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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. 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 crrtical 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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INTRODUCTION 

SGS-THOMSON Microelectronics is a broad range semiconductor company. The product 
range includes memory products which satisfy the needs of a wide range of applications. They 
include: 

- Non-Volatile Memories: OTP Memories, UV EPROMs, FLASH Memories, Serial and 
Parallel EEPROMs and NVRAMs (battery backed SRAMs) 

- Synchronous and Asynchronous Fast SRAMs 

This databook provides comprehensive technical information on the Serial and Parallel Access 
EEPROM products. 

EEPROM 

Serial Access Parallel Access Dedicated EEPROM 

I 
I I I 

12C XI2C SPI MICROWIRE® f16K 1 K Serial 
64K Simplified 2 Wire Bus 

1K Serial 
1K 

f6K E2K [ 256b Dual Mode 
2K 32K 4K 1K 16K Serial 
4K 64K 8K 2K Simplified 2 Wire Bus 

256K 4K 8K Serial 
16K Secure 12c Bus 

16K Serial 
Secure 12C Bus 

EEPROMs (Electrically Eraseable Programable Memories). 

The EEPROM may be erased and programmed byte-by-byte, giving it an added flexibility 
compared to FLASH Memory which must be erased in bulk or sector conditions. Two distinct 
families of EEPROM are Serial or Parallel Access types. The Serial Access EEPROMs feature 
low pin counts (typically they are packaged in 8 pin packages) and a lower range of densities 
from 256 bit up to 64K bit. The Parallel Access EEPROMs, needing external access to both 
parallel Address and Data lines, are packaged in multi-pin packages, typically 28 or 32 pin for 
64K density, and focus only on the higher memory densities from 16K bit upwards. 

EEPROMs are widely used for storing equipment set-up parameters or data tables. The special 
CMOS process and cell designs used by SGS-THOMSON allows us to offer products with a 
very high endurance against wear-out that occurs after many erase/write cycles in this type of 
memory. Typically our EEPROMs are able to withstand 5 to 1 0 million cycles together with over 
1 0 years data retention. 

SGS-THOMSON has an extensive program of both process research and development and 
product design which results in many new product updates and introductions every year. Please 
contact your nearest Sales Office to learn about new products that have been introduced since 
this databook was published. 
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ST24C01, ST25C01 
ST24W01, ST25W01 

SERIAL ACCESS 1 K (128 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES with 
1 0 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 3V to 5.5V for ST24 versions 
- 2.5V to 5.5V for ST25 versions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W01 and ST25W01 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

• 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 1 K bits 12C bus 
EEPROM products, the ST24/25C01, and the 
ST24/25W01. In the text, products are referred to 
as ST24/25x01, where "x" is: "C" for Standard 
version and "W" for hardware Write Control ver
sion. 

Table 1. Signal Names 

EO-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 

August 1994 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

EO-E2 

SCL 

MODEIWC* 

3 

Vee 

ST24x01 
ST25x01 

Vss 

8~ 

SOB (M) 

SDA 

AI00839C 

Note: WC signal IS only available for ST24/25W01 products. 

1/15 
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ST24/25C01, ST24/25W01 

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

ST24x01 ST24x01 
ST25x01 ST25x01 "Dvcc EO Vee 

E1 2 7 MODE/We E1 MODE/We 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI00840C AI00841D 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

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

TsTG Storage Temperature -65 to 150 oc 

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

Vro 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) 12l 4000 v 
Electrostatic Discharge Voltage (Machine model) 13l 500 v 

Notes: 1. Except for the ratrng ··operatrng Temperature Range", stresses above those listed rn the Table "Absolute Maxrmum Ratrngs" 
may cause permanent damage to the device. These are stress ratings only and operation of the devrce at these or any other 
condrtions above those indicated in the Operatrng sections of this specifrcation rs not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliabrlrty. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF. 1500 Q). 
3. EIAJ IC-121 (Condrtron C) (200pF. 0 Q). 

DESCRIPTION (cont'd) 

The ST24/25x01 are 1 K bit electrically erasable 
programmable memories (EEPROM), organized 
as 128 x 8 bits. They are manufactured in SGS
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of one 
million erase/write cycles with a data retention of 
10 years. The memories operate 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 
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 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 1 K 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. 

2/15 ~ SGS·D-IOMSON ;:c._;..:_ _____________ ~'Y/ fi:Aifl©00@[~~©1illl@lil:fl©f0 ----------------
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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 first. 

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 Write 12) '0' Y1H 

Page Write '0' V1L 

Notes: 1. X = v,H or ViL 
2. Mult1byte Write not ava1lable 1n ST24/25W01 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). 

I 
I 

ST24/25C01, ST24/25W01 

Chip Enable RW 

b4 b3 I b2 J b1 bO 

0 E2 I E1 I EO RW 

Bytes Initial Sequence 

1 START, Device Select, RW ~ '1' 

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

reSTART, Device Select, RW ~ '1' 

1 to 128 Similar to Current or Random Mode 

1 START, Device Select, RW ~ '0' 

4 START, Device Select, RW ~ '0' 

8 START, Device 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 (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. 

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 ST24W01 and 
ST25W01 versions on pin 7. This feature is usefull 
to protect the contents of the memory from any 
erroneous erase/write ~e. The Write Control sig
nal 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· 

t== SCS·THOMSON 3/15 -------------- ._..,I i:AiO©M©~~lli©'iiliil©I'!JO©§ -------------=..:..:;. 
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ST24/25C01, ST24/25W01 

SIGNAL DESCRIPTION (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 ST24/25x01 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 ST24/25x01 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 ST24/25x01 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 ST24/25x01 
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. 

Data Input. During data input the ST24/25x01 
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 ST24/25x01, 
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 

16 

~ 12 

~ 
E 
-' 

a: 8 

4 

0 
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\ 
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ST24/25C01, ST24/25W01 

Table 5. Input Parameters <1> (T A = 25 oc, f = 1 00 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance (SDA) 8 pF 

GiN Input Capacitance (other pins) 6 pF 

ZweL WC Input Impedance (ST24/25W01) ViN:S0.3 Vee 5 20 k.Q 

ZweH WC Input Impedance (ST24/25W01) ViN~0.7Vcc 500 k.Q 

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 oc 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:SViN :SVce ±2 !LA 

ILO Output Leakage Current OV :s VouT :S Vee ±2 !LA SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, le =100kHz 2 rnA 
Icc (Rise/Fall time< 10ns) 

Supply Current (ST25 series) Vee = 2.5V, fe = 1OOkHz 1 rnA 

ViN = Vss or Vee, 100 !LA 
lee1 

Supply Current (Standby) Vee= 5V 
(ST24 series) 

ViN = Vss or Vee, 
Vee= 5V, fe =100kHz 300 !LA 

ViN = Vss or Vee. 5 !LA 
lee2 

Supply Current (Standby) Vee=2.5V 
(ST25 series) 

ViN = Vss or Vee, 
Vee= 2.5V, fe =100kHz 

50 !LA 

V1L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
ViH Input High Voltage (SCL, SDA) 0.7Vec Vee+ 1 v 

ViL 
Input Low Volta~ -0.3 0.5 v 
(EO-E2, MODE, WC) 

ViH 
Input High VoltaQ!L_ 

Vcc-0.5 Vee+ 1 v 
(EO-E2, 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 

- ----------- t;"i SGS·lHOMSON -------------"'5/...:.::.15 ._...,I ~n©rnmMl©'ii1001i!lll!:@ 
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Table 7. AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 jlS 

ICL1CL2 IF Clock Fall Time 300 ns 

IOH1DH2 IR Input Rise Time 1 jlS 

louou IF Input Fall Time 300 ns 

ICHOX(j) lsUSTA Clock High to Input Transition 4.7 jlS 

ICHCL !HIGH Clock Pulse Width High 4 jlS 

IOLCL IHOSTA Input Low to Clock Low (START) 4 jlS 

ICLDX IHO OAT Clock Low to Input Transition 0 jlS 

tcLcH tww Clock Pulse Width Low 4.7 jlS 

toxcx !su OAT Input Transition to Clock Transition 250 ns 

ICHOH !su STO Clock High to Input High (STOP) 4.7 jlS 

loHOL lsuF Input High to Input Low (Bus Free) 4.7 jlS 

!cLQV IAA Clock Low to Data Out Valid 0.3 3.5 jlS 

lcLOx loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs Ti 
Noise Suppression Time Constant 

100 ns (SCL & SDA Inputs) 

tw12l !wR Write Time 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. In 1he Mult1byte Wnte mode only, 1f accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming t1me IS doubled to 20ms. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :s SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

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

Figure 4. AC Testing Input Output Waveforms 

o.avcc~ 

o.2Vec 

o.?Vcc 

o.3Vcc 

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 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
1 K memories can be connected on the same bus 
giving a memory capacity total of 8K bits. After a 
START condition any memory on the bus will iden
tify 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. 

.;;.;6/_15"--------------- i::1i ~~©R&~li!~~ --------------
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Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

1+----o-1- tCHCL 

:.sTART.j 
CONDITION 

!+ SDA ~ SDA ...j 
INPUT CHANGE 

+-- DATA OUTPUT ____.; 

!+sTOP&~ 
BUS FREE 

tCHDX -1+---+1 

!+- STOP--+:.------- WRITE CYCLE -----...;.- START -i 
CONDITION CONDITION 

AI00795 
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Figure 6. 12C Bus Protocol 

SCL 
·······-~ 

SDA \! I IT"""""~!/ 
4---sTART-+l 

CONDITION 
4-- SDA ....;.._ SDA ...j i+- STOP ...j 

INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

• • .. "-v--v----\ ACK 

-----~-· 

SCL ·--~---·· 
SDA ~--···.J'------''-----l.--_.J 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C01 versions) is selected when the MODE 
pin is at V!H and the Page _Write mode y.'hen MOD~ 
pin is at V!L. The MODE pm may be dnven 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 7 bits (the Most 
Significant Bit is ignored) provides access to any of 
the 128 bytes of the memory. After receipt of the 
byte address the device again responds with an 
acknowledge. 

~ 
STOP 

CONDITION 

AI00792 

For the ST24/25W01 versions, 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 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. The Wri~e mo_de 
is independant of the state of the MODE p1n 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. 

8/15 t=<= SGS·lHOMSON ------------:::....:.::__ ____________ .. ..,I [lj]O©i'lml!ll©WJ©IIJD~ 
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Multi byte 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 = 1 Oms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A6-
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multi byte 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 only if 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. 

Figure 7. Write Cycle Polling using ACK 

ST24/25C01, ST24/25W01 

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. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged 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 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. 

AI01099 
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Figure 8. Write Modes Sequence (ST24/25C01) 

BYTE WRITE 

ACK ACK ACK 

MULTIBYTE AND 
PAGE WRITE n I :o~y~~~ 11. 11 ~;'r~:A?H 111 :~A!~I:N:< 111 :~A!~I:N:~: 

[:;: RNV 
~ 

ACK ACK 

~:J 1 1 :o~H~~:N: 1
1
. n 

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 
teduced by an ACK polling sequence 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, no ACK will be returned and the 
mas~er goes back to Step 1. If the memory has 
term mated the internal write cycle, it will respond 
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 ). 

AI00793 

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. 

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 ?ondition fron:t the master and the byte 
address 1s repeated w1th the RW bit set to '1 '.The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

~10~/1~5----------------------~~~~2:~9~ --------------------------
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Figure 9. Write Modes Sequence with Write Control= 1 (ST24/25W01) 

we 

ACK ACK NO ACK 

BYTE WRITE n I :o~y~~L: 11.
1
1 ~~~:A?~~ 111: ~~+:~0: 1

1LO 
~ - ~ 

~ RM ~ 
~ (fJ 
(fJ 

we 

ACK ACK NOACK 

PAGE WRITE 

we (cont'd) 

NOACK NOACK 

PAGE WRITE 
(con!' d) 

~:JII :o~y~ ~~:N: IILO 

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
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat-

AI01161 

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 ST24/25x01 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the St24/25x01 terminate the 
data transfer and switches to a standby state. 

-------------- i..V ~i©ltl~~~~J1-----------_..:.1..:.:1i=15 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

D I :o~y~~~ 1/1 :otf~?~~ 1
1UJ 

li: RiW ~ 
~ fii 

ACK ACK ACK NO ACK 

D I~~~ ~E:L; 'I' 11 ~~F:A?~~ 11D I~~\ ~E~; 111
1
1 :otT~?~~ 1

1UJ 
li: RfN ~ RfN ~ 
~ ~ fii 

ACK ACK ACK NOACK 

D I :o~y~~L: 1/1 ~~+:o~f: 1 1 [:~~ 
li: 
~ 

~::J 1 1 ~+~2~i ~ 11UJ 
RIW 

ACK ACK ACK ACK 

D I~~~ ~E:L; 'I· 11 ~~:E:A?~~ 11D I~~~ ~E:L; 111
1
1 ~~+:o:uf ~ 1 1 [_~--

~ ~ 

~ RIW ~ RIW 

~ ~ 

ACK NOACK 

~:J 1 1 ~~+ ~~T ~ 11UJ 

AI00794C 

Note: • The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 

.:..:12::...:/1.=_5 __________ ~ ~~i©l!!~l~~~ -----------
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ORDERING INFORMATION SCHEME 

Example: ST24C01 M TR 

Operating Voltage Package Option 

24 3Vto 5.5V c Standard B PSDIPB 0 to 70 oc TR Tape & Reel 

25 2.5V to 5.5V w Hardware 0.25mm Frame 3* -40 to 125 oc Packing 

Write Control M SOB 
6 -40 to 85 oc 

Note: 3 • Temperature range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

--------------~iii ~~©R&~~~~~ -------------'-1-"-3/..;...;._15 
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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-.~-oo 

81 eA 
D eB 

nnn 
N 

p E1 E 

1 
UL.JL..J PSDIP-a 

Drawmg Js out of scale 

_14_1_15 ____________ ~ ~~~~m~~~~~ _____________ _ 
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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 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 O.D16 0.035 

a oo so oo so 

N s s 

CP 0.10 0.004 

SOB 

I 
E H / 

SO· a 

Drawing is out of scale 
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ST24C02,ST25C02 
ST24W02, ST25W02 

SERIAL ACCESS 2K (256 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24x02 versions 
- 2.5V to 5.5V for ST25x02 versions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W02 and ST25W02 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

• 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 2K bits 12C bus 
EEPROM products, the ST24/25C02 and 
ST24/25W02. In the text, products are referred to 
as ST24/25x02, where "x" is: "C" for Standard 
version and "W" for hardware Write Control ver
sion. 

Table 1. Signal Names 

EO-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 

August 1994 

8~ 
PSDIP8 (8) 

0.25mm Frame 

Figure 1. Logic Diagram 

3 

EO-E2 

SCL 

MODE/WC* 

Vee 

ST24x02 
ST25x02 

Vss 

8~ 

SOB (M) 

SDA 

A100788C 

Note: WC signal is only available tor ST24/25W02 products. 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24x02 ST24x02 
ST25x02 ST25x02 "Dvcc EO Vee 

E1 2 7 MODE/We E1 MODE/We 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI00789C AI00790D 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

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

TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 

(PSDIPS package) 10 sec 260 

Vro Input or Output Voltages -Q.3to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 121 4000 v 
Electrostatic Discharge Voltage (Machine model) 131 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratrngs" 
may cause permanent damage to the device. These are stress ratings only and operatron of the device at these or any other 
conditions above those indicated in the Operating sections of this specrficatron is not rmplied. Exposure to Absolute Maximum 
Ratrng condrtions for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant qualrty documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 !l). 
3. EIAJ IC-121 (Condition C) (200pF, 0 !l). 

DESCRIPTION (cont'd) 

The ST24/25x02 are 2K bit electrically erasable 
programmable memories (EEPROM), organized 
as 256 x 8 bits. They are manufactured in SGS
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of one 
million erase/write cycles with a data retention of 
10 years. The memories operate 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 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the 12C bus defini
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 2K 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. 

:::21,;.:15~----------- i.V ~~m~~~~c!l--------------
28 



Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 

Device Select 1 I 0 I 1 

Note: The MSB b7 1s sent f1rst. 

Table 4. Operating Modes (tl 

Mode RWbit MODE 

Current Address Read '1' X 

Random Address Read 
'0' 

X 
'1' 

Sequential Read '1' X 

Byte Write '0' X 

Multibyte Write <2l '0' v,H 
Page Write '0' v,L 

Notes: 1. X= V1H or V1L 
2. Mult1byte Wnte not available in ST24/25W02 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). 

I 
I 

ST24/25C02, ST24/25W02 

Chip Enable RW 

b4 b3 I b2 I b1 bO 

0 E2 I E1 I EO RW 

Bytes Initial Sequence 

1 START, Device Select, RW = '1' 

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

reSTART, Device Select, RW = '1' 

1 to256 Similar to Current or Random Mode 

1 START, Device Select, RW = '0' 

4 START, Device Select, RW = '0' 

8 START, Device 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 (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. 

Mode (MO~. The MODE input is available on pin 
7 (see also we feature) and may be driven dynami
cally. It must be at VtL or VtH for the Byte Write 
mode, VtH for Multibyte Write mode or VtL for Page 
Write mode. When unconnected, the MODE input 
is internally read as a VtH (Multibyte Write mode). 

Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W02 and 
ST25W02 versions on pin 7. This feature is useful! 
to protect the contents of the memory from any 
erroneous erase/write Ql'Q]e. The Write Control sig
nal is used to enable (WC = VtH) or disable (WC = 
VtL) the internal write protection. 

-------------~ ~~ltl-'1-----------3:::./=15 
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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 ST24/25x02 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 ST24/25x02 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 ST24/25x02 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 ST24/25x02 
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. 

Data Input. During data input the ST24/25x02 
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 ST24/25x02, 
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 <1l (TA ~ 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 (ST24/25W02) V1N,; 0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance (ST24/25W02) VIN;,0.7Vcc 500 kQ 

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 oc or -40 to 85 oc; Vee~ 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,; V1N,; Vee ±2 ~ 

ILO Output Leakage Current OV,; VouT,; Vee ±2 ~ SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, fc =1OOkHz 2 rnA 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, fc = 1OOkHz 1 mA 

V1N = Vss or Vee, 100 ~ Supply Current (Standby) Vee= 5V 
lcc1 (ST24 series) 

V1N = Vss or Vee. 300 ~ Vee = 5V, fc = 1OOkHz 

V1N = Vss or Vee, 5 ~ 
lcc2 

Supply Current (Standby) Vee =2.5V 
(ST25 series) 

V1N = Vss or Vee, 
Vee= 2.5V, fc = 1OOkHz 

50 J.lA 

VIL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

V1L 
Input Low Voltagg_ -0.3 0.5 v 
(EO-E2, MODE, WC) 

ViH 
Input High Voltagg_ 

Vee-0.5 Vee+ 1 v 
(EO-E2, MODE, WC) 

Output Low Voltage (ST24 series) loL = 3mA, Vee= 5V 0.4 v 
VoL 

Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 v 

~ SGS·lHOMSON 5/15 --------------- A.""J/ lij]il©J\l©mlli©'ffilii©Li!O©& _____________ ..:::...;.::. 
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Table 7. AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 lA Clock Rise Time 1 (.lS 

ICL1CL2 IF Clock Fall Time 300 ns 

IOH1DH2 lA Input Rise Time 1 (.lS 

IOL1DL1 IF Input Fall Time 300 ns 

ICHDX(l) tsu.STA Clock High to Input Transition 4.7 (.lS 

ICHCL tHIGH Clock Pulse Width High 4 (.lS 

toLCL tHOSTA Input Low to Clock Low (START) 4 (.lS 

lcLOX tHo OAT Clock Low to Input Transition 0 (.lS 

lcLCH I LOW Clock Pulse Width Low 4.7 (.lS 

loxcx lsU.DAT Input Transition to Clock Transition 250 ns 

ICHOH lsusm Clock High to Input High (STOP) 4.7 (.lS 

IOHDL lsuF Input High to Input Low (Bus Free) 4.7 (.lS 

ICLQV IAA Clock Low to Data Out Valid 0.3 3.5 (.lS 

ICLQX toH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs T1 Noise Suppression Time Constant 100 ns (SCL & SDA Inputs) 

tw 12l lwR Write Time 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on twa consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,; 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

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

Figure 4. AC Testing lpput Output Waveforms 

o.avcc~ 

o.2Vcc 

o.?Vcc 

o.3Vcc 

AIOD825 

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 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
2K memories can be connected on the same bus 
giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden
tify 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. 

~6/~1~5 _________________________ ~~~~~~~:~~~ ----------------------------
32 



ST24/25C02, ST24/25W02 

Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

1+-----oof- tCHCL 

!.START--i 
CONDITION 

! tCLDX 

i+ SDA _.;.._ SDA ....j 
INPUT C!"iANGE 

;.__DATA OUTPUT_____..; 

i+STOP&+i 
BUS FREE 

ICHDX -*---.1 

i-STOP--.;.-.----- WRITE CYCLE -----..;.of- START -+i 
CONDITION CONDITION 

AI00795 
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Figure 6. 12C Bus Protocol 

SCL --------~ 

I rr-----~ 1 I ! SDA I \ 

!-sTART
CONDITION 

:.-SDA-+!+- SDA -+! !+-STOP-+! 
INPUT CHANGE CONDITION 

SCL 

SDA 

4-----+l 
START 

CONDITION 

_____ _fi\_fi\____/s\_, 

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

SCL ---~-----

SDA 

Write Operations 

The Multibyte Write mode (only available ·on the 
ST24/25C02 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 the 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 256 bytes of the memory. After receipt of 
the byte address the device again responds with 
an acknowledge. 

;.....; 
STOP 

CONDITION 

AI00792 

For the ST24/25W02 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 V1H 
or V1L, to minimize the stand-by current. 

_8,_15 ____________ ~ ~~©m~:~~Jl--------------
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Multi byte 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 = 1 Oms 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 
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 only if 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. 

Figure 7. Write Cycle Polling using ACK 

ST24/25C02, ST24/25W02 

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. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged 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 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. 

Second Part of 
the Instruction 

AI01099 
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Figure 8. Write Modes Sequence (ST24/25C02) 

BYTE WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK 

~:JII :o~y~~~:N: II. n 

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 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, 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 memory is ready 
to rece1ve the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 

AI00793 

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. 

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 m~ter and the byte 
address is repeated with the RW bit set to '1 '.The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition . 

.:..:10::...;/1c.=..5 __________ ID'f SGS·lHOMSON 
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Figure 9. Write Modes Sequence with Write Control = 1 (ST24/25W02) 

we 

ACK ACK ACK 

n I :o~y?~~ 1,.
1
1 ~~:E:A~?~ 1'1: ?~~A:I~: ( n 

r - ~ 

BYTE WRITE 

~ Rm o 
~ t; 

we 

AeK ACK ACK 
PAGE WRITE n I :o~y?~~ 1,.11 ~~:E:A?~~ 11

1 :~+~I:N:< 1
1
1 :~A!~I:N:~: 

ti: 
~ 

Rm 

we (cont'd) 

AeK AeK 

PAGE WRITE 
(cont'd) 

~:J 1 1 :otf~~~:N: 1
1
. 0 

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
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat-

~ 

~ 
(JJ 

A101101 

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 ST24/25x02 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x02 terminate the 
data transfer and switches to a standby state. 

---------------------------~~~~gm~~----------------------~11~/~15 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK ACK ACK NO ACK 

0 I~~~ ~E:L; 11.11 ~~:E:A~H 110 I~~~ ~E:L; IIlii :D~i~?~T: IILD 
~ - I- - a.. 
~ R1W ~ R/W ~ 
1-- 1-- (f) 
(f) (f) 

ACK ACK ACK NOACK 

0 I :D~Y ~~~ 11111 ~+~:o:u!! 1 1 [:~~ 
li: 
~ 

~~:J 1 1 ~~+ ?~i ~ 11LD 
RIW 

ACK ACK ACK ACK 

0 I~~~ ~E~; 11.11 ~~F:A?~~ 110 I~~~ ~E~: 11111 ~~+:o~y~ 1 1 C~ 
li: ~ li: ~ 
~ ~ 

ACK NOACK 

~:J 1 1~+~?~i~I 1 L0 

A100794C 

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: ST24C02 M TR 

Operating Voltage 

24 3Vto 5.5V 

25 2.5V to 5.5V 

c 
W Hardware 

Write Control 

Note: 3 • Temperature range on special request only. 

Package 

8 PSDIPB 
0.25mm Frame 

M SOB 

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

ST24/25C02, ST24/25W02 

3* -40to125°C 

6 -40!0 85 oc 

Option 

TR Tape & Reel 
Packing 

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

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

- ----------- ~'I SGS-1HOMSON -------------'1""'3/~15 .. ...,, lliiD©ru©rn~~~ 
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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 

PSDIPS 

I '----' \ 

~~ /' I \ 
A~ L 

B e1 c ... j.., 

81 eA 

D eB 

n,...,,..., 
N 

b E1 E 

1 
""0"""0 w PSDIP-a 

Drawing rs out of 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 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 

SOB 

E H 

SO-a 

Drawing is out of scale 
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ST24C04,ST25C04 
ST24W04, ST25W04 

SERIAL ACCESS 4K (512 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES with 
10 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 

• BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

• 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 4K bits 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 lnpuVOutput 

SCL Serial Clock 

MODE Multibyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

August 1994 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

E1-E2 

PRE 

SCL 

MODE/WC* 

2 

Vee 

ST24x04 
ST25x04 

Vss 

SOB (M) 

SDA 

AIOOB51C 

Note: we signal is only available for ST24/25W04 products. 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24x04 ST24x04 
ST25x04 ST25x04 

PREDVcc PRE Vee 
E1 2 7 MODE/We E1 MODE/We 
E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 
AIOOB52C AI01107C 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oe 
grade 6 -40to85 

TsTG Storage Temperature --65 to 150 oe 

TLEAD Lead Temperature, Soldering (808 package) 40sec 215 oe 
(PSDIP8 package) 10 sec 260 

V1o Input or Output Voltages -0.3to6.5 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 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 1n the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratmg cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 !l). 
3. EIAJ IC-121 (Condition C) (200pF, 0 !l}. 

DESCRIPTION (cont'd) 

The ST24/25x04 are 4K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of one million erase/write cycles with a data 
retention of 10 years. The memories operate 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-

tiona! data bus and serial clock. The memories 
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 1 01 0), plus one 
read/write bit and terminated by an acknowledge 
bit. 

=2'...::15::...._ ___________ l.V ~Lttl~Ol~~ -------------
44 



Table 3. Device Select Code 

Device Code 

Bit b7 I b6 I b5 I 
Device Select 1 T 0 T 1 T 

Note: The MSB b7 is sent first. 

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 Write 12l '0' VtH 

Page Write '0' VtL 

Notes: 1. X= VtH or VIL 
2. Multtbyte 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. 

ST24/25C04, ST24/25W04 

Chip Enable Block RW Select 

b4 b3 I b2 b1 bO 

0 E2 I E1 A8 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' 

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 (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 Multi byte 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 = VIH) or disable (WC = 
VIL) the internal write protection. 

----------------------------~~~~~~~~~~ -------------------------=3/~15 
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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 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 (Csus) for an 12C Bus 
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Table 5. Input Parameters <1> (T A = 25 oc, f = 1 00 kHz ) 

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) YiN$ 0.3 Vee 5 20 kn 

ZweH WC Input Impedance (ST24/25W04) YiN~0.7Vcc 500 kn 

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 oc or -40 to 85 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV S YiN S Vee ±2 ~A 

ILO Output Leakage Current OV s Yours Vee ±2 ~ SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, fe = 1OOkHz 2 rnA 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, fc = 1OOkHz 1 rnA 

Y1N = Yss or Vee. 100 ~ 
lee1 

Supply Current (Standby) Vee= 5V 
(ST24 series) 

Y1N = Yss or Vee, 
Vee= 5V, fe =100kHz 300 ~ 

Y1N = Yss or Vee, 5 ~ 
lee2 

Supply Current (Standby) Yce=2.5V 
(ST25 series) 

V1N = Yss or Vee. 
Vee= 2.5V, fe = 1OOkHz 

50 ~ 

Y1L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 

Y1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

YiL 
Input Low Voltage -0.3 0.5 v 
(E1-E2, PRE, MODE, WC) 

Y1H 
Input High Voltage Ycc-0.5 Vee+ 1 v 
(E1-E2, PRE, MODE, WC) 

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 
(TA = 0 to 70 oc or -40 to 85 oc; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise lime 1 JlS 

ICL1CL2 IF Clock Fall lime 300 ns 

IDH1DH2 IR Input Rise lime 1 JlS 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX (l) lsu STA Clock High to Input Transition 4.7 JlS 

lcHCL tHIGH Clock Pulse Width High 4 JlS 

toLCL IHD·STA Input Low to Clock Low (START) 4 JlS 

lcLDX IHD:DAT Clock Low to Input Transition 0 JlS 

feLCH fLOW Clock Pulse Width Low 4.7 JlS 

toxcx ISU:DAT Input Transition to Clock Transition 250 ns 

tcHDH tsU.STO Clock High to Input High (STOP) 4.7 JlS 

foHDL teuF Input High to Input Low (Bus Free) 4.7 JlS 

tcLOv tAA Clock Low to Data Out Valid 0.3 3.5 JlS 

lcLOX loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INS Tr 
Noise Suppression lime Constant 100 ns (SCL & SDA Inputs) 

tw<2l twR Write lime 10 ms 

Notes: 1. For a reSTART condition, or following a wnte cycle. 
2. In the Multi byte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ~ 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

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

Figure 4. AC Testing Input Output Waveforms 

O.BVec 
o.?Vec 

o.2Vec 
o.3Vcc 

A100825 

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 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 16K bits. 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 = 
25.§__ 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 

1+---+1- tCHCL 

SCL 

SDAIN 

!+- SDA +!+- SDA +l 
INPUT CHANGE 

!+-STOP & -.i 
BUS FREE 

SCL 

SDAOUT 

:..--- DATA OUTPUT ____.; 

SCL 

SDAIN 
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Write Operations 
The Multibyte Write 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 V1L. The MODE pin may be driven dynami
cally with CMOS input levels. 
Following a START condition_lhe 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 

AI00795 

receipt of the byte address the device again re
sponds with an acknowledge. 

For the ST24/25W04 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 V1H 
or V1L, to minimize the stand-by current. 

------------ ~'I SGS·lHOMSON -----------7'---/15 A. "'f, li>IO©OO@Il:l!.l<©'iiliJ@i'IJU©$ 

49 



ST24/25C04, ST24/25W04 

Figure 6. 12C Bus Protocol 
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Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at VrH. 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 = 1 Oms 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 

~ 
STOP 

CONDITION 

AI00792 

Multi byte 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-

::::B/..:.:15:.__ ___________ i.V ~~@mgm:~?~ --------------
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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 

ST24/25C04, ST24/25W04 

Figure 7. Memory Protection 

Protect Location 

8 byte 
boundary 
address 

:b7 

Protect Flag 
Enable= 0 
Disable= 1 .. 

b3ib2 ••• •••••••••• 

1FFh --~--J __ , __ , __ l__lJ5~-~ 

Block 1 

100h 

Block 0 

AIOD855B 

AI01099 
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Figure 9. Write Modes Sequence (ST24/25C04) 

ACK ACK ACK 

n I :o~y~~~ 11. 11 ~~~:A~H 111: ~~+:~~: 11. n 
~ RiW & 

BYTE WRITE 

~ ~ 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK 

~:J 1 1 :o~H~~:N: 11. n 

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 a 
value in the Block Address Pointer (location 1 FFh). 

This Block Address Pointer defines an 8 bit address 
composed of the 5 MSBs of location 1 FFh and 3 

AI00793 

LSBs which are read as '0'. This address pointer 
can therefore address a boundary in steps of 8 
bytes. 

The sequence to follow 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, into location 1 FFh, with bit 
b2 (Protect flag) set to '0'. 

The area will now be protected when the PRE input 
is taken High. 

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 

ACK ACK ACK 

PAGE WRITE n I :o~y~~L: 11. 11 ~~:E:APH 1
1

1 :~A!~I:N:< 111 :~+~~~:~: 

we (cont'd) 

PAGE WRITE 
(con!' d) 

Read Operations 

ir Riii 
~ 

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. 

AI01101 

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 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-
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DEVICE OPERATION (cont'd) 

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 0 I :D~¥ ~~~ 1

1
111 ~~+:0~T ~ 1 1 C:~~ 

fa: 

~~:J 1 1 ~+~ ~~i ~ 11LD 

SEQUENTIAL 
RANDOM 
READ 

~ 
RNJ 

ACK ACK ACK ACI< 

n I~~~ ~E:L; 1,. 11 ~~:E:A~?~ 110 I~~~ ~E~; 1,1 11 ~~+:0~T ~ 1 1 C~ 
~ ~ i ~ 
~ ~ 

ACK · NOACK 

~:J 1 1 ~+~ ~~i ~ 11LD 

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: ST24C04 M TR 

Operating Voltage Package Option 

24 3Vto5.5V c B PSDIP8 TR Tape & Reel 

25 2.5Vto 5.5V w Hardware 
0.25mm Frame 

3* 
Packing 

Write Control M SOB 
6 -40 to 85 oc 

Note: 3 • Temperature range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

PSDIPB 

D 

nnn 

Drawtng ts out of 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 ........... \ 

/1 r~ 

eA c .... 
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- Blead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ M'in 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 O.D16 0.035 

a oo so oo so 
N 8 s 

CP 0.10 0.004 

SOB 

E H 

SO-a 

Drawing is out of scale 
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ST24C08,ST25C08 
ST24W08, ST25W08 

SERIAL ACCESS 8K (1 K x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES with 
10 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 MULTIBYTE 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 8K bits 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 

August 1994 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 

E-

PRE - ST24x08 

SeL-
ST25x08 

MODE/We*-

I 
Vss 

8~ 

SOB (M) 

- SDA 

AI00860C 

Note: WC signal is only available for ST24/25W08 products. 
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ST24/25C08, ST24/25W08 

Figure 2A. DIP Pin Connections 

ST24x08 
ST25x08 

NC 2 7 MODE/WC 
PREDa vee 

E 3 6 SCL 
Vss 4 5 SDA 

AI00861C 

Warning: NC = No Connection 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

ST24x08 
ST25x08 

PRE Vee 
NC MODE!WC 

E SCL 
Vss SDA 

AI01073C 

Warning: NC =No Connection 

Value Unit 

grade 1 Oto 70 oc 
grade 6 -40 to 85 

-65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

Vro 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) (2) 4000 v 

Electrostatic Discharge Voltage (Machine model) (a) 500 v 
Notes: 1. Except for the ratrng "Operatmg Temperature Range", stresses above those listed rn the Table "Absolute Ma><1mum Ratings" 

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

2. MIL-STD-883C, 3015.7 (100pF, 1500 !1). 
3. EIAJ IC-121 (Condrtion C) (200pF, 0 !1). 

DESCRIPTION (cont'd) 

The ST24/25x08 are BK bit electrically erasable 
programmable memories (EEPROM}, organized 
as 4 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of one million erase/write cycles with a data 
retention of 1 0 years. The memories operate 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 
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 
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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 first. 

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 Write 121 '0' V1H 

Page Write '0' VIL 

Notes: 1. X= V1H or V1L 
2. Multibyte Wnte not available in ST24/25W08 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 

ST24/25C08, ST24/25W08 

Chip Block -
Enable Select RW 

b4 b3 b2 I b1 bO 

0 E A9 I AS 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 (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 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 usefull 
to protect the contents of the memory from any 
erroneous erase/write .QYQ!e. The Write Control sig
nal 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. 
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SIGNAL DESCRIPTIONS (cont'd) 

The devices with this Write Control feature no 
longer support the Multi byte 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 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 ST24/25x08 
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 (Caus) for an 12C Bus 
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Table 5. Input Parameters <1> (T A = 25 oc, f = 1 00 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 (ST24/25W08) V1N $0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance (ST24/25W08) V1N ~0.7 Vee 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 oc or -40 to 85 oc; Vee= 3V to 5-5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,; v,N,; Vee ±2 ~ 

ILO Output Leakage Current OV,; Vour,; Vee ±2 ~ SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, lc = 1OOkHz 2 rnA 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee = 2.5V, lc = 1OOkHz 1 rnA 

V1N = Vss or Vee, 100 ~ 
lcct 

Supply Current (Standby) Vee =5V 
(ST24 series) 

V1N = Vss or Vee, 
Vee= 5V, fc =100kHz 300 ~ 

V1N = Vss or Vee, 5 ~ 
lcc2 

Supply Current (Standby) Vee= 2.5V 
(ST25 series) 

V1N = Vss or Vee, 50 ~ Vee= 2.5V, lc = 1OOkHz 

v,L Input Low Voltage (SCL, SDA) --Q.3 0.3 Vee v 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

VJL 
Input Low Voltage_ --Q.3 0.5 v 
(E, PRE, MODE, WC) 

VJH 
Input High Voltage_ 

Vcc-0.5 Vee+ 1 v 
(E, PRE, MODE, WC) 

Output Low Voltage (ST24 series) loL = 3mA, Vee= 5V 0.4 v 
VoL 

Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 v 

-------------J..V ~i©mgml~'m ------------=5::.../1=5 
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Table 7. AC Characteristics 
(TA = 0 to 70 oc 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 lime 1 ~s 

lcLtCL2 IF Clock Fall lime 300 ns 

IDH1DH2 IR Input Rise lime 1 ~s 

lou DLt IF Input Fall lime 300 ns 

tcHDX(t) lsU.STA Clock High to Input Transition 4.7 ~s 

ICHCL I HIGH Clock Pulse Width High 4 ~s 

IDLCL IHD:STA Input Low to Clock Low (START) 4 ~s 

lcLDX IHD.DAT Clock Low to Input Transition 0 ~s 

ICLCH I LOW Clock Pulse Width Low 4.7 ~s 

toxcx lsUDAT Input Transition to Clock Transition 250 ns 

ICHDH lsusro Clock High to Input High (STOP) 4.7 ~s 

IDHDL tsuF Input High to Input Low (Bus Free) 4.7 ~s 

tcLOV tAA Clock Low to Data Out Valid 0.3 3.5 ~s 

ICLOX loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs T1 Noise Suppression Time Constant 100 ns (SCL & SDA Inputs) 

tw'21 lwR Write lime 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes :;; sons 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

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

Figure 4. AC Testing Input Output Waveforms 

o.avee 

o.2Vee 

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 1010b. The following bit identifies the 
specific memory on the bus. It is matched to the 
chip enable signal E. Thus up to 2 x SK memories 
can be connected on the same bus giving a mem
ory capacity total of 16K bits. 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= ~6 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. 

=6'...:.15=-------------lifi ~itm~:~~4 -------------
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Figure 5. AC Waveforms 
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Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C08 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 the 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 

AI00795 

receipt of the byte address the device again re
sponds with an acknowledge. 

For the ST24/25W08 versions, any write command 
with WC = 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 V1H 
or V1L. to minimize the standby current. 

--------------i..V ~~©It&~~~~~ ____________ .:_:71=15 
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Figure 6. 12C Bus Protocol 
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Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at VIH· 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 terminated 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 
Multibyte Write mode may modify data bytes in an 

:-j 
STOP 

CONDITION 

Al00792 

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 

::::!8,...:.;15::_ __________ /..W ~~m•cri ___________ _ 
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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 

ST24/25C08, ST24/25W08 

Figure 7. Memory Protection 

Page Protect Flag 
pointer Enable = 0 

Disable= 1 •. . ,.····· 
b7 b4: :b2 ...... 

3FFh -~--J __ , __ ,_9_l__ll5~-~ 

Block 3 

300h 

Block 0 

AI01121B 
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Figure 9. Write Modes Sequence (ST24/25C08) 

ACK ACK ACK 

BYTE WRiTE n I :o~y~~L: 1,. 11 ~~:E:A~~~ 111: ?~+:i~: 11
. n 

~ - ~ 

oc - ~ ~ m m 

ACK ACK ACK 

MULTiBYTE 
AND 
PAGE WRiTE n I :o~y ~~L: 1,. 'I ~~~:A~?~ 1'1 :~+~ i:N:< 1'1 :~+~ i:N:~: 

II: g -
ACK ACK 

~:J 1 1 :o~y~i~:N: 1
1
• 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 respond 
with an ACK, indicating that the memo_ry is re~dy 
to receive the second part of the next mstruction 
(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 3FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 3~Fh) is set.t? '0'. 
The boundary address is user defined by wntmg a 
value in the Block Address Pointer (location 3FFh). 

This Block Address Pointer defines an 8 bit address 
composed of the 4 MSBs of location 3FFh and 4 

AI00793 

LSBs which are read as '0'. This address pointer 
can therefore address a boundary in steps of 16 
bytes. 

The sequence to follow 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 t~e correct b?t!Of!l 
boundary address, into location 3FFh, With bit 
b2 (Protect flag) set to '0'. 

The area will now be protected when the PRE input 
is taken High. 

Caution: Special attention must. be used ":'hen 
using the protect mode together With the Mult!byte 
Write mode (MODE input pin High). If the ~ultibyte 
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. 

~10~/1.!.:::5:...._ __________ !fi ~~©m~:~~~ -------~-----
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Figure 10. Write Modes Sequence with Write Control= 1 (ST24/25W08) . 

we 

ACK ACK NOACK 

0 I :o~y?~\ 1,. 11 ~~:E:Ap?~ 111: ?~+:~~: 11UJ 
f- a. 

BYTE WRITE 

~ RNJ f2 
f- ~ 
~ 

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 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. 

AI01161 

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 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 dcita 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~~~ 1,1 1 1~~+:o~y: 1 1 C:~~ 

II: 
~ 

~~:J 1 1 ~+~?~i~I 1 UJ 

SEQUENTIAL 
RANDOM 
READ 

en 

ACK ACK ACK ACK 

0 I ~~~~E~: 1,. 11 ~~F:Ap~~ 110 I ~~~~E:L: 1,1 1 1~~T~:o~y~ 1 1 C~ 
II: RiiJ ~ RiW g ~ 

ACK NOACK 

~:J 1 1~+~?~i~I 1 UJ 

AI00794C 

Note: • The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 

~12=:_11.:..::5:...._ __________ ~ ~~lH-ij'l------------
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ORDERING INFORMATION SCHEME 

Example: ST24C08 M TR 

Operating Voltage Package Option 

24 3Vto5.5V c B PSDIPB TR Tape& Reel 

25 2.5Vto5.5V w Hardware 
0.25mm Frame 3. -40 to 125 oc Packing 

Write Control M SOB 
6 -40to 85 oc 

Note: 3 • Temperature range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

------------ 'r''/ SGS·lHOMSON ___________ 1...:..3/---'-15 
~ "1 ~ li!iiO©OO@!lliUii©'ii'OO@Ii;JII©lil 

71 



ST24/25C08, ST24/25W08 

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 - O.o19 -
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 

J 
._. 

\ 

l' {~ 
C-.14 

eA 
D eB 

N 

D E1 E 

............... PSDIP-a 

Drawing is out of scale 
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508 - 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 

SOB 

I 
E H 

SO-a 

Drawing is out of scale 
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ST24C16,ST25C16 
ST24VV16,ST25VV16 

SERIAL ACCESS 16K (2K x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
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 MULTIBYTE 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 16K bits 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 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. These are manufactured 
in SGS-THOMSON's Hi-Endurance Advanced 

Table 1. Signal Names 

PRE Write Protect Enable 

PBO, PB1 Protect Block Select 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multybyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

June 1994 

PSDIP8 (B) 
0.25mm Frame 

8~ 

SOB (M) 

14~ 
1 

S014 (ML) 

Figure 1. Logic Diagram 

PBO-PB1 

PRE 

SCL 

MODEIWC* 

2 

Vee 

ST24x16 
ST25x16 

Vss 

SDA 

AI00866B 

Note: WC signal is only available for ST24/25W16 products. 

1/17 
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Figure 2A. DIP Pin Connections 

Figure 2C. 508 Pin Connections 

ST24x16 
ST25x16 

PRE Vee 
PBO MODE/We 

PB1 SeL 

Vss SDA 

AIOOSOOB 

DESCRIPTION (cont'd) 

CMOS technology which guarantees an endur
ance of one million erase/write cycles with a data 
retention of 1 0 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 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the 12C bus defini-

Figure 28. 5014 Pin Connections 

Warning: Ne = No Connection 

lion. 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 
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. 

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. 

=21..:.17:...._ ___________ iii~ ~i©m,_O!~li ____________ _ 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

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

TsTG Storage Temperature -65 to 150 oc 

TLEAO Lead Temperature, Soldering (SOB and S014) 40 sec 215 oc 
(PSDIPB) 10 sec 260 

v,o Input or Output Voltages -0.3to6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESO 
Electrostatic Discharge Voltage (Human Body model) (21 4000 v 

Electrostatic Discharge Voltage (Machine model) (31 500 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 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant qual1ty documents. 

2. 100pFthrough 1500Q; MIL-STD-883C, 3015.7 
3. 200pF through on; EIAJ IC-121 (condition C) 

Table 3. Device Select Code 

Device Code Memory MSB Addresses RW 

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

Device Select 1 I 0 I 1 I 0 A10 I A9 I AS RW 

Note: The MSB b7 IS sent first. 

Table 4. Operating Modes 

Mode RWbit MODE pin Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
'0' 

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

'1' reSTART, Device Select, RW = '1' 

Sequential Read '1' X 1 to 2048 As CURRENT or RANDOM Mode 

Byte Write '0' X 1 START, Device Select, RW = '0' 

Multibyte Write '0' v,H 8 START, Device Select, RW = '0' 

Page Write '0' v,L 16 START, Device Select, RW = '0' 

Note: X ~ v,H or v,L. 
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SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input signal is used 
to synchronise 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 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 starts. 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 Page 
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..QYQie. The Write Contro~nal is used 
to enable (WC at ViH) or disable (WC at ViL) the 
internal write protection. When unconnected, the 
WC input is internally read as ViL· 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 
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Table 5. Input Parameters (1) (T A = 25 oc, f = 1 00 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CiN 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) ViN<':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 
(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 ~Vee ±2 J.lA 

ILO Output Leakage Current OV ~ VouT ~Vee ±2 J.lA SDAin Hi-Z 

Supply Current (ST24 series) Vee = 5V, fc = 1OOkHz 
2 rnA 

Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee = 2.5V, fc = 1OOkHz 1 rnA 

V1N = Vss or Vee, 100 J.lA 
lcc1 

Supply Current (Standby) Vee= 5V 
(ST24 series) 

V1N = Vss or Vee, 
Vee= 5V, fe = 1OOkHz 300 J.lA 

V1N = Vss or Vee, 5 J.lA 
lce2 

Supply Current (Standby) Vee= 2.5V 
(ST25 series) 

V1N = Vss or Vee, 
Vee= 2.5V, fc = 1OOkHz 50 J.lA 

V1L Input Low Voltage (SCL, SDA) -{).3 0.3 Vee v 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

ViL 
Input Low Voltage -{).3 0.5 v (PBO- PB1, PRE, MODE, WC) 

V1H 
Input High Voltage 

Vcc-0.5 Vee+ 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 = 2.1mA, Vee= 2.5V 0.4 v 

---------------------------~~~@~~~~~------------------------5~/~17 
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Table 7. AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Alt Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 [lS 

!cucl2 IF Clock Fall Time 300 ns 

loH1DH2 IR Input Rise Time 1 J.lS 

!ouDL1 IF Input Fall Time 300 ns 

ICHDX (1) !sU:STA Clock High to Input Transition 4.7 J.!S 

ICHCL !HIGH Clock Pulse Width High 4 J.lS 

toLCL IHD·STA Input Low to Clock Low (START) 4 J.!S 

tcLDX tHDDAT Clock Low to Input Transition 0 J.lS 

tcLCH tLOw Clock Pulse Width Low 4.7 J.lS 

toxcx tsU.DAT Input Transition to Clock Transition 250 ns 

tcHDH tsu.sro Clock High to Input High (STOP) 4.7 J.!S 

toHDL tsuF Input High to Input Low (Bus Free) 4.7 J.!S 

!CLQV tM Clock Low to Data Out Valid 0.3 3.5 [lS 

tcLOX loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

tw <21 twR Write Time 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. 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 time is doubled to 20ms. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :;; 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 

O.BVcc 

o.2Vcc 

o.7Vee 

o.3Vec 

AI00825 

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. 

~6,~17:...._ ___________ i:.W ~itlH~Y~ -------------
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Figure 5. AC Waveforms 
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Figure 6. 12C Bus Protocol 
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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 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. 

Data Input. During data input the ST24/25x16 
samples the SDA bus signal on the rising edge of 

~ 
STOP 

CONDITION 

AI00792 

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. 
These are summarised in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 

::::81...:.17;..._ ___________ i..V ~~§©!H~~~?~ --------------
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Figure 7. Memory Protection 
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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 y-'hen MOD~ 
pin is at V1L. The MODE pin may be dnven dynami
cally with CMOS input levels. 

Following a START condition_jhe 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 until! 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 

r•----r-----., 

Block 7 : 1 : 

J 
Block 6 

BlockS 

Block 4 

< .. ~ .. \..: .. 

AIOOB70B 

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
ti 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 memory. The transfer is ~~rminated by ~he 
master generating a STOP condition. The durat1on 
of the write cycle is tw = 10ms maximum except 
when bytes are accessed on 2 co.ntig~ou~ rows 
(one row is 16 bytes), the programmmg t1me 1s 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. 

--------------i.W ~~©It&~~~~~ _____________ 9/_17 
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Page Write. For the Page Write mode, the MODE 
pin must be at VtL. 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 

Figure 8. Write Cycle Polling using ACK 

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. 

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. 

Second Part of 
the Instruction 

Al01099 
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The sequence is: 

- 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 internally writing, no ACK 
will be returned. The Master goes back to Step1. 
If the memory has terminated the internal writ
ing, it will issue an ACK indicating that the 
memory is ready to receive the second part of 
the instruction (the first byte of this instruction 
was already sent during Step 1). 

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 a 
value in the Block Address Pointer (location 7FFh). 

This Block Address Pointer defines an 8 bit address 
composed of the 4 MSBs of location 7FFh and 4 
LSBs which are forced to '0'. This address pointer 
can therefore address a boundary in steps 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 on the PB1 and PBO 
inputs: 

Figure 9. Write Modes Sequence (ST24/25C16) 

ST24/25C16, ST24/25W16 

- PB1 = '0' and PBO = '0' select block 4 
- PB1 = '0' and PBO = '1' select block 5 
- PB1 = '1 ·and PBO = '0' select block 6 
- PB1 = '1' and PBO = '1' select block 7 

To use the Write Protected feature follow this se
quence: 
- write the data to be protected into the top of the 

memory, up to, but not including, location 7FFh; 
- select the block by hardwiring the signals PBO & 

PB1; 
- and set the protection by writing the correct 

bottom boundary address into location 7FFh. 

The area will now be protected when the PRE input 
is taken High. 

Caution: Special attention must be used when 
using the protect mode together with the Multi byte 
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 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 ACK 

BYTE WRITE 

MULTIBYTE AND 
PAGE WRITE 

n I :o~y~~~ 11.11 ~~~:A~?~ 111: ?~+:~~: 1
1. n 
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~ RM ~ 
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n I :o~yHL: 11. 1 1~~:E:A??~I 1 1 :~+~I:N:< 111 :~+~I:N:~: 
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Figure 10. Write Modes Sequence with Write Control= 1 (ST24/25W16) 

we 

BYTE WRITE 

we 

NOACK 
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we (cont'd) 

NOACK NOACK 

PAGE WRITE 
(cont'd) 

~:J 1 1 :o~y~ ~~:N: 1
1LO 

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 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. 

AI01161 

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 f!§Ster 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-

""120'-11_7 __________ ru SGS·lHOMSON 
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Figure 11. Read Modes Sequence 
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Note: • The 7 Most Significant bits 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 tran(lfer and switches to a standby state. 

~ SGS·lHOMSON 13/17 
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ORDERING INFORMATION SCHEME 

Example: ST24C16 M TR 

I 

I Operating Voltage I I Range I Package Temperature Range Option 

24 4.5V to 5.5V c Standard B PSDIPB 1 Oto7ooc TR Tape & Reel 

25 2.5V to 5.5V w Hardware 
0.25mm Frame 3 * -40 to 125 oc Packing 

Write Control M SOB 

ML S01411l 
6 -40 to 85 °C 

Notes: 1. Not for new designs. 
3 * Temperature range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

~ 7.62 -

E1 6.00 

e1 2.54 -

eA 7.80 

eB 

L 3.00 

N 8 

PSDIPB 

D 

nroro 
N 

E1 E 

ULJLJ 

Drawing is out of scale 

Max 

5.90 

-
5.30 

0.56 

1.65 

0.36 

9.90 

-
6.70 

-

-
10.00 

3.80 

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-.~-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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508 - 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 oo so oo so 

N 8 8 

CP 0.10 0.004 

SOB 

E H 

SO-a 

Drawing is out of scale 
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S014 - 14 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 8.55 8.75 0.337 0.344 

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 Q.50 0.010 0.020 

L 0.40 0.80 O.Q16 0.031 

a oo 80 oo 80 

N 14 14 

CP 0.10 0.004 

5014 

E H 

SO-a 

Drawing is out of scale 
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ST24E16 
ST25E16 

SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH I2C BUS 16K (2K x 8) EEPROM 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• 1 MILLION ERASE/WRITE CYCLES, with 
OVER 10 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 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. It is manufactured in 
SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of one million erase/write cycles with a data 
retention of over 10 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 

January 1995 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

3 

EO-E2 

SCL 

we 

Vee 

ST24E16 
ST25E16 

Vss 

SOB (M) 

SDA 

AI01102B 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24E16 ST24E16 
ST25E16 ST25E16 

EODVcc 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 grade 1 Oto70 oc 
grade 6 -40to85 

TsTG Storage Temperature --il5 to 150 oe 

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

V1o Input or Output Voltages -{).3 to 6.5 v 

Vee Supply Volta~e -{).3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 12> 4000 v 
Electrostatic Discharge Voltage (Machine model) ISJ 500 v 

Notes: 1. Except for the ratmg "Operating Temperature Range", stresses above those hsted 1n 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 specHication is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. 100pFthrough 15000; MIL-STD-883C, 3015.7 
3. 200pFthrough OQ; EIAJ IC-121 (condition 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 

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. 

~V~15~--------------------- ~~iiiD~~~~--------------------------
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 is sent first. 

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, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 

START, Device 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 V1L and V1H levels for the 
inputs are CMOS, not TTL compatible. 

Write Control (WC). The Write Control feature 
we is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control !ilil!!al is used to enable (WC at ViH) or 
disable (WC at ViL) the internal write protection. 
The devices with this Write Control feature no 
longer supports the multibyte mode of operation. 
When 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 acnowl· 
edged. 

Refer to the AN404 Application Note for more de· 
tailed information about Write Control feature. 

--------------~ ~itmgmli£~JI------------3:::./=15 
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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 

csus (pF) 

75 

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 

98 
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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 b!!§. 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 11> (T A= 25 °C, f = 400 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

C!N Input Capacitance (SDA) 8 pF 

C!N Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance V!N~0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance V!N~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 °C; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current 
OV~VIN~Vcc ±2 !!A (SCL, SDA, EO-E2) 

ILO Output Leakage Current OV ~ VouT ~Vee ±2 !!A SDAin Hi-Z 

Icc 
Supply Current (ST24 series) fc =400kHz 2 mA 

Supply Current (ST25 series) 
(Rise/Fall time< 30ns) 

1 mA 

V1N = Vss or Vee. 100 !!A 
lcc1 

Supply Current (Standby) Vcc=5V 
(ST24 series) 

V1N = Vss or Vee, 
Vee= 5V, fc =400kHz 300 !!A 

V1N = Vss or Vee, 5 J.IA 
lcc2 

Supply Current (Standby) Vcc=2.5V 
(ST25 series) 

V1N = Vss or Vee. 
Vee= 2.5V, fc =400kHz 50 !!A 

V1L Input Low Voltage (SCL, SDA) -o.3 0.3Vcc v 
V1H Input High Voltage (SCL, SDA) 0.7Vcc Vee+ 1 v 
V1L Input Low Voltage (EO-E2, WC) -o.3 0.5 v 
V1H Input High Voltage (EO-E2, WC) Vcc-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 

-------------i:.V ~~m•~~a ___________ __;5:::.'=15 
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Table 7. AC Characteristics 
(TA = 0 to 70 °C or -40 to 85 °C; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 300 ns 

ICL1CL2 IF Clock Fall Time 300 ns 

IOH10H2 (1) IR SDA Rise Time 20 300 ns 

loL10L1 (1) IF SDAFaiiTime 20 300 ns 

ICHOX (2) lsu·STA Clock High to Input Transition 600 ns 

ICHCL I HIGH Clock Pulse Width High 600 ns 

IOLCL IHO.STA Input Low to Clock Low (START) 600 ns 

ICLOX IHO.OAT Clock Low to Input Transition 0 JlS 

ICLCH ILOW Clock Pulse Width Low 1.3 JlS 

!oxcx lsU.OAT Input Transition to Clock Transition 100 ns 

ICHOH lsU.STO Clock High to Input High (STOP) 600 ns 

loHOL !auF Input High to Input Low (Bus Free) 1.3 JlS 

ICLQV IM Clock Low to Data Out Valid 200 1000 ns 

ICLQX 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 following a write cycle. 

