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

USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support

intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness.

vided with the product, can be reasonably expected to
result in significant injury to the user.
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EEPROM Memory Products

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

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

Since the previous edition of this data book, there has been a significant increase in the code size of ap-
plication programs, with an associated increase in the number of non-volatile parameters that need to be
retained. To cater for this trend, EEPROM devices are being introduced to market at ever increasing mem-
ory capacities. For this edition of the data book, devices of up to 1 Mbit capacity are available.

Two distinct families of EEPROM have established themselves:

m Serial Access EEPROM

m Parallel Access EEPROM

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

The serial access EEPROM devices can all be placed in an 8-pin package, irrespective of their memory

capacity. This is because there is always only one line (perhaps two) to carry all of the address and data
bits, multiplexed one after the other.

This multiplexing involves adhering to a standard protocol. There are three of these that are currently wide-
ly adopted (as described in AN71001, on page 647):

— Serial I°C Bus EEPROM

— Serial SPI Bus EEPROM

— Serial Microwire Bus EEPROM

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

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

The sixth section presents a number of Application Specific Memory devices. These are devices whose
cost, architecture, or other properties, have been optimized to meet specific market needs (as described
in AN1120, on page 743).

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

STMicroelectronics is permanently committed to extensive investment in process research, process de-
velopment, and product design. As a result, it is constantly adding new products to these families, and
adding new families to its portfolio. Please contact to your nearest ST Sales Office, or see the latest infor-
mation in our pages on the world wide web: www.st.com.




EEPROM Memory Products

Table 1. Product Overview

Serial 12C Serial SPI ona Parallel FLASH+ ASM
256 bit M93C06
512 bit
M24LC21B
M24LW21
1Kbit | M24Co1 N Mossas M24FC21
M24FW21
M2201
M95020
2Kbit | M24C02 ST95020 mggggg M34C02
ST95022
ST24C04
M95040
M93Ce6 ST25C04
4Kbit | M24Co4 ST95040 oacee Mksvont
ST25W04
M35080
ST24C08
8Kbit | M24C08 g?ggggs M93C76 ST25C08
ST24W08
ST25W08
M24164
ST24C16
i
16Kbit | M24C16 Mg5160 M93C86 ety ST24W16
M28C17B ST25W16
ST24E16
ST25E16
32 Kbit | M24C32 M95320
M28C64
64 Kbit | M24C64 M95640 M28C64C M39208
M28C64X
M24126-B
128 Kbit | M24128 Mo5128
M24256-8
256 Kbit | M24256-A M95256 M28256 mggggg
M24256
512 Kbit | M24512 Mg5512
1 Mbit M28010
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EEPROM Memory Products

SERIAL EEPROM, I°C BUS 11
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&7 M24C16, M24C08
Y/ M24C04, M24C02, M24C01

16/8/4/2/1 Kbit Serial I2°C Bus EEPROM

m Two Wire I2C Serial Interface
Supports 400 kHz Protocol

= Single Supply Voltage:

- 4.5V to 5.5V for M24Cxx

— 2.5V to 5.5V for M24Cxx-W

— 1.8V to 3.6V for M24Cxx-R
® Hardware Write Control
BYTE and PAGE WRITE (up to 16 Bytes)
RANDOM and SEQUENTIAL READ Modes
Self-Timed Programming Cycle
Automatic Address Incrementing
Enhanced ESD/Latch-Up Behaviour
1 Million Erase/Write Cycles (minimum)
m 40 Year Data Retention (minimum)

DESCRIPTION

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

Table 1. Signal Names

=

!

8

8

1

PSDIP8 (BN)
0.25 mm frame

8 \%N B‘T‘m

3
1 1

S08 (MN) TSSOP8 (DW)

150 mil width 169 mil width

Figure 1. Logic Diagram

Vce

3

EO, E1, E2 Chip Enable Inputs E0-E2 #:) —— SDA
SDA Serial Data/Address Input/ scL ——  M24Cxx '

Output
SCL Serial Clock we C
WC Wirite Control
Vce Supply Voltage Vss

A102033
Vss Ground
March 1999 1/16
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M24C16, M24C08, M24C04, i24C02, M24C01

Figure 2A. DIP Connections

Figure 2C. Standard-TSSOP Connections

M24Cxx
M24Cxx - W
M24Cxx - R

o1 ~ 8flVee
E1[]2 7[jwC
E2[3 6[1SCL
Vss 4 5[] SDA
Al02034B

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

AW

Figure 2B. SO Connections

M24C01/02/04
M24C01/02/04 - W
M24C01/02/04 - R

M24C08/16 - R

Eo @D 8—Vce
E12 7wWcC
E2CH3 6 — SCL
Vgg =4 5 SDA

Al02036B

M24Cxx
M24Cxx - W
M24Cxx - R

EoC®
2
3
4

8 Vce
7E3WC
6 1 SCL

5[—1SDA
Al02035B

E1
E2 ]
Vgg &

Note: 1. xx =01, 02, 04, 08 or 16
2. Pin 11s Not Connected for 4 Kbit devices
3. Pins 1 and 2 are Not Connected for 8 Kbit devices
4. Pins 1, 2 and 3 are Not Connected for 16 Kbit devices

Table 2. Absolute Maximum Ratings '

Note: 1. Pin 1is Not Connected for 4 Kbit devices
2. Pins 1 and 2 are Not Connected for 8 Kbit devices
3. Pins 1, 2 and 3 are Not Connected for 16 Kbit devices

Figure 2D. Turned-TSSOP Connections

M24C08/16 - T
M24C08/16 - TW

[[e] ==} sl—scL
Voo 2 7 =3 SDA
NCE=3 6 —Vss
NC T4 53 E2/NC
Al022168B

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

Symbol Parameter Value Unit

Ta Ambient Operating Temperature -40to 125 °C

Tsta Storage Temperature -65to 150 °C
PSDIP8: 10 sec 260

TLEAD Lead Temperature during Soldering S08: 40 sec 215 °C
TSSOPS: t.b.c. t.b.c.

Vio Input or Output range -0.6t0 6.5 \

Vee Supply Voltage -0.3t0 6.5 \Y

Veso Electrostatic Discharge Voltage (Human Body model) 2 4000 \Y

Electrostatic Discharge Voltage (Machine model) 3 500 v

Note: 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 condi-
tions for extended periods may affect device reliability. Refer also to the ST SURE Program and other relevant quality documents

. MIL-STD-883C, 3015.7 (100 pF, 1500 Q)

EIAJ IC-121 (Condition C) (200 pF, 0 Q)

w N

216 74
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M24C16, M24C08, M24C04, M24C02, M24C01

sion of each device), and down to 1.8 V (for the -R
version of each device).

The M24C16, M24C08, M24C04, M24C02,
M24C01 are available in Plastic Dual-in-Line,
Plastic Small Outline and Thin Shrink Small Out-
line packages.

These memory devices are compatible with the
I2C extended memory standard. This is a two wire
serial interface that uses a bi-directional data bus
and serial clock. The memory carries a built-in 4-
bit unique Device Tyge Identifier code (1010) in
accordance with the 1°C bus definition.

The memory behaves as a slave device in the I°C
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
Device Select Code and RW bit (as described in
Table 3), terminated by an acknowledge bit.

When writing data to the memory, the memory in-
serts an acknowledge bit during the 9™ bit time,
following the bus master's 8-bit transmission.
When data is read by the bus master, the bus
master acknowledges the receipt of the data byte
in the same way. Data transfers are terminated by
a STOP condition after an Ack for WRITE, and af-
ter a NoAck for READ.

Power On Reset: Voo Lock-Out Write Protect

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

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

SIGNAL DESCRIPTION
Serial Clock (SCL)

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

Serial Data (SDA)

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

Chip Enable (E2, E1, E0)

These chip enable inputs are used to set the value
thatis to be looked for on the three least significant
bits (b3, b2, b1) of the 7-bit device select code (but
see the description of memory addressing, on
page 5, for more details). These inputs may be
driven dynamically or tied to Vgc or Vss to estab-
lish the device select code (but note that the Vj_
and V4 levels for the inputs are CMOS compati-
ble, not TTL compatible).

Figure 3. Maximum R)_Value versus Bus Capacitance (Cgys) for an I°C Bus

Vee

20 \
% 16 \\
3 \ R R
g 12 N
e N SDA .
o
E g Y \ MASTER & Cgus
2 \\ fc = 100kHz soL | ! T ____
x
z N N
=4 N fc=400kHzZ T~ = Chus

j T
0

-
o

100
Cgus (pF)

Al01665

3

3/16
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M24C16, M24C08, M24C04, M24C02, M24C01

Figure 4. 12C Bus Protocol

scL \ / \

X

T

SDA \ /

i~ START —>

4~ SDA -Pie- SDA >

i« STOP-»

spA \ mss X X

CONDITION INPUT  CHANGE CONDITION
scL H 1 2 3 7 8 9
AN VAT G D O XX\
START
CONDITION
SCL 1 2 3 7 8 9

CONDITION

Al00792

Write Control (WC)

The hardware Write Control pin (WC) is useful for
protecting the entire contents of the memory from
inadvertent erase/write. The Write Control signal is
used to enable (WC=V) ) or disable (WC=Vy)
write instructions to the entire memory area. When
unconnected, the WC input is internally read as
ViL, and write operations are allowed.

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

Please see the Application Note AN404 for a more
detailed description of the Write Control feature.

DEVICE OPERATION

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

4/16

is defined to be a transmitter, and any device that
reads the data to be a receiver. The device that
controls the data transfer is known as the master,
and the other as the slave. A data transfer can only
be initiated by the master, which will also provide
the serial clock for synchronization. The memory
device is always a slave device in all communica-
tion.

