since much of the support 
circuitry (such as charge pumps for on-chip generation of the programming voltage, address logic, state 
machine and 1/0 buffers) can all be shared. 

The M39432 features all of the following on a single chip: 

a 4Mb array of Flash. memory, with: 

- sector protection 

- erase suspend/resume features 

11 256 Kb array of full-featured EEPROM, with: 

- software data protection 

- 64-byte page-mode 

- enhanced end-of-write detection. 
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Software Drivers for the M39432 FLASH+™ Multiple Memory 

This document describes the primitive software drivers for use with the M39432. (The M39432 is a single
chip memory device containing a 4 Mb block of single-voltage Flash memory, and a 256 Kb block of Par
allel EEPROM.) These routines have been developed on an evaluation board that was configured as fol
lows: 

• 1 ST1 0 microcontroller running at 40 MHz (compatible with SIEMENS 80C16X) 

• 2 Mb SRAM (256 Kx8) occupying addresses OH to 03FFFFH 

• 1 M39432 

- EEPROM (32 KxB) occupying addresses 40000H to 47FFFH 

- FLASH (512 Kx8) occupying addresses BOOOOH to FFFFFH 

• 1 asynchronous serial interface for communication with a PC. 

Once compiled and linked, the software routines were down-loaded to the static RAM (SRAM) of the eval
uation board, via the asynchronous serial interface. A high level language debugger (HLLD) was then run 
on the processor of the evaluation board. 

These routines were written in the C programming language, and can be easily adapted to many other 
different processor environments. 

Most of the routines are extremely simple, but involve multiple operations on the device. For instance, to 
write a byte of data to the Flash memory area, the byte itself must be preceded by the "PROGRAM BYTE" 
command (hexadecimal AA,55,AO written to three specific addresses). For the command to be recog
nised, the consecutive writes must be within a certain timing window of each other. The time between con
secutive writes is called tWHWH, and must be no shorter than 0.2 jlS (for physical reasons), and no longer 
than 80 11s (otherwise the command would be timed-out by an internal timer). 

The sections that follow take each of the routines in turn, describing the constraints, and showing the C 
program solution. 

Routine to Read a Byte from the M39432 Device 

As indicated above, the EEPROM and Flash memory areas of the M39432 are mapped to distinct areas 
of the address space. For example: 

- EEPROM addresses run from 40000H to 47FFFH 

- FLASH addresses run from 80000H to FFFFFH 

The Byte-Read operation is performed in the conventional manner, just as it would for a byte at any other 
address in main memory. 

function READ(address); 

begin 

READ ~ *address 

end 
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Routine to Write a Byte to the M39432 Device 

Similarly, there is a Write-Byte operation, for sending a byte of data or command to the device. 

The write cycle time of the M39432 is guaranteed to be less than 10 ms. Even so, since the microcontroller 
is capable of executing a large number of instructions in this time, it might be desirable to call a CONTROL 
function to set internal control flags, thereby registering that a write operation is in progress, and allowing 
concurrent execution to be planned accordingly. 

function WRITE(address,byte) 

begin 

*address ~ byte 

CONTROL ( if implemented 

end 

However, it must be emphasised that writing a byte to an address in the EEPROM or Flash memory area 
does not necessarily lead to the byte being stored at the given location. A central idea of non-volatile mem
ory is that the device may be protected from casual write operations. 

The above function is used for sending command bytes to the M39432 device, to put it in a specific mode 
of operation, as well as for sending data bytes to it, for storage. One of these commands is discussed next: 
the command for writing a byte in the Flash memory area. 

Routine to Program a Single Byte in the Flash Memory Area 

To write a single byte to the Flash memory, three command bytes (hexadecimal AA,55,AO) must first be 
written to three specific addresses. This is then followed by the byte that is to be written to the desired 
address. A function for doing this appears as follows: 

function BYTE_WRITE_FLA (address,byte) 

begin 

WRITE (@05555h,AAH) 
WRITE (@02PAAH,55H) 

WRITE (@0555SH,AOH) 

\~RITE (@address,byte) 

CONTROL ( if implemented 

end 

Once the final write operation has been initiated, the Flash memory takes over its own internal manage
ment, and will not accept any further operations until the previous one is completed. 

Routine to Write a Byte in the EEPROM Area 

The writing of a byte in the EEPROM area can be made to resemble the writing of a byte in RAM, or the 
writing of a byte in Flash memory, depending on the level of protection required. When the software data 
protection (SOP) mode is disabled, writing a byte into the EEPROM area is simply a matter of executing 
a single WRITE operation, giving the address of the desired cell within the EEPROM area. The function 
to do this is shown earlier, but is repeated here for completeness. 
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When the SDP mode is enabled, writing a byte into the EEPROM area resembles the process of program
ming a byte in the Flash memory area, as shown in the following function: 

function SDP_BYTE(address,byte) 

begin 

\~RITE (@OSSSSH,AAH) 

WRITE (@02AAAH,55H) 

WRITE (@05555H,AOH) 

WRITE (address,byte) 
CONTROL ( if implemented 

end 

Routines to Enable and Disable Software Data Protection of the EEPROM Area 

The purpose of the software data protection (SDP) mode is to offer some defence against inadvertent 
writes to the EEPROM area. When the mode is enabled, bytes in the EEPROM area can only be over
written if the data write is preceded by the appropriate three byte command. 

By default, the M39432 is delivered in the unprotected mode. The routine to enable SDP involves sending 
the (AA,55,AO) command on its own, as shown in the following function: 

function SDP 

begin 

WRITE (@05555H,AAH) 

WRITE (@02AAAH,55H) 

WRITE (@05555H,AOH) 

end 

The routine to disable SDP involves sending a six byte command (hexadecimal AA,55,80,AA,55,20) as 
shown in the following function: 

function DIS_SDP 
begin 

WRITE (@05555H,AAH) 

WRITE (@02AAAH,55H) 

WRITE ( @05555H, SOH) 

WRITE (@05555H,AAH) 

WRITE (@02AAAH,55H) 

WRITE (@05555H,20H) 

end 
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Routine to Erase the Whole Flash Memory Area 

The execution of the following six specific write operations (hexadecimal AA,55,80,AA,55,10) causes a 
bulk erase of the whole Flash memory. 

function BULK 

begin 

WRITE (@05555H,AAH) 

WRITE (@02AAAH,55H) 

WRITE (@05555H,80H) 

WRITE (@05555H,AAH) 

WRITE (@02AAAH, SSH) 

WRITE (@05555H,l0H) 

CONTROL ( if implemented 

end 

Routine to Erase a Sector of the Flash Memory Area 

The Flash memory is divided into eight sectors, each one 64 Kbytes in size. These can be erased togeth
er, as indicated in the previous section, or independently, as shown in this section. The operation involves 
the writing of five specific bytes (hexadecimal AA,55,80,AA,55) to put the device into the command mode, 
followed by a write of the value 30H to any address in each sector that is to be erased. An internal timer 
in the M39432 a_llows the device to recognise the end of the sector-erase operation: the device reverts 
back to normal mode when the last write operation is followed by a period of silence of 80 IJS, or more. 
(The routine to handle the timer control is described in the next section.) 

function SECTOR_ERASE (sector_address) 

begin 

WRITE (@05555H,AAH) 

WRITE (@02AAAH,55H) 

WRITE (@05555H,80H) 

WRITE (@05555H,AAH) 

WRITE (@02AAAH, 55H) 

WRITE (@sector_i_address,30H) 

WRITE (@sector_j_address,30H) 

/* and so on for each sector to be erased */ 

CONTROL ( if implemented ) 

end 

Writing BOH at any address in the Flash memory area will suspend the erase operation. 
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Routing to Handle the Timer Control 

The 003 status bit, known as the erase time-out flag, is reset when a sector-erase operation has been 
initiated on the device. This can be read, and used, by the CONTROL function: 

a. checking that 003 is still reset, indicating that the device is still receptive of erase commands (the com
mand 30H, sent to an address in the chosen sector, as described in the previous section) 

b. checking that 003 has reverted to being set, indicating that the device has finished processing the last 
erase operation at the end of the SECTOR_ERASE function (as described in the previous section). 

An example of the handling of this status bit is given in the following program fragment: 

begin 

flag_timer~ 1 

count~ 0 

do 

begin 

read DQ3 

count~ count+1 

end 

while (DQ3~~0) and (count ~< value) 

if count ~< value then flag_timer~ 0 (sector erase is processed, no more 

sector addresses can be sent) 

else flag_timer remains 1 (memory fail) 

return flag_timer 

end 

Routine to Handle the EEPROM Toggle-bit Control 

When a new value has been written to the EEPROM area, there is a minimum time before the memory 
can accept the next operation. This delay can be hidden by allowing the processor to get on with other 
useful work, and later to poll the EEPROM to find out if it is still busy. The 006 status bit, known as the 
toggle flag, toggles between 0 and 1 on successive reads, until the erase/write cycle is complete. The state 
of completion, therefore, is indicated when two successive read operations of 006 return the same value. 