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 

o.evcc~ · ···········-------··· -- ---· o.7Vcc 

- --------------------- -- ---· o.avcc 
o.2Vcc 

AI00825 

400 kHz 

10 ms 

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 I b10 I b9 bB 
X = Don't Care. 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 

::::61..:..:15'------------ t:r'l SGS·1HOMSON -----------.,...,, [lj]~[Yg~il]IJ©Iil 
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Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

14------1>1- tCHCL 

4START_.; 
CONDITION 

! tCLDX 

4- SDA ...;... SDA ._.; 
INPUT CHANGE 

;.__ DATA OUTPUT _.i 

4-STOP&+! 
BUS FREE 

tCHDX -1+----+1 

!+- STOP-+"+------ WRITE CYCLE -----Mf- START-+! 
CONDITION CONDITION 

A100795 
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Figure 6. 12C Bus Protocol 

SCL 
········~ 

I tt·· ... ~ !/ SDA : \ l 
i+-START-+i 

CONDITION 
4- SDA -+4- SDA +J j... STOP +J 

INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

..... _fi\___Ja\_fi\_., 

SCL ••• ~ ••••• 

SDA 

Write Operations 

Following a START condition_lhe 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.r:!_ 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 untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 

~ 
STOP 

CONDITION 

AI00792 

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. 
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 

:::BI...:.:15:..._ ___________ llfi i~~m~:O£~lj -------------
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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 

ST24E16,ST25E16 

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 t~e ST24/25E16 are internally writing, 
no ACK Will be returned. The Master goes back 
to Step1. lithe ST24/25E16 have terminated the 
internal writing, it will issue an ACK. The 
ST24/25E16 are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1 ). 

AI01099 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

ACK ACK ACK ACK 

BYTE WRITE n I :o~y~~~ 1,. 11 ~~:E:A~~~ 1
1
1 ~~:E:A~~71 1 1: ~~+:~~: 1

1
• n 

~ ~ 

~ ww 0 
~ ~ 

ACK ACK ACK ACK 

PAGE WRITE n I :o~y~~~ 1,. 11 ~~:E:A~~~ 1'1 ~~:E:A~~~ 1'1 :~A!~I:N:< 11
. ~!E~:~ 

we (cont'd) 

PAGE WRITE 
(cant' d) 

Read Operations 

II: 
~ 

R/W 

ACK ACK 

~:J 1 1 :o~y~~~:N: 11. 0 

On delivery, the memory content is set at all "1 's" 
(or FFh). 

Current Address Read. The ~T24/25E16 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 . 

AI01106 

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 
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 

.:.10:::./.:..:15=-------------~ ~~©n!~l~~~ --------------
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Figure 9. Write Modes Sequence with Write Control = 1 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(con!' d) 

NOACK NOACK 

~:J 1 1 :o~y~~~:N: 1
1LD 

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 

Alm12o 

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. 

_____________ ~ ~~@m~~~~~ ___________ _;.1..c.1,..;.:c15 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

~:J 1 1 ~~+~~f ~ 11LO 

ACK 
r-r-T..,...,..T""T""l,.., nr-r-T..,...,..T""T""l I : , .. 

AI01105B 

Note: • The 7 Most Sigmf1cant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 

"'12~/_;15'-------------15fi ~~©lH~&J?I _____________ _ 
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ORDERING INFORMATION SCHEME 

Example: ST24E16 M TR 

I 

I Operating Voltage I I Range I Package Temperature Range Option 

24 4.5V to 5.5V E Extended B PSDIPS 1 0 to 70 oc TR Tape & Reel 

25 2.5V to 5.5V 
Addressing 0.25mm Frame 

3 * -40 to 125 oc Packing 

M SOB 
6 -40 to 85 oc 

Note: 3 • Temperature range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

_____________ ~ ~~m~Ol~ ___________ ...:..13::::.'=15 

107 



ST24E16, ST25E16 

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 

PSDIPB 

I 
,_____. 

\ 

/' r 
.. 

C ... ~<o 
eA 

D eB 

nnn 
N 

D E1 E 

1 
UL..JL.....J PSDIP-a 

Drawing is out of 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 0.189 0.197 

E 7.42 7.59 0.292 0.299 

e 1.27 - - 0.050 - -

H 9.42 9.79 0.371 0.3S5 

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 

SOB 

E H 

SO-a 

Drawing is out of scale 
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SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH 12C BUS 32K (4K x 8) EEPROM 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

., 100,000 ERASE/WRITE CYCLES, OVER the 
FULL SUPPLY VOLTAGE RANGE 

• 10 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE 
- 4.5V to 5.5V for ST24E32 version 

- 2.5V to 5.5V for ST25E32 version 

• WRITE CONTROL FEATURE 

• BYTE and PAGE WRITE (up to 32 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 

,. AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH UP 
PERFORMANCES 

DESCRIPTION 

The ST24/25E32 are 32K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 512 x 8 bits. The ST25E32 operates 
with a power supply value as low as 2.5V. Both 
Plastic Dual-in-Line and Plastic Small Outline pack
ages are available. 

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 

January 1995 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 

EO-E2 

ST24E32 
SCL ST25E32 

we 

Vss 

SOB (M) 
300mil Width 

SDA 

A!01201B 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24E32 ST24E32 
ST25E32 ST25E32 Eoovcc EO Vee 

E1 2 7 we E1 we 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI012028 AI01203C 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oe 
grade 6 --40 to 85 

Tsm Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (808) 40 sec 215 oe 
(PSDIP8) 10 sec 260 

Vro Input or Output Voltages -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) (21 4000 v 
VESD 

Electrostatic Discharge Voltage (Machine model) (JI 500 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 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. 100pF through 1500Q; MIL-STD-883C. 3015.7 
3. 200pF through OQ; EIAJ IC-121 (conditron C) 

DESCRIPTION (cont'd) 

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 ST24/25E32 carry a built-in 4 bit, unique 
device identification code (1 01 0) corresponding to 
the 12C bus definition. The ST24/25E32 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 1 01 0), 3 bit Chip Enable input to form 
a 7 bit Device Select, plus one read/write bit and 
terminated by an acknowledge bit. 

::;_2,_;_;15'--------------~ ~~@m•:~?~ ____________ _ 
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 is senlfirst. 

Table 4. Operating Modes 

Mode RWbit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

1 
'1' 

Sequential Read '1' 1 to 4096 

Byte Write '0' 1 

Page Write '0' 32 

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 ST24/25E32 may be 
connected to the same 12C bus and selected indi
vidually, allowing a total addressing field of 256 
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. 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. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 

ST24E32, ST25E32 

-
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, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 

START, Device Select, RW = '0' 

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 - 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 V1L and V1H levels for the 
inputs are CMOS, not TIL compatible. 

Write Control (WC). The Write Control feature 
we is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control sJ.9!!.al is used to enable (WC at VIH) or 
disable (WQ_gt VIL) the internal writEl._Protection. 
When pin WC is unconnected, the WC input is 
internally read as V1L (see Table 5). 

When WC = '1', Device Select and Address bytes 
are acknowledged; Data bytes are not acknow
ledged. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

--------------------------~~~@~~~94-----------------------3~/1~5 
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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 

Csus (pF) 

The ST24/25E32 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 ST24/25E32 
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 ST24/25E32 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 ST24/25E32 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 

100 

AI01115 

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 ST24/25E32 
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 ST24/25E32, 
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 . 

..::.4/..:..15=-------------~ ~~©n&~&9a _____________ _ 
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Table 5. Input Parameters <1> (TA = 25 oc, f =400kHz) 

Symbol Parameter Test Condition Min Max Unit 

CiN Input Capacitance (SDA) 8 pF 

CiN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance ViN~0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance YiN :2:0.7 Vee 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 
(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 ~YiN~ Vee ±2 j.tA (SCL, SDA, EO·E2) 

ILO Output Leakage Current OV ~ VouT ~Vee ±2 j.tA SDAin Hi-Z 

Icc 
Supply Current (ST24 series) fc =400kHz 2 rnA 

Supply Current (ST25 series) 
(Rise/Fall time < 30ns) 

1 rnA 

YiN= Vss or Vee, 100 j.tA 
lce1 

Supply Current (Standby) Vee=5V 
(ST24 series) 

YiN= Vss or Vee. 
Vee= 5V, fe =400kHz 

300 j.tA 

YiN= Vss or Vee. 5 j.tA 
Supply Current (Standby) Vee =2.5V 

lcc2 (ST25 series) 
YiN= Vss or Vee, 50 j.tA 

Vee= 2.5V, fc =400kHz 

ViL Input Low Voltage (SCL, SDA) -{}.3 0.3 Vee v 
ViH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 
ViL Input Low Voltage (EO-E2, WC) -{}.3 0.5 v 

V1H Input High Voltage (EO-E2, WC) Vcc-0.5 Vee+ 1 v 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 v 

Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 v 

~ SCS·lHOMSON 5/15 --------------- ._..,1 ~a©OO©rn~~©'iim©!lla©@ -------------...:::..;~ 
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Table 7. AC Characteristics 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 300 ns 

tcucl2 IF Clock Fall Time 300 ns 

IDH10H2 (t) IR SDA Rise Time 20 300 ns 

IDL1DL1 (l) IF SDAFaiiTime 20 300 ns 

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

tcHCL IHIGH Clock Pulse Width High 600 ns 

IDLCL IHD.STA Input Low to Clock Low (START) 600 ns 

ICLDX IHD·DAT Clock Low to Input Transition 0 JlS 

!cLCH !Low Clock Pulse Width Low 1.3 JlS 

toxcx lsu DAT Input Transition to Clock Transition 100 ns 

ICHDH tsu.sro Clock High to Input High (STOP) 600 ns 

IDHDL lsuF Input High to Input Low (Bus Free) 1.3 J.!S 

lcLOv IM Clock Low to Data Out Valid 200 1000 ns 

ICLQX toH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 

tw lwR Write Time 

Notes: 1. Sampled only, noll 00% tested. 
2. For a reSTART condition, or following a write cycle. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times $ 50ns 

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 

:::~ 
0.7Vee 

o.svee 

AI00825 

400 kHz 

10 ms 

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 
b11 ,b1 O,b9,b8 of the Most Significant Byte select 
one block among 16 blocks (one block is 256 
bytes). 

Most Significant Byte 

I X I X I X X b11 b10 b9 bB 

X ~ Don't Care 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 

"'6,_15'-------------l::fi ~~m~:~~~ ____________ _ 
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Figure 5. AC Waveforms 
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Figure 6. t2e Bus Protocol 

SCL 
········~ 

I c=·· ... ~ i/ I SDA i \ i 
i-sTART-+1 

CONDITION 
~ SDA-+!+- SDA _.j !+STOP _.j 

INPUT CHANGE CONDITION 

SCL 

SDA 

i--+1 
START 

CONDITION 

..... ~ .. 

SCL ••• ~ ••••• 

SDA 

Write Operations 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E32 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 16 blocks of 256 
bytes each. WritingJ!!_ the ST24/25E32 may be 
inhibited if input pin we is taken high. 

For the ST24/25E32 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. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 

~ 
STOP 

CONDITION 

AI00792 

ST24/25E32. The master then 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 of 32 bytes 
in the memory, that is the same Address bits (b11 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the ST24/25E32. 
After each byte is transfered, the internal byte 
address counter (5 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-

_81_15'---------------~ ~~©m~l~~lj _____________ _ 
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gram cycle. This STOP condition wi~l trigger an 
internal memory program cycle only 1f the STOP 
condition is internally decoded right after the ACK 
bit; 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 co.mple
tion of this cycle and the ST24/25E32 w1ll not 
respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E32 
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 

ST24E32, ST25E32 

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 ST24/25E32 are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E32 have terminated the 
internal writing, it will issue an ACK. The 
ST24/25E32 are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1 ). 

AI01099 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

BYTE WRITE 

we 

ACK ACK ACK ACK 

PAGE WRITE 0 I :o~y~~L: 11.
1
1 ~~~:A??~ 111 ~~~:A??~ 11

1 :~+~I:N:< 1
1
. EN:~:~ 

we (cont'd) 

PAGE WRITE 
(cont'd) 

Read Operations 

ti: 
~ 

R/W 

ACK ACK 

~:JII :o~y~~~:N: II. 0 

On delivery, the memory content is set at all "1 's" 
(or FFh). 

Current Address Read. The ST24/25E32 have 
an internal 12 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 ST24/25E32 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 . 

AI01106 

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 
ST24/25E32 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 
ST24/25E32 continue to output the next byte in 

.:..:10:::../1""5'-------------~ ~~©m~~~~li ____________ _ 
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Figure 9. Write Modes Sequence with Write Control = 1 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cant' d) 

NOACK NOACK 

~:J'I :o~y~~~:N: 11LO 

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 

AI01120 

counter will 'roll-over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25E32 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E32 terminate 
the data transfer and switch to a standby state. 

_____________ ~iii ~~m•:~cm ___________ ....;.1"""1'=15 
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Flgure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

n I :D~y~~L: 1,1 11 :D~i~?~T: 11UJ 
r ~ 

~ Rm ~ 
til en 

ACK ACK ACK NO ACK 

0 I :D~Y~~< 1/l~~+:o~!~ 1 1 C:~~ ~~:J 1 1~~+?~i~I 1 UJ 
r - ~ 

~ Rm ~ 
r en en 

ACK 

,........,...,-,...,...,...,...., ,....,........,...,-,...,....,....,,: ~-' 

' LL~~~~~~~LL~~~~~~~LL~~~ ~~~~~~-L-

Rm Rm 

ACK NOACK 

~:J 1 1 ~+~ ?~i ~ 11UJ 

AI01105B 

Note: • The 7 Most Sigmficant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 

.:,:12:::.1.:.:15::.._ ___________ /.V ~~©m~~~~~ _____________ _ 
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ORDERING INFORMATION SCHEME 

Example: ST24E32 M TR 

I T 

I Operating Voltage I I Range I Package I I Temperature Rangel I Option I 
24 4.5Vto 5.5V E Extended 8 PSDIP8 1 0 to 70 oc TR Tape & Reel 

25 2.5V to 5.5V Addressing 0.25mm Frame 3 * -40 to 125 oc Packing 

M SOB 
6 -40 to 85 oc 300mil Width 

Note: 3 • Temperature Range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

------------ r== SGS·lHOMSON ----------~1.:::.3/=15 ,. ""1 I ll:iD~©rn~~©iliil©ll!ID~ 
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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 

PSDIP8 

D 

_n~ __ n 
N 

) 

LJL....IL....I 

Drawrng is out of 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 .____. \ 

f 1 r \\ 

eA c-.. 
eB 

PSDIP-a 

Max 

0.232 

-

0.209 

0.022 

0.065 

0.014 

0.390 

-

0.264 

-

-

0.394 

0.150 

14/15 t==' SGS·lHOMSON ------------- .._""!I [>j)O©FJ@~~!.~<Imi'OO@~~ --------------
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508 - 8 lead Plastic Small Outline, 300 mils 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 

8 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 10° 

N 8 8 

CP 0.10 0.004 

SOB 

E H 

SO-b 

Drawing is out of scale 
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SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH 12C BUS 64K (8K x 8) EEPROM 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• 100,000 ERASE/WRITE CYCLES, OVER the 
FULL SUPPLY VOLTAGE RANGE 

• 10 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for ST24E64 version 

- 2.5V to 5.5V for ST25E64 version 

• WRITE CONTROL FEATURE 

• BYTE and PAGE WRITE (up to 32 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMING CYCLE 

• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH UP 
PERFORMANCES 

DESCRIPTION 

The ST24/25E64 are 64K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 1 024 x 8 bits. The ST25E64 operates 
with a power supply value as low as 2.5V. Both 
Plastic Dual-in-Line and Plastic Small Outline pack
ages are available. 

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 

January 1995 

PSDIPS (B) 
0.25mm,Frame 

Figure 1. Logic Diagram 

Vee 

3 

EO-E2 

ST24E64 
SeL ST25E64 

we 

Vss 

PRELIMINARY DATA 

SOB (M) 
300mil Width 

SDA 

AI01204B 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24E64 ST24E64 
ST25E64 ST25E64 

~OVcc EO Vee 
E1 2 7 we E1 we 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI01205B AI01206C 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 •e 
grade 6 -40to85 

Tsm Storage Temperature --65 to 150 •c 

TLEAD Lead Temperature, Soldering (SOB) 40sec 215 •c (PSDIP8) 10sec 260 

V1o Input or Output Voltages -{).3 to 6.5 v 
Vee Supply Voltage -{).3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) !2> 4000 v 
Electrostatic Discharge Voltage (Machine model) !3> 500 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 operat1on of the device at these or any other 
condi!Jons above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS· THOMSON SURE Program and 
other relevant quality documents. 

2. 100pFthrough 15000; MIL-STD·BB3C, 3015.7 
3. 200pF through On; EIAJ IC-121 (condition C) 

DESCRIPTION (cont'd) 

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 ST24/25E64 carry a built-in 4 bit, unique 
device identification code (1 01 0) corresponding to 
the 12C bus definition. The ST24/25E64 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. 

::::21..::15~----------- ~ ~5tm~~'= ____________ _ 
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 IS sent firS!. 

Table 4. Operating Modes 

Mode RWbit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

1 
'1' 

Sequential Read '1' 1 to 8192 

Byte Write '0' 1 

Page Write '0' 32 

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 ST24/25E64 may be 
connected to the same 12C bus and selected indi
vidually, allowing a total addressing field of 512 
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. 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. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 

ST24E64,ST25E64 

-
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, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 
-

START, Device Select, RW = '0' 

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 - 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 V1L and V1H 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 ViH) or 
disable (WQ __ §t ViL) the internal writ~rotection. 
When pin WC is unconnected, the WC input is 
internally read as V1L (see Table 5). 

When WC = '1', Device Select and Address bytes 
are acknowledged; Data bytes are not acknow
ledged. 

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 
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The ST24/25E64 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 ST24/25E64 
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 ST24/25E64 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 ST24/25E64 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 

100 

AID1115 

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 ST24/25E64 
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 ST24/25E64, 
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 t~e. 
3 Chip Enable b~ 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 <1l (TA = 25 oc, f =400kHz) 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance (SDA) 8 pF 

CIN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance YIN~ 0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance V1N ~0.7Vcc 500 kQ 

ILP 
Low-pass filter input time constant 

100 ns (SDA and SCL) 

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

Table 6. DC Characteristics 
(TA = -40 to 85 oc or 0 to 70 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 ~YiN~ Vee ±2 ~ (SCL, SDA, EO-E2) 

ILO Output Leakage Current OV ~ VouT ~Vee ±2 ~ SDAin Hi-Z 

Icc 
Supply Current (ST24 series) fc =400kHz 2 mA 

Supply Current (ST25 series) 
(Rise/Fall time < 30ns) 

1 mA 

V1N = Vss or Vee, 100 ~ Supply Current (Standby) Vee= 5V 
lcc1 (ST24 series) 

V1N = Vss or Vee, 300 ~ Vee= 5V, fc =400kHz 

Y1N = Vss or Vee, 5 ~ 
lcc2 

Supply Current (Standby) Vee =2.5V 
(ST25 series) 

V1N = Vss or Vee, 
Vee= 2.5V, fe =400kHz 50 ~ 

Y1L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
VIH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 
VIL Input Low Voltage (EO-E2, WC) -0.3 0.5 v 
V1H Input High Voltage (EO-E2, WC) Vcc-0.5 Vee+ 1 v 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 v 

---------------------------~~~~~~~~------------------------5~/~15 
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Table 7. AC Characteristics 
(TA = -40 to 85 oc or 0 to 70 oc; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol AI! Parameter Min Max Unit 

fcH1CH2 IR Clock Rise Time 300 ns 

ICL1CL2 IF Clock Fall Time 300 ns 

loH1DH2 (1) IR SDA Rise Time 20 300 ns 

IDL1DL1 (1) IF SDAFaiiTime 20 300 ns 

lcHDX (2) !suSTA Clock High to Input Transition 600 ns 

lcHCL !HIGH Clock Pulse Width High 600 ns 

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

tcLDX tHo oAT Clock Low to Input Transition 0 fiS 

tcLCH tLOw Clock Pulse Width Low 1.3 fiS 

toxcx tsu OAT Input Transition to Clock Transition 100 ns 

tcHDH !susro Clock High to Input High (STOP) 600 ns 

loHDL IBUF Input High to Input Low (Bus Free) 1.3 flS 

tcLQV tAA Clock Low to Data Out Valid 200 1000 ns 

tcLQX toH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 

tw twR Write Time 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART cond1t1on, or following a wnte cycle. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :> 50ns 

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 

::::~ 
o.?Vcc 

o.3Vcc 

400 kHz 

10 ms 

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 
b12,b11 ,b1 O,b9,b8 of the Most Significant Byte 
select one block among 32 blocks (one block is 256 
bytes). 

Most Significant Byte 

I X I X I X b12 b11 b10 b9 b8 

X = Don't Care. 

Alooa2s Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 

_61_15 ____________ /:fi ~~tm~~%~~ _____________ _ 
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Figure 5. AC Waveforms 
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Figure 6. 12e Bus Protocol 

SCL 

SDA \1 
i+-START--.1 
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SCL 

SDA 

~ 
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~ 

Write Operations 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E64 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 32 blocks of 256 
bytes each. WritingJ!!.. the ST24/25E64 may be 
inhibited if input pin we is taken high. 

For the ST24/25E64 versions, any write command 
with we = '1' (during a period of time from the 
START condition untill 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 

STOP 
CONDITION 

AI00792 

ST24/25E64. The master then 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 of 32 bytes 
in the memory, that is the same Address bits (b12 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the ST24/25E64. 
After each byte is transfered, the internal byte 
address counter (5 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-

8/15 ~ SGS·lHOMSON ::::...:.:::.._ ____________ ._""'I llila©ll©~~m©'rn©i'!IO@® --------------
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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 "1Oth 
bit" time slot will not trigger the internal program
ming cycle. All inputs are disabled until the co_mple
tion of this cycle and the ST24/25E64 Will not 
respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E64 
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 

ST24E64,ST25E64 

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 ST24/25E64 are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E64 have terminated the 
internal writing, it will issue an ACK. The 
ST24/25E64 are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1 ). 

AI01099 
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Figure 8. Write Modes Sequence with Write Control = 0 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cant' d) 

Read Operations 

ACK ACK 

~:J 1 1 :o~y~~~:N: 11
• 0 

On delivery, the memory content is set at all "1 's" 
(or FFh). 

Current Address Read. The ST24/25E64 have 
an internal 13 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 ST24/25E64 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. 

AI01106 

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 
ST24/25E64 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 
ST24/25E64 continue to output the next byte in 

~10:::_11.:..::5:...._ ___________ ~ ~~©It!~~%q~~ --------------
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Figure 9. Write Modes Sequence with Write Control = 1 

we 

ACK ACK ACK NOACK 

BYTE WRITE 0 I :o~y~~L: 11. 11 ~~F:A~~~ 111 ~~~:Ap~~ 111: ~~+:~~: 11UJ 
r ~ 

~ Rm ~ 
r oo 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cont'd) 

en 

NOACK NOACK 

~:J 1 1 :o~f~~~:N: 11UJ 

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 

AI01120 

counter will'roll-over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25E64 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E64 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 
rr-T"T"T"T......, r-T""T".,....,....,......., I:, .. 

' ~~~~~~~~~~LL~~~~~~~~~~ ~~~~~~.L. 

R/W 

ACK NOACK 

~:J 1 1 ~+~ ?~i ~ 11LD 

1-a: 

~ 
R/W 

AI01105B 

Note: • The 7 Most Significant 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: ST24E64 M TR 

I 

I Operating Voltage I I Range I 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 3 • -40 to 125 oc Packing 

M 808 
6 -40 to 85 oc 300mil Width 

Note: 3 ·Temperature Range on specml 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

-------------- !V ~~©lH~~~~/1-----------__.:.13:::./.:..:::.15 
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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 

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 

PSDIP8 

I -L-1 l 

~ /' I \ 
A1 L 

8 e1 c ..... J... 

81 eA 

D e8 

,.,,, 
N 

)) 
b E1 E 

1 
u--w 1..:::r PSDIP-a 

Drawmg is out of scale 
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Symb 

A 

A1 

A2 

8 

c 
D 

E 

e 

H 

L 

a 

N 

CP 

SOB 

Drawing is out of scale 
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SOB · 8 lead Plastic Small Outline, 300 mils width 

mm 

Typ Min 

0.10 

0.35 

0.20 -

5.15 

5.20 

1.27 -

7.70 

0.50 

oo 

8 

E H 

SO-b 

Max 

2.03 

0.25 

1.78 

0.45 

-

5.35 

5.40 

-

8.10 

0.80 

10° 

0.10 

i 
! 
I 

Typ 

0.008 

0.050 

I 
/ 

inches 

Min 

0.004 

0.014 

-

0.203 

0.205 

-

0.303 

,0.020 

oo 

8 

Max 

0.080 

0.010 

0.070 

0.018 

-

0.211 

0.213 

-

0.319 

0.031 

100 

0.004 
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ST25E256 

SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH 12C BUS 256K (32K x 8) EEPROM 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• 100,000 ERASE/WRITE CYCLES, OVER the 
FULL SUPPLY VOLTAGE RANGE 

• 10 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE 

- 4.5V to 5.5V for ST24E256 version 

- 2.5V to 5.5V for ST25E256 version 

• WRITE CONTROL FEATURE 
• 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 ST24E256 and ST25E256 are 256K bit elec
trically erasable programmable memories 
(EEPROM), organized as 32,768 x 8 bits. The 
ST25E256 operates with a power supply value as 
low as 2.5V. 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 Input/Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

January 1995 

·~ 
PSDIPB (B) 

0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 

EO-E2 

ST24E256 
SCL ST25E256 

we 

Vss 

Th1s ts prehmmary mformatton on a new product now m development Detatls are subject to change wtthout nottce 

PRODUCT PREVIEW 

a<\ 
~ 

SOB (M) 
300mil Width 

SDA 

AI01412 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24E256 ST24E256 
ST25E256 ST25E256 

EODVcc EO Vee 
E1 2 7 we E1 we 
E2 3 6 seL E2 seL 

Vss 4 5 SDA Vss SDA 

AI01413 A101414 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 oe 
grade 6 -40 to 85 

TsrG Storage Temperature -65to 150 oe 

TLEAD Lead Temperature, Soldering (SOB) 40 sec 215 oc 
(PSDIP8) 10 sec 260 

Vro Input or Output Voltages -D.3 to 6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

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

Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratmgs" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1tions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating cond1t1ons for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents 

2. 100pFthrough 1500£!; MIL-STD-883C, 3015 7 
3. 200pF through on; EIAJ IC-121 (cond1t1on C) 

DESCRIPTION (cont'd) 

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 ST24/25E256 carry a built-in 4 bit, 
unique device identification code (1 01 0) corre
sponding to the 12C bus definition. The 

ST24/25E256 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 (identification code 101 0), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow
ledge bit. 

_;;_2/-'-15:..___ ___________ :.::;; ~~i©ltl~~'"?~ --------------
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 1s sent f~rst. 

Table 4. Operating Modes 

Mode RWbit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

1 
'1' 

Sequential Read '1' 1 to 32,768 

Byte Write '0' 1 

Page Write '0' 64 

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 ST24/25E256 may be 
connected to the same 12C bus and selected indi
vidually, allowing a total addressing field of 256K 
bytes. 

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. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 

ST24E256,ST25E256 

-
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, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 

START, Device Select, RW = '0' 

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 - 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 V1L and V1H levels for the 
inputs are CMOS, not TTL compatible. 

Write Control (WC). The Write Control feature 
we is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control ~a! is used to enable (WC at ViH) or 
disable (WQ__gt V1L) the internal writ~rotection. 
When pin WC is unconnected, the WC input is 
internally read as V1L (see Table 5). 

When WC = '1 ', Device Select and Address bytes 
are acknowledged; Data bytes are not acknow
ledged. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

r=-= SGS-niOMSON 3/15 -------------- A."'fl R'liD©Ilil@rn~!li(i;'iffi!@fi:IJO(!;§ -------------=...:..::. 
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Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus, fc =400kHz 

20 

Vee 
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16 
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" r Csus 

"""" ........ 4 
vee~ 5V I'-r--

0 
25 

DEVICE OPERATION 

12C Bus Background 

50 75 

Csus (pF) 

The ST24/25E256 support the extended address
ing 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 
ST24/25E256 are always slave devices in all com
munications. 

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 ST24/25E256 
continuously 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 ST24/25E256 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 

100 

A101115 

STOP condition at the end of a complete Write 
command triggers the internal EEPROM write cy
cle. 

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 ST24/25E256 
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 ST24/25E256, 
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 b~ 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. 

4/15 ~ SGS·lHOMSON ..::....:.::..._ ____________ .. ..,.1 llllfl©OO©ffi~~©'ii1i:l@i!D©!i --------------
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Table 5. Input Parameters (1l (T A= 25 oc, f = 400 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CtN Input Capacitance (SDA) 8 pF 

CtN Input Capacitance (other pins) 6 pF 
-

ZwcL WC Input Impedance VtN S 0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance VIN;,0.7Vcc 500 kQ 

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

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

Table 6. DC Characteristics 
(TA = --40 to 85 oc or 0 to 70 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 s V1N s Vee ±2 pA (SCL, SDA, EO-E2) 

lw Output Leakage Current OV s Vour s Vee ±2 pA SDAin Hi-Z 

Icc 
Supply Current (ST24 series) fc =400kHz 2 mA 

Supply Current (ST25 series) 
(Rise/Fall time < 30ns) 

1 mA 

VtN = Vss or Vee, 100 pA 
lcc1 

Supply Current (Standby) Vee= 5V 
(ST24 series) 

V1N = Vss or Vee, 
Vee= 5V, fc =400kHz 300 pA 

VtN = Vss or Vee, 
5 pA 

lcc2 
Supply Current (Standby) Vee =2.5V 
(ST25 series) 

V1N = Vss or Vee, 
Vee = 2.5V, fe =400kHz 50 pA 

V1L Input Low Voltage (SCL, SDA) -{).3 0.3 Vee v 
VIH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 
VtL Input Low Voltage (EO-E2, WC) -{).3 0.5 v 
VtH Input High Voltage (EO-E2, WC) Vcc-0.5 Vee+ 1 v 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 v 

______________ ~ ~~~@m~:l'!~Jl ____________ 5:::.'=15 
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Table 7. AC Characteristics 
(TA = -40 to 85 ac or 0 to 70 ac; 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 

lcl1CL2 IF Clock Fall Time 300 ns 

IOH10H2 11 ) IR SDA Rise Time 20 300 ns 

IOL10L1 (1) IF SDAFall Time 20 300 ns 

ICHOX (2) tsu STA Clock High to Input Transition 600 ns 

lcHCL I HIGH Clock Pulse Width High 600 ns 

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

ICLDX IHo OAT Clock Low to Input Transition 0 J.lS 

ICLCH I LOW Clock Pulse Width Low 1.3 J.lS 

toxcx tsu OAT Input Transition to Clock Transition 100 ns 

ICHOH tsu sm Clock High to Input High (STOP) 600 ns 

IOHOL tsuF Input High to Input Low (Bus Free) 1.3 J.lS 

lcLDv IAA Clock Low to Data Out Valid 200 1000 ns 

ICLQX toH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 

tw lwR Write Time 

Notes: 1. Sampled only, not 1 00% tested. 
2. For a reSTART condition, or following a write cycle. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :0: 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

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

Figure 4. AC Testing Input Output Waveforms 

::::~ 
o.7Vcc 

o.3Vcc 

400 kHz 

10 ms 

DEVICE OPERATION (cont'd) 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant By1e is sent first and the 
Least significant By1e is sent after. The Least Sig
nificant Byte addresses a block of 256 bytes, bits 
b14,b13,b12,b11 ,b1 O,b9,b8 of the Most Significant 
Byte select one block among 128 blocks (one block 
is 256 bytes). 

Most Significant Byte 

I X I b14 I b13 b12 b11 b10 b9 b8 

X = Don't Care. 

A1oos2s Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 

6/15 r== SGS·THOMSON .:.;..;.-'----------------- lllt..""fl li:IIDC:Ifl©~~~©'D1Jtl©u::!u©© ---------------
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Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

!+---->+ tCHCL 

!.START+! 
CONDITION 

:.- SDA ....:.--- SDA _..j 
INPUT CHANGE 

,._____ DATA OUTPUT __.: 

:.-STOP & _.: 
BUS FREE 

tCHDX ;+---r 

!+- STOP-+:+------ WRITE CYCLE -----...;.- START__.: 
CONDITION CONDITION 

AI00795 
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Figure 6. 12C Bus Protocol 

SCL 
·······-~ 

I j ~-----~ 11 j SDA i \1 
i-START-+i 

CONDITION 
i-SDA-+!+- SDA ...j !-STOP ...j 

INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

····-~-· 

····-~-· 

SCL ·--~····· 
SDA 

Write Operations 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E256 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 128 blocks of 
256 bytes each. Writin9J!!. the ST24/25E256 may 
be inhibited if input pin we is taken high. 

For the ST24/25E256 versions, any write com
mand with we = '1' (during a period of time from 
the START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 

~ 
STOP 

CONDITION 

A100792 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E256. The master then terminates the 
transfer by generating a STOP condition. 

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 (b12 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the 
ST24/25E256. After each byte is transfered, the 
internal byte address counter (5 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 

_B/_15.;,__ ___________ ~ ~~@lt&~~~~?~ --------------
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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 program 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 
"1Oth bit" time slot will not trigger the internal pro
gramming cycle. All inputs are disabled until the 
completion of this cycle and the ST24/25E256 will 
not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E256 
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 

Figure 7. Write Cycle Polling using ACK 

ST24E256,ST25E256 

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 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 ST24/25E256 are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E256 have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E256 are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1 ). 

AI01099 
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Figure 8. Write Modes Sequence with Write Control = 0 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cont'd) 

Read Operations 

ACK ACK 

~:J 1 1 :o~y~~~:N: 11. 0 

On delivery, the memory content is set at all "1 's" 
(or FFh). 

Current Address Read. The ST24/25E256 have 
an internal 15 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condi![Qn, the master sends a Device Select with 
the RW bit set to '1'. The ST24/25E256 acknow
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre
mented. The master does NOT acknowledge the 

A101106 

byte output, but 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 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 
ST24/25E256 acknowledge this and outputs the 
byte addressed. The master does NOT acknow
ledge the byte output, but terminates the transfer 
with a STOP condition. 

.:.10::::1.:.:15:::.._ ___________ ~ ~~~m~~j[~~ _____________ _ 
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Figure 9. Write Modes Sequence with Write Control = 1 

we 

ACK ACK ACK NO ACK 

BYTE WRITE n I :o~y~~~ 11.
1
1 ~~:E:Ap?~ 111 ~~:E:APH 111: ?~+:~~: 1

1UJ 
~ ~ 

~ Rm ~ 
~ 00 
00 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(con!' d) 

NOACK NOACK 

~:JII :o:A~~ ~~:N: IIUJ 

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 
ST24/25E256 continue to output the next byte in 
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-

AI01120 

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 ST24/25E256 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E256 termi
nate the data transfer and switch to a standby state. 

--------------------------- ~~~~~~:~~~----------------------~11~/~15 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

ACK NOACK 

n I :D~Y?~~ 11111 :D~f~~~~ 11LO 
~ Rm ~ 
~ t; 

ACK ACK ACK NOACK 

n I :D~y?~L: 1/l~~+:o:uf: 1 1 C:~~ ~~:J 1 1~~+?~f~I 1 LO 
~ ~ 

rr Rm o 
~ t; 

SEQUENTIAL 
RANDOM 
READ 

ACK 

rrr.,.-,-,..,-, rrr.,.-,-,..,-, I : ;-· 

Am Rm 

ACK NOACK 

~:J 1 1~+~?~fH 1 L0 

AI01105B 

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

Example: ST24E256 M TR 

I 

I Operating Voltage I I Range I Package Temperature Range Option 

24 4.5V to 5.5V E Extended B PSDIPB 1 Oto 70 oc TR Tape & Reel 

25 2.5V to 5.5V 
Addressing 0.25mm Frame 3 * -40 to 125 oc Packing 

M SOB 
6 -40 to 85 oc 300mi1Width 

Note: 3 • Temperature Range on special 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 ... ) refer to the current Memory 
Shortform catalogue. 

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

~ SGS·lHOMSON 13/15 -------------- .... .,, \iilJQ©OO@~~[li©1iliii@~Q~ ____________ ...:..:::..:.::. 

155 



ST24E256,ST25E256 

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 

PSDIPS 

I '---' \ 

1~ /' -I ~; 
A1 L 

B e1 c ..... ""' 
81 eA 

D eB 

,.,,...,,..., 
N 

)) 
b E1 E 

1 
WL..JL..J PSDIP-a 

Drawing is out of scale 
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SOB - 8 lead Plastic Small Outline, 300 mils 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 I 

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 1QO oo 100 

N 8 8 

CP 0.10 0.004 

SOB 

I 
E H I 

SO-b 

Drawing 1s out of scale 
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ST93C06 
ST93C06C 

SERIAL ACCESS 
MICROWIRE BUS 256 bit (16 x 16 or 32 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• DUAL ORGANIZATION: 16 x 16 or 32 x 8 
• BYTE/WORD and ENTIRE MEMORY 

PROGRAMMING INSTRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE with 

AUTO-ERASE 
• READY/BUSY SIGNAL DURING 

PROGRAMMING 
• SINGLE 5V ±1 0% SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 
• ENHANCED ESD/LATCH UP 

PERFORMANCES for "C" VERSION 

DESCRIPTION 

The ST93C06 and ST93C06C are 256 bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. In the text the 
two products are referred to as ST93C06. 

The memory is divided into either 32 x 8 bit bytes 
or 16 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The memory is accessed through a serial input (D) 
and 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. 

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 1995 

PSDIPS (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 
I 

D-

c- ST93C06 

s- ST93C06C 

ORG -

I 
Vss 

8~ 

SOB (M) 

I-- Q 

AI00816B 

1/14 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93e06 ST93e06 

ST93e06e ST93e06e so vee s Vee 
e 2 7 DU e DU 
D 3 6 ORG D ORG 

a 4 5 Vss Q Vss 
AI008178 AIOOB1BC 

Warning: DU =Don't Use Warning: DU = Don't Use 

Table 2. Absolute Maximum Ratings (1l 

Symbol Parameter Value Unit 

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

TsrG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (S08 package) 40 sec 215 oc 
(PSDIPB package) 10 sec 260 

V1o 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 

Electrostatic Discharge Voltage (Human Body model) (2) ST93C06 2000 v 
VESD 

ST93C06C 4000 

Electrostatic Discharge Voltage (Machine model) (a) ST93C06 500 v 
ST93C06C 500 

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 
cond1t1ons above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant qual1ty documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 !"!). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

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 ST93C06 can 
output a sequential stream of data bytes/words. In 
this way, the memory can be read as a data stream 
from 8 to 256 bits long, 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 32 bytes or 16 words. 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. 

The design of the ST93C06 and the High Endur
ance CMOS technology used for its fabrication give 
an Erase/Write cycle Endurance of 1,000,000 cy
cles and a data retention of 1 0 years. 

-'-2/_14-'-------------l:fi ~~m="~~ _____________ _ 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall limes :s; 20ns 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output liming Reference Voltages 

0.4Vto 2.4V 

1Vto2.0V 

0.8Vto2.0V 

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

Table 3. Capacitance <1> 
(T A= 25 oc, f = 1 MHz ) 

Symbol Parameter 

CIN Input Capacitance 

GouT Output Capacitance 

Note: 1. Sampled only, noll 00% tested. 

Table 4. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 5V + 1 0%) -

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc 
Supply Current (TIL Inputs) 

Supply Current (CMOS Inputs) 

lcc1 Supply Current (Standby) 

V1L Input Low Voltage (D, C, S) 

V1H Input High Voltage (D, c, S) 

VoL Output Low Voltage 

VoH Output High Voltage 

2.4V 

0.4V 

~ 
~ 

INPUT OUTPUT 

Test Condition Min Max 

VIN=OV 5 

VouT= OV 5 

Test Condition Min Max 

OV:!>V1N:!>Vcc 2.5 

OV :s; VoUT :s; Vee. 2.5 QinHi-Z 

S=VIH,f=1 MHz 3 

S = V1H, I = 1 MHz 2 

S = Vss. C = Vss, 50 
ORG = Vss or Vee 

--{),3 0.8 

2 Vee+ 1 

loL=2.1mA 0.4 

loL = 10 J.LA 0.2 

loH = -400J.LA 2.4 

loH = -10(.1A Vcc-0.2 

2.0V 

o.sv 

AIOOB15 

Unit 

pF 

pF 

Unit 

J.LA 

J.lA 

rnA 

rnA 

J.LA 

v 
v 
v 
v 
v 
v 

-------------;,:;;; ~itm~~~11 ____________ 3;;;_,1.;_..;.4 
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Table 5. AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 5V ± 1 0%) 

Symbol A It Parameter Test Condition Min Max 

ISHCH tess Chip Select High to Clock High 50 

lcLSH ISKS Clock Low to Chip Select High 100 

tovcH I DIS Input Valid to Clock High 100 

Temp. Range: grade 1 100 

lcHOX lorH Clock High to Input Transition 
Temp. Range: 

grades 3, 6 
200 

lCHOL !roo Clock High to Output Low 500 

lcHOV trot Clock High to Output Valid 500 

lCLSL tcsH Clock Low to Chip Select Low 0 

ISLCH Chip Select Low to Clock High 250 

ISLSH tcs Chip Select Low to Chip Select High Note 1 250 

ISHQV tsv Chip Select High to Output Valid 500 

ISLQZ I oF Chip Select Low to Output Hi-Z 300 

ICHCL ISKH Clock High to Clock Low Note2 250 

ICLCH ISKL Clock Low to Clock High Note2 250 

lw lwr Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsLsH) between consecutrve rnstructron cycles. 
2. The Clock frequency specrfrcation calls for a mrnimum clock period of 1 f!S, therefore the sum of the trmings tcHcL + tcLcH 

must be greater or equal to 1 f!S. For example, if tcHcL is 250 ns, then tcLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

D 

itDVCH 

--------~--

;.___ START --+j-ot------ OP CODE INPUT ------+; 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

AIOOB19C 
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Figure 5. Synchronous Timing, Read or Write 
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AI00820C 
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s 

D 

0 

!.----ADDRESS/DATA INPUT ___.j !.---- WRITE CYCLE ____.; 

AI01429 

DESCRIPTION (cont'd) 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON 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 ST93C06 is organized as 32 bytes x 8 bits or 
16 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. Whe~ the 
ST93C06 is in standby mode, the ORG mput 
should be unconnected or set to either Vss or Vee 
in order to achieve the minimum power consump
tion. Any voltage between Vss and Vee applied to 
ORG may increase the standby current value. 

--------------~~~©It&~~~~~ ____________ 5_1_14 
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POWER-ON DATA PROTECTION 

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. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93C06 has seven instructions, as shown in 
Table 6. The op-codes of the instructions are made 
up of 4 bits: some instructions use only the first two 
bits, others use all four bits to define the op-code. 
The op-code is followed by an address for the 
byte/word which is four bits long for the x16 organi
zation or five bits long for the x8 organization. 

Each instruction is preceded by the rising edge of 
the signal applied on the S input (assuming that 
clock C and data input D are low), followed by a 
first clock pulse which is ignored by the ST93C06 
(optional clock pulse for the ST93C06C). The data 
input D is then sampled upon the following rising 
edges of the clock C until! a '1' is sampled and 
decoded by the ST93C06 as a Start bit. Even 
though the first clock pulse is ignored, it recom
mended to pull low the data input D during this first 
clock pulse in order to keep the timing upwardly 
compatible with other ST93Cxx devices. 

The ST93C06 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 5). 

Table 6. Instruction Set 

Instruction Description Op-Code 

READ Read Data from Memory 10XX 

WRITE Write Data to Memory 01XX 

EWEN Erase/Write Enable 0011 

EWDS Erase/Write Disable 0000 

ERASE Erase Byte or Word 11XX 

ERAL Erase All Memory 0010 

WRAL Write All Memory 
0001 with same Data 

Note: X = don't care bit. 

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 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 
ST93C06 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. When power is first ap
plied, the ST93C06 enters the Disable mode. 
When the Erase/Write Enable instruction (EWEN) 
is executed, Write instructions remain enabled until 
an Erase/Write Disable instruction (EWDS) is exe
cuted or if the Power-on reset circuit becomes 
active due to a reduced Vee. 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) triggers a self-timed erase 
cycle. 

x80rg x16 Org 
Address Data Address Data 

(ORG :0) (ORG = 1) 

A4-AO 07-00 A3-AO 015-QO 

A4-AO D7-DO A3-AO D15-DO 

XX XXX xxxx 
xxxxx xxxx 
A4-AO A3-AO 

XXX XX xxxx 

xxxxx D7-DO xxxx D15-DO 

=6/-=-14.:...._ ___________ /:.W ~~m~il~~ ____________ _ 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ s_j L 
D ___fjffi~;al ... o,~_ ___________ _ 

Q ______i_______i ~-r,-r1-1Ti-r1-r'T~ 
.l.J.LJ.I..l_I.LJ.LJ~ 

-+i OP :4 ~:4 DATA OUT---+: 
CODE ADDR 

WRITE s_j u L 
D 

CHECK 
STATUS ·r£·r,-r,·ari-r1·r~ : 

n AO Dn • • ~01 • 
J .1.J.LJ.I..1..1.LJ.L.L.L..L..11~:-------7--

ERASE 
WRITE 
ENABLE 

Q 

-+i OP 
CODE ADDR 

+, OP :.
CODE 

Notes: 1. An: n ~ 3 for x16 org. and 4 for x8 org. 
2. Xn: n = 3 for x16 org. and 4 for x8 org. 

If the ST93C06 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if Sis driven 
high, and the ST93C06 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 ST93C06 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is 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 

•" L_ 
! '-! ----' 

DATA IN ____.: ;._.BUSY -+i+READY..; 

ERASE S r----1 
WRITE __j L_ 
DISABLE 

D ·rtL n XO 
.LJ 

+, OP :.
CODE 

AIOOB22D 

self-timed programming cycle. If the ST93C06 is 
still performing the write cycle, the Busy signal (Q 
= 0) will be returned if S is driven high, and the 
ST93C06 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 ST93C06 
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 programming cycle) and does not 
require an Erase instruction prior to the Write in
struction (The Write instruction includes an auto
matic erase cycle before programing data). 

-------------liii ~!i©1H~I~~l1------------7:.:.'.:....:.14 
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Figure 7. ERASE, ERAL Sequences 

ERASE s _j u 
CHECK 
STATUS 

L 
D ~~~~~~~--------------~---

ERASE 
ALL 

Q 

s 

D 

Q 

Notes: 1. An: n ~ 3 for x16 org. and 4 for x8 org. 

2. Xn: n ~ 3 for x16 org. and 4 for x8 org. 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s 

D 

_j 

_j 

L 
' ' 

....: OP :+ _.i ~ BUSY ....;.. READY...; 
CODE ADDR 

u 
·rr]' 
n XDj ; 

CHECK 
STATUS 

L 

-"'~:-:~------------~L_---
----~~--~: ! ' 

'. ' . 
....: OP i.- _.i ;._. BUSY ....;.. READY_.; 

CODE ADDR 
DUMMY 

u 
CHECK 
STATUS 

AIOOB23B 

L 
[L~JJ~·rr~-r1"r1"rn-r1-r?; 

_j'~'L,n X~ ~ • 
-l.J .l.J.LJ-L.J.I.LJ.L.L.J.--'-J:~; ---------------!----

Q 

....: OP :+ 
CODE ADDR 

DUMMY 

Note: 1 Xn: n ~ 3 for x16 org. and 4 for xS org 

:: 
:: 

'. ' 
'' ' 

DATA IN ----..i ;._.BUSY....;.. READY.; 

AI00824B 
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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. If the ST93C06 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if Sis driven high, and the ST93C06 will ignore any 
data on the bus. When the erase cycle is com
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C06 is ready to receive 
a new instruction. 

Write All 

For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an automat
ic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C06 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if Sis driven high, and the ST93C06 
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 ST93C06 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
put (Q) indicates the Ready/Busy status of the 

Figure 9. ST93C06 Timing 

s 

D 

c 0 

ST93C06,ST93C06C 

memory when the Chip Select (S) is driven High. 
Once the ST93C06 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 

COMMON 1/0 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 
(AD) and the first data bit output by Q. The reader 
may also refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion". 

DIFFERENCES BETWEEN ST93C06 AND 
ST93C06C 

Each instruction of the ST93C06 requires an Addi
tional Dummy clock pulse after the rising edge of 
the Chip Select input (S) and before the START bit, 
see Figure 9. When replacing the ST93C06 with 
the ST93C06C in an application, it must be 
checked that this Dummy Clock cycle DOES NOT 
HAPPEN when D = 1: if it is so, this clock pulse will 
latch an information which is decoded by the 
ST93C06C as a START bit (see Figure 1 0) and the 
following bits will be decoded with a shift of one bit. 

Dummy Clock pulse START Bit 

Al01334 

~ SGS·1HOMSON 9/14 -------------- ._...,, l'iior&lll@rn~L~<©WJ©li!J©@ ____________ ::.:..;..;. 
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Figure 10. Comparative Timings 

WRONG 
TIMING S 

D 

c 

For ST93C06: 

For ST93C06C: 

GOOD 
TIMING S 

D 

c 

For ST93C06: 

For ST93C06C: 

Dummy Clock pulse 

START Bit 

0 

Dummy Clock pulse 

Nothing happens 
(waits for D = 1) 

START Bit 

Bit= 1 

START Bit 

Bit=1 

AI01335 
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Figure 11. WRITE Swquence with One Clock Glitch 

sJ 
c 

D 

An 

START "0" "1" 

' ' ' ' ... ... 
, WRITE , 

DIFFERENCES BETWEEN ST93C06 AND 
ST93C06C (cont'd) 

The ST93C06C is an enhanced version of the 
ST93C06A and offers the following extra features: 
- Enhanced ESD voltage 

- Functional security filtering glitches on the 
clock input (C). 

Refer to Table 2 (Absolute Maximum Ratings) for 
more about ESD limits. The following description 
will detail the Clock pulses counter (available only 
on the ST93C06C). 

In a normal environment, the ST93C06 is expected 
to receive the exact amount of data on the D input, 
that is the exact amount of clock pulses on the C 
input 

In a noisy environment, the amount of pulses re
ceived (on the clock input C) may be greater than 
the clock pulses delivered by the Master (Microcon
troller) driving the ST93C06C. In such a case, a 
part of the instruction is delayed by one bit (see 
Figure 11 ), and it may induce an erroneous write of 
data at a wrong address. 

;An-1 

Glitch 

An-2 

I n_ 
----------! n_ 
------------~ 

DO 
' ' 
;.__ ADDRESS AND DATA ___.; 
' ARE SHIFTED BY ONE 81T ' 

A101395 

The ST93C46C has an on-board counter which 
counts the clock pulses from the Start bit until the 
falling edge of the Chip Select signal. For the 
WRITE instructions, the number of clock pulses 
incoming to the counter must be exactly 18 (with 
the Organisation by 8) from the Start bit to the 
falling edge of Chip Select signal (1 Start bit+ 2 bits 
of Op-code + 7 bits of Address + 8 bits of Data = 
18): if so, the ST93C06C executes the WRITE 
instruction; if the number of clock pulses is not 
equal to 18, the instruction will not be executed 
(and data will not be corrupted). 

In the same way, when the Organisation by 16 is 
selected, the number of clock pulses incoming to 
the counter must be exactly 25 (1 Start bit+ 2 bits 
of Op-code + 6 bits of Address + 16 bits of Data = 
25) from the Start bit to the falling edge of Chip 
Select signal: if so, the ST93C06C executes the 
WRITE instruction; if the number of clock pulses is 
not equal to 25, the instruction will not be executed 
(and data will not be corrupted). The clock pulse 
counter is active only on ERASE and WRITE in
structions (WRITE, ERASE, ERAL, WRALL). 

~ SGS·THOMSON 11114 -------------- A.""'f/ l'aO©JJ©~IUE©'iillil@ii'!IO©$ --------------'--'-'-'---'-
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ORDERING INFORMATION SCHEME 

Example: ST93C06C M 

Revision 

blank CMOS F3 B 
Tech. 

c CMOS F4 M 808 
Tech. 

Notes: 1. ST93C06CB1 is available with 0.25mm lead Frame only. 

3 • Temperature range on special request only. 

013TR 

Temperature Range Option 

0 to 70 oc 013TR Tape & Reel 

3* -40 to 125 oc Packing 

6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

_12_,_14 ____________ ~ ~~tm~~~li _____________ _ 
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PSDIPB - 8 pin Plastic Skinny DIP, 0.4mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.80 0.189 

A1 0.70 - 0.028 -

A2 3.10 3.60 0.122 0.142 

B 0.38 0.58 0.015 0.023 

B1 1.15 1.65 0.045 0.065 

c 0.38 0.52 0.015 0.020 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.30 7.10 0.248 0.280 

e1 2.54 - - 0.100 - -

eA 8.40 - 0.331 -

eB 9.20 0.362 

L 3.00 3.80 0.118 0.150 

N 8 8 

PSDIPB 

!!~ 
I '---' \ 

t' '\ A1 L 

B e1 c .... 
81 eA 

D eB 

nnn 
N 

)) 

D E1 E 

1 
WL.JL-J PSDIP-a 

Drawing is out of scale 
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SOB - 8 lead Plastic Small Outline, 150 mils body width 

Syrnb 
rnrn 

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 out of scale 

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 

-

0.22S 

0.010 

0.016 

oo 

s 

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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ST93C46T 

SERIAL ACCESS 
MICROWIRE BUS 1 K (64 x 16 or 128 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• DUAL ORGANIZATION: 64 x 16 or 128 x 8 
• BYTE/WORD and ENTIRE MEMORY 

PROGRAMMING INSTRUCTIONS 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

• SINGLE 5V ±1 0% SUPPLY VOLTAGE 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 
• ENHANCED ESD/LATCH UP 

PERFORMANCES for "C" VERSION 

DESCRIPTION 

This specification covers a range of 1 K bit 
EEPROM products, the ST93C46A, ST93C46C 
and ST93C46T. In the text, products are referred 
to as ST93C46. The ST93C46 is a 1 K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input (D) and output 
(Q). 

The 1 K bit memory is divided into either 128 x 8 bit 
bytes or 64 x 16 bit words. The organization may 
be selected by a signal on the ORG input. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

a Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

February 1995 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-

c- ST93C46A 
ST93C46C 

s- ST93C46T 

ORG -

I 
Vss 

8~ 

S08 (M) 

-a 

A\008716 

1/12 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oe 
grade 6 -40to B5 

TSTG Storage Temperature -65 to 150 oe 

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

v,o Input or Output Voltages (Q = VoH or Hi-Z) -o.3 to Vee +0.5 v 
Vee Supply Voltage -o.3to6.5 v 

Electrostatic Discharge Voltage (Human Body model) <21 ST93C46A,T 2000 v 
VEso ST93e46e 4000 

Electrostatic Discharge Voltage (Machine model) <31 ST93e46 500 v 
Notes: 1. Except for the ratmg ··operating 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 device at these or any other 
conditions above those ind1cated 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 SGS-THOMSON 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). 

Figure 2A. DIP Pin Connections 

ST93C46A 
ST93e46e soB Vee e 2 7 DU 

D 3 6 ORG 
a 4 5 v88 

AIOOB728 

Warning: DU = Don't Use 

Figure 2C. SO Pin Connections 

ST93e46A 
ST93C56e 

s Vee 
c DU 
D ORG 
Q Vss 

AIOOB748 

Warning: DU = Don't Use 

Figure 28. SO, 90° Turn, Pin Connections 

ST93e46T 

DU ORG 

Vee Vss 
s Q 
e D 

AI00982 

Warning: DU = Don't Use 

DESCRIPTION {cont'd) 

The 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 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 ST93C46 can output a sequen
tial stream of data bytes/words. In this way, the 
memory can be read as a data stream from 8 to 
1024 bits long, or continuously as the address 
counter automatically rolls over to '00' when the 
highest address is reached. 