Start Condition

START is identified by a high to low transition of
the SDA line while the clock, SCL, is stable in the
high state. A START condition must precede any
data transfer command. The memory device con-
tinuously monitors (except during a programming
cycle) the SDA and SCL lines for a START condi-
tion, and will not respond unless one is given.
Stop Condition

STOP is identified by a low to high transition of the
SDA line while the clock SCL is stable in the high
state. A STOP condition terminates communica-

574
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M24C16, M24C08, M24C04, M24C02, M24CO01

Table 3. Device Select Code !

Device Type Identifier Chip Enable RW

b7 b6 bS b4 b3 b2 b1 b0

M24C01 Select Code 1 0 1 0 E2 E1 EO RW
M24C02 Select Code 1 0 1 0 E2 E1 EO RW
M24C04 Select Code 1 0 1 0 E2 E1 A8 RW
M24C08 Select Code 1 0 1 0 E2 A9 A8 RW
M24C16 Select Code 1 0 1 0 A10 A9 A8 RW

Note: 1. The most significant bit, b7, 1s sent first

2. EO, E1 and E2 are compared against the respective external pins on the memory device.

3. A10, A9 and A8 represent high significant bits of the address

tion between the memory device and the bus mas-
ter. A STOP condition at the end of a Read
command, after (and only after) a NoAck, forces
the memory device into its standby state. A STOP
condition at'the end of a Write command triggers
the internal EEPROM write cycle.

Acknowledge Bit (ACK)

An acknowledge signal is used to indicate a suc-
cessful byte transfer. The bus transmitter, whether
it be master or slave, releases the SDA bus after
sending eight bits of data. During the 9" clock
pulse period, the receiver pulls the SDA bus low to
acknowledge the receipt of the eight data bits.

Data Input

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

Memory Addressing

To start communication between the bus master
and the slave memory, the master must initiate a
START condition. Following this, the master sends
the 8-bit byte, shown in Table 3, on the SDA bus
line (most significant bit first). This consists of the

Table 4. Operating Modes

7-bit Device Select Code, and the 1-bit Read/Write
Designator (RW). The Device Select Code is fur-
ther subdivided into: a 4-bit Device Type ldentifier,
and a 3-bit Chip Enable “Address” (E2, E1, EO).

To address the memory array, the 4-bit Device
Type Identifier is 1010b.

If all three chip enable inputs are connected, up to
elght memory devices can be connected on a sin-
gle I2C bus. Each one is given a unique 3-bit code
on its Chip Enable inputs. When the Device Se-
lect Code is received on the SDA bus, the memory
only responds if the Chip Select Code is the same
as the pattern applied to its Chip Enable pins.

Those devices with larger memory capacities (the
M24C16, M24C08) need more address bits. EQ is
not available for use on devices that need to use
address line A8; E1 is not available for devices
that need to use address line A9, and E2 is not
available for devices that need to use address line
A10 (see Figure 2A to Figure 2D for details). Using
the EO, E1 and E2 inputs pins, up to eight M24C02
(or M24C01), four M24C04, two M24C08 or one
M24C16 device can be connected to one 12C bus.
In each case, and in the hybrid cases, this gives a
total memory capacity of 16 Kbits, 2 KBytes (ex-
cept where M24C01 devices are used).

Mode RW bit wc! Bytes Initial Sequence
Current Address Read ‘1’ X 1 START, Device Select, RW = ‘1’
‘0 X START, Device Select, RW = ‘0’, Address
Random Address Read 1 —
‘1’ X reSTART, Device Select, RW =
Sequential Read 1 X 21 Similar to Current or Random Address Read
Byte Write ‘0’ Vi 1 START, Device Select, RW = ‘0’
Page Write ‘0 Vi <16 START, Device Select, RW = ‘0’
Note: 1. X =Viyor V..
r’l- 5/16
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M24C16, M24C08, M24C04, M24C02, M24C01

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

we |
ACK ACK NO ACK
BYTE WRITE DEV SEL BYTE ADDR DATA IN I_I
= . o
z RW 2
'5 7))
We ]
ACK NOACK
TTr T 1T LI B I B Trrrrrr TTrrrrrr TITrri r
PAGE WRITE DEV SEL | IBYTEADDRH DATA IN 1 H DATAIN 2 II DATAIN 3
Jlllllilllllll L1 1 11 1.1 1111 111 Lt 1 1 ).
E —
R/W
=
w
%(com'd}
NO ACK NO ACK
=1
(cont'd) -4
o
o
[2]
A102803

The 8" bit is the RW bit. This is set to ‘1’ for read
and ‘0’ for write operations. If a match occurs on
the Device Select Code, the corresponding mem-
ory glves an acknowledgment on the SDA bus dur-
ing the 9™ bit time. If the memory does not match
the Device Select Code, it deselects itself from the
bus, and goes into stand-by mode.

There are two modes both for read and write.
These are summarized in Table 4 and described
later. A communication between the master and
the slave is ended with a STOP condition.

6/16

Write Operations *

Following a START condition the master sends a
Device Select Code with the RW bit set to '0’, as
shown in Table 4. The memory acknowledges thls
and waits for an address byte. The memory re-
sponds to the address byte with an acknowledge
bit, and then waits for the data byte.

Writing to the memory may be inhibited if the WC
input pin is taken high. Any write command with
WC=1 (during a period of time from the START
condition until the end of the address byte) will not
modify the memory contents, and the accompany-
ing data bytes will notbe acknowledged (as shown
in Figure 5).

Byte Write

In the Byte Write mode, after the Device Select
Code and the address bytes, the master sends
one data byte. If the addressed location is write
protected by the WC pin, the memory replies with
a NoAck, and the location is not modified. If, in-
stead, the WC pin has been held at 0, as shown in

b7
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M24C16, M24C08, M24C04, M24C02, M24C01

Figure 6. Write Mode Sequences with WC=0 (data write enabled)

W6 B
ACK ACK ACK
T | rrerrrr | e
BYTE WRITE DEV SEL |BYTEADDRH DATAIN H
IIIIIIII L 1 1 1 1.1 1L L1 1 13
= — o
?:_: RW o
5 17}
Wwe ]
ACK ACK ACK ACK
S O (AN |
PAGE WRITE || DEVSELl |BYTEADDR|| DATAIN 1 || DATAIN 2 || DATAIN 3
llllllll 101 131 1.1 Lt 1 1 111 11 1 13 1.1 I T
= L
RW
=
(2]
WE(cont'd)
ACK ACK
- i
PAGE WRITE DATAINN
(cont'd) -4
S
=
%)
Al102804

Figure 6, the memory replies with an Ack. The
master terminates the transfer by generating a
STOP condition.

Page Write

The Page Write mode allows up to 16 bytes to be
written in a single write cycle, provided that they
are all located in the same 'row’ in the memory:
that is the most significant memory address bits
are the same. |f more bytes are sent than will fit up
to the end of the row, a condition known as ‘roll-
over’ occurs. Data starts to become overwritten (in
a way not formally specified in this data sheet).

The master sends from one up to 16 bytes of data,
each of which is acknowledged by the memory if
the WC pin is low. If the WC pin is high, the con-
tents of the addressed memory location are not
modified, and each data byte is followed by a
NoAck. After each byte is transferred, the internal
byte address counter (the 4 least significant bits
only) is incremented. The transfer is terminated by
the master generating a STOP condition.

57

When the master generates a STOP condition im-
mediately after the Ack bit (in the “10'" bit" time
slot), either at the end of a byte write or a page
write, the internal memory write cycle is triggered.
A STOP condition at any other time does not trig-
ger the internal write cycle.

During the internal write cycle, the SDA input is
disabled internally, and the device does not re-
spond to any requests.

7/16
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Figure 7. Write Cycle Polling Flowchart using ACK

WRITE Cycle
in Progress
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Memory
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Y

Proceed
WRITE Operation

Proceed
Random Address

READ Operation

Al01847

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

The sequence, as shown in Figure 7, is:
— Initial condition: a Write is in progress.

— Step 1: the master issues a START condition
followed by a Device Select Code (the first byte
of the new instruction).

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

8/16

Read Operations

Read operations_are performed independently of
the state of the WC pin.

Random Address Read

A dummy write is performed to load the address
into the address counter, as shown in Figure 8.
Then, without sending a STOP condition, the mas-
ter sends another START condition, and repeats
the Device Select Code, with the RW bit set to ‘1°.
The memory acknowledges this, and outputs the
contents of the addressed byte. The master must
not acknowledge the byte output, and terminates
the transfer with a STOP condition.

Current Address Read

The device has an internal address counter which
is incremented each time a byte is read. For the
Current Address Read mode, following a START
condition, the master sends a Device Select Code
with the RW bit set to ‘1". The memory acknowl-
edges this, and outputs the byte addressed by the

572
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Figure 8. Read Mode Sequences

NO ACK
CUHHENT rrrrTrT rrrrrTrT
ADDRESS | | DEV SEL I | | DATA OUT I |_|
READ
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(IT‘) n
ACK NO ACK
RANDOM
ADDRESS | |DEV SEL'I LYTE ADDRI | IDEV SEL'| I DATA OUT
HEAD L1 1 1) L L1 11 | T - | T T T )
. . :
Z 5 g
ACK NO ACK
SEQUENTIAL | e s e
CURRENT | I DEV SEL | I IDATA oun] |_-r DATA OUTN I
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SEQUENTIAL T TT T
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& &
ACK NO ACK
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|
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a
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w
Al01942

Note: 1 The seven most significant bits of the Device Select Code of a Random Read (in the 15" and 31 bytes) must be identical.

internal address counter. The counter is then in-
cremented.. The master terminates the transfer
with a STOP condition, as shown in Figure 8, with-
out acknowledging the byte output.

Sequential Read

This mode can be initiated with either a Current
Address Read or a Random Address Read. The
master does acknowledge the data byte output in
this case, and the memory continues to output the
next byte in sequence. To terminate the stream of
bytes, the master must not acknowledge the last
byte output, and must generate a STOP condition.

572

The output data comes from consecutive address-
es, with the internal address counter automatically
incremented after each byte output. After the last
memory address, the address counter ‘rolls-over’
and the memory continues to output data from the
start of the memory block.