The following program fragment implements the required algorithm: 

begin 

n_bit~ 6 

count6~ 0 

flag_toggle~ 1 

do 

begin 

first read of DQ6 

second read of DQ6 

count6~ count6+1 

end 

while (first read of DQ6 !~ second read of DQ6) and (count6 ~< max) 

if min~<count6~<max then flag_toggle~ 0 (byte written OK) 

else flag_toggle~ 1 (memory fail) 

end 
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The completion of EEPROM erase/write cycles can alternatively be detected by controlling the 007 status 

bit, by a process known as data polling, as described next. 

Routine to Handle the Data Polling Bit Control of the Flash Memory 

The 007 status bit, known as the data polling flag, is an indicator for the end of byte-program and sector
erase operations in the Flash memory area. Data polling is effective after the fourth W pulse (for program
ming) or after the sixth W pulse (for erase). It must be performed at the address being programmed or at 
an address within the Flash sector being erased. When erasing or programming the Flash memory area, 
or when writing to the EEPROM area, bit 007 is held at the complement of the value that the processor 
wrote to it. Once the operation is completed, the bit is complemented again, back to its correct value. 

In the following program fragment, the 005 status bit, known as the error flag, is also checked. A logic 
level '1' on this bit indicates a failure of the byte-programming, sector-erase or a bulk-erase operation. Any 
sector, in which an error of this type has occurred, must not be used any more. Other sectors may continue 
to be used. 

begin 

flag_data_polling~l 

last_bit_dq7~last_byte&Ox80 (bit 7 to be written in FLASH) 

do 

begin 

read DQ7 

read DQ5 

end 

while (DQ7!~last_bit_dq7) and (error_bit_dq5~0) 

if error_bit_DQS~O then flag_data_polling~O 

else 

begin 

read DQ7 

if data_polling_dq7~last_bit_dq7 

then flag_data_polling~O 

else 

end 

begin 

flag_toggle~l 

RESET 

end 

return flag_data_polling 

end 

When set, the error bit must be reset with the reset or short reset instruction (as described in the next sec
tion). 
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Routine to Reset the Flash Memory 

This function must be run each time an error is detected on the error bit of the status register. It involves 
the writing of three specific bytes (hexadecimal AA,55,FO). A minimum delay of 5 l-IS is required before the 
next operation can be performed on the memory. 

void RST 

begin 
WRITE (@05555H,AAH) 

WRITE (@02AAAH,55H) 

WRITE (address,FO) 

wait Sus 

end 

Writing FOH at any address in the Flash memory area, known as a short reset, is equivalent to the above 
sequence. 

void SHORT_RST 

begin 
WRITE (address,FO) 

wait Sus 

end 

FURTHER READING 

Table 1 lists the application notes that introduce ST's FLASH+ technology and the M39432 device. 

Table 1. Bibliography of the Application Notes on FLASH+ Technology 

Application Content Title 
Note 

AN997 Introduction M39432: a FLASH+"' Multiple Memory Device 

AN931 Greater detail On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions 

AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary 

AN998 Technology FLASH+"' Multiple Memory Technology 

AN999 Drivers Software Drivers for the M39432 FLASH+"' Multiple Memory 

7/30 

719 



AN999- APPLICATION NOTE 

SOFTWARE EXAMPLES 

The following three program fragments show examples of how the drivers can be used. The source files 
can be downloaded from the server. They are respectively: SCEE9701.C, SCEE9702.C and 
SCEE9703.C. 

Example of a Program Using the Bulk Erase Function 

This program fragment erases all the Flash memory sectors by using the bulk erase function. It also dem
onstrates the use of the RESET and CONTROL_DATA_POLLING_FLA functions. 

I* FLASH+ ; M39432 DRIVER SOURCE CODE 

I* Version: 1. 01 

FLASH BULK ERASE *I 
*I 

!****************************************************************************/ 

I* 
I* 

Copyright (c) 1997 SGS-THOMSON Microelectronics. *I 
*I 

I* This program is provided "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER *I 
I* EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTY *I 
I* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK *I 
I* AS TO THE QUALITY .Z\ND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE *I 
I* PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, *I 
I* REPAIR OR CORRECTION. *I 
!***************************************************************************~/ 

!****************************************************************/ 

I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 

This program executes the bulk erase function. 

All the sectors in the flash will be erased. 

input variable : 

internal variable 

output variable 

none 

bulk_ok,=O when the bulk 

erase is ok 

none 

*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 

!****************************************************************/ 

#define bytel Oxaa 

#define byte2 Ox55 
#define byte_erase OxBO 

#define byte_confirm OxlO 

#define byte_rst OxfO 

#define prog_codel Ox85555 

#define prog_code2 Ox82aaa 
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/* DECLARATION OF FUNCTIONS */ 

!* write and read functions*/ 

void WRITE(char xhuge *,char); 

char READ_BIT(char, char xhuge * ); 

char READ(char xhuge *addr); 

!* erase function*/ 

char BULK_ERASE(void); 

!* control function*/ 

char CONTROL_DATA_POLLING_FLA(char,char xhuge *); 

!* reset function*/ 

void RST(char xhuge *); 

void main (void) 

char bulk_ok=l; 

!* MAIN STARTS HERE */ 

bulk_ok BULK_ERASE(); 

/* END OF MAIN*/ 

/**FUNCTION BULK_ERASE: FLASH************************************/ 

/* *I 
!* input variable : none *I 
/* *I 
!* output variable flag_polling_dq7,receives the *I 
!* result of the data polling, if *I 
/* this flag=O the erase is *I 
I* complete. *I 
!* this function issues the bulk erase command *I 
!* all the sectors in the flash will be erased *I 
I**************************************************************** I 

char BULK_ERASE(void) 

char xhuge *addr; 
char byte, flag_polling_dq7=l,last_byte=Oxff; 

!* coded cycle */ 

addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=80000) */ 

byte=bytel; 
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WRITE(addr,byte); 

addr= prog_code2;/* write Ox55 at @2AAAH IN FLASH (base=80000) */ 

byte=byte2; 
WRITE(addr,byte); 

/* erase command */ 
addr=prog_codel;/* write Ox80 at @5555H IN FLASH (base=80000) */ 

byte=byte_erase; 
WRITE(addr,byte); 

/* coded cycle */ 
addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=80000) */ 

byte=bytel; 
WRITE(addr,byte); 

addr= prog_code2;/* write Ox55 at @2AAAH IN FLASH (base=80000) */ 

byte=byte2; 
WRITE(addr,byte); 

/*bulk erase confirm */ 
addr=prog_codel;/* write OxlO at @5555H IN FLASH (base=80000) */ 
byte=byte_confirm; 
WRITE(addr,byte); 
flag_polling_dq7= CONTROL_DATA_POLLING_FLA(last_byte,addr); 
return(flag_polling_dq7); 

/**FUNCTION WRITE: TO WRITE A BYTE IN FLASH MEMORY***************/ 

/* *I 
I* input variable : addr, write address *I 
/* byte *I 
/* output variable : none *I 
I* *I 
I* this function writes a byte at the given address *I 
I**************************************************************** I 

void WRITE(char xhuge *addr,char byte) 

/**FUNCTION READ: TO READ A BYTE FROM FLASH MEMORY***************/ 

I* *I 
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I* 
!* 
!* 
!* 

input variable : 

output variable 

·addr, read address 

read, read byte 

/* this function reads a byte at the given address 

*I 
*I 
*I 
*I 
*I 

/****************************************************************/ 

char READ(char xhuge *addr) ( 

char read; 

read = *addr; 

return(read); 

/**FUNCTION CONTROL_DATA_POLLING_FLA (FLASH)*********************/ 

I* *I 
I* 
I* 
!* 

input variable : 

/* internal variables 

addr, read address 

last_byte, last byte written 

read bits from the status 

*I 
*I 
*I 
*I 

/* register:data_polling_bit_dq7 */ 

!* */ 

/* When a programming operation is in progress, this bit */ 

!* outputs the complement of the bit being programmed on dq7. */ 

I* During an Erase operation, it outputs '0' then 'l' after */ 

!* Erase completion. */ 

/* 

/* error_bit_dq5 outputs 1 when there is an error 

!* during programming or erasing. 

/* 

/* last_bit_dq7 variable which stores the value of the last 

*I 
*I 
*I 
*I 
*I 

/* bit dq7 being programmed is set to OFFH before the erasing.*/ 

!* n_bit, bit number to be read. *I 
!* *I 
I* 
!* 
/* 

/* 

/* 

/* 

/* 

I* 

output variable : flag_data_polling, returns 0 when 

the read bit = last_bit written 

or when dq7=1 for erasure. 