;;;:.2/.;..;;12:__ _________ ID'J SGS·lHOMSON ------------
." 1<'110©rnl@"~~liln©® 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ 20ns 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

0.4V to 2.4V 

1Vto 2.0V 

0.8Vto 2.0V 

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

Table 3. Capacitance <1l 
(T A = 25 °C, f = 1 MHz ) 

Symbol Parameter 

c,N Input Capacitance 

CouT Output Capacitance 

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

Table 4. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee = 5V + 1 0%) -

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

lee 
Supply Current (TIL Inputs) 

Supply Current (CMOS Inputs) 

lcc1 Supply Current (Standby) 

V1L Input Low Voltage (D, C, S) 

V1H Input High Voltage (D, C, S) 

VoL Output Low Voltage 

VoH Output High Voltage 

2.4V 
2.0V 

O.BV 
0.4V 

INPUT OUTPUT 
A100815 

Test Condition Min Max Unit 

V1N =OV 5 pF 

VouT = OV 5 pF 

Test Condition Min Max Unit 

OV ~ V1N ~Vee 2.5 J.IA 

OV ~ VouT ~Vee. 2.5 J.IA QinHi-Z 

S = V1H, f = 1 MHz 3 mA 

S = V1H, f = 1 MHz 2 mA 

S = Vss, C = Vss, 50 J.IA ORG = Vss or Vee 

-0.3 0.8 v 
2 Vee+ 1 v 

loL=2.1mA 0.4 v 
loL=10J.!A 0.2 v 

loH =-400J.!A 2.4 v 
loH =-10J.!A Vee- 0.2 v 

--------------~ ~i~©lt&~~~~~ _____________ 31_12 
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Table 5. AC Characteristics 
(TA = 0 to ?ooc or -40 to 85°C; Vee= 5V ± 1 0%) 

Symbol A It Parameter Test Condition Min Max 

tSHCH tess Chip Select High to Clock High 50 

ICLSH tsKs Clock Low to Chip Select High 100 

tovcH IDJs Input Valid to Clock High 100 

Temp. Range: grade 1 100 
ICHDX lotH Clock High to Input Transition 

Temp. Range: 
grades 3, 6 200 

ICHQL IPDO Clock High to Output Low 500 

lcHOV IPD1 Clock High to Output Valid 500 

tcLSL lcsH Clock Low to Chip Select Low 0 

tsLCH Chip Select Low to Clock High 250 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHQV tsv Chip Select High to Output Valid 500 

ISLQZ !oF Chip Select Low to Output Hi-Z 300 

ICHCL tsKH Clock High to Clock Low Note 2 250 

lcLCH tsKL Clock Low to Clock High Note2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. ehrp Select must be brought low for a mrnrmum of 250 ns (lsLsH) between consecutrve rnstructron cycles. 
2. The Clock frequency specrfication calls for a minimum clock period of 1 ~s. therefore the sum of the trmings tcHcL + !cLcH 

must be greater or equal to 1 ~s. For example, if tcHcL is 250 ns, then lcLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

D OPCODE 

;.-,START-*--- OP CODE INPUT ___.j 
AI01428 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Synchronous Timing, Read or Write 

,--.- '. . . , ....... c 

s 

D 

Hi-Z 
Q 

i+--- ADDRESS INPUT --- DATA OUTPUT ----

AI00820C 

c 

s 

D 

Q 

j.._ ADDRESS/DATA INPUT _____.j ;._- WRITE CYCLE ---+! 

DESCRIPTION (cont'd) 

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 128 bytes or 64 words. After 
the start of the programming cycle a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is High. 

An internal feature of the ST93C46 provides 
Power-on Data Protection by inhibiting any opera-

AI01429 

tion when the Supply is too low. The design of the 
ST93C46 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 1 0 years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON 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. 

______________ ~ ~~;m~~~~Jl _____________ 51_12 
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MEMORY ORGANIZATION 

The ST93C46 is organised as 128 bytes x 8 bits or 
64 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C46 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vee 
in order to get minimum power consumption. Any 
voltage between Vss and Vee applied to ORG may 
increase the standby current value. 

POWER-ON DATA PROTECTION 

During power-up, A Power On Reset sequence is 
run in order to reset all internal programming cir
cuitry and the device is set in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. 

INSTRUCTIONS 

The ST93C46 has seven instructions, as shown in 
Table 6. Each instruction is preceded by the rising 
edge of the signal applied on the S input (assuming 
that the clock C is low), followed by a '1' read on D 
input during the rising edge of the clock C. The 
op-codes of the instructions are made up of the 2 
following bits. 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 
followed by an address for the byte/word which is 
made up of six bits for the x16 organization or 
seven bits for the x8 organization. 

Table 6. Instruction Set 

Remark: a rising edge of the Chip Select (S) when 
both inputs Clock (C) and Data Input (D) are high 
is also decoded as a Start bit. However, it is pref
erable not to use such a sequence. 

The ST93C46 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 5). 

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 
ST93C46 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) freezes the execution of the following 
Erase/Write instructions. When power is first ap
plied to the ST93C46, Erase/Write is inhibited. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vee falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 

x8 Org x16 Org 
Instruction Description Op-Code Address Data Address Data 

(ORG = 0) (ORG = 1) 

READ Read Data from Memory 10 A6-AO 07-QO A5-AO 015-QO 

WRITE Write Data to Memory 01 A6-AO D7-DO A5-AO D15-DO 

EWEN Erase/Write Enable 00 11XXXXX 11XXXX 

EWDS Erase/Write Disable 00 ooxxxxx ooxxxx 
ERASE Erase Byte or Word 11 A6-AO A5-AO 

ERAL Erase All Memory 00 10XXXXX 10XXXX 

WRAL Write All Memory with same Data 00 01XXXXX D7-DO 01XXXX 015-DO 

Note: X ~ don"t care bit. 

6/12 ~ SGS·lHOMSON :::..:.=------------- A.""fl O:IIDrilll©~llll!©'iiOO©i:lO~ --------------
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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 program
ming cycle. 

Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ sJ 

ST93C46A,ST93C46C,ST93C46T 

If the ST93C46 is still performing the write cycle, 
the Busy signal (Q = 0) will be returned if Sis driven 
high, and the ST93C46 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 ST93C46 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is 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, 

L 
D 

['J"r;-r,-r:J 
__j I 'tr;~,_. J...Lf:;O_._I ___________ _ 

0 

+i 14-ADDR~f---- DATA OUT--
OP 

WRITE 

ERASE 
WRITE 
ENABLE 

sJ 
D 

0 

CODE 

+i 14- ADDR ..,.f---
OP 

CODE 

~ :.... 
OP 

CODE 

Notes: 1. An: n = 5 for x16 org. and 6 for xS org. 
2. Xn: n = 4 for x16 org. and 5 for xs org. 

u 
CHECK 
STATUS 

:: : 

L 

DATA IN __..i :.... BUSY+,.- READY..: 

ERASE S r----1 
WRITE _j l_ 
DISABLE 

~ :.... 
OP 

CODE 

AI0087BC 
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INSTRUCTIONS (cont'd) 

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. If the ST93C46 
is still performing the write cycle, the Busy signal 
(Q ~ 0) will be returned if S is driven high, and the 
ST93C46 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 ST93C46 
is ready to receive a new instruction. 

The Write instruction includes an automatic Erase 
cycle before writing the data, it is therefore unnec
essary to execute an Erase instruction 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 

Figure 7. ERASE, ERAL Sequences 

ERASE s _j 

instruction above. If the ST93C46 is still performing 
the write cycle, the Busy signal (Q ~ 0) will be 
returned if S is driven high, and the ST93C46 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 ST93C46 is ready to 
receive a new instruction. 

Write All 

For correct operation, an ERAL instruction should 
be executed before the WRAL instruction. 

The Write All instruction (WRAL) writes the Data 
Input byte or word to all the addresses of the 
memory. In the WRAL instruction, NO automatic 
erase is made so all bytes/words must be erased 
before the WRAL instruction. If the ST93C46 is still 
performing the write cycle, the Busy signal (Q ~ 0) 
will be returned if Sis driven high, and the ST93C46 
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 ST93C46 is 
ready to receive a new instruction. 

u 
CHECK 

L 
~1-r~ 

STATUS 

D J-1~ 

Q 

ERASE s 
ALL 

D 

Q 

Notes: 1. An: n = 5 for x16 org. and 6 for xB org. 
2. Xn: n = 4 for x16 org. and 5 for xB org. 

_j 

L 

_.; ;.. ADDR _.j ~ BUSY _..;._READY..! 
OP 

CODE 

u 
CHECK 

L 
STATUS 

~-r,~ 
~c~o 

L 

_.; :+ ADDR _.: ~ BUSY _,.;..READY,.; 
OP 

CODE 
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Figure 8. WRAL Sequence 

WRITE 
ALL 

s_j 

a 

-+! l+ ADDR -lO~+o: 4f---
OP 

CODE 

Note: 1. Xn: n = 4 for x16 org. and 5 for xs org. 

READY/BUSY Status 

During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select is driven High. Once 
the ST93C46 is Ready, the Data Output is set to '1' 
until a new start bit is decoded or the Chip Select 
is brought Low. 

COMMON 1/0 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 SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion". 

DIFFERENCES BETWEEN ST93C46A AND 
ST93C46C 

The ST93C46C is an enhanced version of the 
ST93C46A and offers the following extra features: 
- Enhanced ESD voltage 
- Functional security filtering glitches on the 

clock input (C). 

Refer to Table 2 (Absolute Maximum Ratings) for 
more about ESD limits. The following description 
will detail the Clock pulses counter (available only 
on the ST93C46C). 

ST93C46A,ST93C46C,ST93C46T 

u 
CHECK 
STATUS 

L 

[_ 

DATA IN -----..i ~BUSY....;.. READY_.: 

AIOOBBOB 

In a normal environment, the ST93C46 is expected 
to receive the exact amount of data on the D input, 
that is the exact amount of clock pulses on the C 
input. 

In a noisy environment, the amount of pulses re
ceived (on the clock input C) may be greater than 
the clock pulses delivered by the Master (Microcon
troller) driving the ST93C46C. In such a case, a 
part of the instruction is delayed by one bit (see 
Figure 9), and it may induce an erroneous write of 
data at a wrong address. 

The ST93C46C has an on-board counter which 
counts the clock pulses from the Start bit until the 
falling edge of the Chip Select signal. For the 
WRITE instructions, the number of clock pulses 
incoming to the counter must be exactly 18 (with 
the Organisation by 8) from the Start bit to the 
falling edge of Chip Select signal (1 Start bit+ 2 bits 
of Op-code + 7 bits of Address + 8 bits of Data = 
18): if so, the ST93C46C executes the WRITE 
instruction; if the number of clock pulses is not 
equal to 18, the instruction will not be executed 
(and data will not be corrupted). 

In the same way, when the Organisation by 16 is 
selected, the number of clock pulses incoming to 
the counter must be exactly 25 (1 Start bit + 2 bits 
of Op-code + 6 bits of Address + 16 bits of Data = 
25) from the Start bit to the falling edge of Chip 
Select signal: if so, the ST93C46C executes the 
WRITE instruction; if the number of clock pulses is 
not equal to 25, the instruction will not be executed 
(and data will not be corrupted). The clock pulse 
counter is active only on ERASE and WRITE in
structions (WRITE, ERASE, ERAL, WRALL). 

-------------~ ~~©~&~~ ____________ 9:.;,./1=2 
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Figure 9. WRITE Sequence with One Clock Glitch 

sJ 
c 

0 

An 

START "0" "1" . ' . . .. ... 
. WRITE ' 

ORDERING INFORMATION SCHEME 

Example: ST93C46A 

Revision 

A CMOS F3 Tech. B 

c CMOS F4 Tech. 

T CMOS F3 Tech. 
M SOB 

goo Turn pin out 

Notes: 1. ST93C46CB1 is available 1n 0.25mm lead Frame only. 
3 * Temperature range on special request only. 

M 

;An-1 

Glitch 

An-2 

I n_ 
----------! n__ 
------------~ 

DO 

:.__ ADDRESS AND DATA __.; 
' ARE SHIFTED BY ONE BIT ' 

AI01395 

013TR 

Option 

013TRTape & Reel 

3* -40 to 125 oc Packing 
(A, T version) 

6 -40 to 85 oc 
TR Tape & Reel 

Packing 
(C version) 

Parts are shipped with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 

For a list of available options (Revision, Package etc ... ) refer to the the current Memory Shortform catalogue. 

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

~10~/1:.=_2 __________ t==- SGS·THOMSON 
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PSDIP8 · 8 pin Plastic Skinny DIP, 0.4mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.80 0.189 

A1 0.70 - 0.028 -

A2 3.10 3.60 0.122 0.142 

8 0.38 0.58 0.015 0.023 

81 1.15 1.65 0.045 0.065 

c 0.38 0.52 0.015 0.020 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.30 7.10 0.248 0.280 

e1 2.54 - - 0.100 - -
eA 8.40 - 0.331 -

e8 9.20 0.362 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

PSDIPS 

~~ 
I '----' \ 

p' r ~ .. A1 L 

B e1 c ..... 
81 eA 

D eB 

_n_o_ r-1 

N 

D E1 E 

1 
UL...JL...J PSDIP-a 

Drawing is out of scale 
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SOB- 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.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 

SOB 

I 
E H I 

SO-a 

Drawing is out of scale 
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SERIAL ACCESS 

MICROWIRE BUS 2K (128 x 16 or 256 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• DUAL ORGANIZATION: 128 x 16 or 256 x 8 
• BYTE/WORD and ENTIRE MEMORY 

PROGRAMMING INSTRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE with 

AUTO-ERASE 
• READY/BUSY SIGNAL DURING 

PROGRAMMING 

• SINGLE 5V ±1 0% SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con CMOS technology. The memory is accessed 
through a serial input (D). 

The memory is divided into either 256 x 8 bit bytes 
or 128 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The 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 auto
matically incremented after the data is output and, 

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 1995 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
' 
D-

e-
ST93e56 

s-

ORG -

I 
Vss 

SOB (M) 

I-- Q 

AI00881 

1/11 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93e56 ST93e56 so vee s Vee 
e 2 7 DU e DU 
D 3 6 ORG D ORG 
a 4 5 v88 Q Vss 

AI00882 AIODBB38 

Warning: DU = Don't Use Warning: DU = Don't Use 

Table 2. Absolute Maximum Ratings (1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 "C grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 "e 

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

V1o Input or Output Voltages (Q = VoH or Hi-Z) -D.3 to Vee +0.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) (2) 6000 v 
Electrostatic Discharge Voltage (Machine model) (Jl 500 v 

Notes: 1. Except tor the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Rat1ngs" 
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 mdicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratmg conditions tor extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 f!). 
3. EIAJ IC-121 (ConditJon C) (200pF, 0 f!). 

DESCRIPTION (cont'd) 

if the Chip Select input (S) is held High, the 
ST93C56 can output a sequential stream of data 
bytes/words. In this way, the memory can be read 
as a data stream from 8 to 2048 bits long, 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 256 bytes or 128 words. 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. 

The design of the ST93C56 and the High Endur
ance CMOS technology used for its fabrication give. 
an Erase/Write cycle Endurance of 1,000,000 cy
cles and a data retention of 1 0 years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON 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. 

:=21..:..1.:...1 ____________ ~ ~i~;;mgm~~~~ _____________ _ 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ 20ns 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

0.4V to 2.4V 

1Vto2.0V 

0.8Vto2.0V 

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

Table 3. Capacitance (1) 
(TA = 25 °C, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

Cour Output Capacitance 

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

Table 4. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee = 5V ± 1 0%) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc 
Supply Current (TTL Inputs) 

Supply Current (CMOS Inputs) 

lcct Supply Current (Standby} 

' 
V1L Input Low Voltage (D, C, S) 

VIH Input High Voltage (D, C, S) 

VoL Output Low Voltage 

VoH Output High Voltage 

2.4V 

0.4V 

Test Condition 

V1N = OV 

Vour=OV 

Test Condition 

OV ~ V1N ~Vee 

OV ~ VouT ~Vee. 
Qin Hi-Z 

S = V1H, f = 1 MHz 

S = V1H, f = 1 MHz 

S = Vss. C = Vss. 
ORG = Vss or Vee 

loL= 2.1mA 

loL = 10 J.IA 

loH=-400J.!A 

loH =-10J.!A 

2.0V 

O.BV 

INPUT OUTPUT 
AI00815 

Min Max Unit 

5 pF 

5 pF 

Min Max Unit 

2.5 J.IA 

2.5 J.IA 

3 rnA 

2 rnA 

50 J.IA 

-o.3 0.8 v . 2 Vee+ 1 v 
0.4 v 
0.2 v 

2.4 v 
Vee- 0.2 v 

~ SCS·lHOMSON 3/11 --------------- ~"'!I lt':IIO©l:l@~~ll!©W.l©li!lO©ll _____________ ..:::...:...:. 
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Table 5. AC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee= 5V ± 1 0%) 

Symbol A It Parameter Test Condition Min Max 

tsHCH tess Chip Select High to Clock High 50 

tovcH t01s Input Valid to Clock High 100 

Temp. Range: grade 1 100 
tcHDX to;H Clock High to Input Transition 

Temp. Range: 
grades 3, 6 

200 

tcHQL tpoo Clock High to Output Low 500 

tcHQV tpo1 Clock High to Output Valid 500 

tcLSL tcsH Clock Low to Chip Select Transition 0 

ISLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHQV lsv Chip Select High to Output Valid 500 

tsLOz !oF Chip Select Low to Output Hi-Z 300 

tcHCL lsKH Clock High to Clock Low Note2 250 

tcLCH tsKL Clock Low to Clock High Note2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsLsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a m1nimum clock period of 1 ~s. therefore the sum of the timings tcHcL + lcLCH 

must be greater or equal to 1 ~s. For example, if tcHcL is 250 ns, then lcLcH must be at least750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

1+----* tCHDX 

D OPCODE 

i.-sTART-*-- OPCODEINPUT __.j 
AI00875 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

..:.:4/...:.11.:...._ ___________ ~ ~i©lH~~~~r!j --------------
190 



ST93C56 

Figure 5. Synchronous Timing, Read or Write 

c 

s 

D 

Q 

:+--- ADDRESS INPUT ---. ~--- DATA OUTPUT ----. 

AI00820C 

c 

s 

D 

Q 

!.-ADDRESS/DATA INPUT___.; !.- WRITE CYCLE __.; 

MEMORY ORGANIZATION 
The ST93C56 is organized as 256 bytes x 8 bits or 
128 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C56 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vee 
in order to achieve the minimum power consump
tion. Any voltage between Vss and Vee applied to 
ORG may increase the standby current value. 

AI00821B 

POWER-ON DATA PROTECTION 

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. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied, before 
applying any logic signal. 

--------------~ ~i©lH~~~~~~©~ ___________ ___:5:::./.:...:..11 
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INSTRUCTIONS 

The ST93C56 has seven instructions, as shown in 
Table 6. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza
tion. 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). The data input 
D is then sampled upon the following rising edges 
of the clock C untill a '1' is sampled and decoded 
by the ST93C56 as a Start bit. 

Remark. A rising edge of Chip Select (S) when both 
inputs Clock (C) and Data Input (D) are high is also 
decoded as a Start bit. However, it is preferable not 
to use such a sequence. 
The ST93C56 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 5). 

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 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig
gered by the Low to High transition of the Clock (C). 
The ST93C56 will automatically increment the ad
dress 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. 

Table 6. Instruction Set 

Instruction 

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. When power is first ap
plied, the ST93C56 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vee falls 
below the power-on reset threshold. 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) triggers a self-timed erase 
cycle. · 

If the ST93C56 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if Sis driven 
high, and the ST93C56 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 ST93C56 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is 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 

x80rg x16 Org 
Address Data Address Data Description Op-Code 

(ORG = 0) 11 •21 (ORG = 1) 11 • 31 

READ Read Data from Memory 10 AB-AO 07-QO A7-AO 015-QO 

WRITE Write Data to Memory 01 AB-AO D7-DO A7-AO D15-DO 

EWEN Erase/Write Enable 00 11XXX XXXX 11XX XXXX 

EWDS Erase/Write Disable 00 ooxxx xxxx ooxxxxxx 
ERASE Erase Byte or Word 11 AB-AO A7-AO 

ERAL Erase All Memory 00 10XXX XXXX 10XXXXXX 

WRAL Write All Memory 00 01XXX XXXX D7-DO 01XX XXXX D15-DO with same Data 

Notes: 1. X= don't care bit. 
2. Address brt AS is not decoded by the ST93C56. 
3. Address bit A? is not decoded by the ST93C56. 

=6/..:..11'--------------I:.V ~i~©m~:~~~t -------------
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ s _j L 
D 

_Rf-,-r~ 
~1-LJ AO 

'' 

0 
~ ~-r,-r,-.-r,-r,-1""1~ 

.. L.J .. LJ .. I..lJ .. L.J .. LJ~ 

+. ;._ ADDR -1>-t>'!"'i•l----- DATA OUT ---. 

WRITE s_j 

OP 
CODE 

u L 
D 

CHECK 
STATUS [lJJ;::-''"'~-r,-r,-,-r,-r,-r? : 

_j'LJ'G:c ~ ~ : 
J.. .. 1 J .. L J .. L l.J .. L .J .. L.L.L.J...I.: -7!--------:---

ERASE 
WRITE 
ENABLE 

0 

' ' ' +. ,... ADDR -J~.;.:o~I-----

OP 
CODE 

....: ;.... 
OP 

CODE 

Notes: 1. An: n = 7 for x16 org. and 8 for x8 org. 
2. Xn: n = 5 for x16 org. and 6 for x8 org. 

next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C56 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C56 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 ST93C56 

'. ' 
'' ' 

DATA IN ___; ;._. BUSY,_.;.- READY~ 

ERASE S r----J 
WRITE __j L 
DISABLE 

D 

-+: ~ 
OP 

CODE 

AI00878C 

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 programming cycle) and does not 
require an Erase instruction prior to the Write in
struction (The Write instruction includes an auto
matic erase cycle before programing data). 

~ SGS·1HOMSON 7/11 --------------- lt."'f/ W.u©ll©]~~©lilla~ _____________ ,:_:_;c.:. 
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Figure 7. ERASE, ERAL Sequences 

ERASE s _j u L 
CHECK 
STATUS 

D ~:~.w:~....L..;-------!--

ERASE 
ALL 

Q 

s 

D 

Q 

Notes: 1. An: n = 7 for x16 erg. and 8 for x8 erg. 
2. Xn: n = 5 for x16 erg. and 6 for x8 erg. 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s 

D 

_j 

[_ 

-+; i.- ADDR _.i ~ BUSY _.;._READY _.j 
OP 

CODE 

_j u 
r:Lr:u:·rrJ · 

_j'LJ'tr,~L~Dj : 

CHECK 
STATUS 

L 

'' '' '' '' 

--~~---T,: I [_ 
-+; i.- ADDR;, ;.._ BUSY _.;._READY _.j 

OP 
CODE 

u 
CHECK 
STATUS 

AI008798 

L 
-,-,E-r,-r,-.-r-r·r,-r~ : 
n XO Dn , , ~01 : 
.l.J .LJ.LJ.LJJ.L.J.L.L.LJ...l~-!:~--------i---

Q 

-J>: r.- ADDR .. ~.;.: ~l--

OP 
CODE 

Note: 1. Xn: n = 5 for x16 org. and 6 for xB erg. 

'' 

'L, ---1 

DATA IN ___.; ;..._ BUSY _,..;..READY_.: 

AI008808 
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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. If the ST93C56 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if Sis driven high, and the ST93C56 will ignore any 
data on the bus. When the erase cycle is com
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C56 is ready to receive 
a new instruction. 

Write All 

The Write All instruction (WRAL) writes the Data 
Input byte or word to all the addresses of the 
memory. If the ST93C56 is still performing the write 
cycle, the Busy signal (Q = 0) will be returned if S 
is driven high, and the ST93C56 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 ST93C56 is ready to receive a new 
instruction. 

ORDERING INFORMATION SCHEME 

Example: ST93C56 M 

ST93C56 

READY/BUSY Status 
During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C56 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 

COMMON 1/0 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 
may also refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion". 

013TR 

Temperature Range 

1 0 to 70 oc Tape & Reel 
Packaging 0.4 mm Frame 

M SOB 

Note: 3 * Temperature range on special request only. 

3 * -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 

For a list of available options (Package, Temperature Range etc ... ) refer to the the current Memory 
Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.80 0.189 

A1 0.70 - 0.028 -

A2 3.10 3.60 0.122 0.142 

B 0.38 0.58 0.015 0.023 

81 1.15 1.65 0.045 0.065 

c 0.38 0.52 0.015 0.020 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.30 7.10 0.248 0.280 

e1 2.54 - - 0.100 - -
eA 8.40 - 0.331 -
eB 9.20 0.362 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

PSDIPB 

/_ ............. _\ 

~ t~ r ~: A1 L 

B e1 c .... 
81 eA 

D eB 

n _n r-1 
N 

)) 

D E1 E 

( 
1 
L..IL..JL..J PSDIP-a 

Drawing is out of scale 
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S08- 81ead Plastic Small Outline, 150 mils body width 

Symb 
mm inches 

Typ Min Max Typ M(n 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 O.Q16 0.035 

a oo so oo so 

N s s 

CP 0.10 0.004 

SOB 

I 
E H I 

SO-a 

Drawing is out of scale 
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ST93C66 
SERIAL ACCESS 

MICROWIRE BUS 4K (256 x 16 or 512 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• DUAL ORGANIZATION: 256 x 16 or 512 x 8 

a BYTE/WORD and ENTIRE MEMORY 
PROGRAMMING INSTRUCTIONS 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

• SINGLE 5V ±10% SUPPLY VOLTAGE 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C66 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con CMOS technology. The memory is accessed 
through a serial input (D). 

The memory is divided into either 512 x 8 bit bytes 
or 256 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The 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. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

a Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

February 1995 

PSDIPS (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

0 

c 

s 

ORG 

Vss 

SOB (M) 

Q 

AI01252 

1/11 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93e66 ST93e66 so vee s Vee 
e 2 7 DU e DU 
D 3 6 ORG D ORG 

o 4 5 Vss Q Vss 
A101253 AI01254B 

Warning: DU = Don't Use Warning: DU =Don't Use 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 o to 70 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oe 

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) -o.3 to Vee +0.5 v 
Vee Supply Voltage -o.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) 121 7000 v 
VESD 

Electrostatic Discharge Voltage (Machine model) 131 1000 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed rn the Table "Absolute Maximum Ratings" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condrtions above those indicated in the Operating sections of this specifrcation rs not implred. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON 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 address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C66 can output a sequen
tial stream of data bytes/words. In this way, the 
memory can be read as a data stream from 8 to 
4096 bits long, 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 512 bytes or 256 words. 

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. 

The design of the ST93C66 and the High Endur
ance CMOS technology used for its fabrication give 
an Erase/Write cycle Endurance of 1,000,000 cy
cles and a data retention of 10 years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON 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. 

_21_11 __ -'----------lV ~5tm~~94 _____________ _ 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

1V to 2.0V 

0.8V to 2.0V 

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

Table 3. Capacitance (1) 
(T A = 25 oc, f = 1 MHZ ) 

Symbol Parameter 

C1N Input Capacitance 

Cour Output Capacitance 

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

Table 4. DC Characteristics 
(TA = 0 to 70°C or --40 to 85°C; Vee= 5V ±1 0%) 

Symbol Parameter 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc 
Supply Current (TIL Inputs) 

Supply Current (CMOS Inputs) 

lee1 Supply Current (Standby) 

V1L Input Low Voltage (D, C, S) 

V1H Input High Voltage (D, C, S) 

VoL Output Low Voltage 

VoH Output High Voltage 

2.4V 

0.4V 

~ 
~ 

INPUT OUTPUT 

Test Condition Min Max 

V1N = OV 5 

Vour= OV 5 

Test Condition Min Max 

OV~VIN~Vcc 2.5 

OV,; Vour,; Vee. 2.5 a in Hi-Z 

S = V1H, f = 1 MHz 3 

S = V1H. f = 1 MHz 2 

S = Vss. C = Vss. 50 ORG = Vss or Vee 

-0.3 0.8 

2 Vee+ 1 

loL = 2.1mA 0.4 

loL = 1 o j.tA 0.2 

loH = -400j.tA 2.4 

loH = -1 O!!A Vce-0.2 

2.0V 

o.av 

AI00815 

Unit 

pF 

pF 

Unit 

j.tA 

j.tA 

mA 

mA 

j.tA 

v 
v 
v 
v 
v 
v 
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Table 5. AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 5V ±1 0%) 

Symbol All Parameter Test Condition Min Max 

ISHCH tess Chip Select High to Clock High 50 

tovcH lo1s Input Valid to Clock High 100 

lcHDX IDIH Clock High to Input Transition 200 

lcHOL IPDO Clock High to Output Low 500 

tcHQV tPD1 Clock High to Output Valid 500 

tcLSL lcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Low to Chip Select High Note 1 250 

tsHQV tsv Chip Select High to Output Valid 500 

lsLOz I oF Chip Select Low to Output Hi-Z 300 

lcHCL ISKH Clock High to Clock Low Note 2 250 

ICLCH lSKL Clock Low to Clock High Note 2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsLsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ~.therefore the sum of the timings tcHcL + lcLcH 

must be greater or equal to 1 ~- For example, if lcHcL is 250 ns, then lcLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op·Code Input 

c 

s 

0 

:+-START -~o.;.---- OP CODE INPUT ----.i 

AI00875 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Synchronous Timing, Read or Write 

. .····•, 
c . . . . . . .. ... 

s 

............ 
D ............... 

Hi-Z 
0 015/07 

ADDRESS INPUT DATA OUTPUT 

AI00820C 

c ...----~ 

s 

D 

0 
!Hi-Z 

;..--ADDRESS/DATA INPUT------.: !.--- WRITE CYCLE ------+l 

MEMORY ORGANIZATION 

The ST93C66 is organized as 512 bytes x 8 bits or 
256 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C66 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vee 
in order to achieve the minimum power consump
tion. Any voltage between Vss and Vee applied to 
ORG may increase the standby current value. 

AI00821B 

POWER-ON DATA PROTECTION 
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. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied, before 
applying any logic signal. 

______________ lifi ~~mg::~~~ ------------=5'..:....:.11 
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INSTRUCTIONS 

The ST93C66 has seven instructions, as shown in 
Table 6. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza
tion. Each instruction is preceded by the rising edge 
of the signal applied on the Chip Select (S) input 
(assuming that tha Clock C is low). The data input 
D is then sampled upon the following rising edges 
of the clock C until! a '1' is sampled and decoded 
by the ST93C66 as a Start bit. 

Remark. A rising edge of Chip Select (S) when both 
inputs Clock (C) and Data Input (D) are high is also 
decoded as a Start bit. However, it is preferable not 
to use such a sequence. 

The ST93C66 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 5). 

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 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig
gered by the Low to High transition of the Clock (C). 
The ST93C66 will automatically increment the ad
dress 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. 

Table 6. Instruction Set 

Instruction Description Op-Code 

READ Read Data from Memory 10 

WRITE Write Data to Memory 01 

EWEN Erase/Write Enable 00 

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. When power is first ap
plied, the ST93C66 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vee falls 
below the power-on reset threshold. 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) triggers a self-timed erase 
cycle. 

If the ST93C66 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if Sis driven 
high, and the ST93C66 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if Sis driven high) that 
the ST93C66 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is 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 

x80rg x16 Org 
Address Data Address Data 

(ORG:0)<1> (ORG = 1) (!) 

A8-AO 07-QO A7-AO 015-QO 

A8-AO D7-DO A7-AO D15-DO 

11XXXXXXX 11XXXXXX 

EWDS Erase/Write Disable 00 ooxxxxxxx ooxx xxxx 
ERASE Erase Byte or Word 11 AB-AO A7-AO 

ERAL Erase All Memory 00 10XXXXXXX 10XXXXXX 

WRAL Write All Memory 00 01XXXXXXX D7-DO 01XXXXXX D15-DO with same Data 

Note: 1. X = don"t care bit. 

6/11 t=:: SGS·ntOMSON -------------- ~)'If liiilDIW:l©ffi~~=©~JD©ll --------------
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ s_j L 
D 

r::tr.• r 1"r :'] 

___j' 'Lt~,_u ... "f....~-1 ___________ _ 

-+-+----l..E-r,-r,-,-r,-r,-r,3-
: l : .LJ.LJ.I_1J.LJ.LJ 

a 

-t>: '+ADDR DATA OUT----!>' 

WRITE s_j 

D 

a 

OP 
CODE 

u 
CHECK 
STATUS 

. . . 

L 

1 1 I I I I 

-t>: i<l-/>DDR~ DATAIN ~ i<I-BUSY~READY~ 

ERASE 
WRITE 
ENABLE 

OP 
CODE 

s ___r--j_ 
D [L J:'J:'~r;L 

___J·~· •G_LJ 

-+: ~ 
OP 

CODE 

Notes: 1. An: n ~ 7 for x16 org. and 8 for xS org. 

2. Xn. n = 5 for x16 org. and 6 for xS org. 

next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C66 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C66 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 ST93C66 

ERASE S r----1 
WRITE _] l_ 
DISABLE 

....: ~ 
OP 

CODE 

A!00878C 

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 programming cycle} and does not 
require an Erase instruction prior to the Write in
struction (The Write instruction includes an auto
matic erase cycle before programing data). 

__________________________ ~~~~~gm:~Y~ -----------------------~7'~11 
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Figure 7. ERASE, ERAL Sequences 

ERASE 

ERASE 
ALL 

s 

D 

Q 

s 

D 

Q 

Notes: 1. An: n ~ 7 for x16 org. and 8 for x8 org. 

2. Xn: n ~ 5 for x16 org. and 6 for x8 org. 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s 

Q 

_j 

_j u L 
~,-,.:']' 

_j' ' 'l:u_,P;Di ; 

CHECK 
STATUS 

'' 

----~----~:: L__ 

_j 

-+: i.. ADDR .J. ;.._ BUSY ~READY _.j 
OP 

CODE 

u L 
CHECK 
STATUS 

[L JJJ~:-r '::1 . 
_j'~'tl:~c~O~j~:~------------~--

:: 
:: 

--~~----~!1 L__ 
. :: : ' 

-+: ;.._ ADDR +-i ;._ BUSY -+i+ READY_.: 
OP 

CODE 

u 
CHECK 
STATUS 

A1008798 

L 

L__ 

-+: :+ ADDR +-fol----
OP 

DATA IN --.i ~BUSY -+i+ READY_.: 

CODE 

AI008808 

Note: 2. Xn: n ~ 5 for x16 org. and 6 for x8 org . 

.:::..8/.:....:11___________________ ~ SGS·THOMSON 
A ""!I l:ilU©OO©~~§~©~D~ ------------------------------
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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. If the ST93C66 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if Sis driven high, and the ST93C66 will ignore any 
data on the bus. When the erase cycle is com
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C66 is ready to receive 
a new instruction. 

Write All 

For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an automat
ic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C66 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if Sis driven high, and the ST93C66 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 

ORDERING INFORMATION SCHEME 

ST93C66 

indicate (if S is driven high) that the ST93C66 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
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C66 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 

COMMON 1/0 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 
may also refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion". 

Example: ST93C66 M 3 TR 

Temperature Range 

0 to 70 ac 

3 * --40 to 125 °C 
M 808 6 --40 to 85 oc 

Note: 3 * Temperature range on request only. 

Parts are shipped with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 

For a list of available options (Package, Temperature Range etc ... ) refer to the current Memory Shortform 
catalogue. 

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

______________ ~ ~~m~~94 ____________ 9:c../.:....:.11 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.80 0.189 

A1 0.70 - 0.028 -

A2 3.10 3.60 0.122 0.142 

B 0.38 0.58 0.015 0.023 

81 1.15 1.65 0.045 0.065 

c 0.38 0.52 O.D15 0.020 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.30 7.10 -0.248 0.280 

e1 2.54 - - 0.100 - -

eA 8.40 - 0.331 -

eB 9.20 0.362 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

PSDIPS 

I '----' \ 

~~ l' I\. A1 L 

B e1 c .... 
61 eA 

D eB 

....,,....,,...., 
N 

)) 
b E1 E 

1 
UJ...JJ...J PSDIP-a 

Drawing is out of scale 

.:.;10:::._,1.:..;1~-----------I..V ~i©mgml~~~ _____________ _ 
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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 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. oo so oo 80 

N 8 8 

CP 0.10 0.004 

SOB 

E H 

SO-a 

Drawing is out of scale 

~ SGS·lHOMSON 11/11 
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ST93CS46 
ST93CS47 

SERIAL ACCESS MICROWIRE BUS 1 K (64 x 16) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

'" SINGLE SUPPLY VOLTAGE 
- 3V to 5.5V for the ST93CS46 

- 2.5V to 5.5V for the ST93CS47 
• USER DEFINED WRITE PROTECTED AREA 
• PAGE WRITE MODE (4 WORDS) 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS46 and ST93CS47 are 1 K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 

The 1 K bit memory is organized as 64 x 16 bit 
words. The memory is accessed by a set of instruc
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 

The data is then clocked out serially. The address 
pointer is automatically incremented after the data 

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 1995 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-

c-

s- ST93CS46 
ST93CS47 

PRE-

w-

I 
Vss 

8~ 

SOB (M) 

r---- Q 

AIOOBB4B 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93eS46 ST93eS46 
ST93eS47 ST93eS47 so vee s Vee 

e 2 7 PRE e PRE 
D 3 6 W D w 
o 4 5 Vss Q Vss 

AIOOBBSB AI00886G 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 oe 
grade 6 --40 to 85 

TsTG Storage Temperature --£5 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oe 
(PSDIPB 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 

VEso 
Electrostatic Discharge Voltage (Human Body model) (21 3000 v 

Electrostatic Discharge Voltage (Machine model) 131 500 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maxrmum Ratings" 

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

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condrtron C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

is output and, if the Chip Select input (S) is held 
High, the ST93CS46/47 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 1024 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. Within the time required by a program
ming cycle (tw), up to 4 words may be written with 
the help of the Page Write instruction; the whole 
memory may also be erased, or set to a predeter
mined 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 
Programing 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 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca
tions, 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 the Chip Select (S) input pin is driven 
High. 

2/15 ~ SCS·11-IOMSOrJ :::...:_.:::...__ _____________ 6-'Y/1 li:IIDIJ::OO@~~~@WJI!lli!loo;&> ---------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

:;; 20ns 

0.2Vcc to O.BVcc 

0.3Vcc to 0.7Vcc 

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

Table 3. Capacitance <1l 
(T A = 25 °C, f = 1 MHz ) 

Symbol Parameter 

c,N Input Capacitance 

GoUT Output Capacitance 

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

ST93CS46,ST93CS47 

Figure 3. AC Testing Input Output Waveforms 

o.svee~ 

o.2Vee 

Test Condition Min Max 

V1N =DV 5 

VouT = OV 5 

o.?Vee 

o.3Vee 

AI00825 

Unit 

pF 

pF 

Table 4. DC Characteristics (T A= 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V for ST93CS46 and 
Vee= 2.5V to 5.5V for ST93CS47) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:;;V,N:;;Vcc 2.5 [!A 

ILO Output Leakage Current OV:;; VouT:;; Vee, 
2.5 IJ.A Qin Hi-Z 

Icc Supply Current (TTL Inputs) S = V1H. I = 1 MHz 3 rnA 

Supply Current (CMOS Inputs) S = V1H, I = 1 MHz 2 rnA 

lcc1 Supply Current (Standby) S = Vss. C = Vss 50 11A 

Input Low Voltage (ST93CS46,47) 4.5V:;; Vee:;; 5.5V -0.1 0.8 v 

v,L 
Input Low Voltage (ST93CS46) 3V:;; Vee:;; 5.5V -0.1 0.2 Vee v 

Input Low Voltage (ST93CS47) 2.5V:;; Vee:;; 5.5V -0.1 0.2 Vee v 

Input High Voltage (ST93CS46,47) 4.5V:;; Vee:;; 5.5V 2 Vee+ 1 v 

v,H Input High Voltage (ST93CS46) 3V:;; Vee:;; 5.5V 0.8 Vee Vee+ 1 v 
Input High Voltage (ST93CS47) 2.5V:;; Vee:;; 5.5V 0.8 Vee Vee+ 1 v 

VoL Output Low Voltage 
loL = 2.1mA 0.4 v 
loL = 10 llA 0.2 v 

VoH Output High Voltage 
loH = -400[!A 2.4 v 

loH = -101J.A Vee- 0.2 v 

______________ ~ ~~;!t!WOiO!~~ -------------=3/...:..:::.15 
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Table 5. DC Characteristics (TA = 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V for ST93CS46 and 
Vee= 2.5V to 5.5V for ST93CS47) 

Symbol A It Parameter Test Condition Min Max 

tPRVCH tPRES Protect Enable Valid to Clock High 50 

twvcH tPES Write Enable Valid to Clock High 50 

lsHCH tess Chip Select High to Clock High 50 

tovcH I DIS Input Valid to Clock High 100 

tcHDX to1H Clock High to Input Transition 100 

ICHOL tpoo Clock High to Output Low 500 

lcHOV I pot Clock High to Output Valid 500 

ICLPRX IPREH Clock Low to Protect Enable Transition 0 

ISLWX IPEH Chip Select Low to Write Enable Transition 250 

tcLSL tcsH Clock Low to Chip Select Transition 0 

lsLSH tcs Chip Select Low to Chip Select High Note 1 250 

lsHOV tsv Chip Select High to Output Valid 500 

isLOZ toF Chip Select Low to Output Hi-Z 300 

tcHCL isKH Clock High to Clock Low Note2 250 

tcLCH tsKL Clock Low to Clock High Note 2 250 

tw twp Erase/Write Cycle time 10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

fc fsK Clock Frequency 0 1 MHz 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (lsLsH) between consecutive instruction cycles. 
2. The Clock frequency spec1f1catlon calls for a minimum clock period of 1 JlS, therefore the sum of the timings tcHcL + tcLcH 

must be greater or equal to 1 JlS. For example, if tcHcL is 250 ns, then tcLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op·Code Input 

PRE 

w 

c 

s 

D 

,_ __ ....,., __ OP CODE INPUT __.j 
START 

AI00887 

_41_15 ____________ ~ ~~~mwc~~~~ _____________ _ 
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Figure 5. Synchronous Timing, Read or Write 

c 

s 

D 

Q 
HI-Z 

. . 

:+----- ADDRESS INPUT ---too: 

,· ... ' . . . . 
'---· 

ST93CS46,ST93CS47 

DATA OUTPUT ----too: 

AIOOB20C 

------··········--------- ··········-----
PRE 

w 

c 

s 

D 

Q 
Hi-Z 

. . 

:+----ADDRESS/DATA INPUT----+, 

.:·····\ r 
........ '\.__J 

;._.__ WRITE CYCLE __.j 

AlOOBBBB 
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POWER-ON DATA PROTECTION 

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. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93CS46/47 has eleven instructions, as 
shown in Table 6. Each instruction is preceded by 
the rising edge of the signal applied on the Chip 
Select (S) input (assuming that the Clock Cis low), 
followed by a '1' read on D input during the rising 

Table 6. Instruction Set 

Instruction Description w PRE 
Pin(1l Pin 

READ Read Data from Memory X '0' 

WRITE Write Data to Memory '1' '0' 

PAWRITE Page Write to Memory '1' '0' 

WRALL Write All Memory '1' '0' 

WEN Write Enable '1' '0' 

WDS Write Disable X '0' 

PRREAD Protect Register Read X '1' 

PRWRITE Protect Register Write '1' '1' 

PRCLEAR Protect Register Clear '1' '1' 

PREN Protect Register Enable '1' '1' 

PROS Protect Register Disable '1' '1' 

Note: 1. X = don't care bit. 

edge of the clock C. The op-codes of the instruc
tions are made up of the 2 following bits. Some 
instructions use only these first two bits, others use 
also the first two bits of the address field to define 
the op-code. The address field is six bits long 
(A5-AO). 

The ST93CS46/47 is fabricated in CMOS technol
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 

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. 

Op Address (l) Data Additional 
Code Information 

10 A5-AO 015-QO 

Write is executed if 

01 A5-AO 015-DO the address is not 
inside the Protected 
area 

Write is executed if 

11 A5-AO 015-DO all the addresses 
are not inside the 
Protected area 

Write all data if the 
00 01XXXX 015-DO Protect Register is 

cleared 

00 11XXXX 

00 ooxxxx 
Data Output= 

10 XXX XXX QB-QO Protect Register 
content + Protect 
Flag bit 

Data above 
01 A5-AO specified address 

A5-AO are protected 

Protect Flag is also 
11 111111 cleared (cleared 

Flag= 1) 

00 11XXXX 

00 000000 OTP bit is set 
permanently 

..:.:6/...:.15=-------------~ ~5tn&~~~~l1--------------
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Output data changes are triggered by the Low to 
High transition of the Clock (C). The ST93CS46/4 7 
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 Erase/Write instructions. 
When power is first applied, the ST93CS46/47 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vee. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 

The READ instruction is not affected by the WEN 
or WDS instructions. 

Write 

The Write instruction (WRITE) is followed by the 
address and the word 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 program
ming cycle, providing that the address is NOT in the 
protected area. If the ST93CS46/47 is still per
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS46/47 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 ST93CS46/47 is ready to receive a 
new instruction. 

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 Write instruction. Input address and 
data are read 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 incre
mented, the high order bits A5-A2 remaining un
changed. Users must take care by software to 
ensure that the last word address has the same 

ST93CS46,ST93CS47 

four 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). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS46/47 is still performing the program
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS46/47 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 ST93CS46/47 is ready to receive a new instruc
tion. 

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 instruc
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS46/47 
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 ST93CS46/47 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 ST93CS46/47 is ready 
to receive a new instruction. 

MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The ST93CS46/47 offers a Protect Register con
taining the bottom address of the memory area 
which has to be protected against write instruc
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in
struction, 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 

"='= SGS·THOMSON 7/15 -------------- lo."'f/ il:O©Dil@~~~~O©i!l --------------'-'...:..=. 
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Figure 6. READ, WRITE, WEN, WDS Sequences 

READ PRE _]..___ _______ ___.C __ 
s 

D 

Q 

['JJ:'" r ,-r:J 
__j, 'Ll.'::~'-L"-'~-uol,_ ____________ _ 

-+! l+ADDR+!<f---- DATA OUT---~ 
OP 

CODE 

WRITE PRE 

WRITE 
ENABLE 

w 

s _j u L 
D 

CHECK 
STATUS ,-E--r,-r,·rr-.-r,-r-~ ; 

AO Dn , , ~0~ • 
J.. .. L .J .. L J .. l.. J. J .. L J .. L.l..J-L-.1..~ ""1 _______ ___,,___ 

Q 

-+! l+ ADDR ..;.f---
OP 

CODE 

PRE _]..___ __ __._C_ 

w J c 
s~ 

-.: ;.... 
OP 

CODE 

L_ 

: ''---------' .. 
DATA IN _.i ;..._BUSY....:.- READY_,.; 

WRITE PRE J c 
DISABLE ----'---------'---

4>: ;.... 
OP 

CODE 

AI00889C 
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Figure 7. PAWRITE, WRALL Sequences 

PAGE PRE 
WRITE 

w 

s 

D 

Q 

WRITE PRE 
ALL 

w 

s 

D 

Q 

J u 
CHECK 
STATUS 

L 
r:::T:::"'"'"'·~·ro-r1·rro·r1·r? ; 

_j'''~L ~ ~· J- - L.J. L J .L J J. L J.L.L.L...W•"""':c--------7--
!: 

--~~----~--------------~:! L__ 

_j 

-+: :+ ADDR _.~_,.~t--
OP 

CODE 

I 1 I I 

DATA IN -----i ;..._BUSY ...:..READY_.: 

u 
CHECK 
STATUS 

L 
[L n JJ~n1~-ro-r1·rn·r,·r~ ! 

_j ~~I r.:J ~- L.J.LJ.l..J J. L J.I...L-..1....1-l:'-:-: --------:--

-+: :+ ADDR _.;.t--
OP 

CODE 

:: 
'' 

DATA IN _.] ;._BUSY _.(..READY..! 

AI00890C 
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MEMORY WRITE PROTECTION (con!' d) 

(Protect Register Enable pin) and W (Write En
able). 

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 (all 1 's) or if it is written with all 
1 '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 
(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). 

A PREN instruction must immediately precede the 
PADS instruction. 

READY/BUSY Status 

When the ST93CS46/47 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS46/47 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 ST93CS46/47 is ready to receive a 
new instruction. Once the ST93CS46/47 is Ready, 
the Data Output Q is set to '1' until a new Start bit 
is decoded or the Chip Select is brought Low. 

COMMON 1/0 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 SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion". 

_10'-'-/1_:5 ____________ lW ~~©ltl~~9~ --------------
220 



ST93CS46,ST93CS47 

Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PROS Sequences 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

46 3Vto5.5V 

47 2.5V to 5.5V 

ST93CS46 M 

B 

M 808 

Note: 3 • Temperature range on request only. 

013TR 

Oto70°C 

3 • -40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (FFFFh). 

ST93CS46,ST93CS47 

Option 

013TR Tape & Reel 
Packing 

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

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

------------/iii ~~m~w.------------'-13"'"'1=5 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.80 0.189 

A1 0.70 - 0.028 -

A2 3.10 3.60 0.122 0.142 

8 0.38 0.58 0.015 0.023 

81 1.15 1.65 0.045 0.065 

c 0.38 0.52 O.D15 0.020 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -
E1 6.30 7.10 0.248 0.280 

e1 2.54 - - 0.100 - -
eA 8.40 - 0.331 -

e8 9.20 0.362 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

PSDIPB 

I 
.___, 

\ 

!;' ' .. .. 
c ..... ~-oo~ 

eA 

D eB 

nn11 
N 

II 

) E1 E 

1 
UL...IL...I PSDIP-a 

Drawing is out of 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 0.016 0.035 

a oo so oo ao 

N 8 8 

CP 0.10 0.004 

SOB 

I 
i 
i E H 

SO-a 

Drawing is out of scale 
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SERIAL ACCESS MICROWIRE BUS 2K (128 x 16) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

,. SINGLE SUPPLY VOLTAGE 

- 3V to 5.5V for the ST93CS56 

- 2.5V to 5.5V for the ST93CS57 

• USER DEFINED WRITE PROTECTED AREA 

• PAGE WRITE MODE (4 WORDS) 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS56 and ST93CS57 are 2K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 

The 2K bit memory is organized as 128 x 16 bit 
words.The memory is accessed by a set of instruc
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 

The data is then clocked out serially. The address 
pointer is automatically incremented after the data 

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 1995 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-

c-

s-
ST93CS56 
ST93CS57 

PRE -

w-

I 
Vss 

8~ 

SOB (M) 

r-- Q 

AI008968 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93eS56 ST93eS56 
ST93eS57 ST93eS57 so vee s Vee 

e 2 7 PRE e PRE 
D 3 6 W D w 
a 4 5 vss Q Vss 

AI008978 AI00898C 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 ae 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 oe 

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

Vro Input or Output Voltages (Q = VoH or Hi-Z) --o.3 to Vee +0.5 v 

Vee Supply Voltage --o.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) (2) 3000 v 

Electrostatic Discharge Voltage (Machine model) (3) 500 v 
Notes: 1. Except tor the rating "Operatrng 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 
condrtrons above those indrcated in the Operating sections of this specifrcation is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015 7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

is output and, if the Chip Select input (S) is held 
High, the ST93CS56/57 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 2048 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. Within the time required by a program
ming cycle (tw), up to 4 words may be written with 
the help of the Page Write instruction; the whole 
memory may also be erased, or set to a predeter
mined 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 
Programing 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 128 words, the Page Write instruc
tion writes up to 4 words of 16 bits to sequential 
locations, assuming in both cases that all ad
dresses 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 the Chip Select (S) input pin is driven 
High. 

=2/~1~5 _________________________ ~~f~~~J?J» -----------------------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

s 20ns 

0.2Vee to 0.8Vee 

0.3Vee to 0.7Vee 

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

Table 3. Capacitance <1> 
(TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

C1N Input Capacitance 

CouT Output Capacitance 

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

ST93CS56,ST93CS57 

Figure 3. AC Testing Input Output Waveforms 

o.svee ~ o.7Vee 

~o.avee 
o.2Vec 

AIOOB25 

Test Condition Min Max Unit 

VJN= OV 5 pF 

VoUT=OV 5 pF 

Table 4. DC Characteristics (TA = 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V for ST93CS56 and 
Vee= 2.5V to 5.5V for ST93CS57) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OVSVJNSVee 2.5 j.1A 

ILO Output Leakage Current OV S VoUT S Vee, 2.5 j.1A QinHi-Z 

Icc Supply Current (TTL Inputs) S = VJH, f = 1 MHz 3 rnA 

Supply Current (CMOS Inputs) S = VJH, f = 1 MHz 2 rnA 

lee1 Supply Current (Standby) S = Vss, C = Vss 50 f.l.A 

Input Low Voltage (ST93CS56,57) 4.5V S Vee S 5.5V -0.1 0.8 v 
VJL Input Low Voltage (ST93CS56) 3V s Vee S 5.5V -0.1 0.2Vee v 

Input Low Voltage (ST93CS57) 2.5V S Vee S 5.5V -0.1 0.2Vee v 
Input High Voltage (ST93CS56,57) 4.5V S Vee S 5.5V 2 Vee+ 1 v 

VJH Input High Voltage (ST93CS56) 3V S Vee S 5.5V 0.8Vee Vee+ 1 v 
Input High Voltage (ST93CS57) 2.5V::; Vee::; 5.5V 0.8 Vee Vee+ 1 v 

VoL Output Low Voltage 
loL = 2.1mA 0.4 v 

loL= 10j.J.A 0.2 v 
loH = -400j.IA 2.4 v 

VoH Output High Voltage 
loH=-10j.J.A Vee-0.2 v 

~ SGS·lHOMSON 3/15 -------------- ,..""!I ~o©OO®rn~©illll©$ ------------_;;.;.~ 
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Table 5. AC Characteristics (TA = 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V for ST93CS56 and 
Vee= 2.5V to 5.5V for ST93CS57) 

Symbol A It Parameter Test Condition Min Max 

tPRVCH tPRES Protect Enable Valid to Clock High 50 

twvcH tPES Write Enable Valid to Clock High 50 

lsHCH less Chip Select High to Clock High .50 

tovcH I DIS Input Valid to Clock High 100 

tcHDX IDIH Clock High to Input Transition 100 

lcHQL tpoo Clock High to Output Low 500 

ICHQV IPD1 Clock High to Output Valid 500 

ICLPRX IPREH Clock Low to Protect Enable Transition 0 

lsLWX IPEH Chip Select Low to Write Enable Transition 250 

ICLSL lcsH Clock Low to Chip Select Transition 0 

lsLSH tcs Chip Select Low to Chip Select High Note 1 250 

lsHOV tsv Chip Select High to Output Valid 500 

lsLOZ toF Chip Select Low to Output Hi·Z 300 

tcHCL tsKH Clock High to Clock Low Note2 250 

ICLCH lsKL Clock Low to Clock High Note2 250 

tw lwP Erase/Write Cycle time 10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

fc fsK Clock Frequency 0 1 MHz 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (lsLSH) between consecutive instruction cycles 
2. The Clock frequency spec1f1cation calls for a minimum clock period of 1 !IS, therefore the sum of the timings tcHCL + tcLcH 

must be greater or equal to 1 115· For example, if tcHcL is 250 ns, then lcLCH must be atleast750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 
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POWER-ON DATA PROTECTION 

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. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93CS56/57 has eleven instructions, as 
shown in Table 6. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc
tion is preceded by the rising edge of the signal 

Table 6. Instruction Set 

Instruction Description 
w PRE 

pin (1) pin 

READ 
Read Data from 

X ·o· 
Memory 

WRITE Write Data to Memory '1' ·o· 

PAWRITE Page Write to Memory '1' ·o· 

WRALL Write All Memory '1' ·o· 

WEN Write Enable '1' ·o· 
WDS Write Disable X ·o· 

PRREAD Protect Register Read X '1' 

PRWRITE Protect Register Write '1' '1' 

PRCLEAR Protect Register Clear '1' '1' 

PREN Protect Register Enable '1' '1' 

PRDS Protect Register Disable '1' '1' 

Notes: 1. X= don't care bit. 
2. Address bit A? is not decoded by the ST93eS56/57. 

applied on the Chip Select ( S) input (assuming that 
the Clock C is low). The data input D is then 
sampled upon the following rising edges of the 
clock C until a '1' is sampled and decoded by the 
ST93CS56/57 as a Start bit. 

The ST93CS56/57 is fabricated in CMOS technol
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 

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 ·o· bit is output 
first followed by the 16 bit word with the MSBfirst. 

Op Address (1• 2) Data 
Additional 

Code Information 

10 A7-AO 015-QO 

Write is executed if 

01 A7-AO D15-DO the address is not 
inside the Protected 
area 

Write is executed if 

11 A7-AO D15-DO all the addresses 
are not inside the 
Protected area 

Write all data if the 
00 01XX XXXX D15-DO Protect Register is 

cleared 

00 11XXXXXX 

00 ooxxxxxx 
Data Output = 

10 xxxxxxxx QS-QO Protect Register 
content+ Protect 
Flag bit 

Data above 

01 A7-AO specified address 
A7-AO are 
protected (2l 

Protect Flag is also 
11 1111 1111 cleared (cleared 

Flag= 1) 

00 11XXXXXX 

00 0000 0000 OTP bit is set 
permanently 

=6,...:.15=------------- I.'1i ~~©n&WO~~~~ _____________ _ 
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Output data changes are triggered by the Low to 
High transition of the Clock (C). The ST93CS56/57 
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 Erase/Write instructions. 
When power is first applied, the ST93CS56/57 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vee. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 

The READ instruction is not affected by the WEN 
or WDS instructions. 

Write 

The Write instruction (WRITE) is followed by the 
address and the word 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 program
ming cycle, providing that the address is NOT in the 
protected area. If the ST93CS56/57 is still per
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS56/57 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 ST93CS56/57 is ready to receive a 
new instruction. 

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 Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-AO of the internal address register are incre
mented, the high order bits A7-A2 remaining un
changed. Users must take care by software to 
ensure that the last word address has the same five 
upper order address bits as the initial address 
transmitted to avoid address roll-over. 