Acknowledge in Read Mode

In all read modes, the memory waits, after each
byte read, for an acknowledgment during the 9"
bit time. If the master does not pull the SDA line
low during this time, the memory terminates the
data transfer and switches to its standby state.

9/16
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Table 5. DC Characteristics

(TA=0t070°C, or-40t0 85 °C; Vcc=4.5t05.5Vor2.5t05.5V)
(TA=0t0 70 °C, or-40 to 85 °C; Vcc = 1.8 t0 3.6 V)

Symbol Parameter Test Condition Min. Max. | Unit
Input Leakage Current
Iy (SgL, SDA) 9 0V<VinsVee +2 HA
lLo Output Leakage Current 0V £ Vour £ Ve, SDA in Hi-Z +2 HA
Vee=5V, fc=400kHz (rise/fall time < 30ns) 2 mA
lec Supply Current -W series: | Vcc=2.5V, fc=400kHz (rise/fall time < 30ns) 1 mA
-R series: | Vcc=1.8V, fc=400kHz (rise/fall time < 30ns) 0.81 mA
lcct (Ssl‘;ggg_gyl‘;"em Vin=Vss orVee, Vec=5V 1 pA
|ch Supply Current -W series: V|N = Vss or Vcc Vcc =25V 0.5 |JA
(Stand-by) ' ’ . :
loca | SuPPly Current -R series: Vin= Vss orVec, Veg= 1.8 V 01! | pA
3 | (Stand-by) : ! vee= 1 -
Input Low Voltage
Vii | (Eo, E1, E2, SCL, SDA) -03 | 03Vee | V
Input High Voltage
Vin | (Eo, E1, E2, SCL, SDA) 07Vee | Vool | V
Vi Input Low Voltage (WC) -0.3 0.5 \Y
Vin | Input High Voltage (WC) 0.7Vec | Veott \Y
loo=3mA, Vgc=5V 0.4 \
Output Low R T = =
VoL Voltage W series: loo=2.1 mA, Vec=2.5V 0.4 \
-R series: loo=1mA,Vec=1.8V 0.41 Y
Note: 1. This is preliminary data.
10/16 [’I
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Table 6. AC Characteristics

M24C16, M24C08, M24C04, M24C02, M24C01
Vce=4.5t05.5V |Vcc=2.5t05.5V | Vcc=1.8t0 3.6 V
Symbol | Alt. Parameter Ta=0to 70°C or | Ta=0to 70°C or | Ta=0to 70°C or | Unit
-40 to 85°C -40 to 85°C -40 to 85°C*

Min Max Min Max Min Max
tcH1cH2 tr Clock Rise Time 300 300 300 ns
teLicle tr | Clock Fall Time 300 300 300 ns
tom1oH2 2 tr SDA Rise Time 20 300 20 300 20 300 ns
toL1pLe 2 tr | SDA Fall Time 20 300 20 300 20 300 ns
tcrox ! | tsusta | Clock High to Input Transition 600 600 600 ns

teHoL tuigH | Clock Pulse Width High 600 600 600 ns
torct | tHosma | Input Low to Clock Low (START) 600 600 600 ns
tceox | tHopar | Clock Low to Input Transition 0 0 0 us
teLcn tiow | Clock Pulse Width Low 1.3 1.3 1.3 us
toxox | tsupar 'T':g;’gﬁf:sm"" to Clock 100 100 100 ns
tonon | tsusto | Clock High to Input High (STOP) 600 600 600 ns
toroL teur Lr:z:t) High to Input Low (Bus 13 13 13 us
toLav® taa | Clock Low to Data Out Valid 200 900 200 900 200 900 ns
toLox ton E:vtva Out Hold Time After Clock 200 200 200 ns
fc fscL | Clock Frequency 400 400 400 kHz
tw twr | Write Time 5 10 10 ms

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

Table 7. AC Measurement Conditions

Figure 9. AC Testing Input Output Waveforms

08Vce

Input Rise and Fall Times <50 ns
Input Pulse Voltages 0.2Vce to 0.8Vee
Input and Output Timing

Reference Voltages 0.3Vgg to 0.7Vce

0.2Vce

b7

Al00825

11/16

23
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Figure 10. AC Waveforms

< >t {CHCL < > {CLCH
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“START* i« SDA >« SDA ! i« STOP &+
CONDITION INPUT  CHANGE BUS FREE
SCL /
1CLQV - tcLQX
SDA OUT DATA VALID
’ ‘«— DATA QUTPUT —»
sot _J N _ i\
SDAIN [ r §
|/ ; L
<—>t {CHDH 1CHDX -
ie— STOP —»4—————— WRITE CYCLE ——————>4— START —>
CONDITION CONDITION
Al00795B
Table 8. Input Parameters? (Ta = 25 °C, f = 400 kHz)
Symbol Parameter Test Condition Min. Max. Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
ZweL WC Input Impedance Vin<0.3Vee 5 20 kQ
ZwehH WC Input Impedance Vin>0.7Vce 500 kQ
tns Low Pass Filter Input Time
Constant (SCL and SDA) 200 500 ns
Note: 1. Sampled only, not 100% tested.
12/16 [S7i
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Table 9. Ordering Information Scheme

Example: M24C08 - T

Memory Capacity |
16 16 Kbit (2048 x 8)
08 8 Kbit (1024 x 8)
04 4 Kbit (512 x 8)
02 2 Kbit (256 x 8)
01 1 Kbit (128 x 8)

TSSOP Pin-Out |

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

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

Turned (as shown in Figure 2D) for
T M24C08-T, M24C08-TW,
M24C16-T, M24C16-TW

Operating Voltage |

Option

T Tape and Reel Packing

Temperature Range

11 0°Cto70°C
6 -40°Cto85°C

Package |

blank 45Vto55V
w 25Vto55V
R 18Vt 3.6V

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

ORDERING INFORMATION

Devices are shipped from the factory with the

memory content set at all ‘1’s (FFh).

The notation used for the device number is as
shown in Table 9. For a list of available options
(speed, package, etc.) or for further information on
any aspect of this device, please contact the ST

Sales Office nearest to you.

g

BN PSDIP8 (0.25 mm frame)
MN  SO8 (150 mil width)
DW TSSOPS8 (169 mil width)

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

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 3.90 5.90 0.154 0.232
A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
o} 0.20 0.36 0.008 0.014
D 9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8’ 8
Figure 11. PSDIP8 (BN)
ﬁAZ A
AL
o el A C >l
D eB
S o B o B
) E1| E
11_' OO0 v PSDIP-a
Note* 1. Drawing is not to scale
14/16 ‘7—[
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Table 11. SO8 - 8 lead Plastic Small Outline, 150 mils body width

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 1.35 1.75 0.053 0.069
A1 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
C 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.90 0.016 0.035
o 0° 8° 0° 8°
N 8 8
CP 0.10 0.004
Figure 12. SO8 narrow (MN)
hx 45
Cc
D
N
e
! \N
S0-a
Note. 1. Drawing 1s not to scale.
[7[ 15/16
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Table 12. TSSOPS8 - 8 lead Thin Shrink Small Outline

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 1.10 0.043
A1 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
C 0.09 0.20 0.004 0.008
2.90 3.10 0.114 0.122
E 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177
e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028
o 0° 8° 0° 8°
N 8 8
CcP 0.08 0.003
Figure 13. TSSOP8 (DW)
D
HAAAR AR -
(¢
E1 |E
TSSoP
Note: 1. Drawing is not to scale.
16/16 KYI
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M24C64
M24C32

64/32 Kbit Serial 12°C Bus EEPROM

m Compatible with I°C Extended Addressing

m Two Wire 2C Serial Interface
Supports 400 kHz Protocol

m Single Supply Voltage:

— 4.5V to 5.5V for M24Cxx

— 2.5V to 5.5V for M24Cxx-W

— 1.8V to 3.6V for M24Cxx-R
m Hardware Write Control
m BYTE and PAGE WRITE (up to 32 Bytes)
m RANDOM and SEQUENTIAL READ Modes
m Self-Timed Programming Cycle
m Automatic Address Incrementing
m Enhanced ESD/Latch-Up Behaviour
= 1 Million Erase/Write Cycles (minimum)
m 40 Year Data Retention (minimum)

DESCRIPTION

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

Table 1. Signal Names

=

I

8

PSDIP8 (BN)
0.25 mm frame

-
1

S08 (MN)
150 mil width

m 14

st

1

TSSOP14 (DL)
169 mil width

1

S08 (MW)
200 mil width

Figure 1. Logic Diagram

EO, E1, E2 Chip Enable Inputs

SDA Serial Data/Address Input/

Output

SCL Serial Clock

wC Write Control

Vce Supply Voltage

Vss Ground

March 1999

Vce

3
E0-E2 i{)

SCL —

M24C64
M24C32

WC —q

—— SDA

Vss

Al01844B
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M24C64, M24C32

Figure 2A. DIP Connections

Figure 2C. TSSOP Connections

M24C64
M24C32

eof1 ~ 8flVce
E1[2 7pWC
E2[]3 61 SCL
Vss ] 4 5[] SDA
Al018458

M24C64
M24C32
Eo® 14 Vce
E12 13 WC
NCC3 12[INC
NCC4 11 [INC
NC 5 10 NG
E2C6 9f=ascL
Vgg 47 8 SDA

Al02129

Figure 2B. SO Connections

M24C64
M24C32

E0 (D
2
3
4

8Vee
7= WwC
6 =31 SCL

51 SDA
Al01846B

E1
E2
Vgg 4

Table 2. Absolute Maximum Ratings '

Note* 1 NC = Not Connected

vice), and down to 1.8 V (for the -R version of each
device).

The M24C64 and M24C32 are available in Plastic
Dual-in-Line, Plastic Small Outline and Thin Shrink
Small Outline packages.

These memory devices are compatible with the
I°C extended memory standard. This is a two wire
serial interface that uses a bi-directional data bus
and serial clock. The memory carries a built-in 4-
bit unique Device Tyge Identifier code (1010) in
accordance with the 1°C bus definition.