It returns 1 if : 

- error_bit_dq5=1 (memory fail) and 

and - read bit is the complement of the 

being programmed or erased 

/* This function controls the data polling during 

I* programming or erasing 

bit 

*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
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/****************************************************************/ 

char CONTROL_DATA_POLLING_FLA(char last_byte,char xhuge *addr) 

char flag_data_polling=l,data_polling_bit_dq7; 

char n_bit,last_bit_q7,error_bit_dq5; 

int count7=0; 

last_bit_q7=last_byte&Ox80; 

do 

n_bit=7; 
data_polling_bit_dq7 = READ_BIT(n_bit,addr); 

n_bit=5; 
error_bit_dq5=READ_BIT(n_bit,addr); 

count7++; 

while ((data_polling_bit_dq7!=last_bit_q7)&&(error_bit_dq5==0)); 

if(error_bit_dq5==0) flag_data_polling=O; 

else 

n_bit=7; 
data_polling_bit_dq7=READ_BIT(n_bit,addr); 
if(data_polling_bit_dq7==last_bit_q7) flag_data_polling=O; 

else RST(addr); 

return(flag_data_polling); 

/**FUNCTION READ_BIT: TO READ A BIT(x) FROM A FLASH BYTE*********/ 

I* *I 
/* input variable : addr, read address *I 
I* n_bit, bit number *I 
/* output variable : bit_dqx *I 
/* this function reads a byte at the given address *I 
/* makes a mask on the byte and returns the value *I 
I* of the bit *I 
/****************************************************************/ 

char READ_BIT(char n_bit, char xhuge *addr ) ( 
char read,bit_dqx; 
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case 0: bit _dqx~ read&OxOl; 

break; 

case 1: bit _dqx~ read&Ox02; 

break; 

case 2: bit _dqx~ read&Ox04; 

break; 

case 3: bit _dqx~ read&Ox08; 

break; 

case 4: bit _dqx~ read&OxlO; 

break; 

case 5: bit _dqx~ read&Ox20; 

break; 

case 6: bit _dqx~ read&Ox40; 

break; 

case 7: bit _dqx= read&Ox80; 

break; 

return(bit_dqx); 

/**FUNCTION RST: TO RESET THE FLASH MEMORY***********************/ 

!* 

!* 

!* 

!* 

/* 

input variable 

output variable 

addr, write address 

byte~OxfO 

none 

*I 
*I 
*I 
*I 
*I 

!* This function resets the flash, after a wait state of 5us. */ 

/* Subsequent read operations will read the memory array */ 

/* addressed and output the read byte. */ 

/****************************************************************! 

void RST(char xhuge *addr) { 

char byte,count~O; 

byte~byte_rst; 

WRITE(addr, byte); 

while(count++<l00); 
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Example of a Program Using the Single Sector Erase and Byte Program Functions 

This program fragment erases one sector of Flash memory, and then writes the value 04H throughout the 
sector using the byte programming operation. It also demonstrates the use of the RESET and 
CONTROL_DAT A_POLLING_FLA functions. 

I* FLASH+ ; M39432 DRIVER SOURCE CODE 

I* Version: 1.01 

SECTOR ERASE AND BYTE PROGRAMMING *I 
*I 

!****************************************************************************/ 

I* 
I* 

Copyright (c) 1997 SGS-THOMSON Microelectronics. *I 
*I 

I* This program is provided "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER *I 
I* EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTY *I 
I* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK *I 
I* AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE *I 
I* PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, *I 
I* REPAIR OR CORRECTION. *I 
/****************************************************************************/ 

/*******************************************************************! 

I* *I 
I* This program calls the functions SECTOR_ERASE and BYTE_WRI_FLA *I 
I* input variable : 

I* internal variable 

!* 

I* 
I* 
I* 
I* 
/* 

I* output variable 

none 

array, which contains the sector numbers 

n, number of sector to be erased 

erase_ok, flag v1hich indicates if 

the erase is ok 
addr_flash_appli, address to program the 

application in the flash 
byte, byte to program 

none 
!* erase_ok=O when the erase of sectors is successful 

I* write_ok=O when the write in the flash is successful 

*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 

!*******************************************************************/ 

#define by tel Oxaa 

#define byte2 Ox 55 
#define byte_prog OxaO 
#define byte_erase OxBO 
#define byte_confirm OxlO 

#define byte_ sector_erase_confirm Ox30 
#define byte_rst OxfO 
#define page 64 
#define prog_codel Ox85555 
#define prog_code2 Ox82aaa 
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!* DECLARATION OF FUNCTIONS */ 

!* write function*/ 

char BYTE_WRITE_FLA(char xhuge *,char); 

void WRITE(char xhuge *,char); 

!* erase function*/ 

char SECTOR_ERASE(char,char []); 

!* control status register functions */ 
char CONTROL_DATA_POLLING_FLA(char,char xhuge *); 

char CONTROL_TIMER(char xhuge *,char); 

!* read functions *I 
char READ_BIT (char, char xhuge * ) ; 

char READ(char xhuge *); 

/* reset function *I 
void RST(char xhuge *); 

char xhuge * SELECT_SECTOR (char); 

!* MAIN STARTS HERE */ 

void main(void) 

char erase_ok~l,array[S],n; 

char byte,write_ok_byte~l; 
int i~O; 

char xhuge *addr_flash_appli; 

addr_flash_appli ~ Ox90000; 

/* init array */ 

array[OJ~l; 

n~l; 

/***************! 

erase_ok ~ SECTOR_ERASE(n,array); 

!* init of variables */ 

byte~Ox04; 

I********************* I 

for(i~O;i<~8192;i++) 
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write_ok_byte~BYTE_WRITE_FLA((addr_flash_appli + i),byte); 

) 

/**FUNCTION SECTOR_ERASE 

I* 
!* 

!* 

!* 
!* 

!* 

!* 
/* 

I* 
!* 

!* 

I* 
!* 

!* 

!* 
!* 

!* 

!* 
!* 
/* 

input variable 

internal variables 

output variable 

!* END OF MAIN */ 

TO ERASE SECTORS OF FLASH MEMORY******/ 

*I 
n, number of sectors to be erased. 

array, contains the sector addresses 

(0 to 7) to be erased. 

erase_timer_bit_dq3, this bit from 

*I 
*I 
*I 
*I 
*I 

the status register gives information*/ 

about the erase timeout period. This */ 

bit ~ 0 when the timeout is not *I 
expired. */ 

flag_timer_dq3, this flag~O when the */ 

internal erase cycle has started. */ 

flag_polling_dq7, receives the result*/ 

of the data polling. This flag~O */ 

when the erase is complete 

n_sector, sector number 

n_bit, bit number 

erase_ok 

*I 
*I 
*I 
*I 
*I 
*I 

!* This function issues the sector erase command. */ 

/* All the sectors mentioned in the array are erased. */ 

/* This function returns 0 when there is a successful erase */ 

/****************************************************************! 

char SECTOR_ERASE(char n,char array[]) 

char xhuge *addr; 

char byte, flag_polling_dq7~1,erase_timer_bit_dq3 

char n_bit~3,n_sector,i~O,flag_timer_dq3; 

char erase_ok~l, last_byte~ Oxff; 

I* coded cycle */ 

addr~ prog_codel;/* write Oxaa at @5555H IN FLASH (base~SOOOO) */ 

byte~bytel; 

WRITE(addr,byte); 
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addr= prog_code2;/* write Ox55 at @2AAAH IN FLASH (base=BDOOO) */ 

byte=byte2; 
WRITE(addr,byte); 

!* erase command */ 

addr=prog_codel;/* write OxBO at @5555H IN FLASH (base=BOOOO) */ 
byte=byte_erase; 
WRITE(addr,byte); 

/* coded cycle */ 

addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=BDOOO) */ 
byte=bytel; 
WRITE(addr,byte); 

addr= prog_code2;/* write Ox55 at @2AAAH IN FLASH (base=BDOOO) */ 
byte=byte2; 
WRITE(addr,byte); 

/*sector erase confirm */ 
do 

n_sector=array[i); 
addr=SELECT_SECTOR(n_sector); !* write OxlO at @5555H */ 

!* IN FLASH (base=BDOOO) */ 
byte=byte_sector_erase_confirm; 
WRITE(addr,byte); 

erase_timer_bit_dq3=READ_BIT(n_bit,addr); 
i++; 

while((i<n)&&(!erase_timer_bit_dq3)); 

if(!erase_tirner_bit_dq3)flag_timer_dq3 = CONTROL_TIMER(addr,n_bit); 

flag_polling_dq7= CONTROL_DATA_POLLING_FLA(last_byte,addr); 

if((!flag_timer_dq3)&&(!flag_polling_dq7)) erase_ok=O; 

return(erase_ok); 

/**FUNCTION READ: TO READ A BYTE FROM FLASH MEMORY***************/ 

I* *I 
/* input variable : addr, read address *I 
/* *I 
!* output variable : read, read byte *I 
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I* 
/* this function reads a byte at the given address 

*I 
*I 

/****************************************************************/ 

char READ(char xhuge *addr) { 
char read; 

read = *addr; 
return(read); 

/**FUNCTION CONTROL_DATA_POLLING_FLA (FLASH)*********************/ 
I* 
/* 
/* 

I* 

input variable : 

/* internal variables 

I* 
I* 

addr, read address 
last_byte, last byte written 

read bits from the status 
register:data_polling_bit_dq7 

*I 
*I 
*I 
*I 
*I 
*I 
*I 

/* When a programming operation is in progress, this bit */ 
/* outputs the complement of the bit being programmed on dq7. ~1 

/* During an Erase operation, it outputs '0' then '1' after */ 
/* Erase completion. */ 
/* 

/* error_bit_dq5 outputs 1 when there is an error 
/* during programming or erasing. 