ST93CS56,5T93CS57 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS56/57 is still performing the program
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS56/57 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 ST93CS56/57 is ready to receive a new instruc
tion. 

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 Instruc
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS56/57 
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 ST93CS56/57 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 ST93CS56/57 is ready 
to receive a new instruction. 

MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The ST93CS56/57 offers a Protect Register con
taining the bottom address of the memory area 
which -has to be protected against write instruc
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in
struction, 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 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
(Protect Register Enable pin) and W (Write En
able). 

------------lifi ~itmg&'l-----------.!.!.7,.!.:::15 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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Figure 7. PAWRITE, WRALL Sequences 

PAGE PRE 
WRITE 

w 

s_j 

Q 

WRITE PRE 
ALL 

w 

s_j 

Q 

-+( i+ADDR.-•.:..1:41----
0P 

CODE 

-+( i+ ADDR+l<--
OP 

CODE 

u 

ST93CS56,ST93CS57 

CHECK 
STATUS 

L 

L 

DATAIN ______.j l+BUSY_.;._READY..j 

u 
CHECK 
STATUS 

L 

L 
I : I 

DATA IN ------..i !+ BUSY.....:.- READY _.i 

AI00890C 

------------~ ~itlH~Wj ___________ 9:::../=15 

235 



ST93CS56,ST93CS57 

MEMORY WRITE PROTECTION (cont'd) 

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 (all 1 's) or if it is written with all 
1 '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 
(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 (PRDS) 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). 

A PREN instruction must immediately precede the 
PROS instruction. 

READY/BUSY Status 

When the ST93CS56/57 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS56/57 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 ST93CS56/57 is ready to receive a 
new instruction. Once the ST93CS56/57 is Ready, 
the Data Output Q is set to '1' until a new Start bit 
is decoded or the Chip Select is brought Low. 

COMMON 1/0 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 
(AD) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion". 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PROS Sequences 
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ORDERING INFORMATION SCHEME 

Example: ST93CS56 M 013TR 

Operating Voltage Option 

56 3Vto 5.5V B 0 to 70 oc 013TR Tape & Reel 

57 2.5Vto 5.5V 
0.4 mm ·Frame 3* -40 to 125 oc Packing 

M SOB 
6 -40 to 85 oc 

Note: 3 • Temperature range on special request only. 

Parts are shipped with the memory content set at all "1 's" (FFFFh). 

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

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

-------------liii ~~m=~~~J¥------------"13:::.'1=5 
239 



ST93CS56,ST93CS57 

PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 4.80 0.189 

A1 0.70 - 0.028 -

A2 3.10 3.60 0.122 0.142 

B 0.38 0.58 0.015 0.023 

B1 1.15 1.65 0.045 0.065 

c 0.38 0.52 0.015 0.020 

D 9.20 9.90 0.362 0.390 

E 7.62 - - 0.300 - -

E1 6.30 7.10 0.248 0.280 

e1 2.54 - - 0.100 - -

eA 8.40 - 0.331 -

eB 9.20 0.362 

L 3.00 3.80 0.118 0.150 

N 8 8 

CP 0.10 0.004 

PSDIPS 

I '---' \ 

{' I 
.. 

c ... 
eA 

D eB 

nnn 
N 

) E1 E 

1 
UL..JL..J PSDIP-a 

Drawing is out of scale 
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508 · 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 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.D16 0.035 

a oo so oo so 

N 8 8 

CP 0.10 0.004 

SOB 

I 

E H I 

SO· a 

Drawing is out of scale 
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SERIAL ACCESS MICROWIRE BUS 4K (256 x 16) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING 
PROGRAMMING 

• SINGLE SUPPLY VOLTAGE 

- 3V to 5.5V for the ST93CS66 

- 2.5V to 5.5V for the ST93CS67 

• USER DEFINED WRITE PROTECTED AREA 

• PAGE WRITE MODE (4 WORDS) 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS66 and ST93CS67 are 4K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 

The 4K bit memory is organized as 256 x 16 bit 
words. The memory is accessed by a set of instruc
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 

The data is then clocked out serially. The address 
pointer is automatically incremented after the data 

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 1995 

8~ 
PSDIPB (B) 

0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 

s 

PRE 

w 

Vss 

8014 (ML) 

Q 

AI00906B 

1/15 
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Figure 2A. DIP Pin Connections 

ST93eS66 
ST93eS67 soa Vee 

e 2 7 PRE 

D 3 6 W 

a 4 5 v88 
AI00907B 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST93eS66 
ST93eS66 

Ne Ne 

s Vee 
e PRE 

Ne Ne 

D w 
Q Vss 

Ne Ne 

AI00908C 

Warning: NC = No Connection 

Value Unit 

grade 1 0 to 70 oe 
grade 6 -40 to 85 

-65 to 150 oc 

TLEAD Lead Temperature, Soldering (8014 package) 40 sec 215 oc 
(PSDIP8 package) 10 sec 260 

V1o 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 

VEso 
Electrostatic Discharge Voltage (Human Body model) (2) 2000 v 
Electrostatic Discharge Voltage (Machine model) (S) 500 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 dev1ce at these or any other 
cond1tions above those indicated in the Operating sections of thiS specification is not Implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 !1). 
3. EIAJ IC-121 (Cond1t1on C) (200pF, 0 !1). 

DESCRIPTION (cont'd) 

is output and, if the Chip Select input (S) is held 
High, the ST93CS66/67 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 4096 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. 

Within the time required by a programming cycle 
(tw), up to 4 words may be written with the help of 
the Page Write instruction; the whole memory may 
also be erased, or set to a predetermined 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 
Programing 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 words, the Page Write instruc
tion writes up to 4 words of 16 bits to sequential 
locations, assuming in both cases that all ad
dresses 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 the 
Chip Select (S) input pin is driven High. 

=-2/-'-'15=-------------~ ~~@m~:~~A~--------------
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

~ 20ns 

0.2Vcc to O.BVcc 

0.3Vcc to 0.7Vcc 

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

Table 3. Capacitance <1l 
(T A= 25 °C, f = 1 MHz ) 

Symbol Parameter 

GiN Input Capacitance 

GouT Output Capacitance 

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

ST93CS66,ST93CS67 

Figure 3. AC Testing Input Output Waveforms 

OSVcc 
o.7Vcc 

o.2Vcc 
o.svcc 

AI00825 

Test Condition Min Max Unit 

V1N = OV 5 pF 

VouT = OV 5 pF 

Table 4. DC Characteristics (TA = 0 to ?ooc or -40 to 85°C; Vee = 3V to 5.5V for ST93CS66 and 
Vee = 2.5V to 5.5V for ST93CS67) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ V1N ~Vee 2.5 ~A 

ILO Output Leakage Current OV ~ VouT ~Vee, 2.5 ~A Qin Hi-Z 

Icc Supply Current (TTL Inputs) S = ViH, f = 1 MHz 3 rnA 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 rnA 

lce1 Supply Current (Standby) S = Vss. C = Vss 50 ~A 

Input Low Voltage (ST93CS66,67) 4.5V ~Vee~ 5.5V -0.1 0.8 v 
V1L Input Low Voltage (ST93CS66) 3V ~Vee~ 5.5V -0.1 0.2 Vee v 

Input Low Voltage (ST93CS67) 2.5V ~Vee~ 5.5V -0.1 0.2 Vee v 
Input High Voltage (ST93CS66,67) 4.5V ~Vee~ 5.5V 2 Vee+ 1 v 

V1H Input High Voltage (ST93CS66) 3V ~Vee~ 5.5V 0.8 Vee Vee+ 1 v 
Input High Voltage (ST93CS67) 2.5V ~Vee~ 5.5V 0.8 Vee Vee+ 1 v 

VoL Output Low Voltage 
loL= 2.1mA 0.4 v 
loL=10~A 0.2 v 

loH =-400~ 2.4 v 
VoH Output High Voltage 

loH =-10~A Vee-0.2 v 

--------------~ ~~@lt&~~~q~ ____________ 3_1_15 
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Table 5. AC Characteristics (TA = 0 to 70° or, -40 to 85aC; Vee = 3V to 5.5V for ST93CS66 and 
Vee= 2.5V to 5.5V for ST93CS67) 

Symbol All Parameter Test Condition Min Max 

IPRVCH IPRES Protect Enable Valid to Clock High 50 

twvcH I PES Write Enable Valid to Clock High 50 

lsHCH tess Chip Select High to Clock High 50 

tovcH lo1s Input Valid to Clock High 100 

ICHDX IDIH Clock High to Input Transition 100 

lcHOL IPDO Clock High to Output Low 500 

ICHQV IPD1 Clock High to Output Valid 500 

ICLPRX IPREH Clock Low to Protect Enable Transition 0 

lsLWX IPEH Chip Select Low to Write Enable Transition 250 

ICLSL tcsH Clock Low to Chip Select Transition 0 

lsLSH tcs Chip Select Low to Chip Select High Note 1 250 

ISHQV tsv Chip Select High to Output Valid 500 

lsLOZ loF Chip Select Low to Output Hi-Z 300 

ICHCL lsKH Clock High to Clock Low Note2 250 

ICLCH ISKL Clock Low to Clock High Note 2 250 

tw lwP Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tscsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 !15, therefore the sum of the timings tcHCL + tcLCH 

must be greater or equal to 1 !'5· For example, if tcHcL is 250 ns, then leecH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

PRE 

w 

c 

s 

D 

,_ __ ....,. __ OP CODE INPUT ---l 
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AI00887 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 5. Synchronous Timing, Read or Write 
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POWER-ON DATA PROTECTION 

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. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93CS66/67 has eleven instructions, as 
shown in Table 6. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc
tion is preceded by the rising edge of the signal 

Table 6. Instruction Set 

Instruction Description w PRE 
pin(1l pin 

READ Read Data from Memory X '0' 

WRITE Write Data to Memory '1' '0' 

PAWRITE Page Write to Memory '1' '0' 

WRALL Write Ali Memory '1' '0' 

WEN Write Enable '1' '0' 

WDS Write Disable X '0' 

PRREAD Protect Register Read X '1' 

PRWRITE Protect Register Write '1' '1' 

PRCLEAR Protect Register Clear '1' '1' 

PREN Protect Register Enable '1' '1' 

PADS Protect Register Disable '1' '1' 

Note: 1. X= don't care bH . 

applied on the Chip Select (S) input (assuming that 
the Clock C is low). The data input D is then 
sampled upon the following rising edges of the 
clock C until a '1' is sampled and decoded by the 
ST93CS66/67 as a Start bit. 

The ST93CS66/67 is fabricated in CMOS technol
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in TableS). 

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. 

Op Address(1l Data Additional 
Code Information 

10 A7-AO 015-00 

Write is executed if 

01 A7-AO D15-DO the address is not 
inside the 
Protected area 

Write is executed if 

11 A7-AO D15-DO all the addresses 
are not inside the 
Protected area 

Write ali data if the 
00 01XXXXXX D15-DO Protect Register is 

cleared 

00 11XXXXXX 

00 ooxxxxxx 
Data Output = 

10 xxxxxxxx 08-00 Protect Register 
content + Protect 
Flag bit 

Data above 

01 A7-AO specified address 
A7-AOare 
protected 

Protect Flag is also 
11 1111 1111 cleared (cleared 

Flag= 1) 

00 11XX XXXX 

00 0000 0000 OTP bit is set 
permanently 

.:::.6/..;.:15'------------ r,:; SGS·1HOMSON ------------- .. ...,, ®JD@!J@rn~a 
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Output data changes are triggered by the Low to 
High transition of the Clock (C). The ST93CS66/67 
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 Erase/Write instructions. 
When power is first applied, the ST93CS66/67 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vee. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 

The READ instruction is not affected by the WEN 
or WDS instructions. 

Write 

The Write instruction (WRITE) is followed by the 
address and the word 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 program
ming cycle, providing that the address is NOT in the 
protected area. If the ST93CS66/67 is still per
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS66/67 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 ST93CS66/67 is ready to receive a 
new instruction. 

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 Write instruction. Input address and 
data are read 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 incre
mented, the high order bits A7-A2 remaining un
changed. Users must take care by software to 
ensure that the last word address has the same six 
upper order address bits as the initial address 
transmitted to avoid address roll-over. 

ST93CS66,ST93CS67 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS66/67 is still performing the program
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS66/67 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 ST93CS66/67 is ready to receive a new instruc
tion. 

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 
instruction. Input address and data are read on the 
Low to High transition of the clock. If the 
ST93CS66/67 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 
ST93CS66/67 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 ST93CS66/67 is ready to receive a new instruc
tion. 

MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The ST93CS66/67 offers a Protect Register con
taining the bottom address of the memory area 
which has to be protected against write instruc
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set. disables access to the Protect Register and 
thus prevents any further modifications of this Pro
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in
struction, 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 pin) and W (Write En
able). 

--------------15ii ~~m~~~~11 ____________ 7..;../_.o,15 
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Figure 6. READ, WRITE, WEN, WDS Sequences 

READ PRE ]___,_ ________ _,C __ 
s 

D 

Q 

WRITE PRE 

w 

s 

D 

Q 

WRITE PRE 
ENABLE 

w 

s 

D 

_j L 
r;:;u;·r,-r:'J 

___j I 'LL;~,_.} .... ~O..J....I ____________ _ 

_j 

J 
J 

-+l :+ADDR+:-f--- DATA OUT---. 
OP 

CODE 

u 
CHECK 
STATUS 

L 
,-E-r,-r,-~-r,-r,-1""~ ; 

AODn •• ~Oj• 
.1... -1 J.L J.L.l J.L.J-L.L..L..L...I:"'"j,__ ______ ~L_--

:! : 
-+l :+ ADDR +lof--

OP 
CODE 

I 

L 

DATA IN ____.: ;.._ BUSY~ READY_.: 

WRITE PRE l I DISABLE 

w J L 
~ s ~ 
~-r'L ~-nL n XO D n XO 

-LJ -LJ 

~ ;.... ...; :.-
OP OP 

CODE CODE 

AI00889C 
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Figure 7. PAWRITE, WRALL Sequences 

PAGE PRE 
WRITE 

w 

s _j u L 
CHECK 
STATUS D ~,-,~-,,-r1.,-,,-,,·r=w 

__jl I 
1~J-~.LJ .. LJ .. Ll.J .. LJ .. L.l.~..J.....l..L.~------~--

Q 

WRITE PRE 
ALL 

w 

s _j 

D 

Q 

-+: ;.. ADDR+:<--
OP 

CODE 

L 

DATAIN ___.( ~BUSY_.:..READY+! 

u L 
CHECK 
STATUS 'L"'r1-r1-rT"l"'r1-.-~ ; 

n XO Dn • , ~01 · 
J .. 1 J .. L J .. L J J .. L .J .. L.J.....L..J....I-:'c--------~--

-+: :.- ADDR -to~-;<~1---
0P 

CODE 

~ 1 
'' 

:'-:---' 

DATA IN ___.( i+ BUSY_.:.. READY+! 

AIOOB90C 
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MEMORY WRITE PROTECTION (cont'd) 

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 (all 1 's) or if it is written with all 
1 '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 
(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). 

A PREN instruction must immediately precede the 
PROS instruction. 

READY/BUSY Status 

When the ST93CS66/67 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS66/67 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 ST93CS66/67 is ready to receive a 
new instruction. Once the ST93CS66/67 is Ready, 
the Data Output Q is set to '1' until a new Start bit 
is decoded or the Chip Select is brought Low. 

COMMON 1/0 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 SGS-THOMSON application 
note "MICROWIRE EEPROM Common 1/0 Opera
tion" . 

.:..10::./.:.:15:...._ ___________ ~ ~~©l!!~~~9~ --------------
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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OP 
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s _j u L 
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STATUS 

D 
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~ ;...._ ADDR +i ~ BUSY~ READY_..,.: 
OP 
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Figure 9. PRCLEAR, PROS Sequences 
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L 
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L 

...; ;._ ADDR _.i !+ BUSY -+i+ READY+: 
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CODE 

AI00892C 

.;_:121::...1'""5 ___________ i5fi iitmgm~~ ____________ _ 
254 



ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

66 3Vto5.5V 

67 2.5V to 5.5V 

ST93CS66 M 

B 

ML 8014 

Note: 3 • Temperature range on request only. 

013TR 

3• -40to125°C 

6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1 's" (FFFFh). 

ST93CS66,ST93CS67 

Option 

013TR Tape & Reel 
Packing 

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

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

----------- ~ SGS·'RIOMSON 13/15 llt.""fl 1<\Jil©OO@f<~[O~Il©$ ___________ __;_=:.= 
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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 

CP 0.10 0.004 

PSDIPB 

I '--' \ 

~ l\ I ~ 
A1 L 

8 e1 C-.1<1 
81 eA 

D e8 

..,...,,...., 
N ll 

b E1 E 

1 
UL.JL.J PSDIP-a 

Drawing is out of scale 

~14~/1~5~---------------------~~~~~~~~--------------------------
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5014 - 14 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.()20 

c 0.19 0.25 0.007 0.010 

D 8.55 8.75 0.337 0.344 

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 o.so O.D16 0.031 

a oo so oo so 
N 14 14 

CP 0.10 0.004 

5014 

I 
E H 

SO·a 

Drawing is out of scale 
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ST95P02 

SERIAL ACCESS SPI BUS 2K (256 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 
• 10 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 10ms (max) PROGRAMMING 

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

• The ST95P02 will be replaced shortly by the 
updated version ST95020 

DESCRIPTION 

The ST95P02 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polys iii
con CMOS technology. The 2K bit memory is or
ganised as 16 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 ~ite 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 1995 

·~ 
PSDIP8 (B) 

0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 

NOT FOR NEW DESIGN 

8~ 

SOB (M) 

Q 

s ST95P02 

w 
HOLD 

Vss 
Al01256 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95P02 ST95P02 So vee 
s Vee 

~ 2 7 HOLD Q HOLD 
w 3 6 e w e 

Vss 4 5 D Vss D 
AI01257 AI012588 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 oe 
grade 6 --40 to 85 

TsTG Storage Temperature -65 to 150 oe 

TLEAD Lead Temperature, Soldering {SOB package) 40 sec 215 oe 
{PSDIPB package) 10 sec 260 

Vo Output Voltage -0.3 to Vee +0.6 v 
v, Input Voltage -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage {Human Body model) l2l 4000 v 
Electrostatic Discharge Voltage {Machine model) (a) 500 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 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 conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 15000) 
3. 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 ST95P02. 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 
the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). This input is used to select the 
ST95P02. The chip is selected by a high to low 
transition on the Spin when Cis at '0' state. At any 
time, the chJp 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 ST95P02 to 
share the same SPI bus. After power_ up, the chip 
is at the deselect state. Transitions of S are ignored 
when C is at '1' state. 

_2,_15:....__ ___________ /.V ~~TH~~~~ ____________ _ 
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Figure 3. Block Diagram 

--- High Voltage --- Control Logic Generator ---
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

~ 50ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Figure 5. AC Testing Load Circuit 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. OUTPUT 0>----I-.-----1 

T 100pF 

TIL LOAD 

Figure 4. AC Testing Input Output Waveforms 

O.BVee 
o.?Vee 

AI00527 

02Vec 
o.svee 

AIOOB25 

Table 3. Input Parameters (t) (TA = 25 ac, f = 1 MHz) 

Symbol Parameter Min Max Unit 

CrN Input Capacitance (D) 8 pF 

CrN Input Capacitance (other pins) 6 pF 

tLPF Input Signal Pulse Width 10 ns 

Note: 1. Sampled only, noll 00% tested. 

Table 4. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current 2 J.lA 

ILO Output Leakage Current 2 J.lA 

Icc Vee Supply Current (Active) C = 0.1 Vcc/0.9 Vee, 2 mA 
@ 2 MHz, Q = Open 

S =Vee, VrN = Vss or Vee, 50 J.lA 
lee1 Vee Supply Current (Standby) 

Vee= 5.5V 

-
S =Vee, VrN = Vss or Vee, 10 J.lA Vee =3V 

VrL Input Low Voltage -0.3 0.3 Vee v 
VrH Input High Voltage 0.7 Vee Vee+ 1 v 
VoL Output Low Voltage loL= 2mA 0.2 Vee v 
VoH Output High Voltage loH = 2mA 0.8 Vee v 

-'-4/_;_15=------------- i..V ~~~©ltl~~~~~ --------------
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Table 5. AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V) 

Symbol A It Parameter Test Condition Min Max Unit 

lc lc Clock Frequency D.C. 2 MHz 

ISLCH lsu S Setup Time 50 ns 

ICLSH IsH S Hold Time 50 ns 

tcH twH Clock High Time 200 ns 

teL twL Clock Low Time 300 ns 

lcLCH IRe Clock Rise Time 1 j.lS 

ICHCL I Fe Clock Fall Time 1 j.lS 

lovcH losu Data In Setup Time 50 ns 

lcHDX loH Data In Hold Time 50 ns 

IDLDH IRI Data In Rise Time 1 j.lS 

IDHDL IFI Data In Fall Time 1 j.lS 

tHXCH tHSU HOLD Setup Time 50 ns 

lCLHX IHH HOLD Hold Time 50 ns 

S Deselect Time 
4.5V < Vee < 5.5V 200 ns 

lSHSL tcs 
3V < Vee< 4.5V 250 ns 

ISHQZ lo1s Output Disable Time 150 ns 

leveL tv Output Valid from Clock Low 300 ns 

ICLQX IHO Output Hold Time 0 ns 

laLOH lAo Output Rise Time 100 ns 

IOHQL IFO Output Fall Time 100 ns 

IHHQX ILZ HOLD High to Output Low-Z 150 ns 

IHLQZ 1Hz HOLD Low to Output High-Z 150 ns 

tw 11 ) tw Write Cycle Time 10 ms 

Note: 1. Not enough charactensat1on data were available on th1s parameter at the t1me of ISSue thiS Data Sheet. The typ1cal value IS well 
below 5ms. the maximum value will be reviewed and lowered when sufficient data is available. 

--------------------------- ~~~@~~~~~----------------------~5~/1=5 
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Figure 6. Output Timing 

AI01070B 

Figure 7. Serial Input Timing 

s 

c 

D 

HIGH IMPEDANCE 

Q 
AI01071 
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Figure 8. Hold Timing 

c 

Q 

D 

HOLD 

Write Protect {'N). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P02 are disabled_l>ut any other operation 
stays enabled. When W is high, all op~ations 
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 enab~ 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 ST95P02 without 
resetting the serial sequence. To take the Hold 
conditio_Q 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 Cis 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 ST95P02 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 

ST95P02 

AI01072B 

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 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. 

Write Enable (WREN) and Write Disable (WRDI) 

The ST95P02 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 all the "following conditions: 

- Wpin is low 
- Poweron 

- WRDI instruction executed 
- WRSR instruction executed 

- WRITE instruction executed 

As soon as ttie WREN or WRDI instruction is 
received by the ST95P02, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

~ SGS·1HOMSON 7/15 --------------.... ""!/ liiiU©OO©~~lli©WJ@Ii!JU©§ ____________ __:.:...:..=. 
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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 
ST95P02 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: 

b? bO 

I BP1 I BPO I WEL I WIP I 
BP1, BPO: Read and Wnte bits 
WEL, WIP: Read only bits. 

During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WJP 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 ST95P02 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 ST95P02 is divided 

Table 7. Instruction Set 

into four 512 bit blocks. The user may read the 
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 internal write 
cycle is then !ijggered 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 cmpear 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 
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. 

Table 6. Array Addresses Protect 

Status Register Bits Array Addresses 
Protected 

BP1 BPO 

0 0 none 

0 1 COh- FFh 

1 0 SOh- FFh 

1 1 OOh- FFh 

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 DODO 0001 

READ Read Data from Memory Array 0000 0011 

WRITE Write Data to Memory Array DODO 0010 

_8,_15.;.__ ___________ ~ ~~m~a~.--------------
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OPERATIONS (cont'd) 

When the highest address is reached (FFh), the 
address counter rolls over to Oh allowing the read 
cycle to be continued indefinitely. The read opera
tion 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 .Y'JREN instruc
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is ig;ued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95P02 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 o.Q_e byte 
address (A7-AO), and one byte of data. S must 
remain low for the entire duration of the operation. 
The product must be deselected just after the eigth 
bit of data has been latched in. If not, the write 

Figure 9. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 

a 

ST95P02 

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 

MSB 
AID1259 
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Figure 10. Write Enable Latch Sequence 

01234567 

c 

D 

HIGH IMPEDANCE 

Q 

Al01273 

Figure 11. Write Operation Sequence 

s 

c 

D 

HIGH IMPEDANCE 
Q 

AI01260 
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Figure 12. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
ro ro ro ro ro ro 

ro ro + + + + + + (0 1'- ro "' 0 ;;: "' "' 24 25 26 27 28 29 30 31 + + 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ro "' 
c 

D 

A10~26~ 

Figure 13. RDSR: Read Status Register Sequence 

s 

.C 

D 

-~INSTRUCTION---+\ 

___).__ _ ___;f\I...L/:::,,_ =========== 
STATUS REG. OUT 

HIGH IMPEDANCE 
Q 

MSB 
AI011168 
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Figure 14. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 

Q 

POWER ON STATE 

After a Power up the ST95P02 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 Ta

ble 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 orl_n the cycle status register). 
The Chip SelectS must rise during the clock 

Al011178 

pulse following the introduction of a multiple of 
8 bits. 

- Access to the memory array during non-vola
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming cycle continues. 

- After either of the following 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. 

12/15 ~ SGS·lHOMSON .:.:::..:..::.... ____________ ._"11 ~U©Iiil©lli~ffi~@L'!U~ --------------
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ORDERING INFORMATION SCHEME 

Example: 

Data Strobe 

P* D__r- a L_ 

N* DL_ Q S 

ST95P02 

B 

M SOB 

M 6 TR 

Oto70°C 

3 * -40 to 125 oc 
6 -40to 85 oc 

TR 

ST95P02 

Option 

Tape & Reel 
Packing 

Notes: P • Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
N • On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock. 
3 * Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

-------------~ iitlHU~R!j ___________ ..:.;13=-'1=5 
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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 

CP 0.10 0.004 

PSDIPS 

I '---' \ 

~ l' I \ 
A1 L 

B e1 
eA 

c ... ~oo 

81 
D eB 

nnro 
N 

b E1 E 

1 
""U""D LJ PSDIP-a 

Drawing is out of scale 

.:.:14:::_/1!.::5:...._ __________ 15fi ~~m~~~~~ ____________ _ 
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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.ao 5.00 0.1a9 0.197 

E 3.ao 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 

a. o• a· o· a· 

N 8 a 

CP 0.10 0.004 

SOB 

I 

E H 

SO-a 

Drawing is out of scale 
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ST95P04 

SERIAL ACCESS SPI BUS 4K (512 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

• 10 YEARS DATA RETENTION 

• SINGLE 3V to 5.5V SUPPLY VOLTAGE 

• SPI BUS COMPATIBLE SERIAL INTERFACE 

• 1 MHz CLOCK RATE MAX 

• BLOCK WRITE PROTECTION 

• STATUS REGISTER 

• 16 BYTE PAGE MODE 
II WRITE PROTECT 

• SELF-TIMED 10ms (max) PROGRAMMING 
CYCLE 

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

• The ST95P04 will be replaced shortly by the 
updated version ST95040 

DESCRIPTION 

The ST95P04 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con CMOS technology. The 4K bit memory is or
ganised as 32 pages of 16 by1es. 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 .!9 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 Yfl:ite 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 1995 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e 

NOT FOR NEW DESIGN 

8~ 

SOB (M) 

Q 

s ST95P04 

w 
HOLD 

Vss 
AI01063B 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95P04 ST95P04 

"OVcc s Vee 
_9 2 7 HOLD a HOLD 
w 3 6 e w c 

Vss 4 5 D Vss D 
AI010648 AI01065C 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 oc 
grade 6 -40to85 

Tsm Storage Temperature --65 to 150 oe 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oe 

(PSDIP8 package) 10sec 260 

Vo Output Voltage -0.3 to Vee +0.6 v 
v, Input Voltage ~.3106.5 v 

Vee Supply Voltage -0.3to6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) <21 4000 v 
Electrostatic Discharge Voltage (Machine model) (a) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum 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 sect1ons of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. " 

2. MIL-STD-883C, 3015.7 (100pF, 1500il) 
3. EIAJ IC-121 (Condition C) (200pF, Oil) 

SIGNALS DESCRIPTION 

Serial Output (Q). The output pin is used to trans
fer data serially out of the ST95P04. 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 
the Q pin changes after the falling edge of the clock 
input. 
Chip Select (S). This input is used to select the 
ST95P04. The ~ip is selected by a high to low 
transition on the S pin when C is at '0' state. At any 
time, the chjp 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 ST95P04 to 
share the same SPI bus. After power... up, the chip 
is at the deselect state. Transitions of S are ignored 
when C is at '1' state. 

~~~15~--------------------~~~IH~£~-------------------------
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Figure 3. Block Diagram 

- High Voltage - Control Logic Generator -
c t I ~ 
D 

Q 
110 Shift Register 

I I I 
Address Register 

and Counter 

....--

l;; 
'-- "C 

0 
0 

r-- Q) 

0 
>-

-

II 
Data 

Register 

II I Status 

.................................................... 

..................................................... 

16 Bytes 

X Decoder 

I I 

Block 
Protect 

AI01272 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

,;; 50ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Figure 5. AC Testing Load Circuit 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. OUTPUT Qe---I---<~---1 

T 100pF 

TTL LOAD 

Figure 4. AC Testing Input Output Waveforms 

o.svee 
o.7Vee 

A100527 

o.2Vee 
o.svee 

AI00825 

Table 3. Input Parameters (1) (T A= 25 °C, f = 1 MHz) 

Symbol Parameter Min Max Unit 

CJN Input Capacitance (D) 8 pF 

CJN Input Capacitance (other pins) 6 pF 

tLPF Input Signal Pulse Width 10 ns 

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

Table 4. DC Characteristics 
(TA = 0 to 70°C or-40 to 85°C; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current 2 !!A 

lw Output Leakage Current 2 !!A 

Icc Vee Supply Current (Active) C = 0.1 Vccl0.9 Vee, 2 mA @ 1 MHz, Q = Open 

S =Vee, V1N = Vss or Vee. 50 !!A 
lcc1 Vee Supply Current (Standby) 

Vee= 5.5V 
-
S =Vee, V1N = Vss or Vee, 

10 !!A Vee= 3V 

VJL Input Low Voltage -0.3 0.3 Vee v 

VJH Input High Voltage 0.7 Vee Vee+ 1 v 

VoL Output Low Voltage loL= 2mA 0.2 Vee v 

VoH Output High Voltage loH = 2mA 0.8 Vee v 

..:.:4/...:.15::;.__ ___________ !fi ~~~©nt~~i)J9tt --------------
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Table 5. AC Characteristics 
(TA ~ 0 to 70°C or -40 to 85°C; Vee~ 3V to 5.5V) 

Symbol A It Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 1 MHz 

lsLCH !su S Setup Time 100 ns 

lcLSH IsH S Hold Time 100 ns 

lcH lwH Clock High Time 400 ns 

teL lwL Clock Low Time 400 ns 

ICLCH IRe Clock Rise Time 1 f!S 

ICHCL !Fe Clock Fall Time 1 f!S 

tovcH tosu Data In Setup Time 100 ns 

ICHDX loH Data In Hold Time 100 ns 

IDLDH IRI Data In Rise Time 1 f!S 

IDHDL IFI Data In Fall Time 1 f!S 

IHXCH IHSU HOLD Setup Time 100 ns 

ICLHX IHH HOLD Hold Time 100 ns 

ISHSL tcs S Deselect Time 400 ns 

ISHQZ lOIS Output Disable Time 300 ns 

tavcL tv Output Valid from Clock Low 400 ns 

ICLQX IHo Output Hold Time 0 ns 

taLOH IRo Output Rise Time 150 ns 

IQHQL IFO Output Fall Time 150 ns 

IHHQX ILZ HOLD High to Output Low-Z 300 ns 

IHLQZ 1Hz HOLD Low to Output High-Z 300 ns 

lw(t) tw Write Cycle Time 10 ms 

Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below 5ms, the max1mum value will be reviewed and lowered when sufficient data is available. 

~ SGS·lHOMSON 5/15 ---------------- l!t.""'fl !Rl:U©OO©~~~~©Ii!lu~ -----------------="-= 
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Figure 6. Output Timing 

s 

tSHQZ 

D ADD~~~~~:~::::~::~~~~~~~~~~:~~:::::::::::::::::::::::::::::~ 
AI01070B 

Figure 7. Serial Input Timing 

c 

tCLCH 

D :::~ 

HIGH IMPEDANCE 

Q 
AI01071 
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Figure 8. Hold Timing 

c 

Q 

D 

HOLD 

Write Protect {'!!). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P04 are disabled ___!Jut 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 enab.!§. 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 ST95P04 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 ST95P04 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 

ST95P04 

A101072B 

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 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 (WRDI) 

The ST95P04 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 all the following conditions: 

- Wpin is low 
- Power on 

- WRDI instruction executed 
- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95P04, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

--------------~ ~~©mvmla©~ ____________ 7:..:.'=15 
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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 
ST95P04 enters a wait mode (data on Dare 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 bits. 

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 ST95P04 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 selectthe 
size of protected memory. The ST95P04 is divided 

Table 7. Instruction Set 

into four 1024 bit blocks. The user may read the 
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 tl}ggered 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 a_ppear 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 
address (A7-AO), each bit being latched-in during 
the rising edge of the clock (C). Bit 3 of the read 
instruction contains address AB (most significant 
address bit). This bit is 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 

Table 6. Array Addresses Protect 

Status Register Bits Array Addresses 
Protected 

BP1 BPO 

0 0 none 

0 1 180h -1 FFh 

1 0 100h -1 FFh 

1 1 OOOh -1FFh 

Instruction Description Instruction Format 

WREN 

WADI 

RDSR 

WRSR 

READ 

WRITE 

Notes: A= 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 

Set Write Enable Latch 0000 X110 

Reset Write Enable Latch 0000 X100 

Read Status Register 0000 X101 

Write Status Register 0000 X001 

Read Data from Memory Array 0000 A011 

Write Data to Memory Array 0000 A010 

.:;.8,..:..:15:...._ ___________ ~ ~~m•l~'l-------------
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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 {1 FFh), 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 
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 ~REN instruc
tion. First, the device is selected {S = low) and a 
serial WREN instruction byte is i~ued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95P04 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. Bit 3 of the 
write instruction contains address AB {most signifi
cant address bit). S must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 

Figure 9. Read Operation Sequence 

c 

0 

HIGH IMPEDANCE 
Q 

ST95P04 

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 writte~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 

MSB 
AI01066 
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Figure 10. Write Enable Latch Sequence 

01234567 

c 

D 

HIGH IMPEDANCE 
Q 

AI01067 

Figure 11. Write Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

AI01068 
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Figure 12. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
"" "" "" "" "" "" "" "" + + + + + + "' ..... "" "' 0 ;! "' !:1 24 25 26 27 28 29 30 31 + + ~ ~ ~ :!: ~ ~ ~ ~ ~ :!: :!: "" "' 

c 

D 

AI01069 

Figure 13. RDSR: Read Status Register Sequence 

s 

c 

D 

_r--- INSTRUCTION -----+\ 

~ IMPE:::;'-.~./::~===s=T=A=T=us==R=EG=.=o=u=T====== 
a 

MSB 
AI01433 
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Figure 14. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 

Q 

POWER ON STATE 
After a Power up the ST95P04 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 Ta

ble 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). 

AI01434 

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-vola
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming 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 . 

.:..:12::../1:.::5 __________ W'J SliS·THOMSON ------------.1, IRiiO©OO©rnll.l<©1iliil©i:lO©® 
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ORDERING INFORMATION SCHEME 

Example: 

Data Strobe 

P* D_r Q [_ 

N* D[_ Q _j 

ST95P04 M 6 TR 

B 
0.25 mm Frame 

M SOB 
6 -40 to 85 oc 

ST95P04 

Option 

TR Tape & Reel 
Packing 

Notes: P • Data In strobed on ris1ng edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
N • On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock 
3 • Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

------------ ~ SGS·lHOMSON __________ _:.13:::.1.:..::.15 
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ST95P04 

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 

CP 0.10 0.004 

PSDIPS 

I '---' \ 

l' '\ 
c ..... 

eA 
D eB 

nnro 
N 

D E1 E 

1 
WL...Jl-J PSDIP-a 

Drawing is out of scale 
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ST95P04 

508 - 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 O.D16 0.035 

a oo so oo so 
N s s 

CP 0.10 0.004 

SOB 

/ 

I 
E H I 

SO-a 

Drawing is out of scale 
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ST95P08 

SERIAL ACCESS SPI BUS 8K (1 K x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

• 10 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 10ms (max) PROGRAMMING 
CYCLE 

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

• The ST95POB will be replaced shortly by the 
updated version ST95080 

DESCRIPTION 

The ST95P08 is a 8K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con CMOS technology. The 8K bit memory is or
ganised 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 !9 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 ~ite operation is disabled 
by a write protect input (W). 

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 

February 1995 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e 

NOT FOR NEW DESIGN 

8~ 

SOB (M) 

a 

s ST95P08 

w 
HOLD 

Vss 
AI01315 

1/15 
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ST95P08 

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

ST95P08 ST95P08 So vee 
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: grade 1 Oto 70 oe 
grade 6 --40 to 85 

Tsm 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 
v, Input Voltage --0.3 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) (J) 500 v 

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

2. MIL-STD-883C, 3015.7 (100pF, 1500Q) 
3. 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 
the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). This input is used to select the 
ST95P08. The ~ip is selected by a high to low 
transition on the S pin when C is at '0' state. At any 
time, the ch_ip 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 powe!_ up, the chip 
is at the deselect state. Transition of S are ignored 
when C is at '1' state. 

2/15 ~ SGS·THOMSON =...:.-=---------------:----- ll!t..""fl lij]Ulffil@~ll.mt~\i1Jil@~O~ ---------------
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Figure 3. Block Diagram 

___. 
High Voltage ___. Control Logic Generator ___. 

c t II J 
D 

a 1/0 Shift Register 

II II lJ 
Address ·Register Data 

and Counter Reg1ster 

r--- II I Status 

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

'-- " 0 ..................................................... 
;--- " Q) 

0 
>-

16 Bytes 

-
X Decoder 

I I 

ST95P08 

Block 
Protect 

AI01272 
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ST95P08 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

,;; SOns 

0.2Vcc to 0.8Vcc 

0.3Vee to O.?Vee 

Figure 5. AC Testing Load Circuit 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. ouTPuT o--I---1r-----1 

T 100pF 

TTL LOAD 

Figure 4. AC Testing Input Output Waveforms 

O.BVcc 
o.?Vcc 

AI00527 

o.2Vce 
o.svcc 

AI00825 

Table 3. Input Parameters (t) (T A= 25 oc, f = 1 MHz) 

Symbol Parameter Min Max Unit 

CIN Input Capacitance (D) 8 pF 

CIN Input Capacitance (other pins) 6 pF 

tLPF Input Signal Pulse Width 10 ns 

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

Table 4. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current 2 J.lA 

ILO Output Leakage Current 2 J.lA 

Icc Vee Supply Current (Active) C = 0.1 Vecf0.9 Vee, 2 mA @ 2 MHz, Q =Open 

S =Vee. V1N = Vss or Vee, 50 J.lA 
leet Vee Supply Current (Standby) 

Vee= 5.5V 

S =Vee, V1N = Vss or Vee, 
10 J.lA Vee =3V 

VJL Input Low Voltage -0.3 0.3 Vee v 
VIH Input High Voltage 0.7 Vee Vee+ 1 v 
VoL Output Low Voltage loL= 2mA 0.2Vee v 
VoH Output High Voltage loH = 2mA o.a Vee v 

..::41..:.15=-------------~ ~~©IH~l~?~ _____________ _ 
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ST95POB 

Table 5. AC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee= 3V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2 MHz 

ISLCH lsu S Setup Time 50 ns 

lcLSH IsH S Hold Time 50 ns 

lcH lwH Clock High Time 200 ns 

teL lwL Clock Low Time 300 ns 

ICLCH IRe Clock Rise Time 1 J.lS 

ICHCL I Fe Clock Fall Time 1 J.lS 

lovcH losu Data In Setup Time 50 ns 

ICHDX loH Data In Hold Time 50 ns 

IDLDH IRI Data In Rise Time 1 J.!S 

loHDL IFI Data In Fall Time 1 J.lS 

IHXCH IHSU HOLD Setup Time 50 ns 

lcLHX IHH HOLD Hold Time 50 ns 

ISHSL tes S Deselect Time 
4.5V <Vee< 5.5V 200 ns 

3V <Vee< 4.5V 250 ns 

ISHOZ lOIS Output Disable Time 150 ns 

leveL tv Output Valid from Clock Low 300 ns 

leLOX IHO Output Hold Time 0 ns 

IQLOH IRQ Output Rise Time 100 ns 

IQHQL tm Output Fall Time 100 ns 

IHHQX ILZ HOLD High to Output Low-Z 150 ns 

IHLOZ 1Hz HOLD Low to Output High-Z 150 ns 

tw 111 lw Write Cycle Time 10 ms 

Note: 1. Not enough characterisation data were available on this parameter at the time of issue th1s Data Sheet. The typical value is well 
below 5ms, the maximum value w11J be reviewed and lowered when sufficient data is available. 

'="= SGS·lHOMSON 5/15 ---------------- lt.""f/ ~-~~m@~~~©WJ@Ii!JO©@ ---------------
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ST95P08 

Figure 6. Output Timing 

AI01070B 

Figure 7. Serial Input Timing 

s 

c 

ICLCH 

D :::~ 

HIGH IMPEDANCE 

a 
AI01071 
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Figure 8. Hold Timing 

c 

0 

D 

HOLD 

Write Protect r!j). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95POB are disabled___l>ut any other operation 
stays enabled. When W is high, all op~ations 
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 enab~ 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 
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 
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 

AI01072B 

. 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 (WRDI) 

The ST95P04 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 all 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 ST95POB, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

_____________ ~ ~~m~~~~~ ____________ 7:..:./~15 
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ST95P08 

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 bO 

I BP1 I BPO I WEL I WIP I 
BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 

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 ·o· 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 setto 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 

Table 7. Instruction Set 

into four 2048 bit blocks. The user may read the 
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 internal 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 aJlpear 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 
address (A?-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 

Table 6. 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 

300 

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 



OPERATIONS ( cont'd) 

address can be read in sequence by continuing to 
provide clock pulses. The byte address is automat
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 _I{VREN instruc
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is i~ued. 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 AB (most significant address bits). S must 

Figure 9. Read Operation Sequence 

-s 

c 

D 

HIGH IMPEDANCE 

a 

ST95P08 

remain low for the entire duration of the operation. 
The product must be deselected just after the eigth 
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 10. Write Enable Latch Sequence 

s 

01234567 

c 

D I I \___).....___ 
HIGH IMPEDANCE 

Q 

AI01430 

Figure 11. Write Operation Sequence 

s 

c 

D 

HIGH IMPEDANCE 
Q 

AI01319 
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ST95P08 

Figure 12. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
"' "' "' "' "' "' "' "' + + + + + + <0 .... "' 0> 0 ~ C\l "' 24 25 26 27 28 29 30 31 + + ~ ~ ~ :'! ~ ~ ~ ~ ~ :'! :'! :'! "' 0> 

c 

D 

AI01320 

Figure 13. RDSR: Read Status Register Sequence 

s 

c 

D 

_r--- INSTRUCTION ~ 

___).___ CT\\-LI=;-i',.;-_-_-_-_-_-_-_-_-_-_-
sTATus REG. OUT 

HIGH IMPEDANCE 
Q 

MSB 
AI01431 
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ST95P08 

Figure 14. 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 Ta

ble 3. 
- Non valid Sand HOLD transitions are not 

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

order to start a non-volatile write cycle (in the 
memory array or j_n the cycle status register). 
The Chip Select S must rise during the clock 

AI01432 

pulse following the introduction of a multiple of 
8 bits. 

- Access to the memory array during non-vola
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming 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. 

.:.:12=./.:..:15:..__ ___________ ~ ~~~©n&gm~~~~ -------------
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ORDERING INFORMATION SCHEME 

Example: 

Data Strobe 

P* D_r Q L_ 

N* DL_ Q _j 

ST95P08 

B 

M SOB 

M 6 TR 

--40 to 125 oc 
6 --40 to 85 oc 

TR 

ST95P08 

Option 

Tape & Reel 
Packing 

Notes: P • Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock 

N • On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock 

3 • Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST95P08 

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 

CP 0.10 0.004 

PSDIP8 

I '---' \ 

/' r {~\ 
c ... ~ 

eA 

D eB 

nnn 
N 

) E1 E 

PSDIP-a 

Drawing is out of scale 
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ST95P08 

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 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.D16 0.035 

a oo 80 oo eo 

N 8 8 

CP 0.10 0.004 

SOB 

I 
E H I 

! 

SO-a 

Drawing is out of scale 
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ST95020 

SERIAL ACCESS SPI BUS 2K (256 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 
• 10 YEARS DATA RETENTION 
• SINGLE 4.5V 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 10ms (max} PROGRAMMING 

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

DESCRIPTION 

The ST95020 is a 2K bit Electrically Erasable Pro
grammable Memory (EEPROM} fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con 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 

a Serial Data Output 

s ChipSeleet 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

February 1995 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 
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w 
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Vss 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95020 ST95020 .0 Vcc s Vee 
_3 2 7 HOLD Q HOLD 

w 3 6 e w e 

Vss 4 5 D Vss D 

AI01556 AI01557 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

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

TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

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

Vee Supply Voltage -o.3to6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 121 4000 v 
Electrostatic Discharge Voltage (Machine model) 131 500 v 

Notes: 1. Except for the rating "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 operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 15000) 
3. EIAJ IC-121 (Condition C) (200pF, on) 

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 are clocked in during the low to high transition 
of clock C, data are 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. 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. 

::;21...;_17'-------------I:.Yi litm~~~li -------------
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c .... S"Lfl_ 

c ____ _ru-

Dora 

AI01438 

Figure 4. Microcontroller and SPI Interface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9) 

SPIInterface 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 ST95020 is 
deselected and the D output pin is at high imped
ance and unless an internal write operation is 
underw...§.y the 895020 will be in the standby power 
mode. S low enables the ST95020, placing it in the 

SCK c 
ST95xx0 

SOl 
Q 

SDO 
D 

AI01439 

active power mode. It should be not.!1.d that after 
power-on, a high to low transition on S is required 
prior to the start of any operation. 

Write Protect (~. This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all operations including non-vola
tile 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. 

------------~ ~~@~JI-----------3"-/1_7 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold c~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 C is low. To resume the communica
tions, HOLD is brought high when Cis low. During 
Hold condition D, 0, and Care at a high impedance 
state. 

When the ST95020 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. 

The ST95020 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('0', '0') or 
(CPOL, CPHA) = ('1', '1'). 

For these two modes, input data are latched in by 
the low to high transition of clock C, and output data 
are 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 to '0' for (CPOL, CPHA) = (0, 0) and C 
remains to 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,Jhe product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 

Table 4. Instruction Set 

operation. When an invalid instruction is sent (one 
not contained in Table 4), 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 ST95020 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 all 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 ST95020, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Table 3. Write Protected Block Size 

Status Register Array Protected Bits Addresses Block Protected 
BP1 BPO 

0 0 none none 

0 1 COh- FFh Upper quart 

1 0 SOh- FFh Upper half 

1 1 OOh- FFh Whole memory 

Instruction Description Instruction Format 

WREN 

WRDI 

RDSR 

WRSR 

READ 

WRITE 
Notes: A= 1, Upper page selected 

A= 0, Lower page selected 

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 

~~~17~---------------------~~~~~~~~--------------------------
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Figure 5. Block Diagram 
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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 
ST95020 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

16 Bytes 

X Decoder 

I I 
AI01272 

The status register format is as follows: 

b7 bO 

BPI, BPO: Read and wnte bits 
WEL, WIP: Read only bits. 

I BPI I BPO I WEL I WIP I 

'="= SGS·lHOMSON 5/17 
--------------- ._...,/ l<iJO©OO@Il:~ll:©WJ@Ii!JO~ -------------.:::....:.:.. 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

OPERATIONS (cont'd) 

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 ST95020 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 ST95020 is divided 
into four 512 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 

DATA OUT 

AI01558 

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!PPear 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 
address (A?-AO), each bit being latched-in during 
the rising edge of the clock (C). Bit 4 of the read 
instruction contain address bit AB (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 se
quence 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 address is reached, 
the address counter rolls over to Oh allowing 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 non-volatile write 
cycle will be rejected and will deselect the chip. 

6/17 ~ SGS·lHOMSON ::::....:..:...._ ____________ A.""fl li:IIO©IIJ©~~~=©i:IIO!i:® --------------

314 



ST95020 

Figure 7. Write Enable Latch Sequence 

s 

c 

D 

HIGH IMPEDANCE 
Q 

AI01441 

Figure 8. Write Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

AI01559 
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Figure 9. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
"' "' "' "' "' "' "' "' + + + + + + <0 ,.._ 

"' "' 0 (\J "' ..,. 
24 25 26 27 28 29 30 31 + + ~ :;:: ~ ~ ;": ~ ~ ~ ~ ~ ;": ;": ;": "' "' 

c 

D 

AI01560 

Figure 10. RDSR: Read Status Register Sequence 

s 

c 

D 

_r---- INSTRUCTION---! 

___A__---'f\ ....... 1~:: ~~----_-_-_-_ -_ -_ -_ -_-
STATUS REG. OUT 

HIGH IMPEDANCE 
Q 

MSB 
AI01444 
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Figure 11. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 
a 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc
tio~. First, the device is selected (S = low) and a 
senal W~EN instruction byte is i~ued. Then, the 
product 1s deselected by taking S high. After the 
WREN instruction byte is sent, the ST95020 will set 
the.":'r.ite enable latch and then remain in standby 
until 1t 1s deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc
tion and address, and one byte of data. 

Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth 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: 
W~L and WIP. WIP is high during the self-timed 
wnte 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 

ST95020 

AI01445 

must ~eside on the same page. The page write 
mode 1s 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 
p~ior to deselecting the chip. A page address begins 
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 
addr.ess of t~e page (xxxx 0000) and overwrite any 
prev1ous ~ntte!:!_data .. ~he programming cycle will 
o~ly st<:ut If the S trans1t1on does occur just after the 
e1gth b1t of data of a word is received. 

POWER ON STATE 

After a Power up the ST95020 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). 

-------------i..W ~fJi©ltt~~ ___________ __:9~/.!.!._17 
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Figure 12. EEPROM and SPI Bus 

D 

Q 

c 

l MASTER 
C Q D 

ST95xxx 

CS3 CS2 CS1 s 
I y 

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 OJ:. in the cycle status register), i.e. 
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 cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues. 

C Q D C 0 D 

ST95xxx ST95xxx 

s s 

AI01446 

- 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. 

-'-10:.:..,1.:...;7 ____________ /:.fi ~~m~:~~~ _____________ _ 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 

~ 50ns Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

Output Load 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

CL = 100pF 

o.avcc~ 

o.2Vcc 

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

Table 5. Input Parameters (t) (T A= 25 ac, f = 2 MHz) 

Symbol Parameter 

CtN Input Capacitance (D) 

CtN Input Capacitance (other pins) 

tLPF Input Signal Pulse Width Filtered Out 

Note: 1. Sampled only, noll 00% tested. 

Table 6. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°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 Vec/0.9 Vee, 
@ 2 MHz, Q = Open 

-
lcc1 Vee Supply Current (Standby) S = Vee, YtN = Yss or Vee 

VJL Input Low Voltage 

VJH Input High Voltage 

VoL 111 Output Low Voltage loL= 2mA 

YaH 111 Output High Voltage loH = 2mA 

Note: 1. The devtce meets output requrrements for both TTL and CMOS standards. 

Min Max 

8 

6 

10 

Min Max 

2 

2 

2 

50 

-0.3 0.3 Vee 

0.7 Vee Vee+ 1 

0.4 

Vee -{).6 

o.7Vcc 

o.3Vcc 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

llA 

llA 

rnA 

llA 

v 

v 

v 

v 
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Table 7. AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2 MHz 

ISLCH less S Active Setup lime 100 ns 

ICHSL S Active after Rising Edge of C 100 ns 

lcH lwH Clock High Time 200 ns 

teL twL Clock Low lime 300 ns 

ICLCH IRe Clock Rise lime 1 J.lS 

ICHCL I Fe Clock Fall lime 1 J.lS 

tovcH tosu Data In Setup lime 50 ns 

lcHDX loH Data In Hold lime 50 ns 

IDLDH IRI Data In Rise lime 1 J.1S 

loHDL IFI Data In Fall lime 1 J.lS 

IHHCH IHSU HOLD Setup lime 100 ns 

IHLCH 
Clock Low Hold lime after HOLD 100 ns Active 

ICLHL IHH HOLD Hold lime 100 ns 

tcLHH Clock Low Set-up lime before HOLD 100 ns Inactive 

ICHSH S not Active after Rising Edge of C 200 ns 

ISHCH S not Active before next C Pulse 100 ns 

tsHSL tcsH S Deselect lime 200 ns 

lsHOZ l01s Output Disable lime 200 ns 

Ia veL tv Output Valid from Clock Low 300 ns 

teL OX tHo Output Hold lime 0 ns 

IeLaH IRa Output Rise lime 100 ns 

!QHQL IFo Output Fall lime 100 ns 

IHHQX ILZ HOLD High to Output Low-Z 200 ns 

.:..:121::...;1:..:_7 ___________ ~ ~i©lt\91~ij~~------------
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Figure 14. Serial Input Timing 
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ICLCH 

D :::=-
HIGH IMPEDANCE 
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Figure 15. Hold Timing 

s 
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D 

HOLD 
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Figure 16. Output Timing 

AI01449 
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ORDERING INFORMATION SCHEME 

Example: ST95020 

Data Strobe 

20* D...J Q --,__ B 

M SOB 

M 6 TR 

Oto70°C 

3 • -40to 125 oc 
6 -40 to 85 oc 

Option 

TR Tape & Reel 
Packing 

Notes: 20 • Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
3 • Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

----------- r,r'/ SCS·1HOMSON _________ ____:1=51..:..:..17 
._..,~~a~~ 
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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 us 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 

PSDIPS 

I 1....-1 \ 

~~ /' '\ A1 L 

B e1 c .... "' 
81 eA 

D eB 

,.....,,.....,,....., 
N 

)) 
b E1 E 

1 
LJLJLJ PSDIP-a 

Draw1ng IS out of scale 

~16~'1:..:.7 ___________ ~ ~~tm2ml~~~ ____________ _ 
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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 0.016 0.035 

a oo 80 oo 80 

N 8 8 

CP 0.10 0.004 

SOB 

E H 

so-a 

Drawing is out of scale 
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SERIAL ACCESS SPI BUS 2K (256 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

• 1 0 YEARS DATA RETENTION 

• SINGLE 4.5V 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 10ms (max) PROGRAMMING 
CYCLE 

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

• SUPPORTS NEGATIVE CLOCK SPI MODES 

DESCRIPTION 

The ST95021 is a 2K bit Electrically Erasable Pro
grammable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con 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 1995 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 
s ST95021 

w 
HOLD 

Vss 

Th1s IS prellmtnary rnformat1on on a new product now 1n development Details are subject to change Without not1ce. 

PRODUCT PREVIEW 

SOB (M) 

Q 

AI01543 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95021 ST95021 

·ov~ s Vee 
~ 2 7 HOLD Q HOLD 

w 3 6 e w e 

Vss 4 5 D Vss D 

AI01544 AI01545 

Table 2. Absolute Maximum Ratings 111 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto70 oc 
grade 6 -40to85 

TsTG Storage Temperature -65 to 150 oc 

TLEAO Lead Temperature, Soldering (SOS package) 40sec 215 oc 
(PSDIPS package) 10 sec 260 

Vo Output Voltage -D.3 to Vee +0.6 v 
V1 Input Voltage with respect to Ground -D.3 to 6.5 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) (S) 500 v 

Notes: 1. Except for the rat1ng 'Operat1ng Temperature Range', stresses above those listed on the Table 'Absolute Max1mum Ratongs' 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those indicated in the Operat1ng sections of this specification is not implied. Exposure to Absolute Maximum 
Rating cond1t1ons for extended periods may affect device rehabilrty. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (1 OOpF, 15000) 
3. EIAJ IC-121 (Condition C) (200pF, On) 

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 '!Tiite operation is disabled by a write 
protect input (W). 

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

SIGNALS DESCRIPTION 

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

_21_17'--------------~ ~~m•~~~-------------
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 c ----~ 

0 c """"Ln_ 

Dora 

AI01527 

Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9) 

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

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 falling edge of the clock input, while data on 
the a pin changes after the rising edge of the clock 
input. 

Chip Select (S). When S is high, the ST95021 is 
deselected and the D output pin is at high imped
ance and unless an internal write operation is 
underw_ily the 595021 will be in the standby power 
mode. S low enables the ST95021, placing it in the 
active power mode. It should be noted that after 

SCK c 
SOl 

Q 

ST95xx1 

SDO 
D 

AI01528 

power-on, a high to low transition on S is required 
prior to the start of any operation. 

Write Protect (~. This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabl~ but any other operation stays enabled. 
When W is high, all operations including non-vola
tile 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. 