The memory behaves as a slave device in the 1’c
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

Symbol Parameter Value Unit

Ta Ambient Operating Temperature -40to 125 °C

Tsta Storage Temperature -65to 150 °C
PSDIP8: 10 sec 260

TLead Lead Temperature during Soldering S08: 40 sec 215 °C
TSSOP14: t.b.c. tb.c.

Vio Input or Output range -0.6t0 6.5 \Y

Vee Supply Voltage -0.3t0 6.5 \

Veeo Electrostatic Discharge Voltage (Human Body model) 2 4000 \Y

Electrostatic Discharge Voltage (Machine model) 3 500 \

Note: 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 condi-
tions for extended periods may affect device reliability. Refer also to the ST SURE Program and other relevant quality documents

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

217
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Device Select Code and RW bit (as described in
Table 3), terminated by an acknowledge bit.

When writing data to the memory, the memory in-
serts an acknowledge bit during the oth bit time,
following the bus master's 8-bit transmission.
When data is read by the bus master, the bus
master acknowledges the receipt of the data byte
in the same way. Data transfers are terminated by
a STOP condition after an Ack for WRITE, and af-
ter a NoAck for READ.

Power On Reset: Vcc Lock-Out Write Protect

In order to prevent data corruption and inadvertent
write operations during power up, a Power On Re-
set (POR) circuit is included. The internal reset is
held active until the V¢c voltage has reached the
POR threshold value, and all operations are dis-
abled — the device will not respond to any com-
mand. In the same way, when V¢¢ drops from the
operating voltage, below the POR threshold value,
all operations are disabled and the device will not
respond to any command. A stable and valid Vcc
must be applied before applying any logic signal.

SIGNAL DESCRIPTION
Serial Clock (SCL)

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

Serial Data (SDA)

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

Chip Enable (E2, E1, EO0)

These chip enable inputs are used to set the value
thatis to be looked for on the three least significant
bits (b3, b2, b1) of the 7-bit device select code.
These inputs may be driven dynamically or tied to
Vec or Vss to establish the device select code (but
note that the V| and V|4 levels for the inputs are
CMOS compatible, not TTL compatible).

Write Control (WC)

The hardware Write Control pin (WC) is useful for
protecting the entire contents of the memory from
inadvertent erase/write. The Write Contro| signal is
used to enable (WC=V)_) or disable (WC=Vy)
write instructions to the entire memory area. When
unconnected, the WC input is internally read as
ViL, and write operations are allowed.

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

Please see the Application Note AN404 for a more
detailed description of the Write Control feature.

DEVICE OPERATION

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

Figure 3. Maximum R Value versus Bus Capacitance (Cgys) for an IC Bus

Vee
g Y
2 N RL RL
2., L\
: N SDA .
o
£ g Y \ MASTER * Cgus
g N\ [ fe = 100kHz sc | ! T ....
£ <
S N N
=4 e =400kHz Y~ — Caus
; | Naas T
10 100 1000
Cgus (PF)
AlO1665

3
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M24C64, M24C32

Figure 4. 12C Bus Protocol

SCL —\_/_\____/_ -------- \ /—_
\_/ T
'4— START—Fé < SDA—P;- SDA -" < STOP "
CONDITION INPUT  CHANGE CONDITION
SCL i 1 2 SN\_ .. 7 8 9 _
son T\ )T X XTI T N\ e
R
START
CONDITION
SCL 1 2 s\ _ ... 7 8 9 ;
son N\ X XTI N\ S

sToP
CONDITION

Al00792

reads the data to be a receiver. The device that
controls the data transfer is known as the master,
and the other as the slave. A data transfer can only
be initiated by the master, which will also provide
the serial clock for synchronization. The memory
device is always a slave device in all communica-
tion.

Start Condition

START is identified by a high to low transition of
the SDA line while the clock, SCL, is stable in the
high state. A START condition must precede any
data transfer command. The memory device con-
tinuously monitors (except during a programming
cycle) the SDA and SCL lines for a START condi-
tion, and will not respond unless one is given.
Stop Condition

STOP is identified by a low to high transition of the
SDA line while the clock SCL is stable in the high
state. A STOP condition terminates communica-

an7

tion between the memory device and the bus mas-
ter. A STOP condition at the end of a Read
command, after (and only after) a NoAck, forces
the memory device into its standby state. A STOP
condition at the end of a Write command triggers
the internal EEPROM write cycle.

Acknowledge Bit (ACK)

An acknowledge signal is used to indicate a suc-
cessful byte transfer. The bus transmitter, whether
it be master or slave, releases the SDA bus after
sending eight bits of data. During the 9t clock
pulse period, the receiver pulls the SDA bus low to
acknowledge the receipt of the eight data bits.

Data Input

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

o7
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Table 3. Device Select Code *

Device Type Identifier Chip Enable RW
b7 b6 b5 b4 b3 b2 b1 b0
Device Select Code 1 0 j 1 0 E2 | E1 I EO RW

Note: 1. The most significant bit, b7, is sent first.

Memory Addressing

To start communication between the bus master
and the slave memory, the master must initiate a
START condition. Following this, the master sends
the 8-bit byte, shown in Table 3, on the SDA bus
line (most significant bit first). This consists of the
7-bit Device Select Code, and the 1-bit Read/Write
Designator (RW). The Device Select Code is fur-
ther subdivided into: a 4-bit Device Type Identifier,
and a 3-bit Chip Enable “Address” (E2, E1, EO).

To address the memory array, the 4-bit Device
Type Identifier is 1010b.

If all three chip enable inputs are connected, up to
e:ght memory devices can be connected on a sin-
gle I°C bus. Each one is given a unique 3-bit code
on its Chip Enable inputs. When the Device Se-
lect Code is received on the SDA bus, the memory
only responds if the Chip Select Code is the same
as the pattern applied to its Chip Enable pins.

The 8™ bit is the RW bit. This is set to ‘1’ for read
and ‘0’ for write operations. If a match occurs on
the Device Select Code, the corresponding mem-
ory g|ves an acknowledgment on the SDA bus dur-
ing the 9" bit time. If the memory does not match
the Device Select Code, it deselects itself from the
bus, and goes into stand-by mode.

There are two modes both for read and write.
These are summarized in Table 6 and described
later. A communication between the master and
the slave is ended with a STOP condition.

Each data byte in the memory has a 16-bit (two

byte wide) address. The Most Significant Byte (Ta-
ble 4) is sent first, followed by the Least significant

Table 6. Operating Modes

Table 4. Most Significant Byte
[o15 | b14 [ b13 [b12 [b11 [b10 [ b9 b8 |
Note: 1 b15 to b13 are Don't Care on the M24C64 series.

b15 to b12 are Don't Care on the M24C32 series.

Table 5. Least Significant Byte
[b7 |bs |bs |b4 [b3 |b2 | b1

EN

Byte (Table 5). Bits b15 to b0 form the address of
the byte in memory. Bits b15 to b13 are treated as
a Don’t Care bit on the M24C64 memory. Bits b15
to b12 are treated as Don't Care bits on the
M24C32 memory.

Write Operations

Following a START condition the master sends a
Device Select Code with the RW bit set to '0’, as
shown in Table 6. The memory acknowledges this,
and waits for two address bytes. The memory re-
sponds to each address byte with an acknowledge
bit, and then waits for the data byte.

Writing to the memory may be inhibited if the WC
input pin is taken high. Any write command with
WC=1 (during a period of time from the START
condition until the end of the two address bytes)
will not modify the memory contents, and the ac-
companying data bytes will not be acknowledged
(as shown in Figure 5).

Byte Write

In the Byte Write mode, after the Device Select
Code and the address bytes, the master sends

Mode RW bit wc! Bytes Initial Sequence
Current Address Read ‘1 X 1 START, Device Select, RW = ‘1’
‘0 X START, Device Select, RW = ‘0", Address
Random Address Read v X ! reSTART, Device Select, RW = ‘1’
Sequential Read “q’ X 21 Similar to Current or Random Address Read
Byte Write ‘0’ Vi 1 START, Device Select, RW = ‘0’
Page Write ‘0 \ <32 START, Device Select, RW = ‘0’
Note. 1. X =Viyor Vi
I;; 5117
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Figure 5. Write Mode Sequences with WC=1 (data write inhibited)

WG |
ACK ACK ACK NO ACK
| S [O—
BYTE WRITE I DEV SEL BYTE ADDR DATA IN “
[ —_ o
1 o
RW
£ &
%)
Wo |
ACK ACK ACK NO ACK
PAGE WRITE DEV SEL BYTE ADDR BYTE ADDR DATAIN1 | DATAIN2
L
wc (cont'd)
NO ACK NO ACK
=1
PAGE WRITE DATAINN l
(cont'd) -4
S
=
)
AI011208

one data byte. If the addressed location is write
protected by the WC pin, the memory replies with
a NoAck, and the location is not modified. If, in-
stead, the WC pin has been held at 0, as shown in
Figure 6, the memory replies with an Ack. The
master terminates the transfer by generating a
STOP condition.

Page Write

The Page Write mode allows up to 32 bytes to be
written in a single write cycle, provided that they
are all located in the same 'row’ in the memory:
that is the most significant memory address bits
(b12-b5 for the M24C64 and b11-b5 for the
M24C32) are the same. If more bytes are sent
than will fit up to the end of the row, a condition
known as ‘roll-over’ occurs. Data starts to become
overwritten (in a way not formally specified in this
data sheet).

The master sends from one up to 32 bytes of data,
each of which is acknowledged by the memory if
the WC pin is low. If the WC pin is high, the con-

6/17

tents of the addressed memory location are not
modified, and each data byte is followed by a
NoAck. After each byte is transferred, the internal
byte address counter (the 5 least significant bits
only) is incremented. The transfer is terminated by
the master generating a STOP condition.