*I 
*I 
*I 

/* *I 
/* last_bit_dq7 variable which stores the value of the last */ 

/* bit dq7 being programmed is set to OFFH before the erasing.*/ 

I* 
/* 

I* 
I* 
I* 
/* 

I* 
I* 
I* 
/* 

n_bit, bit number to be read. *I 
*I 
*I 
*I 
*I 

output variable : flag_data_polling, returns 0 when 
the read bit = last_bit written 

or when dq7=1 for erasure. 
It returns 1 if : */ 
- error_bit_dq5=1 (memory fail) and */ 

and - read bit is the complement of the bit */ 
being programmed or erased 

/* This function controls the data polling during 

*I 
*I 
*I 
*I /* programming or erasing 

/****************************************************************/ 

char CONTROL_DATA_POLLING_FLA(char last_byte,char xhuge *addr) 
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char flag_data_polling=l,data_polling_bit_dq7; 

char n_bit,last_bit_q7,error_bit_dq5; 

int count7=0; 

last_bit_q7=last_byte&Ox80; 

do 

n_bit=7; 

data_polling_bit_dq7 = READ_BIT(n_bit,addr); 
n_bit=S; 

error_bit_dqS=READ_BIT(n_bit,addr); 

count7++; 

while ((data_polling_bit_dq7!=last_bit_q7)&&(error_bit_dq5==0)); 

if(error_bit_dq5==0) flag_data_polling=O; 

else 

n_bit=7; 

data_polling_bit_dq7=READ_BIT(n_bit,addr); 

if(data_polling_bit_dq7==last_bit_q7) flag_data_polling=O; 

else RST(addr); 
} 

return(flag_data_polling); 

/**FUNCTION READ_BIT: TO READ A BIT(x) FROM A FLASH BYTE*********/ 
/* *I 
/* input variable addr, read address *I 
!* n_bit, bit number *I 
!* output variable : bit_dqx *I 
!* this function reads a byte at the given address *I 
I* makes a mask on the byte and returns the value *I 
/* of the bit *I 
/****************************************************************! 

char READ_BIT(char n_bit, char xhuge *addr ) { 

char read,bit_dqx; 

read= READ(addr); 
switch ( n_bi t) 

case 0: bit_dqx= read&OxOl; 

break; 
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case 1: bit _dqx= read&Ox02; 

break; 

case 2: bit _dqx= read&Ox04; 

break; 

case 3: bit _dqx= read&Ox08; 

break; 

case 4: bit _dqx= read&OxlO; 

break; 

case 5: bit _dqx= read&Ox20; 

break; 

case 6: bit _dqx= read&Ox40; 

break; 

case 7: bit _dqx= read&Ox80; 

break; 

return (bi t_dqx) ; 

/**FUNCTION RST: TO RESET THE FLASH MEMORY***********************/ 

!* 

I* 
/* 

/* 

/* 

input variable : 

output variable 

addr, write address 

byte=DxfO 

none 

*I 

*I 

*I 
*I 

*I 
!* This function resets the flash, after a wait state of s~s. */ 

!* Subsequent read operations will read the memory array *! 

!* addressed and output the read byte. */ 

I**************************************************************** I 

void RST(char xhuge *addr) { 

char byte,count=O; 

byte=byte_rst; 

WRITE(addr, byte); 

while(count++<100); 

/**FUNCTION SELECT_SECTOR****************************************/ 

!* *! 

!* input variable : n_secteur, sector to be selected. */ 

!* output variable : addr, base address of the selected sector */ 

I* *I 
/* This function receives the number of the sector selected */ 
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/* and returns its base address *I 
!****************************************************************! 

char xhuge * SELECT_SECTOR (char n_secteur) 
char xhuge *addr; 

switch(n_secteur) 

case 0: addr= Ox80000; 

break; 
case 1: addr= Ox90000; 

break; 

case 2: addr= OxaOOOO; 

break; 
case 3: addr= OxbOOOO; 

break; 

case 4: addr= OxcOOOO; 

break; 
case 5: addr= OxdOOOO; 

break; 

case 6: addr= OxeOOOO; 

break; 
case 7: addr= OxfOOOO; 

break; 

return(addr); 

/**FUNCTION CONTROL_TIMER: (memory flash)*************************/ 
/* 

/* 

/* 

!* 

/* 

input variable 

output variable 

addr, read address 

n_bit, the number of the bit to be 

controlled 

flag_timer, return 0 erase timer bit 

*I 
*I 
*I 
*I 

1 */ 

!* return 1 if the count is overflow. */ 

!* This function awaits the start of the internal flash erase */ 

!* cycle. When the last sector erase command has been entered, */ 

!* the P/E.C. sets the erase bit timer to '0'. 

/* The wait period is finished after 80 to 120us. 
/* When the internal erase cycle starts : the erase bit 

/* timer = 1 and the function return 0. 

*I 
*I 
*I 
*I 

!* If an error occurs (count is overflow the function return 1)*/ 
!***************************+************************************/ 

char CONTROL_TI!1ER (char xhuge * addr, char n_bi t) 
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char flag_timer=l,bit_timer; 

int count=O; 

do 

bit_ timer READ_BIT(n_bit,addr); 

count++; 

while ((bit_timer != Ox20)&&(count<=100)); /*while dqS != 1*/ 

if(count<=400) flag_timer = 0 ; 

return(flag_timer); 

/**FUNCTION BYTE_WRITE_FLA: TO WRITE A BYTE IN FLASH & CONTROL***/ 

I* 
/* 

I* 
I* 
I* 

input variable : 

output variable 

addr, write address 

byte 
flag_data_polling_dq7 

/* This function writes a byte at the given address and 
/* controls the toggle bit. 
!* return flag_timer_dq6,=0 if byte write is successful 

*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 

/****************************************************************/ 

char BYTE_WRITE_FLA(char xhuge *addr,char byte) 

char flag_data_polling_dq7=1; 

/* this block enables the writes in the memory */ 

char xhuge *address; 
char bytes; 

address= prog_codel;/*write Oxaa at @5555H IN FLASH (base=80000)*/ 

bytes=bytel; 

WRITE(address,bytes); 

address= prog_code2;/*write Ox55 at @2AAAH IN FLASH (base=80000)*/ 
bytes=byte2; 
WRITE(address,bytes); 

address=prog_codel;/*write OxaO at @5555H IN FLASH (base=BOOOO)*/ 
bytes=byte_prog; 
WRITE(address,bytes); 
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WRITE(addr,byte); 

flag_data_polling_dq7 = CONTROL_DATA_POLLING_FLA(byte,addr); 

return(flag_data_polling_dq7); 
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Example of a Program Using the SOP Enable, SOP Disable and SOP Byte Write Functions 

This program fragment enables the software data protection function, and then continues to write values 
into the EEPROM area by using the SDP _BYTE function. Finally, it disables the software data protection 
function. It also demonstrates the use of the CONTROL_ TOGGLE_EE function. 