-------------~iii ~itm•~11 ____________ 3:;;..,1.;.;_7 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold CQDdition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica
tions, HOLD is brought high when C is low. During 
Hold condition D, Q, and Care at a high impedance 
state. 

When the ST95021 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. 

The ST95021 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('1 ', '0') or 
(CPOL, CPHA) = ('0', '1'). 

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

The difference between (CPOL, CPHA) = (0, 1) and 
(CPOL, CPHA) = (1, 0) is the stand-by polarity: C 
remains to '0' for (CPOL, CPHA) = (0, 1) and C 
remains to 1 for (CPOL, CPHA) = (1, 0) 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 falling 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 falling 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 

Table 4. Instruction Set 

operation. When an invalid instruction is sent (one 
not contained in Table 4), 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 ST95021 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 

- Power on 

- WADI instruction executed 

- WRSR instruction executed 
- WRITE instruction executed 

As soon as the WREN or WADI instruction is 
received by the ST95021, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Table 3. Write Protected Block Size 

Status Register Array Protected Bits Addresses Block Protected 
BP1 BPO 

0 0 none none 

0 1 COh- FFh Upper quart 

1 0 80h- FFh Upper half 

1 1 OOh- FFh Whole memory 

Instruction Description Instruction Format 

WREN 

WRDI 

RDSR 

WRSR 

READ 

WRITE 

Notes: A= 1, Upper page selected 
A= 0, Lower page selected 

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 

.::.41.::.17'--------------l.:fi ~~©R&~~~~ -------------
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Figure 5. Block Diagram 

c 

D 

a 

------ Control Logic 

t I ! 

1/0 Shift Register 

II I 
Address Register 

and Counter 

-

High Voltage 
Generator 

II 
Data 

Register 

II I Status 

ST95021 

Block 
Protect 

.................................................... 
(i; 

'- "0 
0 .................................................. ~ 

r--
0 

"' 0 

>-

-

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 non-volatile write. As soon as 
the 8th bit of the status register is read out, the 
ST95021 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

16 Bytes 

X Decoder 

I I 
AI01272 

The status register format is as follows: 

b7 bO 

BP1, BPO: Read and write bits 
WEL, WIP: Read only bitS. 

I BP1 I BPO I WEL I WIP I 

_____________ ~ ~i©mgml~~~ ------------=5:::.../1.:..:...7 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

OPERATIONS (cont'd) 

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 ST95021 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 ST95021 is divided 
into four 512 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 

DATA OUT 

AI01546 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then tr:!ggered 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 a_ppear 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 
address (A7-AO), each bit being latched-in during 
the falling edge of the clock (C). Bit 4 of the read 
instruction contain 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 
rising edge of the clock (C). The data stored in the 
memory at the next address can be read in se
quence 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 address is reached, 
the address counter rolls over to Oh allowing 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 non-volatile write 
cycle will be rejected and will deselect the chip. 

6/17 ~ SliS·THOMSON -------------- ~'YI li:llD©lil©~~~©'iim©li!D©il5 --------------
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Figure 7. Write Enable Latch Sequence 
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Figure 8. Write Operation Sequence 
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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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Figure 11. WRSR: Write Status Register Sequence 
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Byte Write Operation 

Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc
tio~. First, the device is selected (S = low) and a 
senal WREN instruction byte is issued. Then, the 
product is deselected by taking 8 high. After the 
WREN instruction byte is sent, the ST95021 will set 
the.v:'r.ite enable latch and then remain in standby 
untllrt rs deselected. Then, the write state is entered 
~y selecting the chip, issuing two bytes of instruc
tion and address, and one byte of data. 

Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth 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: 
W~L and WIP. WIP is high during the self-timed 
wnte 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 

ST95021 

AI01534 

must r.eside on the same page. The page write 
mode rs the same as the byte write mode except 
that instead of des.e.lecting after the first byte of 
data, up to 15 addrtronal bytes can be shifted in 
p~iorto deselecting the chip. A page address begins 
wrth 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 
addr~ss of t~e page (xxxx 0000) and overwrite any 
prevrous ':"ntteD_ data .. ~he programming cycle will 
o~ly stc:r-rt rf the S transrtron does occur just after the 
ergth brt of data of a word is received. 

POWER ON STATE 

After a Power up the ST95021 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). 

--------------~iii ~~©ltl~~~~~ ____________ 9~/.:.!...17 
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Figure 12. EEPROM and SPI Bus 
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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 o_r:_in the cycle status register), i.e. 
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 cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues. 

C Q D C Q D 

ST95xxx ST95xxx 

s s 

AI01446 

- After either of the following 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. 

-'-10:._/1_7 ____________ ~~~©It&~~~~~--------------
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 

~ 50ns Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

Output Load 

0.2Vcc to 0.8Vce 

0.3Vee to 0.7Vec 

CL = 100pF 

O.SVcc~ 

o.2Vcc 

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

Table 5. Input Parameters (1) (T A= 25 oc, f = 2 MHz) 

Symbol Parameter 

CrN Input Capacitance (D) 

CrN Input Capacitance (other pins) 

tLPF Input Signal Pulse Width Filtered Out 

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

Table 6. DC Characteristics 
(TA = 0 to 70°C or -40 to 85oC; 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 Vccf0.9 Vee, 
'@ 2 MHz, Q =Open 

lce1 Vee Supply Current (Standby) S =Vee. VrN = Vss or Vee 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL (1) Output Low Voltage loL=2mA 

VoH 11 ) Output High Voltage loH = 2mA 

Note: 1. The device meets output requirements for both TTL and CMOS standards. 

Min Max 

8 

6 

10 

Min Max 

2 

2 

2 

50 

-0.3 0.3 Vee 

0.7 Vee Vee+ 1 

0.4 

Vee-0.6 

o.7Vcc 

o.3Vcc 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

I! A 

I! A 

rnA 

I! A 

v 

v 

v 

v 
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Table 7. 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 

fc fc Clock Frequency D.C. 2 MHz 

ISLCL tess S Active Setup Time 100 ns 

lcLSL S Active after Falling Edge of C 100 ns 

lcH lwH Clock High Time 300 ns 

teL lwL Clock Low Time 200 ns 

lcLCH IRe Clock Rise Time 1 !!S 

ICHCL I Fe Clock Fall Time 1 !!S 

lovcH tosu Data In Setup Time 50 ns 

lcLDX loH Data In Hold Time 50 ns 

IDLDH IRI Data In Rise Time 1 !!S 

loHDL IFI Data In Fall Time 1 !!S 

IHHCL IHSU HOLD Setup Time 100 ns 

IHLCL Clock High Hold Time after HOLD 100 ns Active 

ICHHL IHH HOLD Hold Time 100 ns 

tcHHH Clock High Set-up Time before HOLD 100 ns Inactive 

tcLSH S not Active after Falling Edge of C 200 ns 

tsHCL S not Active before next e Pulse 100 ns 

tsHSL lcsH S Deselect Time 200 ns 

tsHOZ t01s Output Disable Time 200 ns 

Ia veL tv Output Valid from Clock Low 300 ns 

tcHOX tHo Output Hold Time. 0 ns 

IQLQH lAo Output Rise Time 100 ns 

IQHQL IFO Output Fall Time 100 ns 

IHHOX ltz HOLD High to Output Low-Z 200 ns 

tHLQZ tHz HOLD Low to Output High-Z 200 ns 

tw(1l tw Write Cycle Time 10 ms 

Note: 1. Not enough charactensallon data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below Sms, the maximum value will be reviewed and lowered when sufficient data are available . 

.:..:12=-/1:...:7 ____________ ~.V ~~~m~~~~~ _____________ _ 
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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 

AI01537 
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ORDERING INFORMATION SCHEME 

Example: 

Data Strobe 

21* DL_ Q __r 

ST95021 M 6 TR 

B 
0.25 mm Frame 

-40 to 125 oc 
6 -40 to 85 oc M SOB 

TR 

Option 

Tape& Reel 
Packing 

Notes: 21 • Data In strobed on falling edge of the clock (C) and Data Out synchroniZed from the nsing edge of the clock. 
3 • Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

CP 0.10 0.004 

PSDIPB 

~ 
I 

...__. 
\ 

/' I ~ 
A1 L 

B e1 c ... 
81 eA 

D eB 

nnn 
N 

II 
) E1 E 

1 
L.JL.JL.J PSDIP-a 

Draw1ng is out of 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 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 O.D16 0.035 

(l oo so oo so 

N s s 
CP 0.10 0.004 

SOB 

E H I 

so-a 

Drawing is out of scale 
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SERIAL ACCESS SPI BUS 4K (512 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

• 10 YEARS DATA RETENTION 

• SINGLE 4.5V 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 10ms (max) PROGRAMMING 
CYCLE 

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

• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 

The ST95040 is a 4K bit Electrically Erasable Pro
grammable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con 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 

January 1995 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e 
s ST95040 

w 
HOLD 

Vss 

PRELIMINARY DATA 

SOB (M) 

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

ST95040 ST95040 .0 Vcc s Vee 

~ 2 7 HOLD Q HOLD 

w 3 6 e w e 

Vss 4 5 D Vss D 

AI01436 AI01437 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 oe 
grade 6 --40 to 85 

Tsm Storage Temperature -65 to 150 oe 

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

Vo Output Voltage -0.3 to Vee +0.6 v 
v, Input Voltage with respect to Ground -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) (2) 4000 v 
Electrostatic Discharge Voltage (Machine model) (3) 500 v 

Notes: 1. Except for the ratmg "Operatmg Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum 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 ind1cated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500!2) 
3. EIAJ IC-121 (Condition 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 ~ite operation is disabled by a write 
protect input (W). 

Data are clocked in during the low to high transition 
of clock C, data are 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 ST95040. 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. 

2117 ~ SGS·DIOMSON =....:.:.._ _____________ .._..,1 1/:j]O©OO@IE~=©~ ----------------
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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) 

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 ST95040 is 
deselected and the D output pin is at high imped
ance and unless an internal write operation is 
underw_2y the 895040 will be in the standby power 
mode. S low enables the ST95040, placing it in the 
active power mode. It should be noted that after 

SCK c 
SDI 

Q 

ST95xx0 

SDO 
D 

AI01439 

power-on, a high to low transition on Sis required 
prior to the start of any operation. 

Write Protect {W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95040 are disabled J?ut 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. 

- ----------- r,r'l SGS·ntOMSON __________ ....:.3/;..:.;_17 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95040 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 when 
C is low. During Hold condition D, 0, and C are at 
a high impedance state. 

When the ST95040 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. 

The ST95040 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('0', '0') or 
(CPOL, CPHA) = ('1 ', '1 '). 

For these two modes, input data are latched in by 
the low to high transition of clock C, and output data 
are 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 to '0' for (CPOL, CPHA) = (0, 0) and C 
remains to 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 first 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, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 

Table 4. Instruction Set 

operation. When an invalid instruction is sent (one 
not contained in Table 4), 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 ST95040 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 all the following conditions: 

- Wpin is low 

- Power on 

- WRDI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95040, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Table 3. Write Protected Block Size 

Status Register Array Protected Bits Addresses Block Protected 
BP1 BPO 

0 0 none none 

0 1 180h ·1 FFh Upper quart 

1 0 100h · 1 FFh Upper half 

1 1 OOOh • 1 FFh Whole memory 

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 

Set Write Enable Latch 0000 X110 

Reset Write Enable Latch 0000 X100 

Read Status Register 0000 X101 

Write Status Register 0000 X001 

Read Data from Memory Array 0000 A010 

Write Data to Memory Array 0000 A011 

..::4,..:..17:.._ ___________ ~ ~~i©mue~~~-------------
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Figure 5. Block Diagram 
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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 
ST95040 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

16 Bytes 

X Decoder 

I I 
AI01272 

The status register format is as follows: 

b7 bO 

BP1, BPO: Read and write brts 
WEL, WIP: Read only brts 

BP1 I BPO I WEL I WIP I 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 

Q 

OPERATIONS (cont'd) 

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 ST95040 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 ST95040 is divided 
into four 1024 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 

DATA OUT 

AI01440 

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 after the 8th bit of the 
Status Register content (it must not 1!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 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). Bit 4 of the read 
instruction contain 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 se
quence 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 address is reached, 
the address counter rolls over to Oh allowing 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 non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 
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Figure 8. Write Operation Sequence 

c 

D 

HIGH IMPEDANCE 
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AI01442 
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Figure 9. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
ro ro ro ro ro ro 

ro ro + + + + + + (0 "- ro "' 0 ;:;: ('J "' 24 25 26 27 28 29 30 31 + + ;:! ~ ~ ~ ~ ~ "' ~ "' ~ ~ 
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Figure 10. RDSR: Read Status Register Sequence 
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c 

D 

-----..~ INSTRUCTION ~ 

___}._ _ ____j!\\...J/:::,,,: ~~~~~~~~~~~-= 
STATUS REG. OUT 

HIGH IMPEDANCE 
0 

MSB 
AI01444 
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Figure 11. WRSR: Write Status Register Sequence 
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Byte Write Operation 

Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN 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. Afte; the 
WRE~ instruction byte is sent, the ST95040 will set 
the.":'r!te enable latch and then remain in standby 
unt1l1t 1s deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc
tion and address, and one byte of data. 

Chip Select (S) must remains low for the entire 
duration of. the operation. The product must be 
deselected JUSt after the eigth 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: 
W~L and WIP. WIP is high during the self-timed 
wnte cycle. When the cycle is close to completion 
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 

ST95040 

AI01445 

must ~eside on the same page. The page write 
mode 1s the same as the byte write mode except 
that instead of des.e.lecting after the first byte of 
d~ta, up to 15 add1t1onal bytes can be shifted in 
p~1or 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 
addr.ess of t~e page (xxxx 0000) and overwrite any 
prev1ous ~ntteD_ data .. ~he programming cycle will 
o~ly st<;1rt 1f the S transition does occur just after the 
e1gth bit of data of a word is received. 

POWER ON STATE 

After a Power up the ST95040 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). 

------------- ;:;; ~~@mgm~~~~------------9~/.!..!._17 
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Figure 12. EEPROM and SPI Bus 

D 

a 
c 

l MASTER 
c a o 

ST95xxx 

CS3 CS2 CS1 s 
I y 

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 o_r:_in the cycle status register), i.e. 
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 cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues . 

c a o c a o 

ST95xxx ST95xxx 

s s 

AI01446 

- After either of the following 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. 

.;...10"-,1""7 ___________ ~ ~itmg:l~cm ____________ _ 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 

:5 50ns Input Rise and Fall limes 

Input Pulse Voltages 

Input and Output liming 
Reference Voltages 

Output Load 

0.2Vcc to O.BVcc 

0.3Vcc to 0.7Vcc 

CL = 100pF 

O.BVee ~ :::~:: 
o.2Vee 

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

Table 5. Input Parameters <1> (T A = 25 oc, f = 2 MHz ) 

Symbol Parameter Min 

CIN Input Capacitance (D) 

CIN Input Capacitance (other pins) 

ILPF Input Signal Pulse Width Filtered Out 

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) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Vee Supply Current (Active) C = 0.1 Vcc/O.g Vee , 
@ 2 MHz, Q = Open 

lcc1 Vee Supply Current (Standby) S =Vee. V1N = Vss or Vee 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL(1) Output Low Voltage loL=2mA 

VoH (1) Output High Voltage loH=2mA 

Note: 1. The device meets output requirements for both TIL and CMOS standards. 

AIOOB25 

Max Unit 

8 pF 

6 pF 

10 ns 

Min Max Unit 

2 J.lA 

2 J.lA 

2 mA 

50 J.lA 
-0.3 0.3 Vee v 

0.7Vcc Vee+ 1 v 
0.4 v 

Vcc-0.6 v 

~ SGS·'DIOMSON __________ .....:.1.!!.11.:..:..17 -----------'----- A."'f/ ii:ijD©OO@!Wo~ll!:$ 
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Table 7. AC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2 MHz 

ISLCH tess S Active Setup lime 100 ns 

ICHSL S Active after Rising Edge of C 100 ns 

lcH twH Clock High lime 200 ns 

teL lwL Clock Low lime 300 ns 

ICLCH IRe Clock Rise lime 1 J.lS 

ICHCL I Fe Clock Fall Time 1 J.lS 

lovcH losu Data In Setup lime 50 ns 

ICHOX loH Data In Hold lime 50 ns 

IDLDH IRI Data In Rise lime 1 J.lS 

IDHDL IFI Data In Fall lime 1 J.lS 

IHHCH IHSU HOLD Setup lime 100 ns 

IHLCH 
Clock Low Hold lime after HOLD 100 ns Active 

ICLHL IHH HOLD Hold lime 100 ns 

ICLHH 
Clock Low Set-up lime before HOLD 100 ns Inactive 

ICHSH S not Active after Rising Edge of C 200 ns 

ISHCH S not Active before next C Pulse 100 ns 

lsHSL lcsH S Deselect lime 200 ns 

ISHQZ l01s Output Disable lime 200 ns 

to veL tv Output Valid from Clock Low 300 ns 

ICLQX IHo Output Hold lime 0 ns 

IOLQH IRQ Output Rise lime 100 ns 

IOHQL I Fa Output Fall Time 100 ns 

IHHQX ILz HOLD High to Output Low-Z 200 ns 

.:.:12=-'1.:.:7 ___________ ~ ~~©lt&WI,~'I----~--------
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Figure 14. Serial Input Timing 

-s 

c 

tCLCH 

D :::=-
HIGH IMPEDANCE 
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AID1447 

Figure 15. Hold Timing 

c 
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HOLD 

AI01448 
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Figure 16. Output Timing 

AI01449 
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ORDERING INFORMATION SCHEME 

Example: ST95040 M 6 TR 

Data Strobe Option 

40 * D__j OL__ B PSDIP8 1 o to 70 oc TR Tape & Reel 
0.25 mm Frame 3* -40 to 125 oc Packing 

M SOB 
6 -40 to 85 oc 

Notes: 40 • Data In strobed on rising edge of the clock (C) and Data Out synchronized from the fallmg edge of the clock. 
3 • Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

______________ ~ ~~m~~~~/1-------------'-15:::.'..:..:..17 
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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 

CP 0.10 0.004 

PSDIPB 

~~ 
I 

....___. 
\ 

/' r\ 
A1 L 

8 e1 C-.J. 
81 eA 

D eB 

nnn 
N 

)) 

) E1 E 
(1 

1 
L..JL..JL..J PSDIP-a 

Draw1ng 1s out of 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 0.013 0.020 

c 0.19 0.25 0.007 0.010 

D 4.go 5.00 0.1g9 0.197 

E 3.go 4.00 0.150 0.157 

e 1.27 - - 0.050 - -

H 5.go 6.20 0.22g 0.244 

h 0.25 0.50 0.010 0.020 

L 0.40 0.90 O.Q16 0.035 

a oo go oo go 

N g 8 

CP 0.10 0.004 

SOB 

E H I 

so-a 

Drawing is out of scale 
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SERIAL ACCESS SPI BUS 4K (512 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 
• 10 YEARS DATA RETENTION 
• SINGLE 4.5V 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 10ms (max) PROGRAMMING 

CYCLE 
• E.S.D.PROTECTION GREATER than 4000V 
• SUPPORTS NEGATIVE CLOCK SPI MODES 

DESCRIPTION 

The ST95041 is a 4K bit Electrically Erasable Pro
grammable Memory {EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con 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 

e Serial Clock 

D Serial Data Input 

a Serial Data Output 

s Chip Select 

w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

February 1995 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e 

s ST95041 

w 
HOLD 

Vss 

PRELIMINARY DATA 

8~ 

SOB (M) 

Q 

AI01524 

1/17 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95041 ST95041 

'Dv~ s vee 
~ 2 7 HOLD Q HOLD 
w 3 6 c w c 

Vss 4 5 D Vss D 
AI01525 AI01526 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

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

TsTG Storage Temperature ---€5 to 150 oc 

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 
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) (2) 4000 v 
Electrostatic Discharge Voltage {Machine model) (s) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratings" 
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 conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL·STD-883C, 3015.7 (100pF, 1500Q) 
3. EIAJ IC-121 (Condition C) (200pF, OQ) 

DESCRIPTION (cont'd) 

The device connected to the bus is selected when 
the chip select input (8) 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 are clocked in during the high to low transition 
of clock C, data are clocked out during the low to 
high transition of clock C. 

SIGNALS DESCRIPTION 

Serial Output (Q). The output pin is used to trans
fer data serially out of the ST95041. Data is shifted 
out on the rising 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 falling edge of the serial clock. 

::::21....:.17.:..__ ___________ ~ ~~~©IH~~~~~ _____________ _ 
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 c 

0 c """"Ln_ 

Dora 

AI01527 

Figure 4. Microcontroller and SPI Interface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9) 

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

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 falling edge of the clock input, while data on 
the Q pin changes after the rising edge of the clock 
input. 

Chip Select (S). When Sis high, the ST95041 is 
deselected and the D output pin is at high imped
ance and unless an internal write operation is 
underway the 895041 will be in the standby power 
mode. Slow enables the ST95041, placing it in the 
active power mode. It should be noted that after 

SCK c 
SDI 

Q 

ST95xx1 

SDO 
D 

AI01528 

power-on, a high to low transition on S is required 
prior to the start of any operation. 

Write Protect (,Yf). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95041 are disabled but any other operation 
stays enabled. When W is high, all op§:ations · 
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. 

--------------~ ~~~©n&gm:~~~ ____________ 3::.;./.;_;_17 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95041 without re
setting the serial sequence. To take the Hold con
cjj!ion 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 when 
C is low. During Hold condition D, Q, and C are at 
a high impedance state. 

When the ST95041 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. 

The ST95041 can be driven by a microcontroller. 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('1', '0') or 
(CPOL, CPHA) = ('0', '1'). 

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

The difference between (CPOL, CPHA) = (0, 1) and 
(CPOL, CPHA) = (1, 0) is the stand-by polarity: C 
remains to '0' for (CPOL, CPHA) = (0, 1) and C 
remains to 1 for (CPOL, CPHA) = (1, 0) 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 falling 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 falling 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 

Table 4. Instruction Set 

operation. When an invalid instruction is sent (one 
not contained in Table 4), 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 ST95041 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 all 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 ST95041, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Table 3. Write Protected Block Size 

Status Register Array Protected Bits Addresses Block Protected 
BPl BPO 

0 0 none none 

0 1 180h · 1 FFh Upper quart 

1 0 100h ·1 FFh Upper half 

1 1 OOOh · 1 FFh Whole memory 

Instruction Description Instruction Format 

WREN 

WADI 

RDSR 

WRSR 

READ 

WRITE 

Notes: A= 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 

Set Write Enable Latch 0000 X110 

Reset Write Enable Latch 0000 X100 

Read Status Register 0000 X101 

Write Status Register 0000 X001 

Read Data from Memory Array 0000 A010 

Write Data to Memory Array 0000 A011 

~4/_1_7 _________________________ ~~~~~~~J?~~ -----------------------------
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Figure 5. Block Diagram 
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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 
ST95041 enters a wait mode (data on Dare not 
decoded, Q is in Hi-Z) until it is deselected. 

16 Bytes 

X Decoder 

I I 
AI01272 

The status register format is as follows: 

b7 bO 

BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 

I BP1 I BPO I WEL I WIP I 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
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OPERATIONS (cont'd) 

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 ST95041 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 ST95041 is divided 
into four 1 024 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 

DATA OUT 

AI01529 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the intern<& write 
cycle is then ttjggered 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 1:!fJpear 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 
address (A?-AO), each bit being latched-in during 
the falling edge of the clock (C). Bit 4 of the read 
instruction contain 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 
rising edge of the clock (C). The data stored in the 
memory at the next address can be read in se
quence 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 address is reached, 
the address counter rolls over to Oh allowing 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 non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

AI01530 

Figure 8. Write Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

AI01531 
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Figure 9. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
CD CD CD CD CD CD ..... CD CD + + + + + + "' CD Cl 0 

~ "' "' 24 25 26 27 28 29 30 31 + + ~ ~ ~ ::!: ~ ~ ~ ~ ~ ::!: ::!: ::!: CD Cl 

c 

D 

AI01532 

Figure 10. RDSR: Read Status Register Sequence 

s 

c 

D 

_r--- INSTRUCTION ----+1 

_L _ ___,Jf\U/~::,:. ============ 
STATUS REG. OUT 

HIGH IMPEDANCE 
Q 

MSB 
AI01533 
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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 have been set by issuing the WREN instruc
tio~. First, the. device. is selected (S = low) and a 
senal WREN mstruct1on byte is issued. Then the 
product is deselected by taking S high. Afte; the 
WREN instruction byte is sent, the ST95041 will set 
the."Yr.ite enable latch and then remain in standby 
unt111t 1s deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc
tion and address, and one byte of data. 

Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth 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: 
W~L and WIP. WIP is high during the self-timed 
wnte 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 

ST95041 

AI01534 

must ~eside on the same page. The page write 
mod~ 1s the same as the byte write mode except 
that mstead of deselecting after the first byte of 
d~ta, up to 15 ~dditional bytes can be shifted in 
p~1orto deselectmg the chip. A page address begins 
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 
addr!'lss of t~e page (xxxx 0000) and overwrite any 
prev1ous ':mt!e!!. data. The programming cycle will 
o~ly st';lr! 1f the S transition does occur just after the 
e1gth b1t of data of a word is received. 

POWER ON STATE 

After a Power up the ST95041 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). 

------------- i.W ~~©lral'l~~ ___________ _:9::_/1!..!._7 
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Figure 12. EEPROM and SPI Bus 

D 

Q 

c 

T MASTER 
C Q D 

ST95xxx 

CS3 CS2 CS1 s 
I y 

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 OJ:. in the cycle status register), i.e. 
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 cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues . 

C Q D C Q D 

ST95xxx ST95xxx 

s s 

AI01446 

- After either of the following 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. 

.:.;10::../1-'-'7-----------/.V iit~~~~~-------------
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 

Input Rise and Fall limes 

Input Pulse Voltages 

Input and Output liming 
Reference Voltages 

Output Load 

!>SOns 

0.2Vee to 0.8Vee 

0.3Vee to 0.7Vec 

CL = 100pF 

O.BVcc 

o.2vcc 

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

Table 5. Input Parameters (1) (TA = 25 oc, f = 2 MHz) 

Symbol Parameter 

CJN Input Capacitance (D) 

CJN Input Capacitance (other pins) 

ILPF Input Signal Pulse Width Filtered Out 

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) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILo Output Leakage Current 

Icc Vee Supply Current (Active) C = 0.1 Vecf0.9 Vee, 
@ 2 MHZ, Q = Open 

lee1 Vee Supply Current (Standby) S =Vee, VJN = Vss or Vee 

VJL Input Low Voltage 

VJH Input High Voltage 

VoL (1) Output Low Voltage loL=2mA 

VoH (1) Output High Voltage loH = 2mA 

Note: 1. The dev1ce meets output requirements tor both TTL and CMOS standards. 

Min Max 

8 

6 

10 

Min Max 

2 

2 

2 

50 

-0.3 0.3 Vee 

0.7Vee Vee+ 1 

0.4 

Vee-0.6 

o.?Vcc 

o.avcc 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

flA 

flA 

mA 

flA 

v 
v 
v 
v 
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Table 7. AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2 MHz 

ISLCL tess S Active Setup Time 100 ns 

lcLSL S Active after Falling Edge of C 100 ns 

lcH lwH Clock High Time 300 ns 

teL !wL Clock Low Time 200 ns 

feLCH IRe Clock Rise Time 1 115 

fcHCL !Fe Clock Fall Time 1 J.lS 

tovcH !osu Data In Setup Time 50 ns 

fcLOX toH Data In Hold Time 50 ns 

fDLDH IAI Data In Rise Time 1 J.lS 

fDHDL IFI Data In Fall Time 1 J.lS 

IHHCL IHSU HOLD Setup Time 100 ns 

IHLCL 
Clock High Hold Time after HOLD 100 ns Active 

tcHHL IHH HOLD Hold Time 100 ns 

ICHHH 
Clock High Set-up Time before HOLD 100 ns Inactive 

fcLSH S not Active after Falling Edge of C 200 ns 

fsHCL S not Active before next C Pulse 100 ns 

fSHSL tcsH S Deselect Time 200 ns 

ISHOZ I DIS Output Disable Time 200 ns 

tavcL tv ·output Valid from Clock Low 300 ns 

lcHOX IHO Output Hold Time 0 ns 

IQLQH lAO Output Rise Time 100 ns 

IQHQL tFo Output Fall Time 100 ns 

tHHQX tLZ HOLD High to Output Low-Z 200 ns 

IHLQZ 1Hz HOLD Low to Output High-Z 200 ns 

lw(l) lw Write Cycle Time 10 ms 

Note: 1. Not enough charactensat1on data were available on th1s parameter at the t1me of 1ssue this Data Sheet. The typ1cal value is well 
below 5ms, the maximum value Will be reviewed and lowered when suff1crent data are avarlable . 

.:..:121=-1.:...:7 ___________ /ifi ~~©IH~,~~~ ____________ _ 
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Figure 14. Serial Input Timing 

c 

tCHCL 

D :::=-
HIGH IMPEDANCE 

Q 

AI01535 

Figure 15. Hold Timing 

c 

Q 

D 

HOLD 

AI01536 
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Figure 16. Output Timing 

-s 

A101537 
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ORDERING INFORMATION SCHEME 

Example: ST95041 

Data Strobe 

41* DL_ as B 

M SOB 

M 6 TR 

3* -40to125°C 

6 -40to 85 oc 

TR 

Option 

Tape & Reel 
Packing 

Notes: 41 • Data In strobed on falling edge of the clock (C) and Data Out synchronized from the rising edge of the clock 
3 • Temperature range on speCial request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

PSDIPB 

I 
.___. 

I 

/' r 
.. 

c .... ~ 
eA 

D eB 

N )) 

~ I 
E1 E 

PSDIP-a 

Drawmg IS out of 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 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 O.D16 0.035 

a oo eo oo eo 

N e e 

CP 0.10 0.004 

SOB 

·~ 
E H I 

SO-a 

Drawing is out of scale 
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SERIAL ACCESS SPI BUS 8K (1 K x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

• 10 YEARS DATA RETENTION 

• SINGLE 4.5V 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 10ms (max) PROGRAMMING 
CYCLE 

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

• SUPPORTS POSITIVE CLOCK SPI MODES 

DESCRIPTION 

The ST95080 is an BK bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con 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 1995 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e 

s ST95080 

Vii 

HOLD 

Vss 

Thts is prellmtnary mformattan on a new product now tn development Detatls are subject to change w1thout nottce 

PRODUCT PREVIEW 

SOB (M) 

Q 

AI01561 
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Figure 2A. DIP Pin Connections Figure 28. 50 Pin Connections 

ST95080 ST95080 

'OVcc s Vee 

_9 2 7 HOLD Q HOLD 

w 3 6 e w e 

Vss 4 5 D Vss D 

AI01562 AI01563 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 oe 
grade 6 --40 to 85 

TsTG Storage Temperature -65 to 150 oe 

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

Vo Output Voltage -0.3 to Vee +0.6 v 
v, Input Voltage with respect to Ground -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) 121 4000 v 
Electrostatic Discharge Voltage (Machine model) 131 500 v 

Notes: 1. Except for the rat1ng 'Operating Temperature Range", stresses above those l1sted in the Table "Absolute Maximum 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 Maximum 
Rat1ng conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500Q) 
3. EIAJ IC-121 (Cond1tion C) (200pF, QQ) 

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 ~ite operation is disabled by a write 
protect input (W)_ 

Data are clocked in during the low to high transition 
of clock C, data are 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. 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_ 

=-21-.:..:17'--------------~ ~~mg:~~~l1-------------
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 0 c ____ lL..IL_ 

c 

Dora 

AI01438 

Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9) 

SPI Interface w1th 
(CPOL, CPHA) = 
('0', '0') or('!', '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 ST95080 is 
deselected and the D output pin is at high imped
ance and unless an internal write operation is 
underw_?y the 895080 will be in the standby power 
mode. S low enables the ST95080, placing it in the 

SCK c 
ST95xxo 

SOl a 
SDO 

D 

AI01439 

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. 

Write Protect (~. This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all operations including non-vola
tile 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. 

_____________ ~ ~~m~~~------------3;...,1_7 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold Cqr:Jdition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica
tions, HOLD is brought high when Cis low. During 
Hold condition D, Q, and Care at a high impedance 
state. 

When the ST95080 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. 

The ST95080 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('0', '0') or 
(CPOL, CPHA) = ('1', '1'). 

For these two modes, input data are latched in by 
the low to high transition of clock C, and output data 
are 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 to '0' for (CPOL, CPHA) = (0, 0) and C 
remains to 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,J.he product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 

Table 4. Instruction Set 

operation. When an invalid instruction is sent (one 
not contained in Table 4), 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 ST95080 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 ST95080, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Table 3. Write Protected Block Size 

Status Register Array Protected Bits Addresses 
Protected Block 

BP1 BPO 

0 0 none none 

0 1 300h- 3FFh Upper quart 

1 0 200h- 3FFh Upper half 

1 1 OOOh- 3FFh Whole memory 

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 

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 

_41_17 ____________ ~ ~~~©n&g::~~~ --------------
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Figure 5. Block Diagram 
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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 
ST95080 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

16 Bytes 

X Decoder 

I I 
AI01272 

The status register format is as follows: 

b7 bO 

BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 

I BP1 I BPO I WEL I WIP I 

------------ r,r'l SGS·lHOMSON __________ ....:;5'"'"'""117 """'!' ~o©OO®rn~~ 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

OPERATIONS (cont'd) 

During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIParevalidandcan 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 ST95080 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 ST95080 is divided 
into four 2048 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3 . 

DATA OUT 

AI01564 

When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal 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 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). Bit 4 of the read 
instruction contain 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 se
quence 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 address is reached, 
the address counter rolls over to Oh allowing 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 non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 

c 

D 

HIGH IMPEDANCE 
Q 
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Figure 8. Write Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 
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Figure 9. Page Write Operation Sequence 
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c 
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c 
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Figure 10. RDSR: Read Status Register Sequence 

s 

c 

D 

_r--- INSTRUCTION ---! 
___L _ __,f\ ...... t::-.,,,: ============ 

STATUS REG. OUT 
HIGH IMPEDANCE 

Q 

MSB 
AI01444 
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Figure 11. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 
a 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc
tio~. First, the device is selected (S = low) and a 
senal WREN instruction byte is issued. Then the 
product is deselected by taking S high. Afte; the 
WREN instruction byte is sent, the ST95080 will set 
the."'!r!te enable latch and then remain in standby 
unt1l1t 1s deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc
tion and address, and one byte of data. 

Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth 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' 
W~L and WIP. WIP is high during the self:timed 
wnte 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 

ST95080 

AI01445 

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 
p~iorto 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 
addr!'JSS of t~e page (xxxx 0000) and overwrite any 
prev1ous wntte!!_ data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 

POWER ON STATE 

After a Power up the ST95080 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). 

----------- r,r'/ SGS·lliOMSON ----------~9~/17 .. ...,~1£11~1§~~ 
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Figure 12. EEPROM and SPI Bus 

D 
a 
c 

l MASTER 
c a o 

ST95xxx 

CS3 CS2 CS1 s 
I y 

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 O.!. in the cycle status register), i.e. 
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 cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues . 

c a o c a o 

ST95xxx ST95xxx 

s s 

AI01446 

- After either of the following 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. 

.:..;10::.../1:..:..7 ___________ 1ifi ~~~~~~ ------------
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

Output Load 

sSOns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

CL = 100pF 

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

o.svcc 

o.2vcc 

Table 5. Input Parameters <1l (TA = 25 ac, f = 2 MHz) 

Symbol Parameter 

c,N Input Capacitance (D) 

c,N Input Capacitance (other pins) 

tLPF Input Signal Pulse Width Filtered Out 

Note: 1. Sampled only, not1 00% tested. 

Table 6. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°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 Vec/0.9 Vee, 
@ 2 MHz, Q =Open 

lcc1 Vee Supply Current (Standby) S =Vee, V1N = Vss or Vee 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL (1) Output Low Voltage loL=2mA 

VoH (1) Output High Voltage loH=2mA 

Note: 1. The dev1ce meets output reqUirements for both TIL and CMOS standards. 

Min Max 

8 

6 

10 

Min Max 

2 

2 

2 

50 

-0.3 0.3Vce 

0.7 Vee Vee+ 1 

0.4 

Vcc-0.6 

o.7Vcc 

o.avcc 

AI00825 

Unit 

pF 

pF 

ns 

Unit 

!!A 

!!A 

mA 

!!A 

v 

v 

v 

v 
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Table 7. AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V) 

Symbol A It Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2 MHz 

ISLCH tess S Active Setup Time 100 ns 

ICHSL S Active after Rising Edge of C 100 ns 

lcH lwH Clock High Time 200 ns 

teL lwL Clock Low Time 300 ns 

lcLCH IRe Clock Rise Time 1 J.LS 

ICHCL I Fe Clock Fall Time 1 J.LS 

lovcH losu Data In Setup Time 50 ns 

fcHDX foH Data In Hold Time 50 ns 

IOLDH IRI Data In Rise Time 1 J.LS 

IOHDL IFI Data In Fall Time 1 J.LS 

fHHCH IHSU HOLD Setup Time 100 ns 

IHLCH 
Clock Low Hold Time after HOLD 100 ns Active 

fCLHL IHH HOLD Hold Time 100 ns 

fCLHH 
Clock Low Set-up Time before HOLD 100 ns Inactive 

lcHSH S not Active after Rising Edge of C 200 ns 

fSHCH S not Active before next C Pulse 100 ns 

fsHSL tcsH S Deselect Time 200 ns 

fsHOZ f01s Output Disable Time 200 ns 

tavcL tv Output Valid from Clock Low 300 ns 

ICLQX IHo Output Hold Time 0 ns 

!QLQH IRO Output Rise Time 100 ns 

tQHQL tFo Output Fall Time 100 ns 

IHHQX ILZ HOLD High to Output Low-Z 200 ns 

.:..:12::...:11..:...7 __________ ~ SGS·lHOMSON ,.,..,I liJJO©Iiil@~l!.il:~I!O©® ---------------
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Figure 14. Serial Input Timing 

s 

c 

ICLCH 

D ~~~~ 
HIGH IMPEDANCE 

Q 

AI01447 

Figure 15. Hold Timing 

s 

c 

Q 

D 

HOLD 

AI01448 
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Figure 16. Output Timing 

-s 

AI01449 
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ORDERING INFORMATION SCHEME 

Example: ST95080 

Data Strobe 

so• D__r- a I_ B 

M 

M 6 TR 

3* -40to125°C 

6 -40to85°C 

TR 

Option 

Tape & Reel 
Packing 

Notes: 80 • Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
3 * Temperature range on special request only. 

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

- ----------- t;;; SGS·lHOMSON ------------'1""'5/..;.:..17 ._...,lll.!lol&liJ©rn~~ 
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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 

CP 0.10 0.004 

PSDIPS 

I ~ \ 

~~ fr\ I ~: A1 L 

B e1 c ... "' 
81 eA 

D eB 

,...,....,...., 
N 

b E1 E 

1 
""CT""O"w PSDIP-a 

Drawing is out of 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 out of 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 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.1S9 

0.150 

-

0.22S 

0.010 

0.016 

oo 

s 

ST95080 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-

0.244 

0.020 

0.035 

so 

0.004 

---------------------------~~~~~&~----------------------~1~n~17 
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5195081 

SERIAL ACCESS SPI BUS 8K (1 K x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

a 10 YEARS DATA RETENTION 

" SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

" SPI BUS COMPATIBLE SERIAL INTERFACE 

• 2 MHz CLOCK RATE MAX 

" BLOCK WRITE PROTECTION 

1:1 STATUS REGISTER 

" 16 BYTE PAGE MODE 

n WRITE PROTECT 

" SELF-TIMED 10ms (max) PROGRAMMING 
CYCLE 

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

" SUPPORTS NEGATIVE CLOCK SPI MODES 

DESCRIPTION 

The ST95081 is an 8K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con 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 1995 

8~ 
1 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

c 
s ST95081 

w 

HOLD 

Vss 

ThiS IS prehmmary mformat1on on a new product now m development. Details are subject to change Without notice 

PRODUCT PREVIEW 

SOB (M) 

Q 

AI01549 

1/17 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95081 ST95081 .0 Vcc s Vee 
.9_ 2 7 HOLD Q HOLD 
w 3 6 e w e 

Vss 4 5 D Vss D 
AI01550 AI01551 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto70 oc 
grade 6 -40to85 

Tsm Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (808 package) 40sec 215 oc 
(PSDIPS package) 10sec 260 

Vo Output Voltage -D.3 to Vee +0.6 v 
v, Input Voltage with respect to Ground -o.3to6.5 v 

Vee Supply Voltage -D.3to 6.5 v 

Veso 
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 Maximum Ratings" 
may cause permanent damage to the devrce. 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 specnrcation is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SG5-THOMSON SURE Program and 
other relevant quality documents. 

2. MIL·STD·883C, 3015.7 (IOOpF, 15000) 
3. EIAJ IC·121 (Condrtron 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 are clocked in during the high to low transition 
of clock C, data are clocked out during the low to 
high transition of clock C. 

SIGNALS DESCRIPTION 

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

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

=21.;..17:...._ ___________ /Ifi iitm•~cm -------------
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Figure 3. Data and Clock Timing 

CPOL CPHA 

0 c ····-u-u-
0 c 

.... l_IL__ 

AI01527 

Figure 4. Microcontroller and SPIInterface Set-up 

MICROCONTROLLER 
(ST6, ST7, ST9) 

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

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 falling edge of the clock input, while data on 
the Q pin changes after the rising edge of the clock 
input. 

Chip Select (S). When S is high, the ST95081 is 
deselected and the D output pin is at high imped
ance and unless an internal write operation is 
underway the 595081 will be in the standby power 
mode. Slow enables the ST95081, placing it in the 
active power mode. It should be noted that after 

SCK c 
SOl 

Q 

ST95xx1 

SDO 
D 

AI01528 

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 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all oper~ons including non-vola
tile writes are available. W going low at any time 
before the last bit DO of the data stream will reset 
the write ena~ latch and prevent programming. 
No action on W or on the write enable latch can 
interrupt a write cycle which has commenced. 

-------------~ ~i©m~:~cm------------3""'-'-'-17 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold co_r:1dition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica
tions, HOLD is brought high when C is low. During 
Hold condition D, Q, and Care at a high impedance 
state. 

When the ST95081 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. 

The ST95081 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('1', '0') or 
(CPOL, CPHA) = ('0', '1'). 

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

The difference between (CPOL, CPHA) = (0, 1) and 
(CPOL, CPHA) = (1, 0) is the stand-by polarity: C 
remains to '0' for (CPOL, CPHA) = (0, 1) and C 
remains to 1 for (CPOL, CPHA) = (1, 0} 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 first falling 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 falling edge of the clock input 
(C). To enter an instruction code,J.he product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 

Table 4. Instruction Set 

operation. When an invalid instruction is sent (one 
not contained in Table 4), 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 ST95081 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 all the following conditions: 

- W pin is low 

- Poweron 

- WRDI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95081, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Table 3. Write Protected Block Size 

Status Register Array Protected Bits Addresses Blocl< Protected 
BP1 BPO 

0 0 none none 

0 1 300h- 3FFh Upper quart 

1 0 200h- 3FFh Upper half 

1 1 OOOh- 3FFh Whole memory 

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 

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 

..:.:4,-'-17:...._ ___________ ~ ~~©m~:i!~r!l--------------
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Figure 5. Block Diagram 

D 

a 

Control Logic 

Read Status Register (RDSR) 

VO Shift Register 

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 
ST95081 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

High Voltage 
Generator 

ST95081 

Status 

16 Bytes 

X Decoder 

Block 
Protect 

AI01272 

The status register format is as follows: 

b7 bO 

BP1, BPO: Read and write bits 
WEL. WIP: Read only bits. 

I BP1 I BPO I WEL I WIP I 

----------- ~'I SGS·niOMSON _________ ___.:::51:....:..:..17 
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Figure 6. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

OPERATIONS (cont'd) 

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 ST95081 is busy with a write opera
tion. When set to a '1' a write is in progress, when 
set to a ·o· 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 ·o· 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 ST95081 is divided 
into four 2048 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 

DATA OUT 

AI01552 

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 after the 8th bit of the 
Status Register content (it must not a__ppear 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 
address (A7-AO), each bit being latched-in during 
the falling edge of the clock (C). Bit 4 of the read 
instruction contain 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 
rising edge of the clock (C). The data stored in the 
memory at the next address can be read in se
quence 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 address is reached, 
the address counter rolls over to Oh allowing 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 non-volatile write 
cycle will be rejected and will deselect the chip. 

6/17 ~ SCS·lHOMSON "--------------- lt.""f/ !lj]flffil@~~~©WJ@%fl~ --------------
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Figure 7. Write Enable Latch Sequence 

c 

D 

HIGH IMPEDANCE 

Q 

AI01530 

Figure 8. Write Operation Sequence 

s 

c 

D 

HIGH IMPEDANCE 
Q 

AI01553 

r=-= SGS·lHOMSON 7/17 --------------- &"'fl li:IID©lil@@IL!E@'iiTI:l@lri!IJ~ -------------..:.:...;"-

405 



ST95081 

Figure 9. Page Write Operation Sequence 

s 

c 

D 

s 

z z z z z z z z 
"' "' "' "' "' "' .... "' 0 "' "' "' + .;!: + + + + <D Cl ::;: ~ 

24 25 26 27 28 29 30 31 + + ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ "' Cl 

c 

D 

AI01554 

Figure 10. RDSR: Read Status Register Sequence 

s 

c 

D 

-~INSTRUCTION---! 

_L_--Jf\\-tt::,,,,i ============ 
STATUS REG. OUT 

HIGH IMPEDANCE 
Q 

MSB 
AI01533 
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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 have been set by issuing the WREN instruc
tio~. First, the. device. is selected (S = low) and a 
senal WREN 1nstruct1on byte is issued. Then the 
product is deselected by taking S high. Afte; the 
WREN instruction byte is sent, the ST95081 will set 
the_v:-•r.ite enable latch and then remain in standby 
unt1l1t IS deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc
tion and address, and one byte of data. 

Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth 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' 
W~L and WIP. WIP is high during the self-timed 
wnte 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 

ST95081 

AI01534 

must ~eside on the same page. The page write 
mode IS the same as the byte write mode except 
that instead of des.e.lecting after the first byte of 
data, up to 15 add1t1onal bytes can be shifted in 
p~iorto 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 
addr~ss of t~e page (xxxx 0000) and overwrite any 
prevrous wntteD_ data. The programming cycle will 
o~ly st~rt if the S transition does occur just after the 
e1gth brt of data of a word is received. 

POWER ON STATE 

After a Power up the ST95081 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). 

------------~ ~~©~'1-----------~9/.!..!._17 
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Figure 12. EEPROM and SPI Bus 

D 

Q 

c 

1 MASTER 
C Q D 

ST95xxx 

CS3 CS2 CS1 s 
I y 

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 o.!_in the cycle status register), i.e. 
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 cancelled and the chip is 
automatically deselected; however, the pro
gramming cycle continues. 

C Q D C Q D 

ST95xxx ST95xxx 

s s 

AI01446 

- After either of the following 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. 

-'-10'-'-/-'17 ____________ I..1i ~~©'W~~~~c!l --------------
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 

Input Rise and Fall limes 

Input Pulse Voltages 

Input and Output liming 
Reference Voltages 

Output Load 

:550ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

CL= 100pF 

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

o.svee 

o.2Vcc 

Table 5. 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 1 00% tested. 

Table 6. DC Characteristics 
(TA = 0 to 70°C or -40 to 85°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 Vccf0.9 Vee , 
@ 2 MHz, Q = Open 

icc1 Vee Supply Current (Standby) S =Vee, VrN = Vss or Vee 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL (l) Output Low Voltage loL=2mA 

VoH (l) Output High Voltage loH= 2mA 

Note: 1. The device meets output requirements for both TIL and CMOS standards. 

o.7Vee 

o.3Vcc 

AI00825 

Min Max Unit 

8 pF 

6 pF 

10 ns 

Min Max Unit 

2 f1A 
2 f1A 

2 rnA 

50 f1A 
-0.3 0.3 Vee v 

0.7Vcc Vee+ 1 v 
0.4 v 

Vcc-0.6 v 

- ----------- ~'/ SGS·lHOMSON __________ _.:1...;.:1/-'-'-17 
.. ..,~ II§JO©OO@f<ll.rn~~ 
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Table 7. AC Characteristics 
(T A= 0 to 70°C or -40 to 85°C; Vee = 4.5V to 5.5V) 

Symbol Aft Parameter Test Condition Min Max Unit 

fc fc Clock Frequency D.C. 2 MHz 

lsLCL less S Active Setup Time 100 ns 

ICLSL S Active after Falling Edge of C 100 ns 

lcH lwH Clock High Time 300 ns 

teL lwL Clock Low Time 200 ns 

ICLCH IRe Clock Rise Time 1 J.lS 

ICHCL IFC Clock Fall Time 1 J.lS 

tovcH tosu Data In Setup Time 50 ns 

ICLDX loH Data In Hold Time 50 ns 

loLDH IAI Data In Rise Time 1 J.lS 

IDHDL IFI Data In Fall Time 1 J.lS 

IHHCL IHSU HOLD Setup Time 100 ns 

IHLCL 
Clock High Hold Time after HOLD 100 ns Active 

ICHHL IHH HOLD Hold Time 100 ns 

ICHHH 
Clock High Set-up Time before HOLD 100 ns 
Inactive 

ICLSH S not Active after Falling Edge of C 200 ns 

ISHCL S not Active before next C Pulse 100 ns 

lsHSL tcsH S Deselect Time 200 ns 

ISHQZ I DIS Output Disable Time 200 ns 

IQVCL tv Output Valid from Clock Low 300 ns 

lcHOX IHo Output Hold Time 0 ns 

IQLQH IRa Output Rise Time 100 ns 

loHOL IF a Output Fall Time 100 ns 

IHHQX ltz HOLD High to Output Low-Z 200 ns 

IHLOZ 1Hz HOLD Low to Output High-Z 200 ns 

tw 11 > lw Write Cycle Time 10 ms 

Note: 1. Not enough characterisation data were ava1lable on this parameter at the time of issue this Data Sheet. The typical value is well 
below Sms, the maximum value will be reviewed and lowered when sufficient data are available . 

.;.::121::....:1..:....7 __________ r.r'/ SGS·ntOMSON -----------
~t.:y~ l&ijD©OO@I<I!.§~~ 
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Figure 14. Serial Input Timing 

c 

D 

HIGH IMPEDANCE 
Q 

AI01535 

Figure 15. Hold Timing 

s 

c 

Q 

D 

HOLD 

AI01536 

~ SGS·lHOMSON 13/17 --------------- ~t.""fl llJIO©Riliil~~~©'iilll@I\!C'l ---------------'-"---'-
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Figure 16. Output Timing 

AI01537 

14/17 "'="= SGS·nfOMSON 
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ORDERING INFORMATION SCHEME 

Example: ST95081 

Data Strobe 

81* D I_ Q _r B 

M 808 

M 6 TR 

3 * -40 to 125 oc 
6 -40 to 85 oc 

TR 

Option 

Tape& Reel 
Packing 

Notes: 81 • Data In strobed on falling edge of the clock (C) and Data Out synchronized from the rising edge of the clock. 
3 • Temperature range on special request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the current Memory Shortform 
catalogue. 

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

----------- ~'/ SGS·lHOMSON _________ __;1~51..:..:..17 
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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 

CP 0.10 0.004 

PSDIPB 

I '-' \ 

i' f 

" 

c ... 
eA 

D eB 

__[""] _ _r-'1 n 
N 

) E1 E 

.................. PSDIP-a 

Draw1ng 1s out of scale 

.:..:16::....:11.:._7 __________ t:r'l SGS•lHOMSON -----------
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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.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 

SOB 

I 
E H I 

I 

so-a 

Drawing is out of scale 

--------------~ ~~©n!~~~lj -------------'-17:..:./~17 
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M28C16 

PARALLEL ACCESS 16K (2K x 8) EEPROM 

• FAST ACCESS TIME: 70ns 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 00~ 

• FAST WRITE CYCLE: 
- 64 Bytes Page Write Operation 

- Byte or Page Write Cycle: 2ms Max 
• ENHANCED END OF WRITE DETECTION: 

- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY: 

- Endurance> 100,000 Erase/Write Cycles 
- Data Retention > 10 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS and DATA LATCHED ON-CHIP 
• SOFTWARE DATA PROTECTION 

DESCRIPTION 

The M28C16 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (70ns) with low power dissipation 
and requires a 5V power supply. 

Table 1. Signal Names 

AO-A10 Address Input 

D00-007 Data Input I Output 

w Write Enable 

E Chip Enable 

G Output Enable 

Vee Supply Voltage 

Vss Ground 

February 1 995 

PRODUCT PREVIEW 

24 

1 
PDIP24 (P) 

S024(MS) 
300 mils 

Figure 1. Logic Diagram 

AO-A10 

Vii 

E 

G 

11 

Vee 

M28e16 

Vss 

PLCC32 (K) 

8 

D00-007 

AI01518 

1/16 

This IS preliminary mformat1on on a new product now in development. Deta1ls are subject to change Without nobce 
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Figure 2A. DIP Pin Connections 

A7 1 \...../ 24 pvee 
A6 2 23 DAB 
A5 3 22 ~A9 
A4 4 21 ~w 
A3 5 20 DG 
A2 6 

M2Be16 
19 ~A10 

A1 7 18 ~E 
AO 8 17 poo7 

000 9 16 ~ 006 
001t 10 15 p 005 
002[ 11 14 p 004 

Vssl 12 13 0 003 
AI01485 

Figure 2C. SO Pin Connections 

A7 Vee 
A6 2 A8 
A5 3 A9 
A4 4 21 w 
A3 5 G 
A2 6 

M2Be16 
A10 

A1 7 E 
AO 8 007 

000 9 006 
001 10 005 
002 11 004 

Vss 12 003 
A101519 

Figure 28. LCC Pin Connections 

A6 
A5 
A4 
A3 
A2 
A1 
AO 
Ne 

000 

~ C\1 (f)O C'l "<!" ltl 
OO(f)zooo 
ClCl> ClClCl 

AB 
A9 
Ne 
Ne 
G 
A10 
E: 
007 
006 

AI01486 

Warning: NC ~No Connections, DU ~Don't Use 

DESCRIPTION (cont'd) 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Data Polling and 
Toggle Bit. The M28C16 supports 64 byte page 
write operation. A Software Data Protection (SOP) 
is also possible using the standard JEDEC algo
rithm. 

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 M28C16 through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28C16. 

=2'...:.16=--------------~ ~~©mgm~~?li _____________ _ 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

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

TsrG Storage Temperature Range -65to 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 -0.3 to 6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) 121 4000 v 

Note: 1. Except for the rating "Operating 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 device at these or any other conditions 
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

Table 3. Operating Modes (1) 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Chip Erase 

Notes: 1. X~ VIH or VIL 
2. V1H = 12V±5% 

OPERATION 

-
E 

V1L 

V1L 

V1H 

X 

X 

X 

v,L 

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 M28C16 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the 1/0 @Js. lhe 1/0 pins are high 
impedance when either G or E is high. 

Write 
Write operat!Qns are initiated when both W and E 
are low and G is high.The M28C16 supports both 
E and W controlled write cycl~. T~ Address is 
latched by the falling edge of E or W which ever 

G w DQO- DQ7 

V1L 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 

V1H 121 v,L Hi-Z 

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 64 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 A6-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 
may send another address and data after the rising 
edge of E or W ~hich~ver occurs first (twHwH). If 
a transition of E or W is not detected within a 
minimum time (twHWH max), the internal program
ming cycle will start. 

_____________ i:ii ~~m~~lj ____________ 3:c.'-=16 
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Figure 3. Block Diagram 

A6-A10 
(Page Address) 

AO-A5 

Chip Erase 

The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by s~ting 
Chip Enable (E) Low and Output Enable (G) ~o 
12V. The chip is cleared when a 1 Oms low pulse 1s 
applied to the Write Enable pin. 

Microcontroller Control Interface 

The M28C16 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 D07 or D06 of the memory 
during programming cycle only. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 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 Timer Status 

64KARRAY 

DQO-DQ7 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01520 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on D07 the complementary value of the 
previously latched bit Once the write cycle is fin
ished the true logic value appears on D07 in the 
read cycle. 

Toggle bit (DQG). The M28C16 also 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 the memory. When the internal cycle is com
pleted the toggling will stop and the device will be 
accessible for a new Read or Write operation. 

Page Load Timer Status bit (DQ5l..:_ln ~Page 
Write mode data may be latched byE or W. Up to 
32 bytes may be input The Data output (DOS) 
indicates the status of the internal Page Load 
Timer. DOS may be read by asserting Output En
able 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 

~4/:..:_16~----------- ~ ~i©n&gm~~~ij -------------
422 



M28C16 

Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Write 

Instruction 

SDP is set 

SDP ENABLE ALGORITHM 

Figure 6. Software Data Protection Disable 
Algorithm 

Page 
Write 

Instruction 

Unprotected State 

AI01510 

Page 
Write 

Instruction 

WRITE IN MEMORY 
WHEN SDP IS SET 

AI01509 

Software Data Protection 

WRITES 
are enabled 

The M28C16 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 

The M28C 16 is 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 device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non
volatile and is not changed by power on/off se
quences. 