When the master generates a STOP condition im-
mediately after the Ack bit (in the “10'" bit" time
slot), either at the end of a byte write or a page
write, the internal memory write cycle is triggered.
A STOP condition at any other time does not trig-
ger the internal write cycle.

During the internal write cycle, the SDA input is
disabled internally, and the device does not re-
spond to any requests.

q
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Figure 6. Write Mode Sequences with WC=0 (data write enabled)

=

ACK ACK ACK ACK
BYTE WRITE |IDEVSEL ll |BYTEADDR| BYTE ADDR l DATAIN II_I
L0 1 1 1 1 1 11 1 1 & 1 1 1 1 1 1 1 1 0 1 & 1 1 1
]
— o
E RW 'g
5 %]
w o]
ACK ACK ACK ACK
PAGE WRITE ||DEVSEL Il IBYTEADDR”BYTEADDRH DATAIN 1 || DATAIN 2
e [ i PR i i
e L
RW
=
7]
%(cont'd)
ACK ACK

-4 |
PAGE WRITE DATAINN
(cont'd) 4

STOP

Al011068

g
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Figure 7. Write Cycle Polling Flowchart using ACK

WRITE Cycle
in Progress

START Condition

DEVICE SELECT

with RW =0

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

Next
Operation I1s
Addressing the
Memory

4
ReSTART

STOP

Send
Byte Address

A
%

Proceed
WRITE Operation

Proceed
Random Address

READ Operation

Al01847

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

The sequence, as shown in Figure 7, is:
— Initial condition: a Write is in progress.

— Step 1: the master issues a START condition
followed by a Device Select Code (the first byte
of the new instruction).

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

8/17

Read Operations

Read operations_are performed independently of
the state of the WC pin.

Random Address Read

A dummy write is performed to load the address
into the address counter, as shown in Figure 8.
Then, without sending a STOP condition, the mas-
ter sends another START condition, and repeats
the Device Select Code, with the RW bit set to ‘1°.
The memory acknowledges this, and outputs the
contents of the addressed byte. The master must
not acknowledge the byte output, and terminates
the transfer with a STOP condition.

Current Address Read

The device has an internal address counter which
is incremented each time a byte is read. For the
Current Address Read mode, following a START
condition, the master sends a Device Select Code
with the RW bit set to ‘1. The memory acknow!-
edges this, and outputs the byte addressed by the

572
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Figure 8. Read Mode Sequences

. I
DATAOUTN I
-2

STOP

NO ACK
CURRENT
ADDRESS I DEVSEL | |'| pATAOUT I
READ
£ &
< [
(’7) [}
ACK ACK ACK ACK NO ACK
RANDOM || e | |
ADDRESS DEVSEL* | | BYTEADDR | |BYTEADDR| | [ DEVSEL* | |'| DATAOUT I
READ
£ W £ W )
< RW E: RW o
() [ ®
NO ACK
SEQUENTIAL | e -.-- “-r
CURRENT | | DEV SEL l l DATA our1 1-I DATA OUT N
READ I 111131 _|-___, 1113111
= o
e :
7 [}
ACK
SEQUENTIAL ,...,..I...”” e
RANDOM ' lDEV SEL’| |BYTE ADDR | | BYTE ADDFII | IDEV SEL'| | |DATA OUT1|
READ parariviratll (T rdilatirasl B rdiitraratl B B Brerifirainll 11 B ireliaundi
= b=
E :
& &
ACK NO ACK

Al01105C

Note: 1. The seven most significant bits of the Device Select Code of a Random Read (in the 15t and

internal address counter. The counter is then in-
cremented. The master terminates the transfer
with a STOP condition, as shown in Figure 8, with-
out acknowledging the byte output.

Sequential Read

This mode can be initiated with either a Current
Address Read or a Random Address Read. The
master does acknowledge the data byte output in
this case, and the memory continues to output the
next byte in sequence. To terminate the stream of
bytes, the master must not acknowledge the last
byte output, and must generate a STOP condition.

g7

4" bytes) must be 1dentical

The output data comes from consecutive address-
es, with the internal address counter automatically
incremented after each byte output. After the last
memory address, the address counter ‘rolls-over’
and the memory continues to output data from the
start of the memory block.

Acknowledge in Read Mode

In all read modes, the memory waits, after each
byte read, for an acknowledgment during the oth
bit time. If the master does not pull the SDA line
low during this time, the memory terminates the
data transfer and switches to its standby state.

9/17
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Table 7. DC Characteristics

(TA=010 70 °C or-401to 85 °C; Vcc =4.5t0 5.5 Vor2.5t0 5.5 V)
(TA=0to70°C or-20to 85°C; Vcc=1.8t03.6 V)

Symbol Parameter Test Condition Min. Max. | Unit
lu (g‘gt‘ 'é%a}\‘)"‘ge Current 0V <Ving Vee 2 | pA
Lo Output Leakage Current 0 V < Vour < Ve, SDA in Hi-Z +2 pA
Vee=5V, fc=400kHz (rise/fall time < 30ns) 2 mA
lec Supply Current -W series: | Vcc=2.5V, f{=400kHz (rise/fall time < 30ns) 1 mA
-R series: | Vcc=1.8V, fc=100kHz (rise/fall time < 30ns) 0.8! mA
lcct Supply Current (Stand-by) Vin=VssorVecc, Vec=5V 10 pA
lcc2 Supply Current (Stand-by) Vin= Vss orVee, Vec=2.5V 2 uA
lces Supply Current (Stand-by) Vin=Vss orVce, Vec= 1.8V 11 LA
o 03 [ 0ver | v
| o7 | Veot | v
Vio | Input Low Voltage (WC) -0.3 0.5 \Y
Vi | Input High Voltage (WC) 0.7Veec | Vectt | V
loo=83mA, Vec=5V 0.4 \
Vou 3;:5;2—“ -W series: lou=2.1mA, Vec =25V 04 | Vv
-R series: lor=0.15mA, Vec =18V 0.21 \%
Note: 1. This is preliminary data.
Table 8. Input Parameters? (Ta = 25 °C, f = 400 kHz)
Symbol Parameter Test Condition Min. Max. Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
Zwer WC Input Impedance Vin<0.3Vce 5 20 kQ
Zwen WC Input Impedance Vin>0.7Vee 500 kQ
tns Low Pass Filter Input Time
Constant (SCL and SDA) 100 ns
Note: 1. Sampled only, not 100% tested.
10117 IS72
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Table 9. AC Characteristics
(TA=0to70°Cor-40to 85°C; Vcc=4.5t05.5Vor2.5t0 55V)
(TA=01t0 70 °C or-20to 85 °C; Vcc =1.81t03.6 V)

M24C64 / M24C32
Vcc=4.5t05.5V | Vgc=2.5t05.5V | Vcc=1.8t10 3.6 V
Symbol | Alt. Parameter Ta=0 10 70°C or | Ta=0to 70°C or | Ta=0to 70°C or | Unit
-40 to 85°C -40 to 85°C -20 to 85°C*

Min Max Min Max Min Max
teHicH2 tr Clock Rise Time 300 300 1000 ns
teLicle te Clock Fall Time 300 300 300 ns

tor1pH2 2 tr SDA Rise Time 20 300 20 300 20 1000 ns
tor1oLz 2 te SDA Fall Time 20 300 20 300 20 300 ns
terox ! | tsusta | Clock High to Input Transition 600 600 4700 ns
teneL tmieh | Clock Pulse Width High 600 600 4000 ns
toLcL to sTa | Input Low to Clock Low (START) 600 600 4000 ns
tciox | tooar | Clock Low to Input Transition 0 0 0 us
teLen tiow | Clock Pulse Width Low 1.3 1.3 4.7 Hs
toxox | teuoar | Jibut Transition to Glock 100 100 250 ns
tchon | tsusto | Clock High to Input High (STOP) 600 600 4000 ns
toroL | teur ::"r';:‘) High to Input Low (Bus 13 13 47 us
teLav® taa | Clock Low to Data Out Valid 200 900 200 900 200 3500 ns
toLox ton E(?vtva Out Hold Time After Clock 200 200 200 ns
fc fscL | Clock Frequency 400 400 100 | kHz
tw twr | Write Time 10 10 10 ms

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

Table 10. AC Measurement Conditions

Figure 9. AC Testing Input Output Waveforms

0.8Voe

Input Rise and Fall Times <50 ns
Input Pulse Voltages 0.2Vcc to 0.8Vee
Input and Output Timing

Reference Voltages 0.3Vecto 0.7Vee

0.2Vee

b7

Al00825
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Figure 10. AC Waveforms
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Table 11. Ordering Information Scheme

Example: M24C64 - R MN 1 T
Memory Capacity | Option
64 64 Kbit (8K x 8) T Tape and Reel Packing

32 32 Kbit (4K x 8)

Operating Voltage |
blank 4.5Vto55V
W 25Vto55V
R4 1.8Vto3.6V

Package | Temperature Range
BN PSDIP8 (0.25 mm frame) 12 0°Cto70°C
MN  SO8 (150 mil width) 6  —40°Ct085°C
MW SO8 (200 mil width) 33 —40°Cto 125 °C
pL!' TSSOP14 (169 mil width) 5 —-20°Cto 85°C

Note: 1. For the availability of the M24C64 and M24C32 in TSSOP14, please contact the ST Sales Office nearest to you
2 Temperature range available only on request.
3 For conformity to the High Reliability Certified Flow (HRCF), please contact the ST Sales Office nearest to you
4 The -R version (Vcc range 18 V to 3.6 V) only available in temperature ranges 5 or 1.

ORDERING INFORMATION

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

The notation used for the device number is as
shown in Table 11. For a list of available options
(speed, package, etc.) or for further information on
any aspect of this device, please contact the ST
Sales Office nearest to you.