I* FLASH+ ; M39432 DRIVER SOURCE CODE 

I* Version: 1.01 

SDP IN EEPROM BLOCK *I 
*I 

/****************************************************************************/ 

I* Copyright (c) 1997 SGS-THOMSON Microelectronics. *I 
I* *I 
I* This program is provided "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER *I 
I* EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTY *I 
I* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK *I 
I* AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE *I 
I* PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, *I 
I* REPAIR OR CORRECTION. *I 
/****************************************************************************/ 

/****************************************************************/ 

I* *I 
I* This program calls three functions: *I 
I* SDP : enable data protection *I 
I* WRITE_SDP write a byte and control the toggle bit *I 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 

DIS_SDP 
when the eeprom is protected 

disable the data protection 

input variable : none 

internal variable : 

output variable : none 

addr, address to be written 

byte, byte to be written 

write_ok_byte 

free, ;Q when the internal 

programming cycle is finished 

(result of the toggle bit) 

*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 
*I 

I* write_ok_byte;Q when the write operation is successful *I 
/********************~*******************************************/ 

#define bytel Oxaa 

#define byte2 Ox55 
#define byte_sdp OxaO 

#define byte3 Ox80 
#define byte4 Ox20 
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#define addrl Ox45555 

#define addr2 Ox42aaa 

I* control status register function *I 
char CONTROL_TOGGLE_EE(char xhuge *); 

I* write and read functions *I 
char READ_BIT(char, char xhuge *); 

void WRITE(char xhuge *,char); 
char SDP_BYTE(char xhuge *,char); 

char READ(char xhuge *); 

I* set and disable data protection function *I 
void SDP(void); 

void DIS_SDP(void); 

I**************** I 

I* main program *I 
I**************** I 

void main (void) 

char write_ok_byte=l,free=l 
char byte; 

char xhuge *addr; 

I* MAIN STARTS HERE *I 

I* INIT THE ADDRESS TO WRITE IN THE EEPROM AND THE DATA *I 
addr Ox40040; 

byte = Oxaa; 

SDP (); 

I* the memory is protected *I 
free= CONTROL_TOGGLE_EE(addr); 

I* wait the end of the internal write cycle *I 
if(free==O); 

write_ok_byte SDP_BYTE(addr,byte); 

DIS_SDP(); 

I* the memory is not protected *I 
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/* END OF MP.IN */ 

/**FUNCTION WRITE: TO WRITE A BYTE IN EEPROM*********************/ 

I* 
/* 

/* 

I* 
I* 

input variable : 

output variable 

addr, address to be vlri t ten 

byte, byte to be written 

none 

/* this function writes a byte at the given address 

*I 
*I 
*I 
*I 
*I 
*I 

/****************************************************************/ 

void WRITE(char xhuge *addr,char byte) 

*addr=byte; 

/**FUNCTION READ: TO READ A BYTE FROM EEPROM*********************/ 

I* *I 
/* input variable : addr, read address *I 
I* *I 
/* output variable read, read bytE: *I 
I* this function reads a byte at the given address *I 
/*************************************************************~**/ 

char READ(char xhuge *addr) { 

char read; 

read = *addr; 
return(read); 

/**FUNCTION WRITE_SDP 

I* 
TO WRITE A BYTE IN EEPROM WITH CONTROL***/ 

*I 
/* 

I* 
/* 

I* 

input variable 

output variable 

addr, address to be written 

byte, byte to be written 

flag_toggle_dq6 

*I 
*I 
*I 
*I 

/* this function writes a byte at the given address and */ 

/* controls the toggle bit. */ 

/* return flag_toggle_dq6,=0 if the byte write is successful */ 
/******************************************~*********************/ 

char SDP_BYTE(char xhuge *addr,char byte) 

char flag_toggle_dq6=1; 
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!* this block enables the write in the memory */ 

char xhuge *address; 

char bytes; 

address~addrl;/* write Oxaa at @5555H IN EEPROM (base~40000) */ 

bytes~bytel; 

WRITE(address,bytes); 

address~addr2;/* write Ox55 at @2AA~H IN EEPROM (base~40000) */ 

bytes~byte2; 

WRITE(address,bytes); 

address~addrl;/* write OxaO at @5555H IN EEPROM (base~40000) */ 

bytes~byte_sdp; 

WRITE(address,bytes); 

WRITE(addr,byte); 

flag_toggle_dq6 ~ CONTROL_TOGGLE_EE(addr); 

return(flag_toggle_dq6); 

/**FUNCTION CONTROL_TOGGLE_EE (EEPROM)***************************/ 

!* *I 
/* input variable addr, read address *I 
!* internal variable firs t_bi t_dq6, first read *I 
/* (from the status register) of *I 
/* bit dq6 *I 
!* second_bit_dq6, second read *I 
/* ) of bit d6 *I 
!* *I 
!* output variable flag_toggle, returns 0 when the *I 
/* toggle bit stops *I 
!* (the internal write cycle is *I 
/* finished) and return 1 if the *I 
!* count is overflow or less than *I 
/* we expected *I 
/* this function controls the toggle bit -r; 
I************************T***************************************! 

char CONTROL_TOGGLE_EE(char xhuge *addr) { 

char first_bit_dq6,second_bit_dq6,flag_toggle~l,n_bit~6; 

int count6~0; 

do 
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first_bit_dq6=READ_BIT(n_bit,addr); 

second_bit_dq6=READ_BIT(n_bit,addr); 

count6++; 

while ((first_bit_dq6!=second_bit_dq6)&&(count6<=200)); 

if ((count6>=34)&&(count6<=200)) flag_toggle=O; 

return(flag_toggle); 

/**FUNCTION READ_BIT: TO READ A BIT(x) FROM AN EEPROM BYTE*******/ 

I* *I 
I* input variable addr, read address *I 
I* n_bit, number of the bit *I 
I* output variable : bit_dqx *I 
I* this function reads a byte at the address, *I 
I* makes a mask on the byte and returns the bit value *I 
/****************************************************************/ 

char READ_BIT(char n_bit, char xhuge *addr ) { 
char read,bit_dqx; 
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read= READ(addr); 

switch(n_bit) 

case 0: bit _dqx= read&OxOl; 

break; 

case 1: bit_dqx= read&Ox02; 

break; 

case 2: bit_dqx= read&Ox04; 

break; 

case 3: bit _dqx= read&Ox08; 

break; 

case 4: bit_dqx= read&OxlO; 

break; 

case 5: bit_dqx= read&Ox20; 

break; 

case 6: bit_dqx= read&Ox40; 

break; 

case 7: bit _dqx= read&Ox80; 
break; 

return (bi t_dqx) ; 
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/**FUNCTION SDP: SET SDP(EEPROM)*********************************/ 

I* 
/* 

/* 

I* 
/* 

input variable : 

output variable : 

none 

none 

This function enables the data protection 

*I 
*I 
*I 
*I 
*I 

/****************************************************************! 

void SDP (void) { 
char xhuge *addr; 

char byte; 

addr=addrl;/* write Oxaa at @5555H IN EEPROM (base=40000) */ 

byte=bytel; 
WRITE(addr,byte); 

addr=addr2;/* write Ox55 at @2AAAH IN EEPROM (base=40000) */ 
byte=byte2; 

WRITE(addr,byte); 

addr=addrl;/* write OxaO at @5555H IN EEPROM (base=40000) */ 

byte=byte_sdp; 
WRITE(addr,byte); 

/**FUNCTION DIS_SDP: DISABLE SDP(EEPROM)************************/ 

I* 
I* 
I* 
I* 
/* 

input variable : 

output variable : 
none 
none 

This function disables the data protection 

*I 
*I 
*I 
*I 
*I 

/****************************************************************! 

/* DISABLE SDP */ 

void DIS_SDP(void) 

char xhuge *addr; 

char byte; 

addr=addrl;/* write Oxaa at @5555H IN EEPROM (base=40000) */ 

byte=bytel; 

WRITE(addr,byte); 
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addr=addr2;/* write Ox55 at @2AAAH IN EEPROM (base=40000) */ 

byte=byte2; 
WRITE(addr,byte); 

addr=addrl;/* write OxBO at @5555H IN EEPROM (base=40000) */ 

byte=byte3; 

WRITE(addr,byte); 

addr=addrl;/* write Oxaa at @5555H IN EEPROM (base=40000) */ 

byte=bytel; 

WRITE(addr,byte); 

addr=addr2;/* write Ox55 at @2AAAH IN EEPROM (base=40000) */ 

byte=byte2; 

WRITE(addr,byte); 

addr=addrl; 
byte=byte4;/* write Ox20 at @5555H IN EEPROM (base=40000) */ 

WRITE(addr,byte); 
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APPLICATION NOTE 

EEPROM-Based Application Specific Memories 

Although the bulk of memory devices shipped today are standard commodity products, there is a rapidly 
growing market for Application Specific Memories (ASMs). These are devices that are specifically opti
mized for particular applications. These include both custom devices, and standard products that are de
signed to periorm a specific function. Although the general concept of ASM is applicable to any type of 
memory, the greatest activity today involves devices that include non-volatile memories, such as Flash, 
OTP or EEPROM. 

Although the concept of ASM is not new, recent advances in technology, manufacturing efficiency and de
sign re-use have made it possible to develop and produce ASMs at previously unobtainable levels of price
to-periormance and with very short design times. This is opening up a huge range of innovative potential 
applications that were not previously feasible on technical, economic or time-to-market grounds. 

One of the first application specific memory devices was the phonecard chip, which ST began manufac
turing over 20 years ago. Today's phonecard chips are considerably more sophisticated, but still retain the 
same basic requirements: they are non-volatile memories with special protection features, and they must 
be produced at extremely low cost. Many ASM applications need devices with the same characteristics, 
with the result that the techniques developed to meet the economic and technical demands of the phone
card market can be successfully applied to other areas. 