To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 

~ SGS·lHOMSON 5/16 --------------- ._..,I f);]~©RJ@~alli©WI@@J~ --------------"-'..0. 
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AC MEASUREMENT CONDITIONS Figure 8. 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 O.SV to 2.0V 

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

Figure 7. AC Testing Input Output Waveforms 

2.4V~ 

0.4V 

2.0V 

o.sv 

DEVICE 
UNDER 
TEST 

1.3V 

T 
AI00826 CL includes JIG capacitance 

Table 4. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

C1N Input Capacitance VIN =OV 

Cour Output Capacitance Vour= OV 

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

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70oC -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

' 
Symbol Parameter Test Condition Min 

lu Input Leakage Current OV,; V1N,; Vee 

ILO Output Leakage Current OV,; V1N,; Vee 

Icc (1) 
Supply Current (TIL inputs) E = V1L. G = V1L , I = 5 MHz 

Supply Current (CMOS inputs) E = V1L. G = V1L , f = 5 MHz 

lce1 (1) Supply Current (Standby) TIL E=VIH 

lee2<1l Supply Current (Standby) CMOS E > Vee-0.3V 

V1L Input Low Voltage -0.3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL= 2.1 mA 

VoH Output High Voltage loH =-400 J.!A 2.4 

Note: 1. All I/O's open. 

AI01129 

Max Unit 

6 pF 

12 pF 

Max Unit 

1 JlA 

10 JlA 

30 mA 

25 mA 

1 mA 

100 JlA 
0.8 v 

Vee +0.5 v 
0.4 v 

v 

Table 6. Power Up Timing (1) (T A= 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Min Max Unit 

tPUR Time Delay to Read Operation 1 JlS 

tpuw Time Delay to Write Operation 10 ms 

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

6/16 ~ SGS·lHOMSON .;;;....:.::.._ _____________ l!ll."'f/ L'llO©'Kl©~!Jli©WJ@OlJO~ ---------------
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Table 7. Read Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or-40 to 125°C, Vee= 4.5V to 5.5V) 

M28C16 

Symbol A It Parameter Test Unit Condition -70 -90 -120 -150 

min max min max min max min max 

IAVQV IACC 
Address Valid to E._= V1L, 70 90 120 150 ns Output Valid G=VIL 

IELQV IcE 
Chip Enable Low to 

G =VIL 70 90 120 150 ns Output Valid 

Output Enable Low -
IGLQV toE to Output Valid E = V1L 35 40 45 50 ns 

IEHQZ(t) I oF Chip Enable High G =VIL 0 35 0 40 0 45 0 50 ns to Output Hi-Z 

IGHOZ(t) Output Enable High -
loF to Output Hi-Z E = VJL 0 35 0 40 0 45 0 50 ns 

IAXQX loH Address Transition E._= V1L, 0 0 0 0 ns to Output Transition G =VIL 

Note: 1. Output HI-Z is defined as the point where data IS no longer driven. 

Figure 9. Read Mode AC Waveforms 

AO-A10 

14--.-J- tAX OX 

G 

DQD-007 
Hi-Z 

AI01511 

Note: W = High 

------------- /iii ~i©lt\~01~14 ____________ 7:..:_/.:...:.16 
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Table 8. Write Mode AC Characteristics 
(T A= 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 4.5V to 5.5V) 

Symbol A It Parameter Test Condition Min Max Unit 

- -
IAVWL lAs Address Valid to Write Enable Low E = VrL, G = VrH 0 ns 

lA VEL lAs Address Valid to Chip Enable Low G = VrH. W = VrL 0 ns 
-

IELWL IcES Chip Enable Low to Write Enable Low G=VrH 0 ns 

Output Enable High to Write Enable -
IGHWL IOES Low E = VrL 0 ns 

IGHEL IOES Output Enable High to Chip Enable Low W=VrL 0 ns 

-
lwLEL lwES Write Enable Low to Chip Enable Low G =VrH 0 ns 

IWLAX IAH Write Enable Low to Address Transition 50 ns 

IELAX IAH Chip Enable Low to Address Transition 50 ns 

- -
IWLDV tov Write Enable Low to Input Valid E = VrL, G = VrH 1 liS 

IELDV tov Chip Enable Low to Input Valid G = VrH. W = VrL 1 liS 

lELEH twp Chip Enable Low to Chip Enable High 50 ns 

IWHEH lcEH Write Enable High to Chip Enable High 0 ns 

IWHGL loEH Write Enable High to Output Enable 0 ns Low 

IEHGL loEH Chip Enable High to Output Enable Low 0 ns 

IEHWH IWEH Chip Enable High to Write Enable High 0 ns 

IWHDX 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 50 ns 

IWLWH lwP Write Enable Low to Write Enable High 50 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.15 100 liS 

IWHRH !we Write Cycle Time 2 ms 

lovwH los Data Valid before Write Enable High 50 ns 

lovEH los Data Valid before Chip Enable High 50 ns 

.::;8/...:.1.::...6 ____________ /iii ~il©m~:~~~ _____________ _ 
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Figure 10. Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

--------~+-~~1WHGL 

w 

000-007 DATA IN 

1+---tDVWHt----1+-

AI01521 

Figure 11. Write Mode AC Waveforms- Chip Enable Controlled 

AO-A10 

G 

1+--'*-tEHGL 

~-1>1--tEHWH 

000-007 DATA IN 

1+--- IDVEH IEHDX 

AI01522 
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Figure 12. Page Write Mode AC Waveforms· Write Enable Controlled 

AO-A10 
"""""'-;·-~ 
............... ~ 

G 

w 

DQO-DQ7 

DQ5 

AI01523 

Figure 13. Software Protected Write Cycle Waveforms 

G 

""""\J\.___j 

w 
tWHW: ••• ~ 

AO-A5 ByteAddre~s~~~~ 

A6-A10 Page Address 

DQO-DQ7 Byte 62 X Byte 63 '[__ 

AI01515 

Note: AS through A 10 must specify the same page address during each high to low transition of W (or "E:) after the software code has been 
entered. G must be high only when Wand E are both low. 

10/16 r:== SliS·lHOMSON -'-"--'-'-------------- 4>."'!1 ~ic©ltlm11.1li©"Dm©i!D[;(t ----------------
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Figure 14. Data Polling Waveforms Sequence 

AO-AIO 

G 

w 

DQ7 

LAST WRITE 

Address of the last byte of the Page Write instruction 'A:_ 

INTERNAL WRITE SEQUENCE 

---i\__j 
' ' ---i\__j 

' ---t-CJ-
' DQ7 
' ' ' ' ' 
: READY 

AI01516 

Figure 15. Toggle Bit Waveforms Sequence 

AO-AIO 

E 

G 

w 

DQ6 

LAST WRITE 

Note: 1. First Toggle bij is forced to '0' 

------>:: 
' 

··~ 
' ' 

··~ 

··-~ 

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI01517 
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Figure 16. Chip Erase Wavforms 

E" .............. 
................ 

-
G 

- \ I w 
I 

............ 'I 
tELWL tWLWH tWHEH 

AI01484 

Table 9. Chip Erase AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

tELWL Chip Enable Low to Write Enable Low G= 12V 5 J.lS 
-

twHEH Write Enable High to Chip Enable High G= 12V 5 J.lS 

twLWH Write Enable Low to Write Enable High G= 12V 10 ms 

.:.;12:;_/1.:...:6'---------------~ ~~©mgm~~~~ ____________ _ 
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ORDERING INFORMATION SCHEME 

Example: M28C16 -70 K 1 

Speed Package Temperature Range 

-70 70ns p PDIP24 1 0 to 70 oc 
-90 90ns K PLCC32 s· -40 to 125 oc 

-120 120ns MS 8024 300mils 6 -40 to 85 oc 
-150 150ns 

Note: 3 • Temperature range on special request only. 

For a list of available options (Speed, Package, Temperature Range, etc ___ ) refer to the current Memory 
Shortform catalogue. 

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

---------------------------~~~~@~~~9©~----------------------~13~/~16 
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PDIP24 - 24 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

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 32.26 1.270 

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 

0: oo 15° oo 15° 

N 24 24 

PDIP24 

E1 E 

PDIP 

Drawing is out of scale 

.:.::14::...11~6~---------- I:ii ~5tm~~9l1-------------
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm 

Typ Min 

A 2.54 

A1 1.52 

8 0.33 

81 0.66 

D 12.32 

D1 11.35 

D2 9.91 

E 14.86 

E1 13.89 

E2 12.45 

e 1.27 -

N 32 

Nd 7 

Ne 9 

CP 

PLCC32 

D 

01 

PLCC 

Drawing is out of scale 

Max 

3.56 

2.41 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.10 

I 

~ E1 E 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -
32 

7 

9 

I 

D21E2 8~' 
I I I 

o CP 

M28C16 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 

-------------- Fii ~itlt&~~~/1-----------___..::15:::.1.:..::16 
433 



M28C16 

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 0.598 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 

IX oo so oo so 

N 24 24 

CP 0.10 0.004 

8024 

·~ 
E H 

SO-b 

Drawing is out of scale 
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M28LV17 

LOW VOLTAGE PARALLEL ACCESS 16K (2K x 8) EEPROM 

• FAST ACCESS TIME: 150ns 
• SINGLE 3V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION: 

- Active Current BmA 
- Standby Current 50j.i.A 

• FAST WRITE CYCLE: 
- 64 Bytes Page Write Operation 
- Byte or Page Write Cycle: 3ms Max 

• ENHANCED END OF WRITE DETECTION: 
- Ready/Busy Open Drain Output 
- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY: 
- Endurance > 100,000 Erase/Write Cycles 
- Data Retention > 10 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• SOFTWARE DATA PROTECTION 

DESCRIPTION 

The M28LV17 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3V ± 10% power supply. 

The M28LV17 offers the same features than the 
M28LV16, in addition to the Ready/Busy pin. 

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 

February 1995 

PRODUCT PREVIEW 

PDIP28 (P) 

S028 (MS) 
300 mils 

Figure 1. Logic Diagram 

AO-A10 

w 
E 

G 

11 

Vee 

M28LV17 

Vss 

0 
PLCC32 (K) 

8 

DQ0-007 

AI01571 

1116 

Th1s IS prehmmary mformat1on on a new product now 1n development. Deta1ls are subJect to change w1thout notice 
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M28LV17 

Figure 2A. DIP Pin Connections 

RB Vee 
NC w 
A7 DU 
A6 AS 
A5 A9 
A4 NC 

A3 G 
A2 A10 
A1 E 
AO DQ7 

DQO DQ6 
DQ1 DQ5 
DQ2 DQ4 

Vss DQ3 
AI01572 

Warning: NC = No Connection, DU = Don't Use 

Figure 2C. SO Pin Connections 

RB Vee 
NC w 
A7 DU 

A6 AS 
A5 A9 
A4 NC 
A3 

M2SLV17 
G 

A2 21 A10 
A1 E 
AO DQ7 

DQO DQ6 
DQ1 DQ5 
DQ2 DQ4 

Vss DQ3 
AI01574 

Warning: NC = No Connection, DU = Don't Use 

DESCRIPTION (cont'd) 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28LV17 supports 64 

Figure 28. LCC Pin Connections 

A6 

A5 
A4 

A3 

A2 9 
A1 

AO 

NC 
DQO 

..-Ncn<:JM"';f"I.O 
OOrnzOOO 
DO> ODD 

AS 

A9 
NC 

NC 

G 
A10 

E 
DQ7 
DQ6 

AI01573 

Warning: NC = No Connection, DU = Don't Use 

byte page write operation. A Software Data Protec
tion (SOP) is also possible using the standard 
JEDEC algorithm. 

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 M28LV17 through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV17. 

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. 

:::21...:..16=--------------~ ~i©mm~~~ ____________ _ 
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M28LV17 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 
grade 3 -40 to 125 oc 
grade 6 -40to85 

TsTG Storage Temperature Range -65to 150 oc 
Vee Supply Voltage -0.3to6.5 v 
V1o lnpuVOutput Voltage - 0.3to Vee +0.6 v 
V1 Input Voltage -0.3to 6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) 12l 4000 v 
Note: 1. Except for the rat1ng "Operatmg 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 penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

Table 3. Operating Modes <1> 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Chip Erase 

Notes: 1. X= v,H or v,L 
2. V1H= 12V±5% 

Read 

E 

V1L 

V1L 

V1H 

X 

X 

X 

V1L 

The M28LV17 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the 110 ~s. I.he 1/0 pins are high 
impedance when either G or E is high. 

Write 

Write operations are initiated when both W and E 
g_re low_g_nd G is high. The M28LV17 supports both 
E and W controlled write cycl~. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising eqge 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 64 bytes to be consecu
tively latched into the memory prior to initiating a 

G w DQO- DQ7 

V1L V1H Data Out 

V1H V1L Data In 

X X Hi-Z 

X VIH Data Out or Hi-Z 

V1L X Data Out or Hi-Z 

V1H X Hi-Z 

V1H (2) V1L Hi-Z 

programming cycle. All bytes must be located in a 
single page address, that is A6-A10 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 senQ_ another address and data after the rising 
edge of E or W ~hich~ver occurs first (twHWH). If 
a transition of E or W is not detected within a 
minimum time (twHwH max), the internal program
ming cycle will start. 

Chip Erase 

The contents of the entire memory may be erased 
(FF) by use of !tJe Chip Erase command by s§!ting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 1 Oms low pulse is 
applied to the Write Enable pin. 

- ----------- tr'l SGS·lHOMSON -----------"3:....;,.:;,/16 A."f~ I£1JIJ©OO@I<i!.rn~G 
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M28LV17 

Figure 3. Block Diagram 

A6-A10 
(Page Address) 

AO-A5 

Microcontroller Control Interface 
The M28LV17 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 [!emory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 006 DQ5 004 003 002 001 DOD 

I DP I TB I PLTS I Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 
DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load Timer 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-

RB 

64KARRAY 

DQ0-007 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01488 

ished the true logic value appears on DO? in the 
read cycle. 

Toggle bit (DQ6). The M28LV17 also 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 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 (DQ5l:._ln the Page 
Write mode data may be latched by E or W. 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 En
able 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 RB 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. 

:!:.4,.!.:16::.__ ___________ ~ ~~~m~;~~Jl-------------
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Write 

Instruction 

SOP is set 

SOP ENABLE ALGORITHM 

Figure 6. Software Data Protection Disable 
Algorithm 

Page 
Write 

Instruction 

Unprotected State 

A101510 

Page 
Write 

Instruction 

WRITE IN MEMORY 
WHEN SOP IS SET 

AI01509 

Software Data Protection 

WRITES 
are enabled 

The M28LV17 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 

The M28LV17 is 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 device 
remains in this mode until a valid Software Data 
Protection (SOP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non
volatile and is not changed by power on/off se
quences. 

To enable the Software Data Protection (SOP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 

---------------------------~~~@~~~9a----------------------~5~/~16 
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M28LV17 

AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times :'> 20ns 

Input Pulse Voltages OV to Vee -0.3V 

Input and Output Timing Ref. Voltages 1.5V 

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

Figure 7_ AC Testing Input Output Waveforms 

AI01274 

DEVICE 
UNDER 
TEST 

1.3k!"! 

CL includes JIG capacitance 

Table 4. Capacitance C1l (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

CIN Input Capacitance V1N = OV 

GouT Output Capacitance VouT= OV 

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

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 2. 7V to 3.6V) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV:'>V1N ~Vee 

ILO Output Leakage Current OV :'> V1N :'>Vee 

lcc<11 Supply Current (CMOS inputs) E = V!L, G = V1L , f = 5 MHz 

lcc2<11 Supply Current (Standby) CMOS E >Vee --D.3V 

V1L Input Low Voltage -0.3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL= 1 mA 

VoH Output High Voltage loH = 1 mA 0.8 Vee 

Note: 1. All I/O"s open. 

Vee 

AIOI396 

Max Unit 

6 pF 

12 pF 

Max Unit 

1 f!A 
10 flA 

8 mA 

50 flA 
0.6 v 

Vee +0.5 v 
0.2Vcc v 

v 

Table 6. Power Up Timing C1l (TA = 0 to 70°C, -40 to ssoc or-40 to 125°C, Vee= 2.7V to 3.6V) 

Symbol Parameter Min Max Unit 

tPUR Time Delay to Read Operation 1 flS 

tPUW Time Delay to Write Operation 10 ms 

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

=6,_.:..16=------------- i5ii ~~m~~n'l-------------
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M28LV17 

Table 7. Read Mode AC Characteristics 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 2. 7V to 3.6V) 

M28LV17 

Symbol A It Parameter Test Condition -150 -200 -300 Unit 

min max min max min max 

IAVQV lAce 
Address Valid to Output E = ViL, G = ViL 150 200 300 ns Valid 

IELQV IcE 
Chip Enable Low to Output G=ViL 150 200 300 ns Valid 

IGLQV toE Output Enable Low to E=VIL 80 95 150 ns Output Valid 

IEHOZ(1) 
Chip Enable High to Output -

I oF Hi-Z G=VIL 0 45 0 45 0 60 ns 

IGHQZ(1) IDF Output Enable High to E=VIL 0 50 0 55 0 60 ns Output Hi-Z 

lAX ax loH Address Transition to E = ViL, G = ViL 0 0 0 ns Output Transition 

Note: 1. Output Hi-Z 1s def1ned as the point where data is no longer driven. 

Figure 9. Read Mode AC Waveforms 

AO-A10 

1+--~f- tAX OX 

DQ0-007 
Hi-Z 

AI01511 

Note: W = High 

_____________ r.v ~~m•~~~11 ____________ 7:..:.,1.:..=.6 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 2. ?V to 3.6V) 

Symbol All Parameter Test Condition Min Max Unit 

- -
IAVWL lAs Address Valid to Write Enable Low E = ViL, G = VIH 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 

Output Enable High to Write Enable -
IGHWL IOES Low E = V1L 0 ns 

-
IGHEL IcEs Output Enable High to Chip Enable Low W=VIL 0 ns 

-
IWLEL lwEs 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 lov Write Enable Low to Input Valid E = ViL, G = V1H 1 J.LS 

IELDV tov Chip Enable Low to Input Valid G = ViH, w = VIL 1 J.LS 

tELEH twp Chip Enable Low to Chip Enable High 50 1000 ns 

twHEH tcEH Write Enable High to Chip Enable High 0 ns 

twHGL toEH 
Write Enable High to Output Enable 0 ns Low 

tEHGL toEH Chip Enable High to Output Enable Low 0 ns 

tEHWH IWEH Chip Enable High to Write Enable High 0 ns 

twHDX loH 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 50 ns 

IWLWH twp Write Enable Low to Write Enable High 50 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.15 100 J.LS 

IWHRH twc Write Cycle Time 3 ms 

IWHRL los Write Enable High to Ready/Busy Low Note 1 150 ns 

IEHRL los Chip Enable High to Ready/Busy Low Note 1 50 ns 

lovwH los Data Valid before Write Enable High 50 ns 

lovEH los Data Valid before Chip Enable High 50 ns 

Note: 1. With a 3.3 kl1 pull-up resistor. 

:::8,..:.16=------------- ~~~;rom~:~~~ ____________ _ 
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Figure 10. Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

--------~.-~~tWHGL 

w 

OQ0-007 OATAIN 

RB 
1+----1- tWHRL 

AI01512 

Figure 11. Write Mode AC Waveforms- Chip Enable Controlled 

AO-A10 

G 

OQ0-007 OATAIN 

------~- tEHOX 

RB 
14-----1- tEHRL 

AI01513 

~ SCS-1HOMSON 9/16 
----------------------------- A. "'11 fi'ID@OO@rnl!.lli©'ii'OO©Iill~ ---------------------------"-'_;;_ 
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Figure 12. Page Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

E 

G 

w 

DQO-DQ7 

DOS 

RB 

AI01514 

Figure 13. Software Protected Write Cycle Waveforms 

G 

----~ 

w 
tWHW~----G=\.7-

AD-AS 

A6-A10 Page Address 

DQO-DQ7 Byte 62 X Byte 63 '[_ 

AI01515 

Note: A6J.hrough A10 must spec1fythe sa'!!_e page address during each high to low transition ofW (orE) after the software code has been 
entered. G must be high only when Wand E are both low. 

_:_:10:::._11.:..::6:...._ ___________ ~ ~~©mgm:~9~ _____________ _ 
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Figure 14. Data Polling Waveforms Sequence 

AO-A10 

G 

w 

DQ7 

LAST WRITE 

Address of the last byte of the Page Wnte instruction C 

INTERNAL WRITE SEQUENCE 

"""T\___1 
' ' 

"""T\___1 
: . 
' ' 

---t-C>-
: DQ7 
' 

READY 

AI01516 

Figure 15. Toggle Bit Waveforms Sequence 

AO-A10 

w 

DOS 

LAST WRITE 

Note: 1. First Toggle brt is forced to ·a· 

_____ __,( 

' . "\...F\____/\__j 

··~ 

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI01517 

- ----------- ~'/ SGS·DIOMSON -------------'1...;..;1/~16 
... ...,~ f<ij~f>I!.I<~D©@ 

445 



M28LV17 

Figure 16. Chip Erase Wavforms 

w 

IELWL --j<olf------1~---tWLWH ----+fool---t-tWHEH 

AI014B4 

Table 9. Chip Erase AC Characteristics 
(T A = 0 to 70°C, -40 to ssoc or -40 to 125°C, Vee = 2. 7V to 3.6V) 

Symbol Parameter Test Condition Min Max Unit 

tELWL Chip Enable Low to Write Enable Low G= 12V 5 JlS 
-

twHEH Write Enable High to Chip Enable High G= 12V 5 J.1S 

tWLWH Write Enable Low to Write Enable High G=12V 10 ms 

_12"-/1...;;..6 __________ r.r'/ SGS·1HOMSON ------------1/a...., ~ [lj]IJ©OO@rnllJil©'ii'OO@~II©$ 
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ORDERING INFORMATION SCHEME 

Example: M28LV17 -200 K 1 

Speed Package Temperature Range 

-150 150ns p PDIP28 0 to 70 oc 
-200 200ns K PLCC32 3* -40 to 125 oc 
-300 300ns MS 8028 300mils 6 -40 to 85 oc 

Note: 3 • Temperature range on special request only. 

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

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

-------------I:.V ~~m~~@~ ___________ ...:..13:::.'=16 
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PDIP28 • 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

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 O.D15 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 

PDIP28 

m~ 
A2 A 

A1 L 

81 B e1 

E1 E 

PDIP 

Drawing is out of scale 

-'--14:.:..11:..::6:...._ ___________ ~ ~~m=~~~--------------
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 

A 

A1 

B 

81 

0 

01 

02 

E 

E1 

E2 

e 

N 

Nd 

Ne 

CP 
PLCC32 

mm 

Typ Min Max 

2.54 3.56 

1.52 2.41 

0.33 0.53 

0.66 0.81 

12.32 12.57 

11.35 11.56 

9.91 10.92 

14.86 15.11 

13.89 14.10 

12.45 13.46 

1.27 - -
32 

7 

9 

0.10 

D 
01 

- ....c...c...c.. - ...r:J=t:t=::;:--. 
--U'--- __ 1_N_-

I 
I 
I 

I 
0 

I 

Ne: ~ ~ E1 E 

~-~-~-~--q::==::...._:t. 
PLCC 

Drawing is out of scale 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I 

D:>JE2 B~e 
I I I 

o CP 

M28LV17 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 

-------------i..W ~~m~u----------_..:.15=-'=16 
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5028 - 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 

8 0.35 0.4a 0.014 0.019 

c 0.23 0.32 0.009 0.013 

D 17.a1 1a.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 

0: oo a• oo a• 

N 2a 2a 

CP 0.10 0.004 

8028 

·~ 
Au }yc 

D 

I 

I 

E H I 

I 

SO·b 

Drawing is out of scale 
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PARALLEL ACCESS 64K (8K x 8) EEPROM 

• FAST ACCESS TIME: 70ns 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 OOJ.lA 

• FAST WRITE CYCLE: 
- 64 Bytes Page Write Operation 
- Byte or Page Write Cycle: 2ms Max 

• ENHANCED END OF WRITE DETECTION: 
- Ready/Busy Open Drain Output 
- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY: 
- Endurance > 1 00,000 Erase/Write Cycles 
- Data Retention > 10 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS and DATA LATCHED ON-CHIP 
• SOFTWARE DATA PROTECTION 

DESCRIPTION 

The M28C64 is an BK x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (70ns) with low power dissipation 
and requires a 5V power supply. 

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 I Busy 

Vee Supply Voltage 

Vss Ground 

February 1995 

-~ 
1 

PDIP28 (P) 

28~. ~~ 
1 

8028 (MS) 
300 mils· 

Figure 1. Logic Diagram 

Vee 

13 

M28C64 

Vss 

PRELIMINARY DATA 

0 
PLCC32 (K) 

TSOP28 (N) 
8 x13.4mm 

8 

DQO-DQ7 

RB 

AI01350 

1117 

This 1s prehm1nary mformat1on on a new product now 1n development or undergomg evaluation Details are subject to change Without not1ce 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto70 
grade 3 -40to 125 oc 
grade6 -40to85 

TsTG Storage Temperature Range -65to 150 oc 
Vee Supply Voltage -0.3to 6.5 v 
V1o Input/Output Voltage -0.3 to Vee +0.6 v 
VI Input Voltage -0.3to 6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) <21 4000 v 
Notes: 1. Except for the rat1ng ''Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 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 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. 100pF through 1500il; MIL-STD-SS3e, 3015.7 

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

RB 
A12 
A7 

A6 
AS 
A4 
A3 

A2 
AI 
AO 

DOO 
D01 
D02 

Vss 

1 
2 
3 

4 
5 
s 
7 

8 
I g 

10 
11 
12 

[ 13 
[ 14 

'-../ 28 
27 
26 
2S 
24 
23 

M2Se64 
22 

21 
20 
19 
18 
17 
16 
1S 

AI01351B 

Vee 
w 
DU 

AS 
A9 
A11 
G 
A10 
E 
D07 
DOS 
DOS 
D04 
D03 

Warning: DU = Don't Use 

Figure 2C. SO Pin Connections 

RB Vee 
A12 W 
A7 DU 
A6 AS 
AS A9 
A4 A11 
A3 G 
A2 A10 
A1 E 
AO DQ7 

DQO DQS 
DQ1 DOS 
DQ2 D04 

Vss-.~------~~D03 
AI013538 

Warning: DU = Don't Use 

2/17 
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C\1 (.) 

!;( <C ~~~ ~~~ 5 
G)32 

~AS A6 

AS ~A9 
A4 pA11 
A3 ~Ne 
A2 9 M2SeS4 25 ~'G 
A1 ~A10 
AO p'E 
Ne ~DQ7 

DOO ~DOS 
17 

AI01352B 

Warning: NC = No Connections, DU = Don't Use 

Figure 20. TSOP Pin Connections 

G A10 
A11 E 
A9 D07 
AS DQS 
DU DOS 
w D04 

Vee DQ3 
RB Vss 

A12 D02 
A7 D01 
A6 DQO 
AS AO 
A4 A1 
A3 A2 

Warning: DU = Don't Use 
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Figure 3. Block Diagram 

A6-A12 
(Page Address) 

AO-A5 

Table 3. Operating Modes (1) 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Chip Erase 

Notes: 1. X= V1H or V1L 

2. V1H = 12V±5% 

DESCRIPTION (cont'd) 

E 

V1L 

V1L 

VJH 

X 

X 

X 

VJL 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 

RB 

64KARRAY 

DQ0-007 

G w 
V1L VJH 

V1H VJL 

X X 

X VJH 

VJL X 

VJH X 

VJH 121 VJL 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01355 

M28C64 

DQO • DQ7 

Data Out 

Data In 

Hi-Z 

Data Out or Hi-Z 

Data Out or Hi-Z 

Hi-Z 

Hi-Z 

and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C64 supports 64 
byte page write operation. A Software Data Protec
tion (SOP) is also possible using the standard 
JEDEC algorithm. 

--------------------------- ~~~@~~&~~------------------------3~/~17 
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M28C64 

PIN DESCRITPION 

Addresses (AO-A12). 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 M28C64 through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28C64. 

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 M28C64 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the 1/0 ~s. Ihe 1/0 pins are high 
impedance when either G or E is high. 

Write 

Write operat[Q_ns are initiated when both W and E 
~e low_§nd G is high.The M28C64 supports both 
E and W controlled write eye!~. The Address is 
latched by the falling edge of E or W which !1Yer 
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 64 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 A6-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_§ maxi
mum of 1 OO!!S after the rising edge of EO!:_ W wl!!ch 
ever occurs first (tsLc). If a transition of E or W is 
not detected within 1 DOllS, the internal program
ming cycle will start. 

Chip Erase 

The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 1 Oms low pulse is 
applied to the Write Enable pin. 

Microcontroller Control Interface 

The M28C64 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 !!!emory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO 

I DP I TB I PLTS I Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 
DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load Timer Status 

Data Polling bit (007). 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 M28C64 also offers 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 the memory. When the internal cycle is com
pleted the toggling will stop and the device will be 
accessible for a new Read or Write operation. 