4
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Table 12. PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 3.90 5.90 0.154 0.232
A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
L 3.00 3.80 0.118 0.150
N 8 8
Figure 11. PSDIP8 (BN)
-)Aa A
A1d L
~el
B1
D
nmoo
D El| E
oo PSDIP-a
Note: 1. Drawing is not to scale.
14/17 ﬁ
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Table 13. SO8 - 8 lead Plastic Small Outline, 150 mils body width

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 1.35 1.756 0.053 0.069
Al 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
Cc 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
o 0° 8° 0° 8°
N 8 8
CP 0.10 0.004
Figure 12. SO8 narrow (MN)
hx 45"
¢
B
D
N
R
\
S0-a
Note: 1. Drawing is not to scale.
[7[ 15/17

43



M24C64, M24C32

Table 14. SO8 - 8 lead Plastic Small Outline, 200 mils body width

Symb. mm inches
Typ. Min. Max. Typ. Min. Max.
A 2.03 0.080
A1l 0.10 0.25 0.004 0.010
A2 1.78 0.070
B 0.35 0.45 0.014 0.018
Cc 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
o 0° 10° 0° 10°
N 8 8
CP 0.10 . 0.004

Figure 13. SO8 wide (MW)

Note. 1. Drawing is not to scale.
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Table 15. TSSOP14 - 14 lead Thin Shrink Small Outline

Svmb mm inches
ymb.
Typ. Min. Max. Typ. Min. Max.
A 1.10 0.043
A1l 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
0.09 0.20 0.004 0.008
4.90 5.10 0.193 0.197
E . 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177
e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028
o 0° 8° 0° 8°
N 14 14
cp 7 0.08 0.003

Figure 14. TSSOP14 (DL)

2]

AR AR

E1 |E

T

TSSOP

Note. 1 Drawing Is not to scale

Fl' 17/17

45







IS73

M24256-A

256 Kbit Serial 12C Bus EEPROM

= COMPATIBLE with [°C EXTENDED
ADDRESSING

= 2 CHIP ENABLE INPUTS

= TWO WIRE I2C SERIAL INTERFACE,
SUPPORTS 400kHz PROTOCOL

= 100,000 ERASE/WRITE CYCLES
= 40 YEARS DATA RETENTION
= SINGLE SUPPLY VOLTAGE
— 4.5V to 5.5V for M24256-A
— 2.5V to 5.5V for M24256-AW
= HARDWARE WRITE CONTROL
= BYTE and PAGE WRITE (up to 64 BYTES)

= BYTE, RANDOM and SEQUENTIAL READ
MODES

= SELF TIMED PROGRAMING CYCLE
= AUTOMATIC ADDRESS INCREMENTING

= ENHANCED ESD/LATCH-UP
PERFORMANCES

DESCRIPTION

The M24256-A is a 256 Kbit electrically erasable
programmable memory (EEPROM) organized as
32,768 x8 bits with two Chip Enable inputs.

The "W" versions operate with a power supply
value as low as 2.5V.

Table 1. Signal Names

PRELIMINARY DATA

14
qu

1

TSSOP14 (DL)
169mil Width

PSDIP8 (BN)
0.25mm Frame

T

1

-

v
1

S08 (MN)
150mil Width

Figure 1. Logic Diagram

EO-E1 Chip Enable Inputs

SDA Serial Data Address Input/Output
SCL Serial Clock

wc Write Control

Vee Supply Voltage

Vss Ground

vVce

M24256-A

—— SDA

Vss

A102271C

February 1998
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This 1s preliminary information on a new product now in development or undergoing evaluation Details are subject to change without notice. 47
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

M24256-A

Eoff1 ~ 8[1Vge
E1[]2 7[IwWC

NC[3 6
4

Vss] 5
Al02273C

SCL
SDA

M24256-A
E0 D 8 Ve
E1E2 7= WC
NC 3 6 —SCL
Vgg 4 5 —1SDA

Al02272C

Warning: NC = Not Connected

Figure 2C. TSOP Pin Connections

M24256-A
E0 D 14 Ve
E1Cg2 13 WC
NC 3 12[INC
NC T 4 11 3 NC
NCLCT5 10INC
NCC6 9fscL
Vgg 37 8 SDA

A102388C

Warning: NC = Not Connected

Warning: NC = Not Connected

DESCRIPTION (cont'd)

The device is compatible with the 1°C extended
memory standard, two wire serial interface which
uses a bi-directional data bus and serial clock. The
memory carries a built-in 4 bit, unique device iden-
tification code (1010) corresponding to the I°C bus
definition. The memory behaves as a slave device
in the I2C protocol with all memory operations
synchronized by the serial clock. Read and write
operations are initiated by a START condition gen-
erated by the bus master. The START condition is
followed by a stream of 4 bits (identification code
1010), then 3 Chip Enable Input bits (0, E1, EO) to
form a 7 bit Device Select, plus one read/write bit
(RW) and terminated by an acknowledge bit. Up to
4 memories may be connected to the same I°C bus
and selected individually.

Table 2. Absolute Maximum Ratings ")

Symbol Parameter Value Unit
Ta Ambient Operating Temperature —40to 125 °C
Tsta Storage Temperature -65 to 150 °C
TieaD Lead Temperature, Soldering (S08) 40 sec 215 oG
(PSDIP8) 10 sec 260

Vio Input or Output Voltages -0.61t06.5 \
Vee Supply Voltage -0.3t06.5 \
Veso Electrostatic Discharge Voltage (Human Body model) @ 4000 \%
Electrostatic Discharge Voltage (Machine model) ¢ 200 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 i1s not implied Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and
other relevant quality documents

2 Depends on range.
3 100pF through 1500Q; MIL-STD-883C, 3015 7
4 200pF through 0Q; EIAJ IC-121 (condition C)

2/16
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Table 3. Device Select Code

Device Code Chip Enable RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 0 E1 EO RW

Note: The MSB b7 is sent first

Table 4. Operating Modes

Mode RW bit wce Data Bytes Initial Sequence

Current Address Read T X 1 START, Device Select, RW = "1’

Random Address Read 0 X ; START, Device Select, HW_=- '0’, Address,
1’ X reSTART, Device Select, RW ="1"

Sequential Read 1’ X >1 As CURRENT or RANDOM Mode

Byte Write 0 Vi START, Device Select, RW ='0"

Page Write 0’ ViL <64 START, Device Select, RW ='0’

Note: 1. X =V orVi.

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: Vcc 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 Vcc
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 Vc¢c 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 Vcc
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 Vcc
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. Aresistor must be connected from the SDA
bus line to Vcc to act as pull up (see Figure 3).

57

Chip Enable (EO, E1). These chip enable inputs
are used to set the 2 least significant bits of the 7
bit device select code. They may be driven dynami-
cally or tied to VCC or VSS to establish the device
select code. When unconnected, these 2 pins are
internally read as Vil (see tables 5 and 6).

Write Control (WC). The Write Control feature WC
is useful to protect the contents of the memory from
any erroneous erase/write cycle. The Write Control
signal is used to enable (WC=Vi4) or disable
(WC=VuL) the internal write protection. When the
WC pin is unconnected, the WC input is internally
read as ViL (see Table 5).

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

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

DEVICE OPERATION
I°C Bus Background

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

3/16
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Figure 3. Maximum R_ Value versus Bus Capacitance (Cgsus) for an I°C Bus
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Start Condition. START is identified by a high to
low transition of the SDA line while the clock SCL
is stable in the high state. A START condition must
precede any command for data transfer. Except
during a programming cycle, the memory continu-
ously monitors the SDA and SCL signals for a
START condition and will not respond unless one
is given.

Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the memory and the
bus master. ASTOP condition at the end of a Read
command forces the standby state. ASTOP condi-
tion at the end of a Write command triggers the
internal EEPROM write cycle.

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

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

4/16

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

Memory Addressing. A data byte in the memory
is addressed through 2 bytes of address informa-
tion. The Most Significant Byte is sent first and the
Least significant Byte is sent after. Bits b15 to b0
formthe address of any byte of the memory. Bitb15
is don't care on the M24256-A series.

Most Significant Byte

[b15 [ b14 [ b13 [ b12 [ b11 [ b10 [ bo | b8 |
b151s don't care on M24256-A sertes.

Least Significant Byte

[ b7 [ b6 [ b5 [ ba [ b3 [ b2 [ b1 [ bo |

J
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Table 5. Input Parameters (V) (Ta = 25 °C, f = 400 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
Z E1, EO, WC Input Impedance Vin<0.5V 50 300 kQ
Zn E1, EO, WC Input Impedance Vin2 Vee - 0.5V 500 kQ
Low-pass filter input time constant
e (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 6. DC Characteristics
(Ta= 0to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V or 2.5 to 5.5V)
Symbol Parameter Test Condition Min Max Unit
Iu Eré%utElaea;/I:/_%g)e Current OV < Vin € Vo 45 LA
0V £ Vour £ Vee
Lo Output Leakage Current SDAin Hi-Z *2 A
Vee = 5V, fc = 400kHz
o Supply Current (Rise/Fall ime < 30ns) 2 mA
g i Ve = 2.5V, fc = 400kHz
Supply Current (-W series) (Rise/Fall time < 30ns) 1 mA
Vin = Vss or Vg,
lcct Supply Current, Standby Voo 5V 10 pA
Supply Current, Standby VIN = Vss or Vg,
lec2 (W series) Voo = 2.5V 2 KA
ViL Input Low Voltage (SCL, SDA) -0.3 0.3 Ve \
Vin Input High Voltage (SCL, SDA) 07Vee | Veo+1 v
ViL Input Low Voltage (EO, E1, WC) -0.3 0.5 %
Vin Input High Voltage (EO, E1, WC) Vec =05 | Veg + 1 v
VoL Output Low Voltage loL = 3mA, Vcc = 5V 0.4 \
Output Low Voltage (-W series) loL =2.1mA, Vee = 2.5V 0.4 Vv
177 5/16
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Table 7. AC Characteristics

M24256-A
Symbol | Alt Parameter v°19:=465‘\é '7%?65\/ VC.I?A::ZD‘S:; t;:)?éSV Unit
Ta =-40to 85°C Ta =-40 to 85°C
Min Max Min Max

tcH1CH2 tr  |Clock Rise Time 300 300 ns
tcLicLe te Clock Fall Time 300 300 ns
tomonz (|t |SDA Rise Time 20 300 20 300 ns
iz | tr |SDAFall Time 20 300 20 300 ns
torox @ | tsusTa | Clock High to Input Transition 600 600 ns
teHeL thigh | Clock Pulse Width High 600 600 ns
toLcL tHp sTA | Input Low to Clock Low (START) 600 600 ns
tcLox tHp paT | Clock Low to Input Transition 0 0 us
toLeH tlow |Clock Pulse Width Low 1300 1300 ns
toxcx tsu pat | Input Transition to Clock Transition 100 100 ns
tcHoH tsu sto | Clock High to Input High (STOP) 600 600 ns
toHDL tsur | Input High to Input Low (Bus Free) 1300 1300 ns
tceav® | taa | Clock Low to Next Data Out Valid 200 900 200 900 ns
tcLax ton | Data Out Hold Time 200 200 ns
fc fscL |Clock Frequency 400 400 kHz
tw twr | Write Time 10 10 ms

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

3. The minimum value delays the falling/rising edge of SDA away form SCL = 1 in order to avoid unwanted START and/or STOP

condition.