The two main benefits of ASM technology are cost reduction through the use of fewer packages, and the 
protection of stored data or intellectual property. Reducing component count can be achieved either by 
mounting different memory chips in a single package or by implementing different memory functions on 
the same chip. A wide range of protection functions is available, including: 

• read and write control mechanisms, both hardware and software 

• OTP (one-time programmable) areas 

• logic functions 

• transport codes, anti-tearing functions, issuer keys, and other sophisticated mechanisms developed for 
the smartcard and phonecard markets. 

Figure 1 illustrates the general structure of an ASM, and the variety of building blocks that are available. 
Typically, the core of the ASM is an EEPROM array. EEPROM is ideal for ASMs because of its byte-level 
programmability, its high write-cycle endurance and- increasingly important- its ability to operate at low 
voltage, and with very low standby currents. The EEPROM can also be complemented by other types of 
memory, such as EPROM (for OTP functions) and Flash memory (for large scale program code storage). 
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Figure 1. ASM and Custom Devices Capabilities 
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The full range of 1/0 protocols is available for ASM devices, including parallel access, 2-line serial bus ac
cess, 3-line serial bus access, and RF con tactless interface schemes (not only loyalty cards, transport tick
ets, and contactless phonecards, but also in many different electronic tagging applications). 

The versatility of ASM is a result of its great array of optional supporting features, as shown on the right 
hand side of Figure 1. Many of these are already widely used in smartcard chips but they are equally ap
plicable to non-volatile memories designed to be embedded in any other type of objects. This wide choice 
of building blocks allows the customer to choose the optimum trade-off between the security mechanisms 
employed and the cost of the ASM. This is essential because many ASM applications are extremely cost
sensitive, and the target device costs can be as low as tens of cents in very high volumes. 

The following examples illustrate some of the ways in which ASM technology is currently being applied to 
improve security, to enhance functionality and to lower costs in all of the major equipment segments, in
cluding the computer, telecommunications, consumer and automotive markets. 

STANDARD ASMS 
To illustrate how effective the concept is, consider the following AS Ms. These have been developed for a 
highly specific market that is more conventionally handled as part of the standard applications market. 

For example, standard ASMs have been developed for a number of applications, including Plug & Play 
monitors and DIMM memory modules that use the Serial Presence Detect (SPD) function. 

Plug & Play peripherals contain an embedded non-volatile memory that holds information that allows the 
host PC to identify the peripheral. Once the PC has identified the peripheral, it can configure its sub
systems and select appropriate software drivers. SToffers a range of EEPROMs (ST24xy21) specifically 
designed for use in Plug & Play monitors, where the standard access bus is the VESA Data Display Chan
nel. The VESA specification requires the EEPROMs to have a standard 12C interface augmented by an 
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additional VCLK input that is used to allow the PC to receive the display identification and operating pa
rameter data. 

The ST24xy21 devices are organized as 128 x 8-bits and are fully compatible with the VESA Data Display 
Channel (DDC) standards, communicating both in DDC1 (Transmit Only) and DDC2B (1 2C Bidirectional) 
modes. These devices allow a direct connection between the PC host and the monitor using the standard 
video cable and 15-pin VGA connector. 

Although the ST24xy21 devices were developed from the first ST24LC21 1 Kbit EEPROM, they include 
specific enhancements, such as a Schmitt-Trigger input on the VCLK pin for better noise immunity, and a 
higher power-on reset value of 3 V. The range includes devices with a write control input, on pin 3, to im
prove data corruption rejection; and devices that offer full VESA 2.0 compatibility, including the error re
covery mechanism that allows an automatic return to Transmit-Only mode in the event of invalid activity 
on the 12C bus. 

Another family of standard ASMs is illustrated by the M34C02, a serial EEPROM specifically designed to 
enhance the reliability of the Serial Presence Detect (SPD) function in DIMM DRAM modules. In the JE
DEC SPD standard, the specifications of the DRAM module, including information such as DRAM type, 
speed, organization and manufacturer, is stored in an on-board non-volatile memory, and used by the PC 
during system configuration. SPD is mandatory for all new 168-pin and 200-pin DRAM modules for PCs 
and workstations and will also be used in DRAM Modules for new PC VGA cards. 

The M34C02 offers a superior solution to the standard 2 Kbit 12C serial EEPROM. Because the SPD data 
is critical to the reliability of the system, the EEPROM needs to be immune to both accidental data corrup
tion and tampering by the user. Standard EEPROMs offer good security against accidental data corruption 
but can obviously provide no protection against tampering as they are designed to support repeated 
erase/program cycles. This problem is solved with the M34C02 by making the bottom half of the memory 
array permanently lockable. This means that after programming the SPD data in the DIMM, the manufac
turer can issue an irreversible command to write-protect the first 128 bytes of the memory area, still leaving 
the upper half free for scratch-pad use. 

Of course, an ASM specifically designed for one application may still be useful in others. For example, the 
concept of software-lockable EEPROM has wider applications than DIMM modules and the M34C02 has 
given rise to a range of devices offering this facility, including the M34Wxx devices, in which the user can 
select the position (top or bottom of memory array) and size of the protected block. 

TAMPER-PROOF COUNTING 
There are many applications where it is necessary to keep an incorruptible count of the number of times 
a particular event has occurred. Many photocopiers, for example, keep a count of the number of copies 
made, and this information is often used to calculate rental or service charges or to investigate warranty 
claims. For example, if the number of copies recorded is significantly greater than the number of copies 
expected from a toner cartridge, this could indicate that the user has refilled the cartridge (perhaps with 
an inferior toner) and this could, in turn, affect the warranty. Clearly, the end user should not be able to 
modify the data stored in the photocopier's non-volatile memory. 

An application where tamper-proof counting is even more important is in the car odometer. The value of 
a used car is greatly affected by its total mileage, and so the illegal practice of "turning back the clock" is 
as old as the used car market. The M35080 is a new ASM developed to provide an ideal solution to this 
problem. As shown in Figure 2, the M35080 is derived from the M95080, an 8 Kbit EEPROM with an SPI 
interface. The main difference is the addition of comparators and control logic to govern the write opera
tions in the first 32 bytes of the EEPROM array. This allows the write operation to proceed in this area only 
if the new value for each 16-bit word is greater than the data already stored there. As a result, the first 32 
bytes of the EEPROM array emulate an array of 16 unidirectional 16-bit counters. 
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Figure 2. M35080 block diagram 
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The particularly demanding requirements of this application would not have been met by the typical EE
PROM endurance of 1 OOK erase/write cycles and ten year data retention (both of which would have been 
too low). The M35080, therefore, is built with ST's high endurance double polysilicon CMOS technology. 
For the M35080, one million erase/write cycles and a 40-year data retention are guaranteed over a tern· 
perature range of ·40 oc to +85 °C, ensuring that the odometer will function correctly throughout the life
time of the car. 

EMBEDDING ASMS IN OBJECTS 
In the examples considered so far, the ASM is incorporated into equipment subsystems, but there is also 
currently an enormous interest in embedding ASMs in objects. Often, the reason is to enhance the func
tionality of the object, or to provide protection against cloning, misuse or similar undesirable activities. 

A simple example of how ASMs can enhance the functionality of equipment is provided by the "smart" dig
ital video cassette recorder (digital VCR). In a standard VCR, users often need to find a particular part of 
the tape, such as the beginnings and ends of the recordings that have been strung together on a single 
cassette tape. This can often involve frustrating and time-consuming winding and rewinding. Storing this 
information in a non-volatile memory in the VCR would make the equipment more user-friendly (allowing 
the machine to position the tape quickly at the required location) but would become invalid if the cassette 
were changed. 

The functionality of the VCR can be considerably enhanced by incorporating the memory in the cassette 
rather than in the equipment. Because each cassette then carries its own data, cassettes can be removed 
and the subsequently reloaded into the same machine or into a different machine, without losing any of 
the stored information. 

If the object does not normally contain a PCB, a means must be found for incorporating the ASM so that 
it is electrically accessible, and in the form that can be engineered for minimum cost and space. For ex
ample, for the VCR application, ST has developed memory modules that consist of a small PCB, on which 
an EEPROM memory is mounted, and a Transil device to protect the memory against voltage transients 
(encountered when the module is brought into electrical contact with the VCR). 

The modules are electrically compatible with standard 12C EEPROMs, such as the M24xxx series. The 
PCB provides four contact pads for the V CC• ground, serial clock and serial data lines (as shown in Figure 
3). Consequently, these modules are equally applicable to a wide range of other applications, and are cur
rently shipping in large volumes. 
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Figure 3. Memory-in-Cassette Module 
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One of the most interesting classes of ASM applications involves embedding non volatile (NV) memories 
in replacement parts or consumables. The motivation for doing this could be: 

11 for technical reasons, to ensure that only replacement parts meeting particular specifications are 
accepted by the equipment. For example, in an inkjet printer, the use of inks that do not exactly match 
the physical and chemical properties, for which the head was designed, may cause physical damage 
to the print head. 

a or for commercial reasons. For example, if an equipment manufacturer can be sure of being the sole 
supplier of the equipment's consumables, it would have the option of shifting some of its profit margin 
to the consumables, thereby reducing the purchase price to give it a competitive marketing edge. 