Page Load Timer Status bit (DQ5)Jn the Page 
Write mode data may be latched by E or W up to 
1 OD!!s after the previous byte. Up to 64 bytes may 
be input. The Data output (DOS) indicates the 
status of the internal Page Load Timer. DOS may 
be read by asserting Output Enable Low (tPLTs). 
DQS 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 RB 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. 

~~~17----------------------~~~JHgmf~~-------------------------
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Write 

Instruction 

SOP is set 

SOP ENABLE ALGORITHM 

Figure 6. Software Data Protection Disable 
Algorithm 

Page 
Write 

Instruction 

Unprotected State 

AI01357 

Page 
Write 

Instruction 

be Wntten in 
any Address 

WRITE IN MEMORY 
WHEN SOP IS SET 

AI01356 

Software Data Protection 

WRITES 
are enabled 

The M28C64 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 

The M28C64 is 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 device 
remains in this mode until a valid Software Data 
Protection (SOP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non
volatile and is not changed by power on/off se
quences. 

To enable the Software Data Protection (SOP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 

~ SGS·lHOMSON 5/17 --------------- ._..,I OllU©OO©~ILIO©'ii'OO©IlllU©@ _____________ ..:::..::..:... 
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AC MEASUREMENT CONDITIONS Figure 8. 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 O.SV to 2.0V 

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

Figure 7_ AC Testing Input Output Waveforms 

2.4V~ 

0.4V 

2.0V 

O.BV 

DEVICE 
UNDER 
TEST 

1.3V 

T 
AIOOB26 CL includes JIG capacitance 

Table 4_ Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

GiN Input Capacitance V1N =OV 

GouT Output Capacitance VouT= OV 

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

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70°C, --40 to 85°C or --40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV ~ V1N ~Vee 

fLO Output Leakage Current OV ~ V1N ~Vee 

lee(1) 
Supply Current {TIL inputs) E = V1L. G = V1L , I = 5 MHz 

Supply Current {CMOS inputs) E = V1L. G = V1L , f = 5 MHz 

lee1 (1) Supply Current {Standby) TIL E=VIH 

lee2(1) Supply Current {Standby) CMOS E > Vee-0.3V 

V1L Input Low Voltage -0.3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1 mA 

VoH Output High Voltage loH = -400 11A 2.4 

Note: 1. All I/O's open. 

1N914 

3.3kQ 

OUT 

AI01129 

Max Unit 

6 pF 

12 pF 

Max Unit 

1 ~ 

10 !lA 

30 mA 

25 mA 

1 mA 

100 !lA 

0.8 v 
Vee +0.5 v 

0.4 v 
v 

Table 6. Power Up Timing (l) (T A= 0 to 70°C, --40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Min Max Unit 

!PUR Time Delay to Read Operation 1 !lS 

tpuw Time Delay to Write Operation 10 ms 

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

~6/~17~---------------------~~~~~9~--------------------------
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Table 7. Read Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

M28C64 

Symbol A It Parameter Test Unit Condition -70 -90 -120 -150 

min max min max min max min max 

IAVOV lAce 
Address Valid to E.= V1L, 70 90 120 150 ns Output Valid G =VIL 

IELOV IcE 
Chip Enable Low to G=VIL 70 90 120 150 ns Output Valid 

Output Enable Low -
IGLQV toE to Output Valid E = VIL 35 40 45 50 ns 

IEHOZ(t) Chip Enable High -
I oF to Output Hi-Z G =VIL 0 35 0 40 0 45 0 50 ns 

tGHOZ(t) Output Enable High -
toF to Output Hi-Z E = VIL 0 35 0 40 0 45 0 50 ns 

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

Note: 1. Output Hr-Z is defined as the point where data is no longer dnven. 

Figure 9. Read Mode AC Waveforms 

AO·A12 

1---1- tAXQX 

E 

DATA OUT 
Hi-Z 

DQ0-007 

AI00749 

Note: W ~ High 

--------------~ ~~©1H~~~~l1------------7'-'-/-'-'-17 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

- -
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 

Output Enable High to Write Enable -
IGHWL IOES Low E= V1L 0 ns 

IGHEL IOES Output Enable High to Chip Enable Low W=VIL 0 ns 
-

lwLEL IWES Write Enable Low to Chip Enable Low G =VIH 0 ns 

lwLAX IAH Write Enable Low to Address Transition 50 ns 

IELAX IAH Chip Enable Low to Address Transition 50 ns 

IWLDV tov Write Enable Low to Input Valid E = VIL, G = VIH 1 J.IS 

IELDV tov Chip Enable Low to Input Valid G = VIH, w = VIL 1 J.IS 

IELEH lwP Chip Enable Low to Chip Enable High 50 ns 

lwHEH lcEH Write Enable High to Chip Enable High 0 ns 

lwHGL IOEH 
Write Enable High to Output Enable 0 ns Low 

IEHGL loEH Chip Enable High to Output Enable Low 0 ns 

IEHWH IWEH Chip Enable High to Write Enable High 0 ns 

IWHDX loH Write Enable High to Input Transition 0 ns 

IEHDX loH Chip Enable High to Input Transition 0 ns 

lwHWL IWPH Write Enable High to Write Enable Low 50 ns 

IWLWH lwp Write Enable Low to Write Enable High 50 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.15 100 J.IS 

IWHRH twc Write Cycle Time 2 ms 

IWHRL los Write Enable High to Ready/Busy Low Note 1 150 ns 

tEHRL los Chip Enable High to Ready/Busy Low Note 1 150 ns 

tovwH 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 pull-up resistor. 

:::.8/.:...17:..._ ___________ ~ ~~m~iO!~Jl _____________ _ 
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Figure 10. Write Mode AC Waveforms· Write Enable Controlled 

AO-A12 

-
E 

---------+~--~tWHGL 

w 

000-007 OATAIN 

1+----f- tWHRL 

AI00750 

Figure 11. Write Mode AC Waveforms- Chip Enable Controlled 

AO-A12 VALID 

!A VEL-+ ~ tELAX 

~IGHEL tELEH 

w 

~ } 
~IWLEL-+ !EHGL 

I 
k-tELOV-+ tEHWH 
~ 

X DATA IN 

!DVEH tEHD~ 
000-007 

\ 
I tEHRL 

Al00751 
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 

AO-A12 

G 

w 

D00-007 

005 

RB 

AI00752C 

Figure 13. Software Protected Write Cycle Waveforms 

G 

----~ 

w 
tWHWL····~ 

AO-A5 ByteAddre~s~~~~ 

A6-A12 Page Address 

000-007 Byte 62 X Byte 63 ( 

A101358 

Note: AS through A 12 must specify the same page address during each high to low transition of W (or "E) after the software code has been 
entered. G must be high only when Wand E are both low. 

_10'-/_17 ____________ ~ ~~o©IH~i~~t: _____________ _ 
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Figure 14. Data Polling Waveforms Sequence 

AO-A12 Address of the last byte of the Page Write instruction v----"--

E 
---~ 

G 
---~ 

w 

DQ7 ---~ 
DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

AI00753C 

Figure 15. Toggle Bit Waveforms Sequence 

AO-A12 

E 

G 

w 

DQ6 

LAST WRITE 

Note: 1. First Toggle b1t is forced to '0' 

_____ ( 
' .. "\ '1' r--\ ri 

\.__} : \.__} \.__} !L 
.. "\ ry r--\ ri 

\.__} : \.__} \.__} ~ 

··~ 

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI00754D 
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Figure 16. Chip Erase AC Waveforms 

E" ........ 

--------
G" 

- \ I w 
I 

.............. 
"I 

tELWL tWLWH tWHEH 

AI01484 

Table 9. Chip Erase AC Characteristics 
(TA = 0 to 70°C, -40 to ssoc or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 
-

tELWL Chip Enable Low to Write Enable Low G= 12V 5 J.lS 

twHEH Write Enable High to Chip Enable High G = 12V 5 J.lS 

-
twLWH Write Enable Low to Write Enable High G = 12V 10 ms 

""12"'"'"'"'17 ____________ ~ ~~©IH~~~~ij _____________ _ 
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ORDERING INFORMATION SCHEME 

Example: M28C64 -70 K 

Speed Package Temperature Range 

-70 70ns p PDIP28 1 Oto7ooc 

-90 90ns K PLCC32 3* -40 to 125 oc 

-120 120ns MS 8028 300 mils 6 -40 to 85 oc 

-150 150ns N TSOP28 
8 x 13.4mm 

Note: 3 • Temperature range on special request only. 

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

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

~ SGS·THOMSON 13/17 --------------- .. ...,1 ~0©00@~~~©\im©I:!O©@l ---------------'-"-'--'-'-
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PDIP28 - 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

' Typ Min Max Typ Min Max 

A 3.94 5.08 0.155 0.200 

A1 0.38 1.78 O.D15 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 

PDIP28 

m~ 
A2 A 

A1 L 

81 B e1 

E1 E 

PDIP 

Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm 

Typ Min 

A 2.54 

A1 1.52 

B 0.33 

81 0.66 

0 12.32 

01 11.35 

02 9.91 

E 14.86 

E1 13.89 

E2 12.45 

e 1.27 -

N 32 

Nd 7 

Ne 9 

CP 

PLCC32 

D 

01 

PLCC 

Drawing is out of scale 

Max 

3.56 

2.41 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.10 

I 

~ E1 E 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I I I 

D2/E2 8~' 
I I I 

o CP 

M28C64 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 
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5028 - 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 0.48 0.014 0.019 

c 0.23 0.32 0.009 0.013 

D 17.81 18.06 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 

a oo go oo go 

N 2g 2g 

CP 0.10 0.004 

8028 

E H 

SO-b 

Drawing is out of scale 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 

Symb 
mm 

Typ Min Max 

A 1.2S 

A1 0.20 

A2 0.9S 1.1S 

8 0.17 0.27 

c 0.10 0.21 

D 13.20 13.60 

01 11.70 11.90 

E 7.90 8.10 

e o.ss - -

L o.so 0.70 

a oo so 

N 28 

CP 0.10 

TSOP28 

~---- 21 

I I 

2~t ; E 

I 

7 8 

01 

D 

j_ DIE h 
.JJ\_ ---' y c 

TSOP-c 

Drawing is out of scale 

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 

M28C64 

Max 

0.049 

0.008 

0.04S 

0.011 

0.008 

O.S3S 

0.469 

0.319 

-

0.028 

so 

0.004 
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M28C64C 
M28C64X 

PARALLEL ACCESS 64K (8K x 8) EEPROM 

• FAST ACCESS TIME: 150ns 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION 

- Active Current 30mA 
- Standby Current 1 OOIJA 

• 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 RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY 
- Endurance > 100,000 Erase/Write Cycles 
- Data Retention > 10 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS and DATA LATCHED ON-CHIP 

DESCRIPTION 

The M28C64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (150ns) with low power dissipation 
and requires a 5V power supply. 

Table 1. Signal Names 

AO · A12 Address Input 

DQ0-007 Data Input I Output 
-w Write Enable 

E Chip Enable 

G Output Enable 

RB Ready I Busy 

Vee Supply Voltage 

Vss Ground 

March 1995 

'"~ 
1 

PDIP28 (P) 

28~ .... • ~~ 
1 

8028 (MS) 
300 mils 

Figure 1. Logic Diagram 

Vee 

13 

M28e64C 

Vss 

0 
PLCC32 (K) 

TSOP28 (N) 
8 x13.4mm 

8 

A1007468 

1/14 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

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

Tsm Storage Temperature Range -65to 150 oc 
Vee Supply Voltage -0.3 to 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) 2000 v 
Note: Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rallngs only and operation of the device at these or any other conditions above those 
ind1cated 1n the Operating sections of this specification is not implied. Exposure to Absolute Max1mum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2A. DIP Pin Connections 

RB 
A12 
A7 
A6 

AS 
A4 
A3 
A2 

A1 
AO 

DOO 
001 

002 

Vss 

1 
2 
3 
4 

5 
6 

L 7 
[ s 
[ 9 
[ 10 
[ 11 
[ 12 

[ 13 
[ 14 

\._/ 28 
27 
26 
25 

24 
23 

M28C64C 22 
21 

20 
19 
1S 

17 D 
16 p 
15 b 

AI00747C 

Warning: DU ~Don't Use 

Vee 
w 
DU 
AS 

A9 
A11 
G 
A10 

E 
007 
006 

005 
004 
003 

Figure 2C. SO Pin Connections 

RB Vee 
A12 W 
A? DC 
A6 AS 
A5 A9 
A4 A11 

A3 G 
A2 A10 
A1 E 
AO 007 

DOO 006 
001 005 
002 004 

Vss--~------~~-D03 
A!00876C 

Warning: DU ~Don't Use 

Figure 28. LCC Pin Connections 

A6 
AS 
A4 
A3 
A2 9 

A1 
AO 
NC 

000 

"' 0 !;;: ;;: ~~~ ~15: 5 
G)32 

M2Se64e 25 

17 

T'"" C\J ({JO M ~II) 
00 cnzOOO oo> ooo 

AS 
A9 
A11 
Ne 

G 
A10 
E 
007 
006 

A100748C 

Warning: NC ~ No Connections, DU ~ Don't Use 

Figure 20. TSOP Pin Connections 

G 
A11 
A9 
AS 
DU 
w 

Vee 
RB 

A12 
A7 
A6 

A5 
A4 
A3 

Warning: DU ~Don't Use 

A10 

E 
007 
006 
005 
004 

003 
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A1 
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Figure 3. Block Diagram 

A5-A12 
(Page Address) 

AO-A4 

Table 3. Operating Modes 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Note: X= v," or v,L 

DESCRIPTION (cont'd) 

-
E 

V1L 

V1L 

V1H 

X 

X 

X 

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 M28C64C sup
ports 32 byte page write operation. 

RB 

64KARRAY 

DQ0-007 

- w G 

V!L V1H 

V1H V1L 

X X 

X V1H 

V1L X 

V1H X 

PIN DESCRITPION 

w 

M28C64C, M28C64X 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AIOOB77C 

DQO- DQ7 

Data Out 

Data In 

Hi-Z 

Data Out or Hi-Z 

Data Out or Hi-Z 

Hi-Z 

Addresses (AO-A12). 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. 

--------------------------- ~~~@~~~~~----------------------~3~/~14 
471 



M28C64C, M28C64X 

PIN DESCRIPTION (cont'd) 

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 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 either GorE is high. 

Write 

Write opera!]gns are initiated when both W and E 
are low and G is high.The M28C64C supports both 

-E and W controlled write cycl~. 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 
programming cycle. All bytes must be located in a 
single page address, that is A5 - A 12 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_g maxi
mum of 1 OOflS after the rising edge of E or_ W w.bJch 
ever occurs first (taLC). If a transition of E or W is 
not detected within 1 OOJ.LS, the internal program
ming cycle will start . 

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 110 port bits DQ? or DQ6 of the ~emory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO 

I DP I TB IPLrsl Hi-z I Hi-z I Hi-z I Hi-z I Hi-z I 
DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load Timer 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 DQ? in the 
read cycle. 

Toggle bit (DQ6). The M28C64C also offers an
other 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 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)Jn t~ Page 
Write mode data may be latched by E or W up to 
1 OOJ.LS after the previous byte. Up to 32 bytes may 
be input. The Data output (DQ5) indicates the 
status of the internal Page Load Timer. DQ5 may 
be read by asserting Output Enable Low (tPLTs). 
DQ5 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 RB 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. 

.:.:41..:..14.:..._ ___________ ~ ~~~w;~~~~~ --------------
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit 

Input Rise and Fall limes 

Input Pulse Voltages 

Input and Output liming Ref. Voltages 

:5 20ns 

0.4Vto 2.4V 

0.8Vto2.0V 

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

Figure 5. AC Testing Input Output Waveforms 

2.4V~ 

~ 0.4V 

2.0V 

O.BV 

AI00826 

DEVICE 
UNDER 
TEST 

1.3V 

T 
CL includes JIG capacitance 

Table 4. Capacitance <1> {T A = 25 ac, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

C1N Input Capacitance V1N =OV 

CouT Output Capacitance VouT=OV 

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

Max 

6 

12 

Table 5. 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:5VIN~Vcc 10 

ILO Output Leakage Current OV ~ V1N ~Vee 10 

lcc 11 l Supply Current (TTL and CMOS inputs) E = V1L, G = V1L , f = 5 MHz 30 

lee1 111 Supply Current (Standby) TTL E=VIH 2 

lee2 (11 Supply Current (Standby) CMOS E> Vce-D.3V 100 

VIL 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=-400f!A 2.4 

Note: 1. AU I/O's open. 

Table 6. Power Up Timing <1> {T A = 0 to 70°C or -40 to 85°C, Vee = 4.5V to 5.5V) 

Symbol Parameter Min Max 

tPUR lime Delay to Read Operation 1 

IPUW lime Delay to Write Operation 10 

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

AI01129 

Unit 

pF 

pF 

Unit 

f!A 

f!A 

rnA 

rnA 

f1A 
v 

v 

v 

v 

Unit 

!iS 

ms 

-------------~iii ~!i®~l~'l-------------'5:::._11.:...:.4 
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Table 7. Read Mode AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C, v cc = 4.5V to 5.5V) 

M28C64C 
Symbol A It Parameter Test Condition -150 -200 -250 Unit 

min max min max min max 

IAVQV lAce 
Address Valid to E = ViL, G = ViL 150 200 250 ns Output Valid 

leLQV 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 

leHQZ(l) loF Chip Enable High to G=VIL 0 50 0 60 0 65 ns Output Hi-Z 

IGHQZ(1) !oF 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 HI-Z 1s delmed as the pomt where data 1s no longer dnven. 

Figure 7. Read Mode AC Waveforms 

AO-A12 

1+--.-1'- tAXQX 

DQ0-007 
Hi-Z 

AI00749 

Note: W = High 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C, Vee= 4.5V to 5.5V) 

Symbol All 

IAVWL 

lA VEL 

IELWL IcES 

IGHWL IOES 

tGHEL toEs 

twLEL twEs 

twLAX IAH 

IE LAX IAH 

tWLOV tov 

IELOV tov 

IWLWH lwP 

tELEH twP 

IWHEH ICEH 

lwHGL IOEH 

IEHGL IOEH 

IEHWH lwEH 

!wHO X loH 

tEHOX toH 

IWHWL twPH 

IWHWH IsLe 

lwHRH lwc 

IWHRL los 

IEHRL los 

tovwH los 

tovEH 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 

Write Enable Low to Write Enable High 

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 

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 High 

Note: 1. W1th a 3.3 kQ pull-up resistor. 

M28C64C, M28C64X 

Test Condition Min Max Unit 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

150 ns 

150 ns 

llS 

150 ns 

150 ns 

0 ns 

10 ns 

10 ns 

0 ns 

0 ns 

0 ns 

200 ns 

0.35 50 

5 ms 

Note 1 150 ns 

Note 1 150 ns 

50 ns 

50 ns 

-------------l:fi ~~m~11 ___________ 7:..:../1'-'"4 
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Figure 8. Write Mode AC Waveforms -Write Enable Controlled 

AO-A12 

--------~~-+~tWHGL 

w 

D00-007 DATA IN 

~--tDVWH--~~ 

~---!-- IWHRL 

A100750 

Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 

AO-A12 VALID 

lA VEL-+ ~ IELAX 

j+tGHEL tELEH 

-' \ 
---.r-IWLEL-+ _I IEHGL 

I 
1+-tELDV-+ tEHWH 

D00-007 DATA IN X 
tDVEH IEHDX~ 

RB \ 
.I tEHRL 

Al00751 
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Figure 10. Page Write Mode AC Waveforms· Write Enable Controlled 

AO-A12 

-
E 

w 

DQO-DQ7 

DQS 

RB 

AI00752C 

Figure 11. Data Polling Waveforms Sequence 

AO-A12 Address of the last byte of the Page Wnte rnstruction ~ 

·--T\__j 

---T\__j 

w 

' 
DQ7 ---t-CJ-

DQ7 DQ7 DQ7 DQ7 ' DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

AI00753C 
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Figure 12. Toggle Bit Waveforms Sequence 

AO-A12 _____ ___.( 
' .. , h r-\ ri 

\..._/ : \..._/ \..._/ \.._ 
-
E 

' 

.. \___F\____f\__J 

w 

006 --~ 

LAST WRITE TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI00754D 

Note: 1. F1rst Toggle bit is forced to '0' 

ORDERING INFORMATION SCHEME 

Example: M28C64C -150 K 

Version Temperature Range 

c RB available -150 150 ns p 1 0 to 70 oc 
X RB not bonded -200 200 ns K 6 -40 to 85 oc 

(pin NC) -250 250 ns MS 8028 300 mils 

N TSOP28 
8x 13.4mm 

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

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

10114 '="= SGS·lHOMSON ---"-------------- Jo.""'fl li!j)O©.Jil@~~~©'i'liil@li:liD©® --------------
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PDIP28 - 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

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 

PDIP28 

E1 E 

PDIP 

Drawing is out of scale 

______________ ~ ~~~m~l~~~ ___________ _.:_11.:.:./-'-'-14 

479 



M28C64C, M28C64X 

PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 

A 

A1 

B 

B1 

D 

01 

D2 

E 

E1 

E2 

e 

N 

Nd 

Ne 

CP 

PLCC32 

' 
' I 

Ne: 
I 

Typ 

1.27 

PLCC 

Drawing is out of scale 

mm 

Min 

2.54 

1.52 

0.33 

0.66 

12.32 

11.35 

9.91 

14.86 

13.89 

12.45 

-

32 

7 

9 

D 
01 

Max 

3.56 

2.41 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.10 

I 

~ E1 E 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I 

D2/E2 9~' 
I I I 

o CP 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 
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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 o.4g 0.014 0.019 

c 0.23 0.32 0.009 0.013 

D 17.g1 1g.o6 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 

a. oo go oo go 

N 2g 2g 

CP 0.10 0.004 

8028 

.~& 
A[j{ 'Yc 

D 

i 

I 
E H i 

! 

SO-b 

Drawing is out of scale 
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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 o.ss -

L o.so 

a oo 

N 28 

CP 

TSOP28 

21 

8 

D1 

D. 

TSOP-c 

Drawing is out of scale 

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 

inches 

Typ Min 

0.037 

0.007 

0.004 

O.S20 

0.461 

0.311 

0.022 -

0.020 

oo 

28 

fi;, 

I 

I I I 
I I I 

Max 

0.049 

0.008 

0.04S 

0.011 

0.008 

O.S3S 

0.469 

0.319 

-

0.028 

so 

0.004 
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M28LV16 

LOW VOLTAGE PARALLEL ACCESS 16K (2K x 8) EEPROM 

• FAST ACCESS TIME: 150ns 
• SINGLE 3V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION: 

- Active Current BmA 
- Standby Current 50JlA 

• FAST WRITE CYCLE: 
- 64 Bytes Page Write Operation 
- Byte or Page Write Cycle: 3ms Max 

• ENHANCED END OF WRITE DETECTION: 
- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE 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 M28LV16 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3V ± 10% 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 

Vee Supply Voltage 

Vss Ground 

February 1995 

PRODUCT PREVIEW 

0 
24 ~jl}llll!ilil 

PDIP24 (P) 

S024(MS) 
300 mils 

Figure 1. Logic Diagram 

AO-A10 

w 

E 

G 

11 

Vee 

M28LV16 

Vss 

PLCC32 (K) 

8 

DQO-DQ7 

AI01567 

1/16 
Thts ts prellmtnary tnformabon on a new product now tn development. Details are subject to change without notice 
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Figure 2A. DIP Pin Connections 

A? 
A6 
AS 
A4 
A3 
A2 
A1 
AO 

000 
001 
002 
Vss 

AI01568 

Figure 2C. SO Pin Connections 

A? 
A6 2 
AS 3 
A4 4 
A3 5 
A2 

M28LV16 
19 

A1 18 
AO 17 

000 16 
001 10 15 
002 11 16 
Vss 12 1S 

AI01570 

Vee 
A8 
A9 
Vii 
G 
A10 
E 
007 
006 
oos 
004 
003 

Vee 
AB 
A9 
w 
G 
A10 
E 
007 
006 
005 
D04 
D03 

Figure 28. LCC Pin Connections 

A6 
AS 
A4 
A3 
A2 9 
A1 
AO 
Ne 

DOO 

A8 
A9 
Ne 
Ne 
G 
A10 
E 

DO? 
006 

AIOt569 

Warning: NC =No Connections, DU = Don't Use 

DESCRIPTION (cont'd) 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Data Polling and 
Toggle Bit. The M28LV16 supports 64 byte page 
write operation. A Software Data Protection (SOP) 
is also possible using the standard JEDEC algo
rithm. 

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 M28LV16 through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV16. 

2116 r=-= SGS·THOMSON =...:..=------------- .._..,, ~D©Ilil©~~~©'ii1Jtl©li:!D©li --------------
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 
grade 3 -40to 125 oc 
grade 6 -40to85 

TsTG Storage Temperature Range -65to150 oc 
Vee Supply Voltage -0.3to6.5 v 

V1o Input/Output Voltage -0.3 to Vee +0.6 v 

v, Input Voltage -0.3to6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) <21 4000 v 
Note: 1. Except for the rat1ng "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 operation of the device at these or any other conditions 
above those 1nd1cated in the Operatmg sections of this specification IS not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

Table 3. Operating Modes <1> 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Chip Erase 

Notes: 1. X = V1H or V1L 
2. VIH=12V±5% 

OPERATION 

E: 

V1L 

V1L 

V1H 

X 

X 

X 

v,L 

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 M28LV16 is accessed like a static RAM_ When 
E and G are low with W high, the data addressed 
is presented on the 110 (:!ins. The 110 pins are high 
impedance when either GorE is high. 

Write 

Write operatjQns are initiated when both W and E 
~e low~nd G is high.The M28LV16 supports both 
E and W controlled write cycl~. The Address is 
latched by the falling edge of E or W which ever 

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 

V1H X Hi-Z 

v,H <21 V1L Hi-Z 

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 64 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 A6-A 1 0 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 senQ_ another address and data after the rising 
edge of E or W which ever occurs first (twHwH)- If 
a transition of E or W is not detected within a 
minimum time (twHWH max), the internal program
ming cycle will start. 

_____________ I..V ~~©m~~ ___________ _:3:::.''.:..::.6 
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Figure 3. Block Diagram 

A6-A10 
(Page Address) 

AO-A5 

Chip Erase 

The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by s~ing 
Chip Enable (E) Low and Output Enable (G) ~o 
12V. The chip is cleared when a 1 Oms low pulse IS 
applied to the Write Enable pin. 

Microcontroller Control Interface 

The M28LV16 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 D07 or D06 of the memory 
during programming cycle only. 

Figure 4. Status Bit Assignment 

DQ7 DOS DQ5 DQ4 DQ3 DQ2 DQ1 DQO 

I DP I TB I PLTS I Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 
DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load Timer Status 

64KARRAY 

DQO-DQ7 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01520 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on D07 the complementary value of the 
previously latched bit. Once the write cycle is fin
ished the true logic value appears on D07 in the 
read cycle. 

Toggle bit (DQ6). The M28LV16 also 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 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 (DQ5L In the Page 
Write mode data may be latched by E or W. 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 En
able 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. 

~4/~16~-----------~ ~~1!91~~~/j -------------
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Wnte 

Instruction 

SDP is set 

SDP ENABLE ALGORITHM 

Figure 6. Software Data Protection Disable 
Algorithm 

Page 
Write 

Instruction 

Unprotected State 

AI01510 

Page 
Write 

Instruction 

WRITE IN MEMORY 
WHEN SDP IS SET 

AI01509 

Software Data Protection 

WRITES 
are enabled 

The M28LV16 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 

The M28LV16 is 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 device 
remains in this mode until a valid Software Data 
Protection (SOP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non
volatile and is not changed by power on/off se
quences. 

To enable the Software Data Protection (SOP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 

------------- I:.W ~~©n&~:~~~ ___________ ....:5:::,11.:.::.6 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times ::; 20ns 

Input Pulse Voltages OV to Vee -0.3V 

Input and Output Timing Ref. Voltages 1.5V 

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

Figure 7. AC Testing Input Output Waveforms 

Vee~·:: J\==>E o.svcc 

DEVICE 
UNDER 
TEST 

AI01274 
CL includes JIG capacitance 

Table 4. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

CJN Input Capacitance V1N =OV 

CouT Output Capacitance VouT= OV 

Note: 1. Sampled only, not1 00% tested. 

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or-40 to 125°C, Vee= 2.7V to 3.6V) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OVSV1N SVcc 

ILo Output Leakage Current OVSVIN SVcc 

Icc 11 l Supply Current (CMOS inputs) E = V1L, G = V1L , I = 5 MHz 

lcc2 11 l Supply Current (Standby) CMOS E >Vee -<l.3V 

V1L Input Low Voltage -0.3 

VIH Input High Voltage 2 

VoL Output Low Voltage loL= 1 mA 

VoH Output High Voltage loH= 1 rnA 0.8 Vee 

Note: 1. All I/O's open. 

Vee 

1.8kil 

A101396 

Max Unit 

6 pF 

12 pF 

Max Unit 

1 J.lA 
10 J.lA 
8 rnA 

50 J.lA 
0.6 v 

Vcc+0.5 v 
0.2Vcc v 

v 

Table 6. Power Up Timing 111 (T A= 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 2. 7V to 3.6V) 

Symbol Parameter Min Max Unit 

tPUR Time Delay to Read Operation 1 (.lS 

tPUW Time Delay to Write Operation 10 ms 

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

"'6,...;..16'-------------i..V ~~m~~ ____________ _ 
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Table 7. Read Mode AC Characteristics 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 2. 7V to 3.6V) 

M28LV16 

Symbol A It Parameter Test Condition -150 -200 -300 Unit 

min max min max min max 

tAVQV lAce 
Address Valid to Output 

E = VIL, G = ViL 150 200 300 ns Valid 

IELOV IcE 
Chip Enable Low to Output G=VoL 150 200 300 ns Valid 

Output Enable Low to -
tGLQV toE Output Valid E=VoL 80 95 150 ns 

IEHOZ(l) Chip Enable High to Output -
I oF Hi-Z G=VoL 0 45 0 45 0 60 ns 

tGHQZ(l) loF 
Output Enable High to 

E=VoL 0 50 0 55 0 60 ns Output Hi-Z 

tAX aX toH 
Address Transition to 

E = VoL, G = VoL Output Transition 0 0 0 ns 

Note: 1. Output Ho-Z IS defined as the po1nt where data 1s no longer dnven. 

Figure 9. Read Mode AC Waveforms 

AO-A10 

1+---+lf-- tAXQX 

G 

DQ0-007 
Ho-Z 

A101511 

Note: W = High 

------------- J:.W ~~©ltl~~~~------------7"'-/1.:..::.6 
489 



M28LV16 

Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or-40 to 125°C, Vee= 2.7V to 3.6V) 

Symbol A It Parameter Test Condition Min Max Unit 

- -
IAVWL lAs Address Valid to Write Enable Low E = V!L, G = ViH 0 ns 

- -
lAVEL lAs Address Valid to Chip Enable Low G = V1H, W = V1L 0 ns 

IELWL IcEs Chip Enable Low to Write Enable Low G=ViH 0 ns 

Output Enable High to Write Enable -
IGHWL toEs Low E =ViL 0 ns 

-
lGHEL toEs Output Enable High to Chip Enable Low W=ViL 0 ns 

IWLEL IWES Write Enable Low to Chip Enable Low G=ViH 0 ns 

IWLAX lAH Write Enable Low to Address Transition 50 ns 

lELAX IAH Chip Enable Low to Address Transition 50 ns 

- -
lwLDV lov Write Enable Low to Input Valid E = V1L, G = V1H 1 !lS 

IELOV lov Chip Enable Low to Input Valid G = V!H, w = ViL 1 !lS 

IELEH lwp Chip Enable Low to Chip Enable High 50 1000 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 

lWHOX 1oH 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 50 ns 

IWLWH twP Write Enable Low to Write Enable High 50 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.15 100 !lS 

IWHRH I we Write Cycle Time 3 ms 

tovwH los Data Valid before Write Enable High 50 ns 

tovEH los Data Valid before Chip Enable High 50 ns 

,;_8/-'-16"---------------l.V ~~i©n&gml~~~ --------------
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Figure 10. Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

---------.~--~IWHGL 

w 

DQO-DQ7 DATA IN 

~-----tDVWH------~-

A101521 

Figure 11. Write Mode AC Waveforms- Chip Enable Controlled 

AO-A10 

~-"*-tEHGL 

w 

1+--1>!-tEHWH 

DQO-DQ7 DATA IN 

~----- tDVEH IEHDX 

A101522 

---------------~~~~gm~~~~-----------~9~/=16 
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Figure 12. Page Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 
-----y---;:;;-;:v--
.......... , .... ~ 

G 

w 

DQ0-007 

DOS 

AI01523 

Figure 13. Software Protected Write Cycle Waveforms 

G 

----\_/\___/ 

w 

AO-AS 

A6-A10 Page Address 

DQ0-007 Byte 62 X Byte 63 ( 

AI01515 

Note: A6 through A10 must spec1fy the same page address dunng each high to low transition of W (or E) after the software code has been 
entered. G must be high only when Wand E are both low . 

.:..:10:::_11:,.::6:...._ ___________ /:..V ~~~©n&gm~~~lj --------------
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Figure 14. Data Polling Waveforms Sequence 

AO-A10 Address of the last byte of the Page Write instruction v-___ A._ 

---t\_1 

G 

w 

DQ7 ---t-CJ-
DQ7 DQ7 DQ7 DQ7 ' DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

A101516 

Figure 15. Toggle Bit Waveforms Sequence 

AO-A10 

E 

G 

w 

DQ6 

LAST WRITE 

Note: 1 First Toggle bit IS forced to '0' 

--------~ 
' "'\ ry /'\ ri 

\__} : \__} \__} ~ 
' 

.. ~·: 
' ' ' 

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

A101517 

______________ ~ ~itm~:~~lj ___________ __;_1_;_:_1,.:..;:._16 
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Figure 16. Chip Erase Wavforms 

w 

IELWL --tol----1~---tWLWH ---+fool---1-tWHEH 

AI01484 

Table 9. Chip Erase AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 2. 7V to 3.6V) 

Symbol Parameter Test Condition Min Max Unit 

tELWL Chip Enable Low to Write Enable Low G=12V 5 IJ.S 

twHEH Write Enable High to Chip Enable High G= 12V 5 IJ.S 

tWLWH Write Enable Low to Write Enable High G= 12V 10 ms 

.:..::121=-1:..::6 ___________ '-W ~~m~~cm ____________ _ 
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ORDERING INFORMATION SCHEME 

Example: M28LV16 -200 K 1 

Speed Package Temperature Range 

-150 150ns p PDIP24 1 o to 70 oc 
-200 200ns K PLCC32 3* -40 to 125 oc 
-300 300ns MS 8024 300mils 6 -40 to 85 oc 

Note: 3 • Temperature range on special request only. 

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

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

--------------~ ~i~©ln~~~~~ ____________ ...:.1.:::31..:..:::.16 
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PDIP24 - 24 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

Typ Min Max Typ Min Max 

A 3.94 5.08 0.155 0.200 

A1 0.38 1.78 O.D15 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 32.26 1.270 

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 24 24 

PDIP24 

m~ 
A2 A 

A1 L 

81 8 e1 

E1 E 

PDIP 

Drawing is out of scale 

14/16 ~ SGS·THOMSON 
.:....;;_.:..=._ ___________ lit..'YJ illDil':liil©~~~©"li'OO@Ii!D©!> --------------
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 

A 

A1 

B 

"81 

D 

D1 

D2 

E 

E1 

E2 

e 

N 

Nd 

Ne 

CP 
PLCC32 

Typ 

1.27 

~--'-"--

' 
' 

Ne: 
' ' ' ' 

PLCC 

Drawing is out of scale 

mm 

Min Max 

2.54 3.56 

1.52 2.41 

0.33 0.53 

0.66 0.81 

12.32 12.57 

11.35 11.56 

9.91 10.92 

14.86 15.11 

13.89 14.10 

12.45 13.46 

- -

32 

7 

9 

0.10 

D 
01 

= ....CJ...CL..Q. __ 1_N_ = ...c::::j:1f=;:-""l 
0 

I 

~ E1 E 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I 

D21E2 9~' 
I I I 

0 CP 

M28LV16 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 

______________ ~ ~~~©mgm~~~~~ ___________ __;_15""/.c.;;.16 
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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 0.4S 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 

8024 

B~& Au tyc 

D 

I 

I 
I 

E H i 
/ 

SO-b 

Drawing is out of scale 
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PARALLEL ACCESS 16K (2K x 8) EEPROM 

• FAST ACCESS TIME: 70ns 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 OOfl.A 

• FAST WRITE CYCLE: 
- 64 Bytes Page Write Operation 
- Byte or Page Write Cycle: 2ms Max 

• ENHANCED END OF WRITE DETECTION: 
- Ready/Busy Open Drain Output 
- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY: 
- Endurance > 1 00,000 Erase/Write Cycles 
- Data Retention > 1 0 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• SOFTWARE DATA PROTECTION 

DESCRIPTION 

The M28C17 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (70ns) with low power dissipation 
and requires a 5V power supply. 

The M28C17 offers the same features than the 
M28C16, in addition to the Ready/Busy pin. 

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 

February 1995 

PRODUCT PREVIEW 

28 

PDIP28 (P) 

8028 (MS) 
300 mils 

Figure 1. Logic Diagram 

Vee 

11 

M28C17 

Vss 

PLCC32 (K) 

8 

DQO-DQ7 

RB 

A101487 

1116 

Th1s IS prehm1nary mformat1on on a new product now m development Details are subject to change Without not1ce 
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Figure 2A. DIP Pin Connections 

RB[ 1 '-../ 2S JVee 
Ne[ 2 27 JW 
A7[ 3 26 DU 
A6[ 4 25 AS 
A5[ 5 24 A9 
A4[ 6 23 Ne 
A3 [ 7 

M2Se17 
22 G 

A2[ s 21 A10 
A1 [ 9 20 E 
AO [ 10 19 DQ7 

DQO 11 1S DQ6 
DQ1 12 17 DQ5 
DQ2 13 16 DQ4 
Vss 14 15 DQ3 

AI01506 

Warnmg: NC =No Connection, DU = Don't Use 

Figure 2C. SO Pin Connections 

RB Vee 
Ne w 
A7 DU 
A6 AS 
A5 A9 
A4 Ne 
A3 

M2SC17 
G 

A2 A10 
A1 E 
AO DQ7 

DQO DQ6 
DQ1 DQ5 
DQ2 DQ4 
Vss DQ3 

AI01507 

Warning: NC = No Connection, DU = Don't Use 

DESCRIPTION (cont'd) 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C17 supports 64 

Figure 28. LCC Pin Connections 

() 

!;;: ~ l::g ~ ~13: 15 ..., ..., ..., ..., ..., ..., ..., 
G)32 

A6 [ ]AS 
A5 [ ]A9 
A4 Ne 
A3 ]Ne 
A2 9 M2Se17 25 JG 
A1 A10 
AO E 
Ne DQ7 

DQO DQ6 
17 

~'N (/) () ';;;' .... l{) 

OO(f)zaaa 
oo> ooo 

AI0150B 

Warnmg: NC = No Connect1on, DU = Don't Use 

byte page write operation. A Software Data Protec
tion (SOP) is also possible using the standard 
JEDEC algorithm. 

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 M28C17 through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28C17. 

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. 

2/16 t== SGS·n-IOMSON :::....:..::..._ ____________ ._..,/ ~U~OO©ffi~ffili':'ITOO@!f!:D~ --------------
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

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

TsTG Storage Temperature Range -65 to 150 oc 
Vee Supply Voltage -0.3 to 6.5 v 

v,o lnpuVOutput Voltage -0.3 to Vee +0.6 v 

v, Input Voltage -0.3 to 6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model} 121 4000 v 

Note: 1. Except for the ratmg "Operating Temperature Range", stresses above those l1sted in the Table "Absolute Maximum Ratings" 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 ind1cated in the Operating sections of this specification IS not implied Exposure to Absolute Maximum Ratmg 
conditions for extended periods may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

Table 3. Operating Modes (1) 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Chip Erase 

Notes: 1. X = v,H or VIL 
2. V1H = 12V±5% 

Read 

-
E 

V1L 

V1L 

V1H 

X 

X 

X 

V1L 

The M28C17 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the 1/0 pJI!s. J:.he 1/0 pins are high 
impedance when either G orE is high. 

Write 

Write operatiQns are initiated when both W and E 
are low and G is high.The M28C17 supports both 
E and W controlled write cycl~. Tb.§ 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 64 bytes to be consecu
tively latched into the memory prior to initiating a 

G -
DQ0-007 w 

V1L 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 

V1H 121 V1L Hi-Z 

programming cycle. All bytes must be located in a 
single page address, that is A6-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 
may senQ. another address and data after the rising 
edge of E or W ~hich_§ver occurs first (twHwH). If 
a transition of E or W is not detected within a 
minimum time (twHWH max}, the internal program
ming cycle will start. 

Chip Erase 

The contents of the entire memory may be erased 
(FF) by use of !J:le Chip Erase command by s§.ting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 1 Oms low pulse is 
applied to the Write Enable pin. 

___________________________ ~~~©~~~~Y~------------------------3_/~16 
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Figure 3. Block Diagram 

A6-A10 
(Page Address) 

AO-A5 

Microcontroller Control Interface 
The M28C17 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 DQ? or DQ6 of the !:J:!emory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

007 006 005 004 003 002 001 000 

I OP I TB I PLTS I Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 
DP ~ Data Polling 
TB ~ Toggle Bit 
PLTS ~ Page Load Timer Status 

Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ? the complementary value of the 
previously latched bit Once the write cycle is fin-

RB 

64K ARRAY 

DQO-DQ7 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01488 

ished the true logic value appears on DQ? in the 
read cycle. 

Toggle bit (DQ6). The M28C17 also offers 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 the memory. When the internal cycle is com
pleted the toggling will stop and the device will be 
accessible for a new Read or Write operation. 

Page Load Timer Status bit (DQ5)_:_1n the Page 
Write mode data may be latched by E or W. Up to 
32 bytes may be input The Data output (DQS) 
indicates the status of the internal Page Load 
Timer. DQS may be read by asserting Output En
able Low (tPLTs). DQ5 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 RB 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. 

""4,_:_16::.__ ___________ I.Y ~~~©m~:"~lj _____________ _ 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Write 

Instruction 

SOP is set 

SOP ENABLE ALGORITHM 

Figure 6. Software Data Protection Disable 
Algorithm 

Page 
Write 

lnstructron 

Unprotected State 

AI01510 

Page 
Wnte 

Instruction 

be Written in 
any Address 

WRITE IN MEMORY 
WHEN SOP IS SET 

AI01509 

Software Data Protection 

WRITES 
are enabled 

The M28C17 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 

The M28C17 is 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 device 
remains in this mode until a valid Software Data 
Protection (SOP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non
volatile and is not changed by power on/off se
quences. 
To enable the Software Data Protection (SOP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 

---------------------------~~~@~~&~4------------------------5~/=16 
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AC MEASUREMENT CONDITIONS Figure 8. 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 O.BV to 2.0V 

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

Figure 7_ AC Testing Input Output Waveforms 

2.4V~ 

0.4V 

2.0V 

O.BV 

DEVICE 
UNDER 
TEST 

1.3V 

T 
AI00826 CL includes JIG capac1tance 

Table 4. Capacitance (1l (TA = 25 ac, 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. 

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV ~ V1N ~Vee 

ILO Output Leakage Current OV ~ V1N ~Vee 

lce(1l 
Supply Current (TIL inputs) E = V1L, G = V1L , I = 5 MHz 

Supply Current (CMOS inputs) E = V1L, G = V1L , I = 5 MHz 

lcc1 (t) Supply Current (Standby) TIL E=VIH 

lcc2(1) Supply Current (Standby) CMOS E > V cc -D.3V 

V1L Input Low Voltage -0.3 

VIH Input High Voltage 2 

VoL Output Low Voltage loL = 2.1 rnA 

VoH Output High Voltage loH =-400 flA 2.4 

Note: 1. All I/O"s open. 

1N914 

3.3kQ 

OUT 

CL = 30pF 

AI01129 

Max Unit 

6 pF 

12 pF 

Max Unit 

1 f.LA 

10 f.LA 

30 rnA 

25 rnA 

1 rnA 

100 flA 

0.8 v 
Vee +0.5 v 

0.4 v 
v 

Table 6. Power Up Timing (t) (TA = 0 to 70°C, -40 to 85aC or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Min Max Unit 

tPUR Time Delay to Read Operation 1 f.LS 

tpuw Time Delay to Write Operation 10 ms 

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

6/16 r=- SGS·THOMSON --------------- ~'YI liJJU©OO©~~~©'ii\iil©liliU~ ---------------
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Table 7. Read Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

M28C17 

Symbol A It Parameter 
Test Unit 

Condition -70 -90 -120 -150 

min max min max min max min max 

tAvav lAce 
Address Valid to !;__= V1L, 70 90 120 150 ns 
Output Valid G =VIL 

IELQV IcE 
Chip Enable Low to 

G=VIL 70 90 120 150 ns 
Output Valid 

Output Enable Low -
IGLQV loE to Output Valid E=VIL 35 40 45 50 ns 

IEHQZ(l) Chip Enable High -
loF to Output Hi-Z G =VIL 0 35 0 40 0 45 0 50 ns 

IGHQZ(l) Output Enable High -
I oF to Output Hi-Z E = V1L 0 35 0 40 0 45 0 50 ns 

lAX OX loH 
Address Transition !;__= VIL, 

0 0 0 0 ns to Output Transition G=VIL 

Note: 1. Output H1-Z is def1ned as the pomt where data IS no longer driven. 

Figure 9. Read Mode AC Waveforms 

AO-A10 

~--J-tAXQX 

E 

G 

DQ0-007 
H1-Z 

AI01511 

Note: W = High 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol All Parameter Test Condition Min Max Unit 

IAVWL lAs Address Valid to Write Enable Low E ~ VIL, G ~ VIH 0 ns 

- -
lA VEL lAs Address Valid to Chip Enable Low G ~ VIH, W ~ V1L 0 ns 

IELWL IcES Chip Enable Low to Write Enable Low G ~VIH 0 ns 

Output Enable High to Write Enable -
IGHWL toEs Low E ~ V1L 0 ns 

-
IGHEL toEs Output Enable High to Chip Enable Low w~v1L 0 ns 

-
IWLEL lwEs Write Enable Low to Chip Enable Low G ~VIH 0 ns 

IWLAX IAH Write Enable Low to Address Transition 50 ns 

IELAX IAH Chip Enable Low to Address Transition 50 ns 

- -
lwLOV lov Write Enable Low to Input Valid E ~ V1L, G ~ V1H 1 !lS 

IELOV lov Chip Enable Low to Input Valid G ~ V1H, W ~ V1L 1 !lS 

IELEH twp Chip Enable Low to Chip Enable High 50 ns 

IWHEH ICEH Write Enable High to Chip Enable High 0 ns 

lwHGL 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 

IWHOX loH Write Enable High to Input Transition 0 ns 

IEHOX loH Chip Enable High to Input Transition 0 ns 

lwHWL IWPH Write Enable High to Write Enable Low 50 ns 

IWLWH lwp Write Enable Low to Write Enable High 50 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.15 100 !lS 

IWHRH !we Write Cycle Time 2 ms 

IWHRL los Write Enable High to Ready/Busy Low Note 1 150 ns 

IEHRL los Chip Enable High to Ready/Busy Low Note 1 150 ns 

tovwH los Data Valid before Write Enable High 50 ns 

tovEH los Data Valid before Chip Enable High 50 ns 

Note: 1. W1th a 3.3 kQ pull-up res1stor. 

8/16 ~ SGS·lHOMSON _:::__:.::._ _____________ ii..""fl ill~li:Utl@~~~©WJ@II!O©& ----------------
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Figure 10. Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

G 

---------.~--~tWHGL 
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Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 

AO-AIO 

G 

w 
1+--~tEHWH 

000-007 DATA IN 

!+------ tDVEH IEHDX 
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AI01513 
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Figure 12. Page Write Mode AC Waveforms- Write Enable Controlled 

AO-A10 

G 

w 

DQ0-007 

DOS 

RB 

AI01514 

Figure 13. Software Protected Write Cycle Waveforms 

G 

----\___f\__J 

w 
tWHW~--·-cJ==\.7-

AO-AS ByteAddre~~~~~ 

A6-A10 Page Address 

DQO-DQ7 Byte 62 X Byte 63 ( 

AI01515 

Note: A6 through A 10 must spec1fy the same page address during each high to low transition of W (or E) after the software code has been 
entered. G must be h1gh only when Wand E are both low. 
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Figure 14. Data Polling Waveforms Sequence 

AO-A10 Address of the last byte of the Page Write instruction v-___ 1\_ 

---i\___1 

G 

w 

DQ7 ---t-C>-
DQ7 DQ7 DQ7 DQ7 DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

AI01516 

Figure 15. Toggle Bit Waveforms Sequence 

AO-A10 

E 

G 

w 

DQ6 

LAST WRITE 

Note: 1. F~rst Toggle bit is forced to '0' 

_____ ____.( 
' 

··~ 

··~ 

~ ' 

TOGGLE 
INTERNAL WRITE SEQUENCE 
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' 

AI01517 
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Figure 16. Chip Erase Wavforms 

w 

IELWL -t-o~~-..,.----tWLWH ----.jf4--+l-- tWHEH 

AI01464 

Table 9. Chip Erase AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 
-

tELWL Chip Enable Low to Write Enable Low G = 12V 5 JlS 

-
twHEH Write Enable High to Chip Enable High G = 12V 5 JlS 

twLWH Write Enable Low to Write Enable High G = 12V 10 ms 

.:..:12::./1.:..06:...._ ___________ ~ ~!i©n&gm~~9~ --------------
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ORDERING INFORMATION SCHEME 

Example: M28C17 

Speed 

-70 70ns 

-90 90ns 

-120 120ns 

-150 150ns 

-70 K 1 

Package 

P PDIP28 

K PLCC32 

MS 8028 300mils 

Note: 3 • Temperature range on special request only. 

Temperature Range 

1 0 to 70 oc 
3 • -40 to 125 oc 
6 -40 to 85 oc 

M28C17 

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

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

-------------- !V ~~©It&~~[\!~~ ____________ 13'-/--'-16 
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PDIP28 • 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

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 

PDIP28 

E1 E 

PDIP 

Drawmg IS out of scale 

.:...14::.../1'-'6'---------------l.V ~~~mgm:~~lj _____________ _ 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 

A 

A1 

8 

81 

D 

D1 

D2 

E 

E1 

E2 

e 

N 

Nd 

Ne 

CP 

PLCC32 

I 

Ne: 
I 
I 
I 
I 

Drawing is out of scale 

mm 

Typ Min 

2.54 

1.52 

0.33 

0.66 

12.32 

11.35 

9.91 

14.86 

13.89 

12.45 

1.27 -

32 

7 

9 

D 

01 

PLCC 

Max 

3.56 

2.41 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.10 

I 

~ E1 E 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I 

D2JE2 8~' 
I I I 

o CP 

M28C17 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 

______________ ~ ~~©IH~tf~~/j ___________ __:.15:::./..:..::.16 
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5028 - 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 0.48 0.014 0.019 

c 0.23 0.32 0.009 0.013 

D 17.81 18.06 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 

a oo so oo so 

N 2S 2S 

CP 0.10 0.004 

8028 

B~& 
A[J{ ~c 

D 

i 

I 
E H I 

I 

SO-b 

Drawing is out of scale 
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M28LV64 

LOW VOLTAGE PARALLEL ACCESS 64K (8K x 8) EEPROM 

• FAST ACCESS TIME: 150ns 
• SINGLE 3V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION: 

- Active Current 8mA 
- Standby Current 50f!A 

• FAST WRITE CYCLE: 
- 64 Bytes Page Write Operation 
- Byte or Page Write Cycle: 3ms Max 

"' ENHANCED END OF WRITE DETECTION: 
- Ready/Busy Open Drain Output 
- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY: 
- Endurance > 1 00,000 Erase/Write Cycles 
- Data Retention > 10 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS and DATA LATCHED ON-CHIP 
• SOFTWARE DATA PROTECTION 

DESCRIPTION 

The M28LV64 is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3V ± 10% power supply. 

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 I Busy 

Vee Supply Voltage 

Vss Ground 

February 1995 

-~ 
1 

PDIP28 (P) 

8028 (MS) 
300 mils 

Figure 1. Logic Diagram 

Vee 

13 

M28LV64 

Vss 

Th1s IS prelim1nary mformat1on on a new product now 1n development Deta1ls are subject to change Without not1ce 

PRODUCT PREVIEW 

0 
PLCC32 (K) 

TSOP28 (N) 
8 x13.4mm 

8 

DQO-DQ7 

RB 

AI01538 

1117 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 
grade 3 -40to 125 oc 
grade 6 -40to85 

TsrG Storage Temperature Range -65to150 oc 
Vee Supply Voltage -0.3 to 6.5 v 
V1o Input/Output Voltage -0.3 to Vee +0.6 v 
v, Input Voltage -0.3 to 6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) (2) 4000 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat~ngs" 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 device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. 1 OOpF through 1500Q; MIL -STD-883C, 3015.7 

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

RB 
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 

'--' 2S 
27 
26 
2S 
24 

23 
22 

M2SLV64 21 

20 
19 
18 
17 
16 
1S 

AI01539 

Vee 
w 
DU 
AS 
A9 

A11 
G 
A10 
E 
DQ7 
006 
DOS 

004 
003 

A6 
AS 
A4 
A3 
A2 
A1 
AO 
NC 

DQO 

C\J (.) 

!;( :::t I~~ ~15: 5 

aCJ gJ~88o 
oo> ooo 

AS 
A9 
A11 
NC 
G 
A10 
E 
DQ7 
DQ6 

AI01540 

Warning: DU = Don't Use Warning: NC =No Connections, DU =Don't Use 

Figure 2C. SO Pin Connections Figure 20. TSOP Pin Connections 

RB Vee G A10 
A12 W A11 E 
A7 OU A9 007 
A6 AS AS 006 
As A9 DU DOS 
A4 M1 w DQ4 
A3 G Vee 003 
A2 MO RB Vss 
A1 E A12 002 
AD 007 A7 DQ1 

DQO DQ6 A6 OQO 
001 OQs AS AO 
002 004 A4 A1 
Vss D03 A3 A2 

A101541 

Warning: DU = Don't Use Warning: DU = Don't Use 
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Figure 3. Block Diagram 

A6-A12 
(Page Address) 

AO-A5 

Table 3. Operating Modes (1) 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Chip Erase 

Notes: 1. X = V1H or Vll 
2. VIH=12V±5% 

DESCRIPTION (cont'd) 

-
E 

VJL 

VJL 

v,H 

X 

X 

X 

VJL 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 

64KARRAY 

DQO-DQ7 

- -
G w 

VJL VJH 

VJH VJL 

X X 

X v,H 

VJL X 

VJH X 

VJH (2) VJL 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI01355 

M28LV64 

DQO- DQ7 

Data Out 

Data In 

Hi-Z 

Data Out or Hi-Z 

Data Out or Hi-Z 

Hi-Z 

Hi-Z 

and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28LV64 supports 64 
byte page write operation. A Software Data Protec
tion (SOP) is also possible using the standard 
JEDEC algorithm. 

--------------------------- ~~~@~~~9~----------------------~3~/~17 
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PIN DESCRITPION 

Addresses (AO-A12). 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 M28LV64 through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV64. 

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 M28LV64 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the 1/0 ~s. I_he 1/0 pins are high 
impedance when either G or E is high. 

Write 

Write operations are initiated when both W and E 
are low and G is high.The M28LV64 supports both 
E and W controlled write cycl~. T~ 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 64 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 A6-A 12 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_2 maxi
mum of 1 00~-ts 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 00~-ts. the internal program
ming cycle will start . 

Chip Erase 

The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 1 Oms low pulse is 
applied to the Write Enable pin. 

Microcontroller Control Interface 

The M28LV64 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 '!!emory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 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 B1t 
PLTS = Page Load Timer 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. 

Toggle bit (DQ6). The M28LV64 also 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 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 (DQ5L_In lli? Page 
Write mode data may be latched by E or W. Up to 
64 bytes may be input. The Data output (D05) 
indicates the status of the internal Page Load 
Timer. D05 may be read by asserting Output En
able 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 RB 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. 

..::4/..:..17:._ ___________ ~ ~~©mgm~~9~ _____________ _ 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 

Page 
Write 

lnstructton 

SOP is set 

SOP ENABLE ALGORITHM 

Figure 6. Software Data Protection Disable 
Algorithm 

Page 
Write 

Instruction 

Unprotected State 

AI01357 

Page 
Wnte 

Instruction 

WRITE IN MEMORY 
WHEN SOP IS SET 

A101356 

Software Data Protection 

WRITES 
are enabled 

The M28LV64 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 

The M28LV64 is 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 device 
remains in this mode until a valid Software Data 
Protection (SOP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non
volatile and is not changed by power on/off se
quences. 

To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 

--------------------------- ~~~@~~~~~------------------------5~/~17 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

OV to Vee -0.3V 

1.5V 

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

Figure 7. AC Testing Input Output Waveforms 

DEVICE 
UNDER 
TEST 

AI01274 
CL includes JIG capacitance 

Table 4. Capacitance <1l (TA = 25 oc. f = 1 MHz) 

Symbol Parameter Test Condition Min 

GiN Input Capacitance VIN =OV 

GouT Output Capacitance VouT = OV 

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

Table 5. Read Mode DC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 2. 7V to 3.6V) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV ~ V1N ~Vee 

ILO Output Leakage Current OV ~ VJN ~Vee 

lccl1l Supply Current (CMOS inputs) E = V1L, G = V1L , I= 5 MHz 

lcc2 11 l Supply Current (Standby) CMOS E > Vcc-0.3V 

VJL Input Low Voltage -0.3 

VJH Input High Voltage 2 

VoL Output Low Voltage loL= 1 mA 

VoH Output High Voltage loH = 1 mA 0.8 Vee 

Note: 1. AI I I/O's open. 

Vee 

AI01396 

Max Unit 

6 pF 

12 pF 

Max Unit 

1 (.tA 

10 (.tA 

8 mA 

50 (.tA 

0.6 v 
Vee +0.5 v 
0.2 Vee v 

v 

Table 6. Power Up Timing <1) (TA = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee= 2.7V to 3.6V) 

Symbol Parameter Min Max Unit 

!PUR Time Delay to Read Operation 1 (.tS 

tpuw Time Delay to Write Operation 10 ms 

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

6/17 ~ SCS·lHOMSON ;:::.._:.:........ _____________ "'"11 l)j]~©OO©mm©Tirn©Oll~©ffi ---------------
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Table 7. Read Mode AC Characteristics 
(TA = 0 to 70°C, --40 to 85°C or --40 to 125°C, Vee= 2.7V to 3.6V) 

M28LV64 

Symbol All Parameter Test Condition ·150 ·200 ·300 
Unit 

min max min max min max 

IAVOV lAce 
Address Valid to Output E: ~ v,L, G ~ v,L 150 200 300 ns 
Valid 

IELQV IcE 
Chip Enable Low to Output 

G=VIL 150 200 300 ns 
Valid 

IGLQV toE 
Output Enable Low to E:~v,L 80 95 150 ns Output Valid 

IEHOZ (t) loF 
Chip Enable High to Output 

G=VIL 0 45 0 45 0 60 ns Hi-Z 

IGHOZ(t) !oF 
Output Enable High to 

E=ViL 0 50 0 55 0 60 ns Output Hi-Z 

Address Transition to - -
IAXQX loH Output Transition 

E ~ v,L, G ~ v,L 0 0 0 ns 

Note: 1. Output H1-Z is def1ned as the pomt where data is no longer dnven. 

Figure 9. Read Mode AC Waveforms 

AO-A12 

E 

G 

DQ0-007 

AI00749 

Note: W ~ High 

______________ ~ ~~©m~~~~~ ____________ .:..:.7/_:_:_17 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C, -40 to 85°C or-40 to 125°C, Vee= 2.7V to 3.6V) 

Symbol A It Parameter Test Condition Min Max Unit 

IAVWL lAs Address Valid to Write Enable Low E = VIL, G = ViH 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 

loES 
Output Enable High to Write Enable -

IGHWL Low E = V1L 0 ns 

-
IGHEL IOES Output Enable High to Chip Enable Low W=VIL 0 ns 

-
IWLEL IWES 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 

twwv lov Write Enable Low to Input Valid E = ViL, G = ViH 1 fi.S 
- -

IELDV lov Chip Enable Low to Input Valid G = V1H, W = V1L 1 fi.S 

IELEH twr Chip Enable Low to Chip Enable High 50 1000 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 

lwHDX loH Write Enable High to Input Transition 0 ns 

IEHDX IDH Chip Enable High to Input Transition 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 50 ns 

IWLWH twr Write Enable Low to Write Enable High 50 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.15 100 fi.S 

IWHRH twc Write Cycle lime 3 ms 

IWHRL los Write Enable High to Ready/Busy Low Note 1 150 ns 

IEHRL los Chip Enable High to Ready/Busy Low Note 1 50 ns 

lovwH 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 kn pull-up resistor. 

=8/_:_17:.__ ___________ ~ ~~©m~~~tt _____________ _ 
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Figure 10. Write Mode AC Waveforms- Write Enable Controlled 

AO·A12 

1+---.+-tWHEH 

---------.~--~tWHGL 

w 

DQ0-007 DATA IN 

~-----tDVWH------~-

~---t---tWHRL 

AI00750 

Figure 11. Write Mode AC Waveforms- Chip Enable Controlled 

AO-A12 VALID 

lA VEL-+ ~ !ELAX 

~!GHEL !ELEH 

w 

_] \ 
~tWLEL-+ J tEHGL 

1 
+tELDV-+ tEHWH 

DATA IN X -
tEHD;::J tDVEH 

DQO-DQ7 

\ 
I tEHRL 

AI00751 

~ SGS-lHOMSON 9/17 
---------------------------- ._...,, 1/;UOffil©rn~~~©ll'lo~ -------------...:.;_"-
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Figure 12. Page Write Mode AC Waveforms· Write Enable Controlled 

AO-A12 
... --·';.··-;;;;;;;:-v--
··-··''·~ 

E 

G 

w 

000-007 

005 

A100752C 

Figure 13. Software Protected Write Cycle Waveforms 

""""\__/\__/ 

w 
tWHW: ••• ~ 

AO-A5 

A6-A12 Page Address 

000-007 Byte 62 X Byte 63 ( 

AI01358 

Note: AS through A12 must specify the same page address during each high to low transition ofW (orE) after the software code has been 
entered. G must be high only when W and E are both low. 

,;_10:.:../.:..;17 ____________ ~ ~~©ltl21'~~?~ --------------
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Figure 14. Data Polling Waveforms Sequence 

AO-A12 Address of the last byte of the Page Wnte instruction V""" ___ /\_ 

---~ 

G 
---~ 

w 

' 
DQ7 ---t-CJ-

DQ7 DQ7 DQ7 DQ7 DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

AI00753C 

Figure 15. Toggle Bit Waveforms Sequence 

AO-A12 

G 

w 

DQ6 

LAST WRITE 

Note: 1. First Toggle bit is forced to '0' 

_______ ( 
.. , rt /""\ ri 

\......1 : \......1 \......1 L 
' ' 
' ' 

··~ 
' 

··~ 

TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

' 

A100754D 

---------------------------~~~@~~~~~~~----------------------~1~1/~17 
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Figure 16. Chip Erase AC Waveforms 

E ................ 
............... 

-
G 

- \ t w 
J 

................ 
:I tELWL tWLWH tWHEH 

A101484 

Table 9. Chip Erase AC Characteristics 
(T A = 0 to 70°C, -40 to 85°C or -40 to 125°C, Vee = 2. 7V to3.6V) 

Symbol Parameter Test Condition Min Max Unit 

tELWL Chip Enable Low to Write Enable Low G=12V 5 llS 

twHEH Write Enable High to Chip Enable High G = 12V 5 llS 
-

twLWH Write Enable Low to Write Enable High G = 12V 10 ms 

.:..:12:::./1.:...:7 ____________ £.V ~itlH~l~~~ --------------
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ORDERING INFORMATION SCHEME 

Example: M28LV64 -200 K 1 

Speed Package Temperature Range 

-150 150ns p PDIP28 1 Oto70°C 

-200 200ns K PLCC32 3* -40to 125°C 

-300 300ns MS 5028 300 mils 6 -40 to 85 oc 
N TSOP28 

Sx 13.4mm 

Note: 3 • Temperature range on special request only. 

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

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

-------------lifi ~itm~'l-----------...:..13,;;,;,'"-'-17 
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PDIP28- 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

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 

B1 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 

PDIP28 

E1 E 

PDIP 

Drawing is out of scale 

_14_11_7 ____________ ~ ~~~@m~~"~~ _____________ _ 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 
mm 

Typ Min 

A 2.54 

A1 1.52 

B 0.33 

B1 0.66 

0 12.32 

01 11.35 

02 9.91 

E 14.86 

E1 13.89 

E2 12.45 

e 1.27 -

N 32 

Nd 7 

Ne 9 

CP 

PLCC32 

D 

01 

PLCC 

Drawing is out of scale 

Max 

3.56 

2.41 

0.53 

0.81 

12.57 

11.56 

10.92 

15.11 

14.10 

13.46 

-

0.10 

I 

~ E1 E 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -

32 

7 

9 

I 

D21E2 8~' 
I I I 

o CP 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 

~ SGS·lHOMSON 15/17 -------------- 1!.""1/ lllilu©OOI!ll~~~=l!llli!IG~ ___________ ___.:_:::....:..:.. 
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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 

a oo so oo so 

N 2S 2S 

CP 0.10 0.004 

S028 

.~K 
A[j{ }yc 

D 

I 
I 

E H i 
i 

SO-b 

Drawing is out of scale 

-'-'16:;_/1.:...:7 ____________ ~ ~~~~m~~~~~ _____________ _ 
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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 o.ss -
L 0.50 

IX oo 

N 28 

CP 
TSOP28 

~----

I 

2~t 

7 

01 

D 

TSOP-c 

Drawing is out of scale 

Max 

1.2S 

0.20 

1.1S 

0.27 

0.21 

13.60 

11.90 

8.10 

-

0.70 

so 

0.10 

21 

I 

~ E 

I 

B 

inches 

Typ Min 

0.037 

0.007 

0.004 

0.520 

0.461 

0.311 

0.022 -
0.020 

oo 

28 

~· 
I I I 
I I I 

M28LV64 

Max 

0.049 

0.008 

0.04S 

0.011 

0.008 

0.535 

0.469 

0.319 

-
0.028 

so 

0.004 

_____________ ~ ~5tm•~~ ___________ _,_17:.:..,1.:...:..7 
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M28LV64X 

LOW VOLTAGE PARALLEL ACCESS 64K (8K x 8)' EEPROM 

• FAST ACCESS TIME: 150ns 
• SINGLE 3.3V ± 10% SUPPLY VOLTAGE 
• LOW POWER CONSUMPTION 

- Active Current 15mA 
- Standby Current 50fl.A 

• FAST WRITE CYCLE 
- 32 Bytes Page Write Operation 
- Byte or Page Write Cycle: 10ms 

• ENHANCED END OF WRITE DETECTION 

- Ready/Busy Open Drain Output 
(for M28LV64C product only) 

- Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POL YSILICON, 

CMOS TECHNOLOGY 
- Endurance > 100,000 Erase/Write Cycles 
- Data Retention > 1 0 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
• ADDRESS and DATA LATCHED ON-CHIP 

DESCRIPTION 

The M28LV64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3.3V power supply. 

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 I Busy 

Vee Supply Voltage 

Vss Ground 

March 1995 

PRELIMINARY DATA 

.c::.~~ 0 
\JYYrtwtffRN ~ 

1 

PDIP28 (P) 

8028 (MS) 
300 mils 

Figure 1. Logic Diagram 

Vee 

13 

M28LV64C 

Vss 

PLCC32 (K) 

TSOP28 (N) 
8 x13.4mm 

8 

DQO-DQ7 

RB 

AI01400 

1114 

Th1s 1s prellm1nary mformat1on on a new product now 1n development or undergomg evaluation Deta1ls are subject to change Without not1ce 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto 70 oc 
grade 6 -40to85 

TsrG Storage Temperature Range -65to 150 oc 
Vee Supply Voltage -0.3to6.5 v 
V1o Input/Output Voltage -0.3 to Vee +0.6 v 
V1 Input Voltage -0.3to 6.5 v 

VEso Electrostatic Discharge Voltage (Human Body model) 2000 v 
Note: Except for the rat1ng ""Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 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 
1nd1cated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2A. DIP Pin Connections 

RB 
A12 

A7 
AS 
As 
A4 
A3 
A2 
A1 
AO 

DQO 
DQ1 
DQ2 

Vss 

1 
2 
3 
4 
s 
6 
7 
8 
9 

[ 10 
11 

1 12 
[ 13 
[ 14 

'-/ 28 
27 
26 
2S 
24 
23 

M28LV64e ~~ 
20 
19 
18 
17 
16 
1S 

AI01401 

Vee 
w 
DU 
AB 
A9 
A11 
G 
A10 
E 
DQ7 
DQ6 
DQs 
DQ4 
DQ3 

Figure 28. LCC Pin Connections 

AS 
As 
A4 
A3 
A2 9 
A1 
AO 
Ne 

DQO 

"' () 
!;;: ;:;( ~~ ~ ~IS: E 

'~ 

G)32 

M28LV64e 2S 

17 

T""" C\1 Cl) {) C'J v ll) 

OOcnzOOO 
DO> DOD 

AB 
A9 
All 
Ne 
G 
A10 
E 
DQ7 
DQ6 

AI01403 

Warning: DU = Don't Use Warning: NC = No Connections, DU = Don't Use 

Figure 2C. SO Pin Connections Figure 20. TSOP Pin Connections 

REi vee G A10 
A12 VV A11 E 
A7 DU A9 DQ7 
AS AS AB DQ6 
AS A9 DQS 
A4 A11 DQ4 
A3 G Vee DQ3 

RB Vss 
A12 DQ2 

A2 MO 
A1 E 
AO DQ7 A7 DQ1 

DQO DQ6 A6 DQO 
DQ1 DQS As AO 
DQ2 DQ4 A4 AI 
Vss DQ3 A3 A2 

A101402 

Warning: DU = Don't Use Warning: DU = Don't Use 

2114 /,.;'i SGS·1HOMSON -:'!I fi'j]U©OO©r<~r!~U©$ 
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Figure 3. Block Diagram 

A5·A12 
(Page Address) 

AO-A4 

Table 3. Operating Modes 

Mode 

Read 

Write 

Standby I Write Inhibit 

Write Inhibit 

Write Inhibit 

Output Disable 

Note: X = VrH or V" 

DESCRIPTION (cont'd) 

E 

VrL 

VrL 

VrH 

X 

X 

X 

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 M28LV64C sup
ports 32 byte page write operation. 

RB 

64K ARRAY 

DQ0-007 

G w 

VrL VrH 

VrH VrL 

X X 

X VrH 

VrL X 

VrH X 

PIN DESCRITPION 

M28LV64C,M28LV64X 

w 

PAGE LOAD 
TIMER STATUS 
TOGGLE BIT 
DATA POLLING 

AI00877C 

DQO- DQ7 

Data Out 

Data In 

Hi-Z 

Data Out or Hi-Z 

Data Out or Hi-Z 

Hi-Z 

Addresses (AO-A12). 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. 

______________ ~ ~~©mgm~a~ ____________ 3::.;_/-'-'-14 

535 



M28LV64C,M28LV64X 

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 M28LV64C through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV64C. 

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 M28LV64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the 1/0 Qlns._The 1/0 
pins are high impedance when either GorE is high. 

Write 

Write operatiO_!}S are initiated when both W and E 
are lg_w anQ_ G is high. The M28LV64C supports 
both E and W controlled write cy_Qies:..Ihe 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 
programming cycle. All bytes must be located in a 
single page address, that is A5-A 12 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 sei}Q af!Q_ther address and data after the rising 
edae of~ 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 M28LV64C 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 ~emory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO 

I DP I TB IPLrsl Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 
DP = Data Polling 
TB = Toggle Bit 
PLTS = Page Load T1mer Status 

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 M28LV64C also offers an
other 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 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 may be latched by E or W. Up to 
32 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En
able Low. DQ5 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 RB 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 . 

..:.:.4/..:...14.:...._ ___________ !iii ~~~©mgm£9~ _____________ _ 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times ,; 20ns 

Input Pulse Voltages Olj to Vee -0.3V 

Input and Output Timing Ref. Voltages 1.5V 

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

Figure 5. AC Testing Input Output Waveforms 

Vcc-o·:: JE=>C osvcc 

AI01274 

DEVICE 
UNDER 
TEST 

1.3kQ 

CL includes JIG capacitance 