Write Operations

Following a START condition the master sends a
Device Select code with the RW bit set to '0’. The
memory acknowledges this and waits for 2 bytes
of address. These 2 address bytes (8 bits each)
provide access to any of the memory locations.
Writing in the memory may be inhibited if input pin
WC is taken high.

6/16

Any write command with WC=1 (during a period of
time from the START condition until the end of the
2 bytes address) will not modify data and will NOT
be acknowledged on data bytes, as in Figure 9.

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

q
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Figure 4. AC Testing Input Output Waveforms

Table 8. AC Measurement Conditions

0.8Vce

0.2Vgee

Input Rise and Fall Times < 50ns
Input Pulse Voltages 0.2Vcc t0 0.8Vee
Input and Output Timing Ref. 0.3Vee 10 0.7Vee

Voltages

Al00825

Figure 5. AC Waveforms

SCL

SDAIN

SCL

SDA OUT

SCL

SDAIN

< »- tCHCL <

Y

i/ J&
le—>t tcHDX {CLDX

eSTART - SDA > SDA >
CONDITION INPUT  CHANGE

_/

1cLav +

- STOP &+
BUS FREE

A 4

tCHDH

CONDITION

— U S Y A __J :
tDLCL -T: tDXCX ! t¢ tCHDH
X — t_
: {DHDL

tCHDX “—}_

4~ STOP —»«———— WRITE CYCLE —————»'«— START —>
CONDITION

Al00795B

J
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Figure 6. I2C Bus Protocol

SCL i \ _.__’: :\__._’; \ '
SDA \ / X ______ \ /
4~ START i« SDA ->¢- SDA > «-sTOP -+
CONDITION INPUT  CHANGE CONDITION
scL i 1 2 3 7 8 9
SDA t\ |/ wss X X X X X \ Ack
START
CONDITION
scL 1 2 3 7 8 9
SDA \mse X X XXX \ Ak i/
STOP
CONDITION
Al00792

Page Write. The Page Write mode allows up to 64
bytes to be written in a single write cycle, provided
that they are all located in the same row of 64 bytes
in the memory, that is the same address bits (b14-
b6 for the M24256-A).

The master sends from one up to 64 bytes of data,
which are each acknowledged by the memory.
After each byte is transferred, the internal byte
address counter (6 Least Significant Bits only) is
incremented. The transfer is terminated by the
master generating a STOP condition. Care must be
taken to avoid address counter ’roll-over’ which
could result in data being overwritten. Note that, for
any write mode, the generation by the master of the
STOP condition starts the internal memory pro-

8/16

gram cycle. This STOP condition will trigger an
internal memory program cycle only if the STOP
condition is internally decoded right after the ACK
bit; any STOP condition decoded out of this "10th
bit" time slot will not trigger the internal program-
ming cycle. All inputs are disabled until the comple-
tion of this cycle and the memory will not respond
to any request.

Minimizing System Delays by Polling On ACK.
During the internal Write cycle, the memory disable
itself from the bus in order to copy the data from
the internal latches to the memory cells. The maxi-
mum value of the Write time (tw) is given in the
Table 8, this timing value may be reduced by an
ACK polling sequence issued by the master.

b7
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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:ifthe memory is internally writing, NOACK
will be returned. The master goes back to Step
1. If the memory has terminated the internal
writing, it will issue an ACK.

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

Figure 7. Write Cycle Polling using ACK

Read Operations

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

Current Address Read. The memory has aninter-
nal byte address counter. Each time a byte is read,
this counter is incremented. For the Current Ad-
dress Read mode, following a START condition,
the master sends a Device Select with the RW bit
set to '1". The memory acknowledges this and
outputs the byte addressed by the internal address
counter. This counter is then incremented. The
master does NOT acknowledge the byte output,
but terminates the transfer with a STOP condition.

WRITE Cycle
in Progress

START Condition

DEVICE SELECT
with RW =0

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

Next
Operation 1s
Addressing the
Memory

\4
ReSTART

STOP

Send
Byte Address

%
o

A 4

Proceed

WRITE Operation

Proceed
Random Address

READ Operation

Al01847
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Figure 8. Write Modes Sequence with Write Control =0
we N
ACK ACK
BYTE WRITE U DEVSELl BYTEADDR BYTEADDRH DATA IN IH
II||IIIIIII|II 111 1 1 1.1 1.1 1 1 1 1.1
u: W O
RW
[ %
w
we ]
ACK ACK
TT T TTT L B I TT T T T TT rrnuuuuilnlcllr'
PAGE WRITE I | DEV SEL | lBYI'EADDFll IBYTEADDRl DATAIN 1 | | DATAIN 2
Illlllll 101 11 1.1 1.1 1 11 11 111 11 111 L.
E L
RW
=
(]
VTC(cont'd)
ACK ACK
akal l
PAGE WRITE DATAINN
(cont'd) -4
o
o
w
A101106B

Random Address Read. A dummy write is per-
formed to load the address into the address
counter, see Figure 10. This is followed by another
START condition from the master and the byte
address repeated with the RW bit set to 1. The
memory acknowledges this and outputs the byte
addressed. The master have to NOT acknowledge
the byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-
quence. To terminate the stream of bytes, the

10/16

master must NOT acknowledge the last byte out-
put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address
counter will 'roll-over’ and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the memory waits for an acknowledge during the
9th bit time. If the master does not pull the SDAline
low during this time, the memory terminates the
data transfer and switches to a standby state.

J

56



M24256-A

Figure 9. Write Modes Sequence with Write Control = 1

STOP

we |
ACK ACK NO ACK
| TrrrorrT rrrrrrir;
BYTE WRITE | DEV SEL |I | BYTE ADDRl I BYTE ADDR DATA IN
g = 5
R/W
< =
lu—,) 1]
we |
ACK NO ACK
TTr 1T 11T Trrrrorr IIIIIIIIIlIIlII LI
PAGE WRITE | | DEV SEL | |BYTE ADDRI IBYTE ADDHl | DATAIN 1 | | DATA IN2
111 1 11 L1 1 1 1.1 BT T T T '} L1 111
=
z
=
%)
W—C(cont‘d) -
NO ACK NO ACK
=1
(cont'd) -4

Al01120B
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Figure 10. Read Mode Sequences

ACK NO ACK
CURRENT T T T T |lllll|l{
ADDRESS | | DEV SEL | | ’ DATA OUT | I_I
READ 11 1 1. 1.1 ! 11 1.1 1 1.1
2 W 3
RW
< =
5 1]
ACK ACK ACK ACK NO ACK
RANDOM e e | ey e e e e
ADDRESS I DEV SEL 'J IBYTE ADDRl | BYTE ADDHI I DEV SEL'| | I DATA OUT | U
READ llllll:l 0 T T L1 1 1 1.1 ll||ll| 11 1 1t 4 1
= — = — o
% RW = RW e
& & @
ACK NO ACK
SEQUENTIAL T T T T T T 1= --r
CURRENT | l DEV SEL I | IDATA OuT 1 | I’T 1—| DATAOUTN
READ Laa1r e Jeo oo [
= [+8
o4 RW [e]
= o
"
ACK ACK ACK
SEQUENTIAL Trrrrr ‘lnllllll | TTrr171 lllllll"‘l"
RANDOM I | DEV SEL* | IBYTE ADDR ' | BYTE ADDR | l DEV SEL* | l |DATA OouT 1
READ NN B | 111111 11111311 111 113 ||¢||||.|,_
= =
z RIW o RIW
= =
(9] (9]
ACK NO ACK
- 1
DATAOUTN I
-4
o
]
=
2]
AI01105C
Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical.

12/16
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ORDERING INFORMATION SCHEME

Example: M24256 - A W MN 5 T

[

Density I I Operating Voltage | | Package l [Temperature Rangtﬂ L Option ]
U ™ o
256 256Kb (32K x8) blﬁf"uk 4.5V to 5.5V BN gszg'l]fnfz Frame 1% 0t070°C T ;aa%iiﬁgﬁeel
’ 6 -40t085°C
W 25Vto5.5V MN SO8
150mil Width
DL TSSOP14
169mil Width

Notes: 1. On request only.

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

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

%)
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

Symb mm inches
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
A1 0.49 - 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
0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 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
[ | &)) \pof at
A
Y
U AL
B et
pl—a B1
< D P
gl [ [ [T _—
) E1| E
.
| [ S [ H oy I RS PSDIP-a
Drawing is not o scale
14/16 57
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TSSOP14 - 14 lead Thin Shrink Small Outline
Symb mm inches

Typ Min Max Typ Min Max
A 1.10 0.043
Al 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
0.09 0.20 0.004 0.008
D 4.90 5.10 0.193 0.197
E 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177

e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028

o 0° 8° 0° 8°

N 14 14

cP 0.08 | 0003

A
C
B
D
ililili ‘
N A
( E| H
O]
HEHE o
SO-b
Drawing 1s not to scale
1<7% 15/16
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SO08 - 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
(o} 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
o 0 8 0 8
N 8 8
CP 0.10 0.004
e~ h x 45°
B
H L_—_} c
B> alcp
€ —>r—a-
« D
ililili 1
N
E| H
1
I
A
SO-a

Drawing is not to scale.