ASMs can provide an effective solution in either case. By embedding a low-cost ASM in the replacement 
part, the equipment can be made to identify and authenticate the part, to determine whether or not it is 
officially approved and to take an appropriate action. One of the major advantages of this approach is that 
information stored in a memory chip is subject to the same copyright and trademark laws as information 
published on paper, or in other ways. This means that while there may be no legal impediment to produc
ing clone parts that are electrically and mechanically compatible with the official parts, the clone manufac
turer will not be able to duplicate the entire contents of the ASM without breaking laws that protect 
intellectual property. 

In terms of the specific implementation, each "smart consumable" application has its own set of economic 
and engineering parameters. Sometimes these are compatible with "standard" ASMs such as the MIG 
modules, in which case the customer can use an off-the-shelf solution. In other cases, the best solution 
may be a custom device developed in partnership with ST's ASM Business Unit, which brings together the 
technical and marketing resources needed to develop solutions rapidly to problems that involve the com
bination of non-volatile memory blocks and any other functions. As an example, the odometer application 
described earlier took just six months to implement fully, from the first customer enquiry to the start of vol
ume production. 
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AN627 
APPLICATION NOTE 

Serial EEPROM Compatible With Plug-and-Play 
VESA Display Data Channel (Versions 1.0 and 2.0) 

The ST products whose names are of the form ST24xy21 are Application Specific Memory devices (ASM). 
As well as containing 1 Kb of EEPROM, organized as 128 x 8, they are fully compatible with the VESA 
Data Display Channel (VDDC) modes, DDC1 and DDC2B. When installed in a Plug-and-Play PC display, 
the device can work in DDC1 mode, using only a 2 wire bus, or in both DDC1 and DDC2B modes, using 
a 3 wire bus. 

• DDC1: a unidirectional data channel from the display to the host PC, continuously transmitting 
Extended Display Identification, EDID, information. 

• DDC2B: a bidirectional data channel based on the 12C TM protocol. The host PC can request Extended 
Display Identification information, EDID, or Video Display Interface information, VDIF, over the DDC2B 
channel. In addition to this, the DDC2B channel can act as a transparent channel for ACCESS.bus TM 

communication, allowing the direct replacement to be made. 

Table 1. Members of the ST24xy21 Family 

Write Control on VCLK (pin 7) Write Control on pin 3 

Conformance to VDDC Version 2.0 ST24FC21 ST24FW21 

Conformance to VDDC Version 1.0 ST24LC21B ST24LW21 

Table 1 summarizes the ST24xy21 naming convention. Those products whose names are of the form 
ST24Ly21 conform to version 1.0 of the VDDC specification. Those products whose names are of the form 
ST24Fy21 conform to the more recent (March 1996) version 2.0. Those products whose names are of the 
form ST24xC21 use the VCLK line as the Write Control input, as described on page 7, and those of the 
form ST24xW21 have a separate Write Control input. All ST24xy21 devices are available in 8-pin PDIP 
and SO packages. Figure 1 summarizes the pin-out for PDIP. 

Figure 1. ST24xy21 Pin Connections (PDIP) 

ST24FC21 ST24FW21 

NCO Vee NCoV~ NC 2 7 VCLK/WC NC 2 7 VCLK 

DU 3 6 SCL WC 3 6 SCL 

Vss 4 5 SDA Vss 4 5 SDA 

At02410 Ai02411 

ST24LC21B ST24LW21 

NCO Vee NCDVcc 
NC 2 7 VCLKJWC NC 2 7 VCLK 

NC 3 6 SCL WC 3 6 SCL 

Vss 4 5 SDA Vss 4 5 SDA 

Al02409 AI02412 

March 1999 1/13 
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DEVICE DESCRIPTION 

The functionality of the ST24xy21 family greatly simplifies the design of the PC graphics board, and allows 
a direct connection between the display and the host PC using a standard video cable. Each member of 
the family has a standard 12C interface, including the SCL and SDA lines, and an additional clock input, 
VCLK, as required by the V.D.D.C. specification. This additional clock input allows the host PC to receive, 
from the display, all information required to configure the graphics board and the display's software driver. 
ST24xy21 serial communication runs at 400 kHz in both DDC1 and DDC2B modes, with a supply voltage 
between 3.6 V and 5.5 V. 

Each member of the ST24xy21 family operates in the two modes of the VDDC specification. The "Transmit 
Only" mode of the ST24xy21 corresponds to the "DDC1" mode of the VDDC, and the "1 2C Bidirectional" 
mode corresponds to the "DDC2B" mode. 

All members of the ST24xy21 family power-up in DDC1 mode. The device will switch to the DDC2B mode 
upon the falling edge of the signal applied on SCL pin. Once in the DDC2B mode, the ST24LC21 B and 
ST24LW21 cannot switch back to the DDC1 mode, except by first removing the power supply. However, 
the ST24FC21 and ST24FW21 enter a transition state after the falling edge of SCL, during which the de
vice will switch back to the DDC1 mode if no valid 12C activity is observed. 

DDC1: Transmit Only Mode 

Figure 2 shows how, in the DDC1 mode, the ST24xy21 uses the VCLK input as a clock and the SDA line 
for data output. The EEPROM data are clocked out on the rising edge of VCLK signal (pin 7). The SCL 
input must be held high. 

Figure 2. Summary of the Use of the ST24xy21 in the DCC1 Mode 

Vee 

I 
'1' __. SCL 

__ILj1__JL __. VCLK 

~~SDA 

I 
Vss 

AI01707 

First, though, the device passes through an initial, internal, synchronization sequence, as depicted in 
Figure 3. VCLK is given nine free clock cycles, during which the SDA pin is held in its high impedance 
state. On the rising edge of the tenth VCLK pulse, the device starts to output, on the SDA line, the data 
byte that is located at address DOh. This is transmitted serially, during the next nine clock cycles. The first 
eight cycles are used for transmitting the data bits themselves, with the most significant bit first. During the 
ninth cycle, the SDA line is held in its high impedance state. This last bit, therefore, is readable as a logic 
'1' due to the pull-up resistor on the SDA line. 
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Figure 3. Timing Diagram for the DDC1 Mode 
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The internal address register is incremented automatically, and the data at the next location is transmitted 
during the next nine clock periods. This cycle continues indefinitely, so long as the SCL line is held high, 
with the address wrapping round from 7Fh (the 127th byte) back to DOh. 

Unlike the DDC2B mode, the DDC1 mode does not provide for the issuing of instructions or commands 
to the memory, and does not provide for the writing of data. 

The detection of a logic '0' for the ninth bit indicates that the memory has lost synchronization, and that 
the data are no longer valid. It is then necessary to re-synchronize the communication by turning off the 
power to the memory, and then back on again, or by checking the synchronization block of data written in 
the ST24xy21 device. 
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DDC2B: 12C Bidirectional Mode 

The 12C standard two-wire serial interface includes a bidirectional data line (SDA) and a serial clock (SCL), 
as indicated in Figure 4. In addition, the whole ST24xxx and ST25xxx family offers a write control feature, 
as described in Application Notes AN404 and AN1006. For the ST24xy21 family, this is appears as 
described in the following list: 

• When the ST24LC21 B or ST24FC21 is in the DDC2B mode, the VCLK input (pin 7) acts as the write 
enable/disable control. 

- When VCLK = 1, write instructions are permitted 

- When VCLK = 0, write instructions are ignored. 

• When the ST24LW21 or ST24FW21 is in the DDC2B mode, the Write Control input (WC). pin 3, acts 
as the write enable/disable control. 

- When WC = 1, write instructions are permitted 

- When we= o, write instructions are ignored. 

Figure 4. Summary of the Use of the ST24xy21 in the DCC2B Mode 
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The ST24xy21 is switched from the DDC1 mode to the DDC28 mode by taking the SCL pin low, as indi
cated in Figure 5. 

Figure 5. Timing for the Transition from DDC1 Mode to DDC2B Mode 

Transmit Only Mode 
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SDA 

VCLK 

-Temporary Bi-Directional Mode 
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- Locked Bi-Directional Mode 
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~ 
START 
CONDITION 

- Locked BI-Directional 
Mode (ST24FC21 
and ST24FW21) 

. _fi\fi\j_ __ 

~x=-\ ACK· 

AI01892 

The ST24xy21 takes the role of the slave device in the 12C protocol, with all memory operations synchro
nized by the serial clock, SCL. The VCLK input (pin 7) is ignored during read accesses, but for the 
ST24FC21 and ST24LC218, it has an effect on write accesses, as described on page 7. 

Table 2 shows that all read and write operations are initiated by a START condition generated by the bus 
master. The START condition is followed by a stream of 7 device select bits (transmitted with the most 
significant bit first), plus one read/write bit, and is terminated by an acknowledge bit. 