Table 4. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

CtN Input Capacitance VtN =DV 

GouT Output Capacitance VouT= OV 

Note: 1. Sampled only, not 100% tested 

Vee 

1.8kl1 

Max 

6 

12 

Table 5. Read Mode DC Characteristics (TA = 0 to 70°C or --40 to 85°C, Vee= 3V to 3.6V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV,; VtN,; Vee 1 

ILO Output Leakage Current OV :> VtN :>Vee 10 

lcc 1'l Supply Current (CMOS inputs) E = VtL, G = VtL , I = 5 MHz 15 

lcc2 l'l Supply Current (Standby) CMOS E > Vcc-Q.3V 50 

VtL Input Low Voltage -0.3 0.6 

VtH Input High Voltage 2 Vee +0.5 

VoL Output Low Voltage loL = 2.1 rnA 0.3 

VoH Output High Voltage loH = -1mA 2 

Note: 1. All I/O's open. 

Table 6. Power Up Timing <1> (TA = 0 to 70°C or --40 to 85°C, Vee= 3V to 3.6V) 

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 

OUT 

AI01396 

Unit 

pF 

pF 

Unit 

JlA 

JlA 

rnA 

JlA 

v 
v 
v 
v 

Unit 

JlS 

ms 

______________ ~ ~~~m~~~~ ---------------=5/...:....:.14 
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Table 7. Read Mode AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C, Vee = 3V to 3.6V) 

M28LV64C 

Symbol A It Parameter Test Condition -150 -200 -300 Unit 

min max min max min max 

IAVQV lAce Address Valid to E = VIL, G = VIL 150 200 300 ns Output Valid 

IELQV leE 
Chip Enable Low to 

G =VIL 150 200 300 ns Output Valid 

Output Enable Low to -
75 100 tGLQV toE Output Valid E= VIL 150 ns 

tEHOZ(t) !oF 
Chip Enable High to G =VIL 0 50 0 60 0 60 ns Output Hi-Z 

tGHQZ(t) toF 
Output Enable High to 

E=VIL 0 50 0 60 0 60 ns Output Hi-Z 

tAXQX toH 
Address Transition to 

E = ViL, G = VIL 0 0 0 ns Output Transition 

Note: 1. Output Hi-Z is defined as the point where data is no longer dnven. 

Figure 7. Read Mode AC Waveforms 

AO-A12 

~----.!- tAXQX 

E 

G 

DQ0-007 
Hi-Z 

AI00749 

Note: W = High 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C, Vee = 3V to 3.6V) 

Symbol A It Parameter Test Condition Min Max Unit 

IAVWL lAs Address Valid to Write Enable Low E = VIL. G = VIH 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 

Output Enable High to Write Enable -
IGHWL IcES Low E=VIL 0 ns 

-
IGHEL IcES Output Enable High to Chip Enable Low W=ViL 0 ns 

IWLEL twes Write Enable Low to Chip Enable Low G=VIH 0 ns 

lwLAX IAH Write Enable Low to Address Transition 150 ns 

IELAX IAH Chip Enable Low to Address Transition 150 ns 

IWLOV lov Write Enable Low to Input Valid E = VIL, G = VIH 1 JlS 
- -

tELDV tov Chip Enable Low to Input Valid G = V1H, W = V1L 1 JlS 

twLWH twp Write Enable Low to Write Enable High 150 ns 

IELEH lwP Chip Enable Low to Chip Enable High 150 ns 

IWHEH lcEH Write Enable High to Chip Enable High 0 ns 

IWHGL IOEH Write Enable High to Output Enable 10 ns Low 

IEHGL IOEH Chip ~nable High to Output Enable Low 10 ns 

IEHWH lwEH Chip Enable High to Write Enable High 0 ns 

twHOX toH Write Enable High to Input Transition 0 ns 

teHOX toH Chip Enable High to Input Transition 0 ns 

IWHWL lwPH Write Enable High to Write Enable Low 200 ns 

IWHWH IsLe Byte Load Repeat Cycle Time 0.35 50 JlS 

IWHRH twc Write Cycle Time 10 ms 

IWHRL loa Write Enable High to Ready/Busy Low Note 1 150 ns 

IEHRL loa Chip Enable High to Ready/Busy Low Note 1 150 ns 

lovwH los Data Valid before Write Enable High 50 ns 

lovEH los Data Valid before Chip Enable High 100 ns 

Note: 1. With a 3.3 kn pull-up resistor. 

~ SGS·lHOMSON 7/14 ---------------- lilt."'JI lliiU©OO©rn!!J<©'ii1jj©filllU©$ ---------------'c:...:....:. 
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled 
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1+--.r- IWHEH 
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Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 
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Figure 10. Page Write Mode AC Waveforms- Write Enable Controlled 

AO-A12 

E 

w 

DQO-DQ7 

005 

AI00752C 

Figure 11. Data Polling Waveforms Sequence 

AO-A12 

G 

w 

007 

LAST WRITE 

Address of the last byte of the Page Write instruction C 

INTERNAl WRITE SEQUENCE 

---~ 

---~ 

' ' ' 

---1--C}-
, 007 

READY 

AI00753C 
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Figure 12. Toggle Bit Waveforms Sequence 

AO-A12 ______ ( 
E 

.. "\ ry /""\ ri 
\.......1 i \.......1 \.......1 L 

' 
··~ 

w 

DQ6 ··~ 

LAST WRITE TOGGLE 
INTERNAL WRITE SEQUENCE 

READY 

AI007540 

Note: 1. First Toggle bit is forced to '0' 

ORDERING INFORMATION SCHEME 

Example: M28LV64C -200 K 

Version Temperature Range 

c RB available -150 150 ns p 1 Oto7ooc 

X RB not bonded -200 200 ns K PLCC32 6 -40 to 85 oc 
(pinNC) 

-300 300 ns MS 8028 300 mils 

N TSOP28 
8 x 13.4mm 

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

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

.:..10::;_/1.:...;4'-------------l..V ~~'ll&~~~~li -------------
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PDIP28 - 28 pin Plastic DIP, 600 mils width 

Symb 
mm inches 

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 

8 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 

PDIP28 

E1 E 

PDIP 

Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 

Symb 

A 

A1 

B 

B1 

D 

D1 

D2 

E 

E1 

E2 

e 

N 

Nd 

Ne 

CP 
PLCC32 

I 
I 
I 

Ne: 
I 

Typ 

1.27 

I 

~ 

mm 

Min Max 

2.54 3.56 

1.52 2.41 

0.33 0.53 

0.66 0.81 

12.32 12.57 

11.35 11.56 

9.91 10.92 

14.86 15.11 

13.89 14.10 

12.45 13.46 

- -
32 

7 

9 

0.10 

D 
01 

I 

~ E1 E 

~~-~-~-q::==::........t 
PLCC 

Drawing is out of scale 

inches 

Typ Min 

0.100 

0.060 

0.013 

0.026 

0.485 

0.447 

0.390 

0.585 

0.547 

0.490 

0.050 -
32 

7 

9 

I 

D2/E2 6~' 
I I I 

o CP 

Max 

0.140 

0.095 

0.021 

0.032 

0.495 

0.455 

0.430 

0.595 

0.555 

0.530 

-

0.004 

.:..:12:::.../1:...:4 ___________ /..W ~~~@~~~~ -------------
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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 

a oo so oo so 

N 2S 2S 

CP 0.10 0.004 

8028 

B~& Au rye 
D 

i 

I 
! 

E H i 
I 

SO-b 

Drawing is out of scale 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 

Symb 
mm 

Typ Min Max 

A 1.2S 

A1 0.20 

A2 0.9S 1.1S 

B 0.17 0.27 

c 0.10 0.21 

D 13.20 13.60 

D1 11.70 11.90 

E 7.90 8.10 

e o.ss - -

L o.so 0.70 

a oo so 

N 28 

CP 0.10 

TSOP28 

21 

8 

01 

D 

d DIE k 
.JJ \~-- __ ___,, y c 

TSOP-c 

Drawing is out of scale 

I 

inches 

Typ Min 

0.037 

0.007 

0.004 

O.S20 

0.461 

0.311 

0.022 -

0.020 

oo 

28 

~' 

I 

' ' ' ' ' ' 

Max 

0.049 

0.008 

0.04S 

0.011 

0.008 

O.S3S 

0.469 

0.319 

-

0.028 

so 

0.004 
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M2201 

SERIAL ACCESS 1 K (128 x 8) EEPROM 

• 100.000 ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 

• SINGLE SV ± 10% SUPPLY VOLTAGE 
• HARDWARE WRITE CONTROL 

• TWO WIRE SERIAL INTERFACE 
• 400K BIT TRANSFER RATE 

• BYTEWRITE 
• PAGE WRITE (up to 4 BYTES) 
• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

DESCRIPTION 

The M2201 is a 1 K bit electrically erasable pro
grammable memory (EEPROM), organized as 128 
x 8 bits. It is manufactured in SGS-THOMSON's 
Hi-Endurance Advanced CMOS technology which 
guarantees a data retention of over 1 0 years. 

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. The START condition is followed by 7 bits 
of address, plus one read/write bit and terminated 
by an acknowledge bit. 

Table 1. Signal Names 

SDA Serial Data lnpuVOutput 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

December 1994 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 

SCL-

we -c M2201 

I 
Vss 

Th1s 1s preliminary rnformat1on on a new product now in development Detmls are subject to change Without not1ce. 

PRODUCT PREVIEW 

SOB (M) 

1---SDA 

AI01321 

1/12 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

M2201 M2201 

NCoV~ Ne Vee 
NC 2 7 we Ne we 

Ne 3 6 SeL Ne SeL 

Vss 4 5 SDA Vss SDA 

AI01322 AI01323 

Warning: NC = No Connection Warning: NC = No Connection 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
TsTG Storage Temperature -65to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIP8 package) 10sec 260 

Vo Output Voltage -0.3to6.5 v 
V1 Input Voltage --0.3 to 6.5 v 

Vee Supply Voltage --0.3 to 6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) <21 4000 v 
Electrostatic Discharge Voltage (Machine model) <31 500 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 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

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 

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. 

=.21.:..::12=------------i:.V ~~trnlH~~~Ii -------------
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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 
useful! to protect the contents of the memory from 
any erroneous erase/writ~cle. The Write Control 
signal is used to enable (WC = ViH) or disable (WC 
= ViL) the internal write protection. When uncon
nected, the WC 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 (Ceus) for an 12C Bus 
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Table 3. Input Parameters (1l (T A = 25 ac, f = 400 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CrN Input Capacitance (SDA) B pF 

CrN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance VrN:;; 0.3 Vee 5 20 kn 

ZwcH WC Input Impedance VrN 2:0.7 Vee 500 kQ 

tLP 
Low-pass filter input time constant 

100 ns (SDA and SCL) 

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

Table 4. DC Characteristics 
(TA = 0 to 70 ac; Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu 
Input Leakage Current OV:;; VrN:;; Vee ±2 ~A (SCL, SDA) 

ILO Output Leakage Current ov s Vour5 Vee ±2 ~A SDAin Hi-Z 

Icc Supply Current 
lc =400kHz 

2 mA (Rise/Fall time < 30ns) 

VrN = Vss or Vee. 100 ~A 
lcc1 Supply Current (Standby) 

Vee= 5V 

VrN = Vss or Vee, 300 ~A Vee= 5V, fc =400kHz 

VrL Input Low Voltage (SCL, SDA) --0.3 0.3 Vee v 

VrH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 
VrL Input Low Voltage (WC) --0.3 0.5 v 
VrH Input High Voltage (WC) Vee-0.5 Vee+ 1 v 
VoL Output Low Voltage loL = 3mA, Vee = 5V 0.4 v 

4/12 r.== SGS·THOMSON .::..:=--------------- ._"'JI lrl!IU©llm~~©'ii'OO@I'!JU~ ---------------
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Table 5. AC Characteristics 
(TA = 0 to 70 oc; Vee= 5V ± 10%) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 300 ns 

fcL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 (1) IR SDA Rise lime 20 300 ns 

IDL1DL1 (1) IF SDAFaiiTime 20 300 ns 

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

tcHCL tHIGH Clock Pulse Width High 600 ns 

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

tcLDX tHo DAT Clock Low to Input Transition 0 ).IS 

tcLCH tLOw Clock Pulse Width Low 1.3 ).IS 

toxcx tsu DAT Input Transition to Clock Transition 100 ns 

tcHDH tsusTO Clock High to Input High (STOP) 600 ns 

toHDL tsuF Input High to Input Low (Bus Free) 1.3 J.!S 

tcLQV tAA Clock Low to Data Out Valid 200 1000 ns 

tcLOX toH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 

tw twR Write lime 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART condition, or following a wnte cycle. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ,; 50ns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

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

Figure 4. AC Testing Input Output Waveforms 

O.BVcc 
o.7Vcc 

o.2Vcc 
o.svcc 

AI00825 

400 kHz 

10 ms 

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 untill the 
end of the Byte Address) will not modify data and 
will NOT be acknowledged on data bytes, as in 
Figure 8. 

--------------~ ~~©W.gml~~~ ____________ 5::.;,/=12 
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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. 

It 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 system may be re-

--------~ 
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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 Figure 

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 

- 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 memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1 ). 

AI01099 
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Read Operation 

Byte Read. The master sends a START conQ)!io~ 
followed by seven bits of address and the RW bit 
(set to '1 ').The M2201 acknowledges it and outp~ts 
the corresponding data byte. The read operallon 
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 mternal 
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 

we 

BYTE WRiTE 

we 

PAGE WRiTE 

AI01324 
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Figure 9. Read Modes Sequences 

ACK NOACK 

BYTE READ n ~~~~~D~I/1 :D~i~~~T: i1UJ 
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a: RIW=1 0 
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ACK ACK ACK NO ACK 

SEQUENTIAL READ 0 ~~~~~D~I 1 1 1 1 ~~+:o~y) 1 1 C:::::J 1 1~+~~~i~I 1 UJ 
t- 0.. 

~ RIW=1 r;? 
ti w 

AI01325 

ORDERING INFORMATION SCHEME 

Example: M2201 M TR 

Package Temperature Range 

B PSDIP8 1 Oto70"C 
0.25mm Frame 

M SOB 

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

Option 

TR Tape & Reel 
Packing 

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

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

10/12 r== SGS·THOMSON .:...=:..:..=.... ____________ A.'Y§ ll:lilU©OO©~~~©'IT!iil©!K!U©!!i --------------

558 



M2201 

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 

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 

PSDIPS 

D 

N 

) 
1 I 

E1 E 

L..JL..JL..J 

Drawing is out of scale 

Max 

5.90 

-

5.30 

0.56 

1.65 

0.36 

9.90 

-

6.70 

-

-

10.00 

3.80 

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...tl"' 

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.eo 

E 3.eo 

e 1.27 -

H 5.eo 

h 0.25 

L 0.40 

a oo 

N e 

CP 

SOB 

E H 

SO-a 

Drawing is out of scale 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

eo 

0.10 

/ 

Typ 

0.050 

i 
/ 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.1e9 

0.150 

-

0.22e 

0.010 

0.016 

oo 

e 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-

0.244 

0.020 

0.035 

eo 

0.004 

.:..:12=-/1.:..:2:...._ ___________ ~ ~~~©lH~~~~~ --------------
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ST24164 
ST25164 

SERIAL ACCESS 16K (2K x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES with 
OVER 1 0 YEARS DATA RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 4.5V to 5.5V for ST24164 version 

- 2.5V to 5.5V for ST25164 version 

• HARDWARE WRITE CONTROL PIN 

• TWO WIRE SERIAL INTERFACE 

• 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 ST24/25164 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2048 x 8 bits. They are manufactured in SGS
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of one 
million erase/write cycles with a data retention of 
over 1 0 years. The memories operate 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 

June 1994 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

3 

EO-E2 

SCL 
ST24164 
ST25164 

we 

Vss 

SOB (M) 

SDA 

A101248 

1/15 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24164 ST24164 
ST25164 ST25164 Eoovcc EO vee 

E1 2 7 we E1 we 

E2 3 6 SeL E2 SeL 

Vss 4 5 SDA Vss SDA 

AI01249 AI01250B 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto 70 oe 
grade6 -40to 85 

TsTG Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (S08 package) 40 sec 215 oc 
(PSDIP8 package) 10sec 260 

Vo Output Voltage -0.3 to 6.5 v 
V1 Input Voltage -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 121 4000 v 

Electrostatic Discharge Voltage (Machine model) (a) 500 v 

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

2. MIL-STD-883C, 3015.7 {100pF, 1500 Q). 
3. EIAJ IC-121 {Cond1t1on C) {200pF, 0 0). 

DESCRIPTION (cont'd) 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

The memories are compatible with the two wire 
serial interface which uses a bi-directional data bus 
and serial clock. The memories offer 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 memories behave 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 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. 

2115 ~ SGS·lHOMSON =....:=--------------- 6..""!/ liillO©M©~~~©'ii'OO@IIIJO©$ ---------------
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Table 3. Device Select Code 

Chip Enable 

Bit b7 b6 I b5 

Device Select 1 E2 I E1 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes (1) 

Mode RWbit 
-
WCpin 

Current Address Read '1' X 

Random Address Read 
'0' 

X 
'1' 

Sequential Read '1' X 

Byte Write '0' VrL 

Page Write '0' VrL 

Notes: 1. X = v,H or v,L 

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 

I 
I 

ST24164,ST25164 

MSBAddress RiW 

b4 b3 I b2 I b1 bO 

EO A10 I A9 I AB R/W 

Bytes Initial Sequence 

1 START, Device Select, R/W ~ '1' 

1 
START, Device Select, R/W ~ '0', Address, 

reSTART, Device Select, R/W ~ '1' 

1 to 2048 Similar to Current or Random Mode 

1 START, Device Select, RiW ~ '0' 

16 START, Device Select, R/W ~ '0' 

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). An hardware Write Control 
feature (WC) is offered on pin 7. 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 = Vi H) or disable (WC 
= ViL) the internal write protection. WC pin can be 
direcly connected to Vss pin, in order to run the 
ST24/25164 without the Write Control protection. 
When unconnected, the WC input is internally read 
as V1L (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. 

r== SGS-THOMSON __________ --=:..31215 -------------- lo.""f/ llilU©Ililm~~lb"'ii1iil©~a&® 
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Figure 3. Maximum RL Value versus Bus Capacitance (Caus) for a Serial Bus 

20 

Vee 

1\ ------16 

\ ~ ,..!. 

\ RL RL 

a 12 

1\ SDA 'T ~ 

1,1 ...... -~~~~-. E \ MASTER SCL ...J -T a: 8 
~ -i caus ........_ 

!--... 
4 

Vcc=5V 
......_ 

r-. 
0 

100 

DEVICE OPERATION 

Bus Background 

200 300 

Csus (pF) 

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 
ST24/25164 are always slave devices in all com
munications. 

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 ST24/25164 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 ST24/25164 
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. 

400 

AI01100 

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 ST24/25164 
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 ST24/25164, 
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 (R/W). 

Three out of the four most significant bits of the 
Device Select code are the Device Select bits (b6, 
b5, b4). They are matched 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 

..::41..:.:15::..__ __________ ~ SGS·lHOMSON -----------..,...,I ~O©L'ii@~G!l:©WJ@ilJO©@ 
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Table 5. Input Parameters (1) (T A = 25 ac, f = 400 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CrN Input Capacitance (SDA) 8 pF 

CrN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance VrN ~ 0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance VrN <: 0.7 Vee 500 kQ 

ILP 
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 ac or -40 to 85 ac; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV~VIN :>Vee ±2 llA 

ILO Output Leakage Current OV ~ Vour::; Vee ±2 llA SDAin Hi-Z 

Supply Current (ST24 series) Vee= 5V, fc =1OOkHz 
2 mA 

Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, fc =100kHz 1 mA 

VrN = Vss or Vee, 100 J.lA 
lcc1 

Supply Current (Standby) Vee= 5V 
(ST24 series) 

VrN = Vss or Vee, 
Vee = 5V, fe = 1OOkHz 

300 1-1A 

VrN = Vss or Vee. 5 llA 
lee2 

Supply Current (Standby) Vee= 2.5V 
(ST25 series) 

VrN = Vss or Vee. 
Vee= 2.5V, fc = 1OOkHz 

50 llA 

VrL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
VrH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

VrL 
Input Low Voltage 

-0.3 0.5 v (EO-E2, WC) 

VrH 
Input Highj(oltage 

Vee -0.5 Vee+ 1 v 
(EO-E2, WC) 

VoL 
Output Low Voltage (ST24 series) loL = 3mA, Vee= 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1 mA, Vee= 2.5V 0.4 v 

~ SCS·lHOMSON 5/15 --------------- .._""!I liillU@Im©~IUO©'ii'li2©1llo~ _____________ ..::;_;..::. 
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Table 7. AC Characteristics 
(T A = 0 to 70 °C 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 lA Clock Rise lime 1 J.LS 

ICL1CL2 IF Clock Fall lime 300 ns 

IOH1DH2 lA Input Rise Time 1 J.LS 

IDL1DL1 IF Input Fall lime 300 ns 

tcHDX(l) lsusrA Clock High to Input Transition 4.7 J.1S 

tcHCL tHIGH Clock Pulse Width High 4 J.1S 

toLCL tHDSTA Input Low to Clock Low (START) 4 J.1S 

ICLDX IHDDAT Clock Low to Input Transition 0 J.1S 

ICLCH I LOw Clock Pulse Width Low 4.7 J.LS 

toxcx ISU:DAT Input Transition to Clock Transition 250 ns 

tcHDH tsusro Clock High to Input High (STOP) 4.7 J.LS 

toHDL tsuF Input High to Input Low (Bus Free) 4.7 J.LS 

tcLQV tAA Clock Low to Data Out Valid 0.3 3.5 J.LS 

tcLOx toH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

tw twA Write lime 10 ms 

Note: 1. For a reSTART cond1!1on, or fol!ow~ng a wnte cycle. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 5 SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

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

Figure 4. AC Testing Input Output Waveforms 

O.BVcc 

02Vcc 

o.7Vcc 

o.3Vcc 

AI00825 

DEVICE OPERATION (cont'd) 

giving a memory capacity total of 128K bits. After a 
START condition any memory on the bus will iden
tify the device code an.Qj:ompare the 3 bits to its 
chip enable inputs E2, E1, EO. 

The 8th bit sent is the Read or Write bit (R/W), 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. 

Write Operations 

The Write Operations are only possible when the 
Write Control pin is low (WC to ground). 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges and waits for the lower byte 
address. After receipt of the byte address the de
vice again responds with an acknowledge. 

"'6/..:..;15:...._ ___________ lW ~itn&~~~~ ------'----------
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Figure 5. AC Waveforms 

SCL 

SDAIN 

SCL 

SDAOUT 

SCL 

SDAIN 

1+-----t+ ICHCL 

~START-.i 
CONDITION 

~SDA+i+SDA+i 
INPUT CHANGE 

:.--DATA OUTPUT____.: 

~STOP&+i 
BUS FREE 

tCHDX ,._ __ -+! 

l+-STOP-;+------ WRITE CYCLE _____ .,_.,__ START _.j 
CONDITION CONDITION 

AI00795 
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Figure 6. 12C Bus Protocol 

SCL 
·····---~ 

SDA \! I i IT~~~~~~ i I ! 

!-START-! ~SDA~SDA~ ~STOP-....1 
CONDITION INPUT CHANGE CONDITION 

SCL 

SDA 

~ 
START 

CONDITION 

.... _ __fi\__fi\___F\ .. 

.... JCJ(~-~--

SCL ·--~---·· 
SDA ~~~~~~ 

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 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 Byte Address 
bits (A7-A4) are the same. The master sends from 
one up to 16 bytes of data, which are each acknow
ledged by the memory. After each byte is trans
fered, the internal byte address counter ( 4 least 
significant bits only) is incremented. The transfer is 
terminated by the master generating a STOP con
dition. Care must be taken to avoid address counter 

~ 
STOP 

CONDITION 

AI00792 

'roll-over' which could result in data being overwrit
ten. Note that, for any write mode, the generation 
by the master of the STOP condition starts the 
internal memory program cycle. All inputs are dis
abled 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 an ACK polling sequence issued by the 
master. 

~8/~15~------------------------ ~~~@~~~~~~~ ----------------------------
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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, no ACK will be returned and the 
master goes back to Step 1. If the mernory 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 next instruction 
(the first byte of this instruction was already sent 
during Step 1 ). 

Figure 7. Write Cycle Polling using ACK 

ST24164,ST25164 

Read Operations 

Read operations are independent of the state of the 
WC 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 conditio_!1 
the master sends a memory address with the R/W 
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. 

AI01099 
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Figure 8. Write Modes Sequence 

BYTE WRITE 

ACK ACK ACK 

PAGE WRITE n I :o~y~~~ 11. 11 ~0:E:A?~~ 1
1
1 :~A!~I:N:< 1

1
1 :~A!~~~:~: 

f-a: 

~ 
AN>/ 

ACK ACK 

~:J 1 1 :Df!~~~:N: 1
1
• n 

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 m~er and the byte 
address is repeated with the R/W bit set to '1'. The 
memory acknowledges this and outputs the byte 
addressed. 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-

AI01296 

quence. 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 
counter will'roll- over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25164 waits for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25164 termi
nates the data transfer and switches to a standby 
state. 

"'"10:..:./'""'15'-------------~ ~~©m~~~~~ _____________ _ 
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Figure 9. Write Modes Sequence with Write Control = 1 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

PAGE WRITE 
(cant' d) 

ACK ACK NO ACK 

n I :o~y~~L: 11. 11 ~~~:A~.H 111: ?~~A:I~: 11LD 
1- a.. 
~ RM ~ 
~ w 

ACK ACK NOACK 

n I :o~y~~~ 11. 11 ~~:E:A~?~ 111 :~A!~I:N:< 1
1
1 :~A!~I:N:~: 

1-c: 
;:: RM 
00 

NOACK NOACK 

~:J 1 1 :0tT~~~:N: 1
1LD 

AI01161 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

n I :D~y~~~ 111
1
1 :Dti~i~~ 1

1LD 
1- 0.. 

~ R/W ~ 
tii Cfl 

ACK ACK ACK NO ACK 

n ~~~\~E~;II. 1 1~~:E:A~~~I 1 D ~~~\~E~:I/1 :Dti~i~T: 11LD 
~ Rm ~ Rm ~ 
~ ~ tii 

ACK ACK 

n I :D~Y ~~L: 111
1
1 ~~+:a~!~ 1 1 [:~~ 

ti: 
~ 

R/W 

ACK NOACK 

~~:J 1 1 ~+t ~~i ~ 11LD 

ACK ACK ACK ACK 

n I~~\ ~E~; 11.
1
1 ~~~:A~~~ 110 I~~\ ~E~; 111

1
1 ~+t:a~y: 11C_ 

1- 1-
~ R/W ~ R/W 
1- 1-
Cfl Cfl 

ACK NOACK 

~:J 1 1~+~~~i~I 1 LD 

A100794C 

Note: • The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical 

.:.::12::....:/1-=-5 _________ ~ ~~©mgmtf~~tt __________ _ 
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ORDERING INFORMATION SCHEME 

Example: ST24164 M TR 

T 

Operating Voltage l IL_ _ ___:P~a=ckage 
24 4.5V to 5.5V B PSDIP8 

25 2.5V to 5.5V 0.25mm Frame s· 
M 808 

6 -40 to 85 oc 

Note: 3 • Temperature range on special request only. 

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

ST24164,ST25164 

Option 

TR Tape & Reel 
Packing 

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

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

______________ '-V ~i~©mgm~~~r!l-----------___;.1"'3'..:..=.15 
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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 

PSDIP8 

I 
...__, 

I 

/' I 
.. 

c ... ~-o~ 
eA 

D eB 

_n._o_ n 
N 

D E1 E 

1 
UL..JL..J PSDIP-a 

Draw1ng is out of scale 
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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 

SOB 

E H 

SO-a 

Drawing is out of scale 

Max 

1.75 

0.25 

0.51 

0.25 

5.00 

4.00 

-

6.20 

0.50 

0.90 

so 

0.10 

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 

O.D16 0.035 

oo so 

8 

0.004 
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DUAL MODE SERIAL ACCESS 1 K (128 x 8) EEPROM 

• 1 MILLION ERASE/WRITE CYCLES 

• 40 YEARS DATA RETENTION 

• 2.5V to 5.5V SINGLE SUPPLY VOLTAGE 

• 400kHz COMPATIBILITY OVER the FULL 
RANGE of SUPPLY VOLTAGE 

• TWO WIRE SERIAL INTERFACE 12C BUS 
COMPATIBLE 

• 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 

The ST24LC21 is a 1 K bit electrically erasable 
programmable memory (EEPROM), organized by 
8 bits. This device can operate in two modes: Trans
mit Only mode and 12C 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 falling edge of the signal applied on SCL 
pin. The ST24LC21 cannot switch from the 12C 
bidirectional mode to the Transmit Only mode (ex
cept when the power supply is removed). The 
device operates with a power supply value as low 
as 2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 

Table 1. Signal Names 

SDA Serial Data Address Input/Output 

SCL Serial Clock (1 2C mode) 

Vee Supply Voltage 

Vss Ground 

VCLK Clock Transmit only mode 

February 1995 

PSDIPB (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 
I 
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ST24LC21 

VCLK-

. I 
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PRODUCT PREVIEW 

SOB (M) 

1--- SDA 

AI01489 

1/16 

577 



ST24LC21 

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

ST24LC21 ST24LC21 

Ncoa vee 
NC 2 7 VCLK 

NC 3 6 SCL 

Vss 4 5 SDA 

NC Vee 
NC VCLK 

NC SCL 

Vss SDA 

AI01499 AI01500 

Warning: NC =No Connection Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 11) 

Symbol Parameter Value Unit 
I 

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

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 

Electrostatic Discharge Voltage (Human Body model) (21 4000 v 
VESD 

Electrostatic Discharge Voltage (Machine model} (31 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operat1on 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 Max1mum 
Rating conditions for extended penods may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883G, 3015.7 (100pF, 1500 !1). 
3. EIAJ IG-121 (Condition G) (200pF, 0 !1) 

Table 3. Device Select Code 
-

Device Code Chip Enable RW 

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

Device Select 1 I 0 I 1 I 0 X I X I X RW 

Note: The MSB b7 is sent first. 
X=Oor1. 

=2/~16~------------------------ ~ ~~~~~~~~~~~ ----------------------------
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Figure 3. Transmit Only Mode Waveforms 

Vee 

SeL 

SDA 

VeLK 

Vee 

SeL 

BitS X Bit5 ~~:::::: 

·--~---···· 
SDA 

VeLK 

AI01501 

Table 4. Operating Modes 

Mode RWbit Bytes Initial Sequence 

Current Address Read '1' 1 START, Device Select, RW = '1' 

Random Address Read 
'0' 

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

'1' reSTART, Device Select, RW = '1' 

Sequential Read '1' 1 to 128 Similar to Current or Random Mode 

Byte Write '0' 1 START, Device Select, RW = '0' 

Page Write '0' 8 START, Device Select, RW = '0' 

------------ 'r'l SGS·ntOMSON __________ ...:c3/~16 
._...,, ~U©OO@Il:~~ 
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Figure 4. Transition Mode Waveforms 

Transmit Only Mode Bi-Directional Mode 

SCL 

SDA 

VCLK 

-~....,.Jx~....-_ ____,r'L:J 
_j LJ 

Transmit Only Mode 

After a Power-up, the device is in the Transmit Only 
mode. A proper initialization sequence must supply 
nine clock pulses on the VCLK pin (in order to 
internally synchronize the device). During this in
itialization sequence, the SDA pin is in high imped
ance. 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 te 
memory aray is transmitted serially on SDA pin with 
an automatic address increment. 

When the last byte is transmitted, the address 
counter will roll back to location OOh. 

12C Bidirectional Mode 

The device can be switched from Transmit Only 
mode to 12C Bidirectional mode by applying a valid 
high to low transition on the SCLpin (see Figure 4). 

When the device is in the 12C Bidirectional mode, 
the VCLK input enables (or inhibit) the execution of 
any write instruction: if VCLK = 1, write instructions 
are executed; if VCLK write instructions are not 
executed. 

The device is compatible with the 12C standard, two 
wire serial interface which uses a bi-directional data 

AI01502 

bus and serial clock. The device carries a built-in 4 
bit, unique device identification code (1 01 0) corre
sponding to the 12C bus definition. 

The device 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 (identification code 101 0), plus one 
read/write bit 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. 

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. 

_:.:41..:.:16:::.__ ___________ ~ ~i~©ltl2m~~9a --------------
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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 5). 

Transmit Only Clock (VCLK). The VCLK input pin 
is used to synchronize data out when the 
ST24LC21 is in Transmit Only mode. The VCLK 
input offers also a Write Enable (active high) func
tion when the ST24LC21 is in 12C bidirectional 
mode. 

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 5). 

DEVICE OPERATION 

12C Bus Background 
The ST24LC21 support 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 

ST24LC21 

transfer and will provide the serial clock for syn
chronisation. The ST24LC21 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 ST24LC21 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 ST24LC21 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. 

Figure 5. Maximum RL Value versus Bus Capacitance (Ceus) for an J2C Bus, fc = 400kHz 

20 
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~ 
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Table 5. Input Parameters <11 (T A = 25 °C, f = 100 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance (SDA) 8 pF 

CIN Input Capacitance (other pins) 6 pF 

ILP 
Low-pass filter input time constant 300 ns (SDA and SCL) 

Note: 1. Sampled only, not1 00% tested. 

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

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OVSV1NSVcc ±2 !lA 

ILO Output Leakage Current OV s Vour s Vee ±2 !lA SDAin Hi-Z 

Supply Current Vee= 5V, fc =400kHz 2 rnA 
Icc (Rise/Fall time< 10ns) 

Supply Current Vee= 2.5V, fe =400kHz 1 rnA 

V1N = Vss or Vee, 100 !lA Vee= 5V 
lee1 Supply Current (Standby) 

V1N = Vss or Vee, 300 !lA Vee= 5V, fc =400kHz 

V1N = Vss or Vee, 5 !lA 
lee2 

Supply Current (Standby) Vee= 2.5V 

V1N = Vss or Vee, 50 !lA Vee= 2.5V, fe =400kHz 

VIL Input Low Voltage (SCL, SDA) -o.3 0.3 Vee v 
VIH Input High Voltage (SCL, SDA) 0.7Vee Vee+ 1 v 

V1L Input Low Voltage (VCLK) 
2.5V s Vee s 3V -Q.3 0.2Vce v 

Vee>3V -o.3 0.8 v 
VIH Input High Voltage (VCLK) 2 Vee+ 1 v 
VoL Output Low Voltage loL= 3mA 0.4 v 

:::::61..:..:16=-------------i:.V ~~IH91f~~~ -------------
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Table 7. AC Characteristics, 12C Bidirectional Mode 
(TA = 0 to 70 °C or -40 to 85 °C; Vee = 2.5V to 5.5V) 

Symbol A It Parameter 

ICH1CH2 IR Clock Rise lime 

tcucl2 IF Clock Fall lime 

IDH1DH2 (1) IR SDA Rise lime 

IDL1Dl1 (1) IF SDAFalllime 

ICHDX (2) lsU·STA Clock High to Input Transition 

ICHCL IHIGH Clock Pulse Width High 

toLCL IHD.STA Input Low to Clock Low (START) 

ICLOX IHO.OAT Clock Low to Input Transition 

ICLCH !Low Clock Pulse Width Low 

loxcx lsu OAT Input Transition to Clock Transition 

ICHDH tsu.sTo Clock High to Input High (STOP) 

toHOL lsuF Input High to Input Low (Bus Free) 

ICLQV tM Clock Low to Data Out Valid 

tcLQX toH Clock Low to Data Out Transition 

fc fscL Clock Frequency 

tw tWA Write lime 

Notes: 1. Sampled only, not 100% tested. 
2. For a reSTART condition, or following a write cycle. 

Table 8. AC Characteristics, Transmit-only Mode 
(TA = 0 to 70 °C or -40 to 85 oc; Vee= 2.5V to 5.5V) 

Symbol A It Parameter 

tvcHox lvM Output Valid from VCLK 

IVCHVCL IVHIGH VCLK High lime 

IVCLVCH tVLOW VCLK Low lime 

ICLOZ lvHZ Mode Tansition lime 

tvpu 11 > Transmit-only Power-up lime 

Note: 1. Refer to Fogure 3. 

ST24LC21 

Min Max Unit 

300 ns 

300 ns 

20 300 ns 

20 300 ns 

600 ns 

600 ns 

600 ns 

0 !IS 

1.3 J.lS 

100 ns 

600 ns 

1.3 !IS 

200 900 ns 

200 ns 

400 kHz 

10 ms 

Min Max Unit 

500 ns 

600 ns 

1.3 !IS 

500 ns 

0 ns 

------------ t:r'/ SGS·1HOMSON __________ 7:..:..:11~6 
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Figure 6. AC Waveforms 
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AC MEASUREMENT CONDITIONS Figure 7. AC Testing Input Output Waveforms 

Input Rise and Fall Times 

Input Pulse Voltages SDA, SCL 

Input Pulse Voltages VcLK 

~ SOns 

0.2Vcc to 0.8Vcc 

0.4Vto 2V 

o.svcc 

o.2Ycc 
Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 8. 12C Bus Protocol 
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Figure 9. Write Cycle Polling using ACK 

Data Input. During data input the ST24LC21 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. 
Memory Addressing. To start communication be
tween the bus master and the slave ST24LC21 , 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 101 Db. The following 3 bits are Don't Care. 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 

AI01099 

match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 

Write Operations 

Following a START condition the master sends a 
device select code with the RW bit reset 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 
VCLK = 0 will not modify data and will be acknow
ledged on data bytes, as shown in Figure 11. 

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. 

.:..c10;.;../1;...:;6 ___________ liii ~~~~~~-------------
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Figure 10. Write Modes Sequence 

. VCLK 

ACK ACK ACK 

BYTE WRITE n I :o~y~~~ 1,. 11 ~~~:A??~ 111: ?~+:~~: 11
• n 

VCLK 

ACK ACK ACK 

MULTIBYTE 
AND 
PAGE WRITE n I :a~y~~~ 1,. 11 ~~~:A??~ 111 :~AT~I:N:< 111 :~AT~I:N:~: 

li: Riii 
~ 

L 
ACK ACK 

~:J 1 1 :atf~~~: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 trans
fared, the internal byte address counter (3 least 
significant bits only) is incremented. The transfer is 
terminated by the master generating a STOP con
dition. Care must be taken to avoid address counter 
'roll-over' which could result in data being overwrit
ten. Note that, for any write mode, the generation 
by the master of the STOP condition starts the 
internal memory program cycle. All inputs are dis
abled 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 

AI01504 

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 
reduced by an ACK polling sequence issued by the 
master. The sequence is as follows: 

- Initial condition: a Write is in progress (see Figure 
9). 

- 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 memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 

~ SGS·THOMSON 11/16 -------------- .. "'11 (ij]fi©li©~I!E~©illlfi©ll ____________ ...:....:.:...:..::. 
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Figure 11. Inhibited Write when VcLK = 0 

VCLK 

BYTE WRITE 

CONTROL 

;+-- BYTE ~ ACK ACK ACK ACK 
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tl: ACK :5 

PAGE WRITE 
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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 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. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 12. 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 does NOT acknowledge 

AI01505 

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
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 
counterwill'roll- over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24LC21 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the St24LC21 terminate the 
data transfer and switches to a standby state. 

12/16 ~ SGS·THOMSON _ _..:.... ____________ t."'fl ~~©W©rn~rn©WJ©I!la©\l --------------
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Figure 12. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

n I :D~Y~~~ 11111 :D~T~~~ 11UJ 
t- - D.. 

~ RIW ~ Iii (/) 

ACK ACK ACK NOACK 

0 I :D~YH~ 1 1 1 1 1~~+:00: 1 1 C:~~ 
II: Riii 
~ 

~~:J 1 1~+~~~i~I 1 LO 

ACK ACK ACK ACK 

n I ~~~~E:L; 11.11 ~~¥AP?~ 110 I ~~~~E:L; 111 1 1~~+:o~yJ 1 1 C~ 
~ Riii ~ Riii 
(/) (/) 

ACK NOACK 

~:J 1 1 ~+~?~T H1UJ 

AI00794C 

Note: • The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 

----------- r;;-:'1 SGS•lHOMSON ________ ____.:1.:::.31=16 
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ORDERING INFORMATION SCHEME 

Example: ST24LC21 M 1 TR 

Temperature Range 

1 Oto70°C TR 

6 --40 to 85 oc 
M SOB 

Parts are shipped with the memory content set at all "1 's" (FFh). 
For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the current Memory 
Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

..:...14"-'/1c.::.6 __________ W'l SGS·lHOMSON ------------
.,, [lj]U©IRJmi!J<~I@i> 
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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 
....__. _\ 

~ {' f ~~~ A1 L 

B e1 C-.J. 
81 eA 

D eB 

n1111 
N 

D E1 E 

1 
UL..JL..J PSDIP-a 

Draw1ng IS out of scale 

~ SCS·THOMSON 15/16 -------------- .. ..,.1 [lj]Q©OO@[<Il.[g~tre@ ___________ ___:.:::..= 
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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.SO 

E 3.SO 

e 1.27 -

H 5.SO 

h 0.25 

L 0.40 

a oo 

N s 
CP 

soa 

E H 

SO-a 

Drawing is out of scale 

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 

I 

inches 

Min 

0.053 

0.004 

0.013 

0.007 

0.1S9 

0.150 

-

0.22S 

0.010 

0.016 

oo 

s 

Max 

0.069 

0.010 

0.020 

0.010 

0.197 

0.157 

-

0.244 

0.020 

0.035 

so 

0.004 

.:..:16:::.,1.:..:6:...._ ___________ ~ ~~~m~m~~~u:~ _____________ _ 
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ST24S08,ST25S08 
ST24S16,ST25S16 

SECURE SERIAL ACCESS 
12C BUS 8K (1 K x 8) and 16K (2K x 8) EEPROM 

• SECRET KEYS READ and WRITE 
PROTECTED EEPROM 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for ST24Sxx versions 
- 2.5V to 5.5V for ST25Sxx versions 

• HARDWARE WRITE CONTROL 
• PROGRAMMABLE WRITE PROTECTION 
• TWO WIRE SERIAL INTERFACE, FULLY 12C 

BUS COMPATIBLE 

• PAGE WRITE (up to 32 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMMING CYCLE 
" AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES 

DESCRIPTION 

The ST24/25S08 and ST24/25S16 are secure se
rial access 12C bus EEPROMs of 8K and 16K bits 
density. A security mechanism using two alterna
tive secret keys (known as the Issuer and User 
keys) control access to the memory array. When a 
correct key is recognised by the device, the mem
ory array may be read or written. Additional write 
protection is provided by the Software Write Pro
tection (SWP), which can inhibit writing to a part of 
the memory array. In the following text, the 
ST24/25S08 and ST24/25S16 products are re
ferred to as ST24/25Sxx, where "xx" is the 
EEPROM size (8 Kbit or 16 Kbit). 

Table 1. Signal Names 

PRE Write Protect Enable 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

-
we Write Control 

Vee Supply Voltage 

Vss Ground 

March 1995 
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Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 

ST24Sxx 
ST25Sxx 

PREDa vee 
NC 2 7 we 
NC 3 6 SCL 

Vss 4 5 SDA 
AI01576 

Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings C1l 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

PRE 
NC 
NC 

Vss 

ST24Sxx 
ST25Sxx 

AI01577 

Vee 
we 
SCL 
SDA 

Warning: NC =No Connection 

Value 

grade 1 Oto 70 
grade 6 -40 to 85 

-65 to 150 

Unit 

ac 

ac 

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

Vro Input or Output Voltages --<J.3to 6.5 v 
Vee Supply Voltage --<J.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 ratrng "Operatrng Temperature Range", stresses above those lrsted rn the Table "Absolute Maximum Ratrngs" 
may cause permanent damage to the device. These are stress ratrngs only and operation of the device at these or any other 
condrtions above those rndrcated in the Operatrng sections of this specrfrcation is not implied. Exposure to Absolute Maximum 
Ratrng condrtions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 !l). 
3. EIAJ IC-121 (Condition C) (200pF, 0 !l). 

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 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. 

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. 

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. 

=2'...:.17.:...._ ___________ t.V ~~m~i~~~ _____________ _ 
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Table 3. Device Select Code (1l 

Device Code Address Most Significant Bits RW 

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

Device Select 1 I 0 I 1 I 0 A10 (2) I A9 I AB RW 

Notes: 1. The MSB b7 is sent frrst. 
2. A 1 0 is a "don't care" bit for the ST24S08. 

Table 4. Operating Modes 

Mode RWbit Bytes Initial Sequence 

Current Address Read '1' 1 START, Device Select, RW = '1' 

Random Address Read 
'0' 

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

'1' reSTART, Device Select, RW = '1' 

Sequential Read '1' 1 to 1024 Similar to Current or Random Mode 

Byte Write '0' 1 START, Device Select, RW = '0' 

Page Write '0' 16 START, Device Select, RW = '0' 

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

Protect Enable (PRE). The PRE input pin, in ad
dition to the status of the SWP page pointer, sets 
the SWP write protection active. 

Write Control (WC). An hardware Write Control 
(WC) feature is usefull to protect the contents of the 
memory from any erroneous erase/write _9'Qie. The 
Write Control signal is used to enable (WC = VtH) 
or disable (WC = VtL) the internal write protection. 
When unconnected the WC input is internally read 
as VtL· 

GLOSSARY 
Master: Microcontroller or Microprocessor control
ling the application. 

Key: string of bytes presented by the Master to a 
Lock address. 

Lock: string of bytes stored in the ST24/25Sxx. The 
Lock can never be read, it may be modified under 
specific conditions. 

SECURITY FUNCTIONALITIES 

Memory Map 

The memory array is organised by bytes (one 
byte=8 bits) and is divided into 3 parts. 
- At the bottom of the memory is the page 0 

containing a first byte (address OOh) defined as 
the page pointer of the Software Write Protec
tion; and the 31 remaining bytes holding the 248 
bit Issuer Lock (address 01 h to 1 Fh) 

- The data storage area occupies the largest part 
of the memory array, from page 1 to page N-1 

- A top page N for the User Lock of 256 bits is 
located at the top of the address space (N=31 
for the ST24S08 and N=63 for the ST24S16). 
See Figure 4. 

Memory Access 

Access to the various parts of the memory array is 
controlled and depends on the setting of three 
parameters: the Security Flag, the SWP status and 
the we pin. 

Figure 4. Memory Map 

Page N User Lock 

Data 
Memory 

,.. -------------------
Data 

Memory 

Page 0 '-- Page ,j Pointer Issuer Lock 

j.__ 32 bytes ___J 

Unprotected 
Area 

SWP 
Protected 
Area 

AI01578 

Security Flag. When the Security Flag is set to '1' 
(default status at power up) the memory is locked. 
In this condition, only the Issuer Key or User Key 
can be presented to the memory (the Read and 
Write instructions cannot be executed). 

When the Security Flag is '0', the memory is un
locked. In this condition, all data can be modified 
(assuming that we pin is driven low and that these 
data are not protected by the SWP feature). The 
Security Flag feature is a global write protection, 
automatically set upon Power-up. 

SWP. The Software Write Protection (SWP) is a 
programmable protection available for dis
abling/enabling the execution of the Write instruc
tions addressing the lower part of the memory. The 
SWP is active when the Most Significant Bit of the 
page Pointer is set to 0, and the protected area is 
located from Page 0 up to the Page defined by the 
content of the Page Pointer (located in Page 0, byte 
OOh). See Figure 4. 

Since the Page Pointer and the Issuer Lock are 
located in the bottom of the memory, they may be 
protected from writing by this mechanism. 

The SWP feature is a software defined write pro
tection set once for ever. 

WC pin. THe WC__(I{\/rite Control) pin inhibits (WC 
= 1) or enable (WC = 0) any Write instruction 
execution, whateever is the address. The we fea
ture is a global software lock. 

4/17 t== SGS·THOMSON -------------- lt.""f/ i:!O©OO©~~~Ii:'iTI.'J@I£0~ --------------
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Figure 5. Access Map 
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Page 0 Access is Locked 
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Table 5. Security Operating Instructions 

Instruction Security Flag = 1 11 > 

SWP Enabled or Disabled 

Current Address Read No Access (Data read = FFh) 

Sequential Read No Access (Data read = FFh) 

Random Read No Access (Data read= FFh) 

By1eWrite Not Executed 

Page N 

PageO 

ST24/25S08, ST24/25S16 

Write only 

Read 
and 

Write 

............................... 

Read 
only 

Present only 

Security Flag = 0 
SWP =Active 
we = Not active 

Unprotected 
Area 

SWP 
Protected 
Area 

AI01579 

Security Flag = 0 12> 

SWP Disabled 

Read all the memory except Issuer Lock 
and User Lock 

Similar to the Current Address Read 

Similar to the Current Address Read 

Write by1e to memory 13> 

Page Write 
Not executed except for Issuer and User Page Wnte to memory 13> 

Locks: Present instruction 

Notes: 1. Secunty Flag = 1: access 1s locked 
2. Securioc.EJag = 0: access is open 
3. WhenWe=O 

- ----------- tr'/ SGS·DIOMSON -------------=5/..:..:..17 //.""'!~ li>ID©OO@ffi~~ 
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Security Operations 

Present a Key. The memory always acts as a 
Slave on the 12e bus. In order to unlock the 
ST24Sxx, the Master must send the correct key to 
the Issuer Lock address or the User Lock address. 
This operation is performed with a Page Write 
instruction to the address of either the Issuer Lock 
or User Lock. This action is called Present a key. 

The memory will take the incoming code and: 

- at User Lock address: compare serially bit-by-bit 
the received User Key with the stored User Lock. 
User Lock accepts only one User Key which 
unlocks access to the memory 

- at Issuer Lock address: make an XOR of two bits 
for each received byte according to the value 
stored in the Issuer Lock. Issuer Lock accepts 
several Issuer Keys which unlock access to the 
memory 

Figure 6. Presentation of the Issuer Key 

A1015BO 

If either one of the presentation is correct, then the 
security flag is cleared to '0' and the data area can 
be accessed for reading or writing. Any incorrect 
key presented will set back the Security Flag to '1' 
whatever is the status of we and SWP; the mem
ory will be locked. 

Modify a Key. When the Security Flag is '0' 
(unlocked) and both SWP and we are not active 
so that the memory is unprotected, the Issuer Lock 
or User Lock can be directly re-written. 
- When the SWP is active, the Issuer Lock cannot 

be modified 
- Since the User Lock is located at the top of the 

memory, the User Lock can be re-written by the 
user, assuming that the SWP is not protecting 
the whole memory, that is excluding the top page 
(where the User Lock is stored). 

Personalisation of the ST24/25Sxx 

Initial Conditions and Preliminary Remarks. 
When delivered, the memories have all the con
tents set to FFh (or '1 's) and the Security Flag set 
to '1' (upon reset). 
- One page is 32 bytes 
- A WRITE instruction (according to the 12e bus 

protocol) is decoded by the ST24/25Sxx either 
as a Present a Key or Write instruction, depend
ing on the status of the Security Flag. 

- The Lock is a string of bytes stored into one page 
of the memory, the Key is the string of bytes 
presented to the memory. 

The issuer defines the Issuer Lock. 

Step one: Unlock the blank ST24/25Sxx. The 
Master sends at User Lock address the User Key 
value of all '1 's (Page Write FF. .. FFh), which corre
sponds to the User Lock. The Security Flag will be 
cleared to '0' and the memory will then be unlocked. 

Step two: Write the Issuer Lock new value. The 
required Issuer Lock can be written provided that 
both SWP and we features are disabled. The 
Issuer Lock is written with a Page Write instruction 
to the Issuer Lock address, each of the 31 bytes 
having exactly two bits set to '1' (and the other 6 
bits cleared to '0'). The Issuer Lock bits set to '1' 
will define the position of the two inputs of an XOR 

Table 6. Presentation or Modification of the Issuer Key 

SWP Securi~ 
Flag11 Code Input Instruction Result 

'1' Issuer Key Present a Key Key Wrong: Security Flag set to '1' 
Not active Key Right: Security Flag set to '0' 

'0' Issuer Key Page Write 12l Write new Issuer Lock 

'1' Issuer Key Present a Key Key Wrong: Security Flag set to '1'. 
Active Key Right: Security Flag set to '0'. 

'0' Issuer Key Option not used for any sensible purpose 

Notes: 1. Security Flag = 1: ST24S/25xx is locked, Security Flag = 0: ST24/25Sxx is open. 
2. Page of 31 bytes 

"'6,...;_17;..._ ___________ ~ ~itm•~~~ ____________ _ 
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gate capturing only two bits by byte from the pre
sented bytes of the Issuer Key. 

Note: The Vee supply must not be interrupted 
between these first and second steps as this would 
set the Security Flag once more to '1' and lock 
access to the memory. 

The Issuer Writes Application Data into the 
Memory. When the Security Flag is reset, data are 
writen by using a series of normal Byte Write or 
Page Write instructions addressing the Data Space 
of the ST24/25Sxx. 

The Issuer Sets the Protection. The SWP Pro
tection is set by programming the Page Pointer 
(byte 0 of page 00) to define the start address of 
the Software Write Protection SWP (see figure a). 
The SWP protection is enabled when the Most 
Significant Bit of the Page Pointer is set to 0. 

Typical Use of ST24/25Sxx in Secured Applica
tion 

The Application Presents the Issuer Key. When 
powered, the application should check (from time 
to time) the authentication of identity of the 
ST24/25Sxx by presenting the Issuer Key. The 
Master presents Cat Issuer Lock address) an Issuer 
Key chosen in the family of active keys unlocking 
the ST24/25Sxx. The family of active keys is the 
set of bytes which have two bits set to either (0, 1) 
or (1 ,0) in the correct position of the byte; other bits 
are Don't Care bits (as shown in figure c). 

If the presented Issuer Key matches the Issuer 
Lock, the Master can access data stored in the 
ST24/25Sxx. 

ST24/25S08, ST24/25S16 

Figure 7. Definition of the Issuer Key 

Issuer Lock (one byte) 

Presented Issuer 
Key (one byte) 

AI01581 

Write the User Lock. It is very convenient for the 
end user of a secured application to define his own 
value of User Key. The User Lock may be written if 
the SWP does not protect the top page (Top Page 
=User Lock) with the Security Flag cleared to '0' 
(which can be achieved if the Master has been 
previously presenting a correct Issuer Key). The 
User Lock is written with a Page Write instruction 
at the User Lock address. 

If the power supply is removed, the memory will 
only be accessible if the correct User Key or Issuer 
Key is presented to the User Lock or Issuer Lock 
address respectively. During use, the User Lock 
which is outside the SWP protected area can be 
updated, but the Issuer Lock remains fixed. 

Table 7. Presentation or Modification of the User Key 

Security Flag Code input Instruction Result 

'1' User Key Present a Key Key Wrong: Security Flag set to '1' 
Key Right: Security Flag set to '0' 

'0' User Lock Page Write Write new User Lock 

Note: If SWP 1s act1ve, the protection must not cover the top page (User Lock). 

~ SGS·THOMSON 7/17 -------------- ~""!I fi>ID©fJi@rn~rn©'iTilil@II!O©® ------------___:.:~ 
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Table 8. Input Parameters (11 (T A = 25 oc, f = 1 00 kHz ) 

Symbol Parameter Test Condition Min Max Unit 

CrN Input Capacitance (SDA) 8 pF 

CrN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance VrN ~ 0.3 Vee 5 20 k.Q 

ZwcH we Input Impedance VrN~0.7 Vee 500 k.Q 

tLP 
Low-pass filler input lime constant 

100 ns 
(SDA and SCL) 

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

Table 9. DC Characteristics 
(TA = 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~VrN~Vcc ±2 !LA 

ILO Output Leakage Current OV ~ Vour ~Vee ±2 !LA SDAinHi-Z 

Supply Current (ST24 series) Vee= 5V, fe =100kHz 2 rnA 
Icc (Rise/Fall time< 10ns) 

Supply Current (ST25 series) Vee= 2.5V, fc =100kHz 1 rnA 

VrN = Vss or Vee. 100 !LA 
lee1 

Supply Current (Standby) Vee=5V 
(ST24 series) 

VrN = Vss or Vee, 
Vee= 5V, fe =100kHz 

300 !LA 

VrN = Vss or Vee, 5 !LA 
lee2 

Supply Current (Standby) Vee=2.5V 
(ST25 series) 

VrN = Vss or Vee. 
Vee= 2.5V, fe =100kHz 

50 !LA 

VrL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
VrH Input High Voltage (SCL, SDA) 0.7Vce Vee+ 1 v 
VrL Input Low Voltage (PRE, WC) -0.3 0.5 v 
VrH Input High Voltage (PRE, 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 

.:...8,_17 ____________ ;;.v ~~m~~~~-------------
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Table 10. AC Characteristics 
(TA = 0 to 70 ac or -40 to 85 ac; Vee= 4.5V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 1-LS 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 1 1-LS 

tau DL 1 IF Input Fall Time 300 ns 

ICHDX(1) lsUSTA Clock High to Input Transition 4.7 1-LS 

ICHCL tHIGH Clock Pulse Width High 4 1-LS 

IDLCL tHO STA Input Low to Clock Low (START) 4 llS 

ICLDX IHD OAT Clock Low to Input Transition 0 llS 

tcLCH !LOw Clock Pulse Width Low 4.7 llS 

toxcx !su DAT Input Transition to Clock Transition 250 ns 

lcHOH lsu sro Clock High to Input High (STOP) 4.7 1-LS 

loHDL lsuF Input High to Input Low (Bus Free) 4.7 1-LS 

ICLQV IAA Clock Low to Data Out Valid 0.3 3.5 1-LS 

ICLQX toH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs Tl Noise Suppression T1me Constant 100 ns (SCL & SDA Inputs) 

tw lwR Write Time 10 ms 

Note: 1 For a reSTART cond1tion, or follow1ng a write cycle. 

AC MEASUREMENT CONDITIONS 

Input R1se and Fall Times ,;; 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output T1ming Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 8. AC Testing Input Output Waveforms 

osvcc 
o?Vcc 

o.2vcc 
o 3Vcc 
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DEVICE OPERATION 

12C Bus Background 

The ST24/25Sxx 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 ST24/25Sxx 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 ST24/25Sxx con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

---------------------------- ~~~~©~~~~~~~ ------------------------~9/~17 
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Figure 9. AC Waveforms 
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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 ST24/25Sxx 
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. 

A100795 

Data Input. During data input the ST24/25Sxx 
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 ST24/25Sxx, 
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. 

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. 

_10~/_17 _______________________ ~ ~ii©~~:~~~ ---------------------------
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Figure 10. 12C Bus Protocol 
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The 5th 6th and 7th bits are the address most 
si9.!!)fica~ts bits. The 8th bit is the read or write bit 
(RW), this bit is set to '1' for read and '0' for w~ite 
operations. If a match is found,. the .c.orr~spondlng 
memory will acknowledge the 1dent1f1cat1on on the 
SDA bus during the 9th bit time. 

Write Operations 

Following a START condition__!,he master sends a 
device select code with the RW bit reset to ·o·. 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 

4-..1 
STOP 

CONDITION 

AI00792 

receipt of the byte address the device again re
sponds with an acknowledge. 

For the ST24/25Sxx versions, any write command 
with WC = 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 Wri~e mo.de 
is independant of the state of the MODE p1n wh1ch 
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 standby current. 

___________________________ ~~~@~~:a~----------------------~1~1'~17 
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Figure 11. Write Cycle Polling using ACK 

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 5 most significant memory 
address bits (A7-A3) are the same inside one block. 
The master sends from one up to 32 bytes of data, 
which are each acknowledged by the memory. 
After each byte is transfered, the internal byte 
address counter (5 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 

AI01099 

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 Figure 
11 ). 

- 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 memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1 ) . 

.:..:12"'"/.:..:17 ____________ ~ ~~~©m2m~~9~ --------------
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Figure 12. Write Modes Sequence with Write Control= 1 

we 

BYTE WRITE 

we 

PAGE WRITE 

we (cont'd) 

NOACK NOACK 

PAGE WRITE 
(cant' d) 

~:JII :o~~~~~:N: IILD 

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 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. 

AI01161 

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 STAR_T 
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 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 

13/17 --------------------------- ~~~@~~~~~©~----------------------~=--
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DEVICE OPERATION (cont'd) counter will 'roll-over' and the memory will continue 
to output data. 

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 

Acknowledge in Read Mode. In all read modes 
the ST24/25Sxx wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25Sxx terminate 
the data transfer and switches to a standby state. 

Figure 13. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

ACK NOACK 

0 I :D~Y~~~ 111 11 :D~T~~~T: 1
1LD 

1-- "-
~ RiW ~ 
1-- (f) 
(f) 

ACK ACK 

0 I :D~Y~~~ ~~~~~~~+:o:u!! l'c:~~ 
ti: 
~ 

ACK NOACK 

:::J 1
1 ~+~ ?~i ~ 11LD 

ACK ACK ACK ACK 

0 I~~~ ~E:L: 11.11 ~0:E:A~~~ 110 I~~~ ~E:L: 111 11 ~+t:o~!! 11C_ 
r - ~ -
~ Rffl ~ Rffl 
~ (f) 

ACK NOACK 

::J 11 ~+~ P~T ~ 11UJ 

AIDD794C 

Note: • The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be ident1cal. 

:..14..::1..:.17:...._ ____________ ~~~~©It&~~~~~--------------
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 4.5V to 5.5V 

25 2.5V to 5.5V 

S Secure 

ST24S08 M 

08 8 Kbit 

16 16 Kbit 

Note: 3 • Temperature range on special request only. 

TR 

M SOB 

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

ST24/25S08, ST24/25S16 

Option 

TR Tape & Reel 
Packing 

3* -40to125°C 

6 -40 to 85 oc 

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

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

r== SGS·lHOMSON 15/17 -------------- ._..,1 [\j]Q©rnJ@~~[©'iilJil©ltlJU©0 ____________ ...:..:::...:..:.. 

607 



ST24/25S08, ST24/25S16 

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 

PSDIP8 

I '--' \ 

t' r 
.. 

C-.J. 
eA 

D eB 

nnn 
N 

) )) 

1 ( 

E1 E 

WLJLJ PSDIP-a 

Draw1ng 1s out of scale 

.:...:16"-'/1c.:...7 __________ ID'J SGS·lHOMSON ------------
• l, 0:11C©IY2@~~~©W3@~JO~ 
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508 - 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 oo so oo so 

N 8 8 

CP 0.10 0.004 

SOB 

i 
I 

I 

E H I 

SO· a 

Draw1ng is out of scale 

--------------------------- ~~~;~~~9~----------------------~1~7/~17 
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SALES OFFICES 

EUROPE 
DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel. (45-44) 94.85 33 
Telex: 35411 
Telefax: (45-44) 948694 

FINLAND 

LOHJA SF-08150 
Ratakatu, 26 
Tel. (358-12) 315511 
Telefax (358-12) 3155 66 

FRANCE 
94253 GENTILLY Cedex 
7 - avenue Gallieni - BP 93 
Tel.. (33-1) 47.40 75 75 
Telex: 632570 STMHQ 
Telefax· (33-1) 47 40.79.10 

67000 STRASBOURG 
20, Place des Hailes 
Tel. (33-88) 75 50 66 
Teleiax· (33-88) 22 29.32 

GERMANY 

85630 GRASBRUNN 
Breton1scher R1ng 4 
Postfach 1122 
Tel.: (49-89) 460060 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 

30695 HANNOVER 51 
Rotenburger Strasse 28A 
Tel (49-511} 615960-3 
Teletex: 5118418 CSFBEH 
Telefax: (49-511) 6151243 

90491 NURNBERG 20 
Erlenstegenstrasse. 72 
Tel · (49-911) 59893-0 
Telefax (49-911) 5980701 

70499 STUlTGART 31 
M1ttlerer Pfad 2-4 
Tel (49-711) 13968-0 
Telefax. (49-711) 8661427 

ITALY 

20090 ASSAGO (MI) 
V.le Milanofiori - Strada 4- Palazzo N4/A 
Tel (39-2) 57546.1 (10 hnee) 
Telex· 330131 - 330141 SGSAGR 
Telefax. (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
V1a R Fucim, 12 
Tel. (39-51) 591914 
Telex. 512442 
Telefax (39-51) 591305 

00161 ROMA 
V1a A. Torloma, 15 
Tel. (39-6) 8553960 
Telex· 620653 SGSATE I 
Telefax· (39-6) 65354438 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel.: (31-40) 550015 
Telefax. (31-40) 528835 

SPAIN 

08004 BARCELONA 
Calle Gran V1a Carts Catalanes, 322 
61h Roar, 21h Door 
Tel (34-3) 4251800 
Telefax (34-3} 4253674 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1} 4051615 
Telex· 46033 TCCEE 
Telefax. (34-1) 4031134 

SWEDEN 

S-16421 KISTA . 
Borgarfrordsgatan, 13- Box 1094 
Tel.. (46-8) 7936920 
Telex 12078 THSWS 
Telefax· (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 
Tel (41-22) 9292929 
Telex· 415493 STM CH 
Telefax. (41-22) 9292900 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel. (44-1628) 890800 
Telex: 847458 
Telefax· (44-1628) 890391 

BRISTOL- BS12 4SQ 
Almonasbury 
1000 Aztec West 
Tel· (44-1454) 616616 
Telex· 444723 
Telefax (44-1454) 617910 



AMERICAS 
BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex. (391 )11-37988 "UMBR BR" 
Telefax (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO K2H 9C4 
301 Mood1e Dnve Su1te 307 
Tel (613) 829-9944 
Telefax (613) 829-8996 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 
L1ncoln, MA 01773 
Tel (617) 259-0300 
Telelax (617) 259-4421 

ALABAMA 
Huntsville- Tel (205) 533-5995 

Fax (205) 533-9320 

ARIZONA 
Phoen1x- Tel (602) 867-6217 

Fax (602) 867-6200 

CALIFORNIA 
SantaAna- Tel (714)957-6018 

Fax (714) 957-3281 
San Jose- Tel (408) 452-8585 

Fax (452) 1549 
Scotts Valley- Tel (408) 439-2950 

Fax (408) 439-2969 

COLORADO 
Boulder- Tel (303) 449-9000 

Fax (303) 449-9505 

FLORIDA 
Boca Raton- Tel (407) 997-7233 

Fax (407) 997-7554 

GEORGIA 
Norcross- Tel (404) 242-7444 

Fax ( 404) 3E8-9439 

ILLINOIS 
Schaumburg- Tel (703) 517-1890 

Fax (708) 517-1899 

INDIANA 
Kokomo- Tel (317) 455-3500 

Fax (317} 455-3400 
Indianapolis- Tel (317) 575-5520 

Fax (317) 575-8211 

MICHIGAN 
Livonia- TeL: (313) 953-1700 

Fax· (313) 462-4071 

MINNESOTA 
Bloommgton- Tel (612) 944-0098 

Fax (612) 944-0133 

NORTH CAROLINA 
Cary- Tel (919) 469-1311 

Fax (919\ 469-4515 

NEW JERSEY 
Voorhees- Tel (609) 772-6222 

Fax (609) 772-6037 

NEW YORK 
Poughkeepsie- TeL: (914) 454-8813 

Fax: (914) 454-1320 

OREGON 
Lake Oswego- Tel (503) 635-7650 

TENNESSEE 
Knoxville- Tel (615) 524-6239 

TEXAS 
Austin· Tel (512) 502-3020 

Fax (512) 346-6260 
Carrollton- Tel (214) 466-8844 

Fax (214) 466-8130 
Houston- Tel (713) 376-9936 

Fax (713) 376-9948 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville- Tel (215} 361-6400 

Fax (215) 361-1293 

ASIA I PACIFIC 
AUSTRALIA 

NSW 2220 HURTSVILLE 
Su1te 3, Level 7, Ot1s House 
43 Bridge Street 
Tel (61-2) 5803811 
Telelax (61-2) 5806440 

VICTORIA 3168 NOTTING HILL 
11 Busmess Park Dnve 
Tel (61-3) 558 9993 
Telefax (61-3) 558 9997 

CHINA 

SHANGHAI 200233 
1008-10 Astronart1cs Building 
222 Cao X1 Road 
Tel (021) 472-5415 
Telefax (021) 472-6814 

SHENZHEN 
Flat J, 22/F 
38 Dungmen Nanlu 
Postal N 518-001 
Tel (0755) 228-0035 
Telefax (0755) 228-0035 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852) 28615788 
Telex 60955 ESGIES HX 
Telefax (852) 28656589 

INDIA 

NOIDA 201301 
L1a1son Off1ce 
Plot N 2 & 3, Sector 16A 
Institutional Area 
Tel (91-11)8930965/0970-1-2 
Telefax (91-11) 893 0705/0687 

SALES OFFICES 

MALAYSIA 

SELANGOR, PET A LING JAVA 46200 
Un1t BM-10 
PJ lndustnal Park 
Jalan Kema1uan 12/18 
Tel (03) 758 1189 
Telefax· (03) 758 1179 

PULAU PINANG 10400 
4th Floor- S>Jite 4-03 
Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Sh1nwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

TAE-GU 
18th Floor Youngnam Tower 
111 Shlnchun-3 Dong 
Tong-Ku 
Tel (053) 756-9583 
Telefax (053) 756-4463 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo K1o- lndustnal Park 2 
Tel (65) 4621411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
11th Floor 
105, Sect1on 2 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

THAILAND 

BANGJ(OK 10110 
54 Asoke Road 
Sukhumvit 21 
Tel (662) 260 7870 
Telefax (662) 260 7871 

JAPAN 
TOKYO 108 
N1ssek1- Takanawa Bid 4F 
2-18-10Takanawa 
Minato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 

OSAKA532 
Shin-Osaka Second Man Bldg 
3-5-36 M1yahara Yodogav.a-Ku 
Tel (81-0) 6397-4130 
Te:efax (81-0) 6397-4131 
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