Table 2. Device Operations 

ST24LC21B ST24LW21 
Mode RiWbit ST24FC21 ST24FW21 Bytes Initial sequence 

VCLKIWC1 wc1 

Current address read 1 X X 1 START, device select, RW = 1 

Random address read 0 X X 1 START, device select, RW = 0, 
address 

1 X X reSTART, device select, RW = 1 

Sequential read 1 X X ;:: 1 Similar to current or random read 

Byte write 0 VIH VIH 1 START, device select, RW = 0 

Page write 0 VIH VIH 8 START, device select, RW = 0 

1. X= Don't Care= VIH or VIL 
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Table 3 shows how the stream of 7 device select bits is composed of the 4 bit Device Select code (built
in with the value 101 0) followed by 3 Don't Care bits (X indicating that the bit can be either '0' or '1 '). 

Table 3. Device Select Code in the DDC2B Mode 

Device code Chip enable RW 

Bit b7 b6 b5 b4 b3 b2 b1 bO 

Device select 1 0 1 0 X X X RW 

When the bus master writes data to the memory, the ST24xy21 responds to the eight received data bits 
by asserting an acknowledge bit during the 9th bit time. When data is read by the bus master, it must ac
knowledge the receipt of the data bytes in the same way. Data transfers are terminated with a STOP con
dition (as described in descriptions of the READ and WRITE sequences in the ST24XY21 data sheet). 
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CONTROL OF THE WRITE OPERATION 

Hardware control of the write operation, using the we input, is a useful facility for protecting the contents 
of the memory from inadvertent erase/write cycles (in the ooe2B mode). Not only does the device ignore 
the write operation if we is not high at the start of the operation, but it aborts the operation if we ceases 
to be held high, perhaps because of a noise glitch on the we line. That is, the device errs on the side of 
safety, and protects itself against writing if there is any question as to the validity of the incoming data. 

Table 4. Availability of the Write Control Input 

ST24FC21 ST24FW21 
ST24LC21B ST24LW21 

DDC2B, 12C Bidirectional Mode pin 7 =WC pin 7 = Don't Care 
pin 3 =WC 

DDC1, Transmit Only Mode pin 7 =VCLK pin 7 = VCLK 
pin 3 = Don't Care 

The availability of the we input is summarized in Table 4. Writing is enabled when we is held at VIH, and 
disabled when it is held at VIL. Figure 6 shows the timing of the byte-write and page-write operations, and 
shows how the level on the WC input must be taken high before commencing the START condition, and 
must be held high until after the STOP condition has finished. 

Figure 6. Timing Sequence of Write Operations (WC = 1) 
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Write operations are ignored when we is taken low, as depicted in Figure 7. However, the timing remains 
the same, with nine clock cycles per data byte, including an acknowledge bit at the end of each. 

Figure 7. Timing Sequence of Inhibited Write Operations (WC = 0) 

we 

BYTE WRITE 

PAGE WRITE 

AI02414 

Because the device is designed to abort from a write operation if there is any question as to the validity of 
the incoming data, it is recommended that the status of the write operation be checked at completion. 

The algorithm in Figure 8 shows an algorithm in which a test is made at the start of the write operation, to 
check that device has been correctly initiated. If the memory sends back the acknowledge after the first 
loop, no write cycle is in progress. This means that either the write sequence was corrupted by glitches or 
the signal applied on we was not stable at VIH during the write sequence. This AeK polling algorithm 
must be used just after the write sequence because the memory will not send back the acknowledge while 
the internal write cycle is in progress. 
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Figure 8. The ACK Polling Algorithm (to check that the write cycle has started correctly) 
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ERROR RECOVERY MODES (AVAILABLE ON ST24FC21 AND ST24FW21) 

When the ST24FC21 or ST24FW21 first switches to the DDC2B mode, it enters a transition state, as 
shown in Figure 9. 

If the device does not receive a valid 12C sequence, that is a START condition followed by a valid Device 
Select code (1010XXX RW), within either 128 VCLK periods or a period of time of !RECOVERY (approx
imately 2 seconds), the device will return to the DDC1 mode. Whenever there is a high to low transition 
on the SCL input, the counter of the VCLK line and the !RECOVERY watchdog timer are both reset. If 
more than 128 VCLK pulses or !RECOVERY elapses between successive high to low transitions of SCL, 
the device returns to the DDC1 mode. 

If, though, the device receives a valid 12C sequence, it locks itself in the DDC2B mode. 
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Figure 9. Error Recovery Mechanism Flowchart (for the ST24FC21 and ST24FW21) 
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TYPICAL APPLICATION SCHEMATIC 

The ST24xy21 is used in a Plug-and-Play PC display to transmit all the display information needed by the 
host PC in the DDC1 and DDC2B modes. In particular, during the PC boot-up and configuration process, 
the system software interrogates the display as to its capabilities and operating parameters. 

The physical specification for the connector, between the display and the host PC graphics controller, is 
backward compatible to that of the standard 15-pin, VGA-type, connector. The pin-out of the VGA con
nector is described in Table 5. This shows how the host PC and the display connections vary, depending 
on the VDDC standard available in the host PC graphics controller. 

Table 5. 15-pin VGA Connector Pin-out Description 

Pin Standard VGA DDC1 host PC DDC2B host PC DDC1/2B display 

1 Red video Red video Red video Red video 

2 Green video Green video Green video Green video 

3 Blue video Blue video Blue video Blue video 

4 Display ID bit 2 Display ID bit 2 Display ID bit 2 Optional 

5 Test (ground) Return Return Return 

6 Red video return Red video return Red video return Red video return 

7 Green video return Green video return Green video return Green video return 

8 Blue video return Blue video return Blue video return Blue video return 

9 no connection 5 V supply 5 V supply 5 V supply 
(mechanical key) 

10 Sync return Sync return Sync return Sync return 

11 Display ID bit 0 Display ID bit 0 Display ID bit 0 Optional 

12 Display ID bit 1 Data from display Bidirectional data (SDA) Bidirectional data (SDA) 

13 Horizontal sync Horizontal sync Horizontal sync Horizontal sync 

14 Vertical sync Vertical sync Vertical sync Vertical sync 
(VCLK output) (VCLK output) 

15 Display ID bit 3 Display ID bit 3 Data clock (SCL) Data clock (SCL) 

According to Version 2.0 of the VESA Data Display Channel specification, the host PC graphics controller 
board needs to provide a 2.2 k.Q pull-up resistor on the bidirectional data line (SDA), and on the data clock 
line (SCL), to ensure correct switching between the DDC1 and DDC2B modes. The display PCB board 
also needs to provide a 47 k.Q pull-up resistor on the data clock line (SCL). 
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Figure 10 depicts a typical PC display application schematic using a member of the ST24xy21 family. The 
DDC1 clock signal, VCLK, is connected to pin 14 of the VGA connector. The data clock line, SCL, used 
for the DDC2B mode, is connected to pin 15 and the bi-directional data line, SDA, is connected to pin 12. 

Figure 10. Schematic of a Typical PC Display Application 
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For the VESA 2.0 specification, a +5V supply voltage generated by the host PC is available on the pin 9 
of the VGA connector (used for the ACCESS.bus protocol). This +5 V supply voltage may be used to sup
ply the Vee voltage of the ST24xy21. This allows a proper power-up sequence, driven only by the host PC. 
If the host PC and the display are powered-on asynchronously, the first to come on will power the 
ST24xy21 inside the display. 

The SCL (the DDC2B clock) and SDA (data) pins of the ST24xy21 can be directly connected to the VGA 
connector. An ESDA6V1 transil array may be used in order to improve the memory protection against 
electrostatic discharge (ESD) and latch-up. 

Diode protection is advisable on the signals that connect directly between the ST24xy21 and the external 
VGA connector. However, it is not necessary to provide external protection against slow rise and fall times 
or bounces, since the members of the ST24xy21 already contain TIL-compatible Schmitt-Triggers on 
these inputs. 
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POWER SUPPLY VOLTAGE IN THE VESA 2.0 SPECIFICATION 

According to the VESA 2.0 specification, the ST24xy21 can be supplied by either the display or by the host 

PC power supply (using the +5 V line, pin 9, on the VGA cable). The easiest way to implement this is to 
use two diodes, as shown in Figure 10. 

The ST24xy21 supply voltage is decreased by the diode forward voltage drop (about 0.6 V) and hence 
below 4.5 V. Nevertheless, the ST24xy21 remains operational, and no input will be damaged if the applied 
voltage on each input complies with the Absolute Maximum Ratings values. However, the threshold volt
age of the Schmitt-Trigger (pin 7) needs to be decreased in this case (as described in the ST24xy21 data 
sheet). 
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If you have any questions or suggestions concerning the matters raised in this document, please send 
them to the following electronic mail addresses: 

apps.eeprom@st.com 

ask. memory@ st. com 

(for application support) 

(for general enquiries) 

Please remember to include your name, company, location, telephone number and fax number. 
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