16/16
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M24256-B
M24128-B

256/128 Kbit Serial 12C Bus EEPROM

With Three Chip Enable Lines

m Compatible with I°C Extended Addressing

Two Wire 12C Serial Interface
Supports 400 kHz Protocol

m Single Supply Voltage:

— 4.5V to 5.5V for M24xxx-B

— 2.5V to 5.5V for M24xxx-BW

— 1.8V to 3.6V for M24xxx-BR

Hardware Write Control

BYTE and PAGE WRITE (up to 64 Bytes)
RANDOM and SEQUENTIAL READ Modes
Self-Timed Programming Cycle
Automatic Address Incrementing
Enhanced ESD/Latch-Up Behaviour
100000 Erase/Write Cycles (minimum)

m 40 Year Data Retention (minimum)

DESCRIPTION

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

Table 1. Signal Names

PRELIMINARY DATA

-

I

8

8

1

PSDIP8 (BN)
0.25 mm frame

T
1 1
S08 (MN) TSSOP14 (DL)
150 mil width 169 mil width

Figure 1. Logic Diagram

EO, E1, E2 Chip Enable Inputs

SDA Serial Data/Address Input/
Output

SCL Serial Clock

wC Write Control

Vce Supply Voltage

Vss Ground

March 1999

Vce

—— SDA

M24256-B
M24128-B

Vss
Al02809
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Figure 2A. DIP Connections

Figure 2C. TSSOP Connections

M24256-B
M24128-B

eoff1 Y 8fivee

E1[]2 7Qwc

E2([|3 6{] SCL

Vss ] 4 5[] SDA
A102810

M24256-B
M24128-B
EoC® 143Vce
E1C2 13[2IWC
NCCH 3 12 INC
NCE4 11 INC
NC5 10INC
E2C6 9= scL
Vgs 7 8 1 SDA
Al02812

Figure 2B. SO Connections

M24256-B
M24128-B

E0 D
2
3
4

8 Vce
7E3We
6 1 SCL

5 [—1SDA
Al02811

E1
E2
Vgs

Table 2. Absolute Maximum Ratings '

Note: 1. NC = Not Connected

of each device), and down to 1.8 V (for the -R ver-
sion of each device).

The M24256-B and M24128-B are available in
Plastic Dual-in-Line, Plastic Small Outline and
Thin Shrink Small Outline packages.

These memory devices are compatible with the
12C extended memory standard. This is a two wire
serial interface that uses a bi-directional data bus
and serial clock. The memory carries a built-in 4-
bit unique Device Tyge Identifier code (1010) in
accordance with the 1°C bus definition.

The memory behaves as a slave device in the 1’c
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

Symbol Parameter Value Unit

Ta Ambient Operating Temperature -40to 125 °C

Tste Storage Temperature -65 to 150 °C
PSDIP8: 10 sec 260

TLeaD Lead Temperature during Soldering S08: 40 sec 215 °C
TSSOP14: t.b.c. t.b.c.

Vio Input or Output range -0.6t0 6.5 \

Vce Supply Voltage -0.3t0 6.5 \

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

Electrostatic Discharge Voltage (Machine model) 3 500 \

Note: 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 condi-
tions for extended periods may affect device reliability. Refer also to the ST SURE Program and other relevant quality documents.

2. MIL-STD-883C, 3015 7 (100 pF, 1500 Q)
3 EIAJIC-121 (Condition C) (200 pF, 0 Q)

2/16
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Device Select Code and RW bit (as described in
Table 3), terminated by an acknowledge bit.

When writing data to the memory, the memory in-
serts an acknowledge bit during the 9 bit time,
following the bus master's 8-bit transmission.
When data is read by the bus master, the bus
master acknowledges the receipt of the data byte
in the same way. Data transfers are terminated by
a STOP condition after an Ack for WRITE, and af-
ter a NoAck for READ.

Power On Reset: V¢ Lock-Out Write Protect

In order to prevent data corruption and inadvertent
write operations during power up, a Power On Re-
set (POR) circuit is included. The internal reset is
held active until the Vcc voltage has reached the
POR threshold value, and all operations are dis-
abled — the device will not respond to any com-
mand. In the same way, when V¢ drops from the
operating voltage, below the POR threshold value,
all operations are disabled and the device will not
respond to any command. A stable and valid Vg
must be applied before applying any logic signal.

SIGNAL DESCRIPTION
Serial Clock (SCL)

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

Serial Data (SDA)

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

Chip Enable (E2, E1, E0)

These chip enable inputs are used to set the value
thatis to be looked for on the three least significant
bits (b3, b2, b1) of the 7-bit device select code.
These inputs may be driven dynamically or tied to
Vcc or Vss to establish the device select code (but
note that the V| and V|4 levels for the inputs are
CMOS compatible, not TTL compatible). When
unconnected, the E2, E1 and EO inputs are inter-
nally read as V| (see Table 7 and Table 8)

Write Control (WC)

The hardware Write Control pin (WC) is useful for
protecting the entire contents of the memory from
inadvertent erase/write. The Write Control signal is
used to enable (WC=V).) or disable (WC=Vy)
write instructions to the entire memory area. When
unconnected, the WC input is internally read as
VL, and write operations are allowed.

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

Please see the Application Note AN404 for a more
detailed description of the Write Control feature.

DEVICE OPERATION

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

Figure 3. Maximum R;_ Value versus Bus Capacitance (Cgys) for an I2C Bus

vVee
20 \
N \
2 ° \ R R
3 \ L L
3 12 N
a N SDA B
[+
£ g J \ MASTER i Cgus
2 N\ | fc = 100kHz sc | ! T ....
3 N
©
= 4 I~ = ~ —
fc=400kHz TN Cgus
‘hl_—
; | T
10 100 1000
Cpus (pF)
Al01665

3
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Figure 4. 1°C Bus Protocol

SCL

X

SDA \ /

<~ START =

¢~ SDA ¢ SDA >

- sTOP >

CONDITION INPUT  CHANGE CONDITION
SCL H 1 2 3 7 8 9
soa i\ i/ mss X X XX X \ Aok
START
CONDITION
scL 1 2 3 7 8 9 :
SDA \ MSB X X X >< >< \ Ack i/

STOP
CONDITION

Al00792

AN1001. Any device that sends data on to the bus
is defined to be a transmitter, and any device that
reads the data to be a receiver. The device that
controls the data transfer is known as the master,
and the other as the slave. A data transfer can only
be initiated by the master, which will also provide
the serial clock for synchronization. The memory
device is always a slave device in all communica-
tion.

Start Condition

START is identified by a high to low transition of
the SDA line while the clock, SCL, is stable in the
high state. A START condition must precede any
data transfer command. The memory device con-
tinuously monitors (except during a programming
cycle) the SDA and SCL lines for a START condi-
tion, and will not respond unless one is given.

4/16

Stop Condition

STOP is identified by a low to high transition of the
SDA line while the clock SCL is stable in the high
state. A STOP condition terminates communica-
tion between the memory device and the bus mas-
ter. A STOP condition at the end of a Read
command, after (and only after) a NoAck, forces
the memory device into its standby state. A STOP
condition at the end of a Write command triggers
the internal EEPROM write cycle.

Acknowledge Bit (ACK)

An acknowledge signal is used to indicate a suc-
cessful byte transfer. The bus transmitter, whether
it be master or slave, releases the SDA bus after
sending eight bits of data. During the 9t clock
pulse period, the receiver pulls the SDA bus low to
acknowledge the receipt of the eight data bits.

&7
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Table 3. Device Select Code !

Device Type Identifier Chip Enable RW
b7 b6 b5 b4 b3 b2 b1 b0
Device SelectCode | 1 | 0 | 1 0 2 | B | ko RW

Note: 1. The most significant bit, b7, is sent first.

Data Input

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

Memory Addressing

To start communication between the bus master
and the slave memory, the master must initiate a
START condition. Following this, the master sends
the 8-bit byte, shown in Table 3, on the SDA bus
line (most significant bit first). This consists of the
7-bit Device Select Code, and the 1-bit Read/Write
Designator (RW). The Device Select Code is fur-
ther subdivided into: a 4-bit Device Type ldentifier,
and a 3-bit Chip Enable “Address” (E2, E1, EO).

To address the memory array, the 4-bit Device
Type Identifier is 1010b.

If all three chip enable inputs are connected, up to
elght memory devices can be connected on a sin-
gle I°C bus. Each one is given a unique 3-bit code
on its Chip Enable inputs. When the Device Se-
lect Code is received on the SDA bus, the memory
only responds if the Chip Select Code is the same
as the pattern applied to its Chip Enable pins.
The 8™ bit is the RW bit. This is set to ‘1" for read
and ‘0’ for write operations. If a match occurs on
the Device Select Code, the corresponding mem-
ory glves an acknowledgment on the SDA bus dur-
ing the 9t bit time. If the memory does not match
the Device Select Code, it deselects itself from the
bus, and goes into stand-by mode.

Table 6. Operating Modes

Table 4. Most Significant Byte

[b15 [b14 | b13 [ b12 [ b11 [ b10 [ b9 b8 |

Note. 1. b15is treated as Don’t Care on the M24256-B seres.
b15 and b14 are Don't Care on the M24128-B series.

Table 5. Least Significant Byte
|b7 |b6 |b5 |b4 |b3 |b2 |b1

EN

There are two modes both for read and write.
These are summarized in Table 6 and described
later. A communication between the master and
the slave is ended with a STOP condition.

Each data byte in the memory has a 16-bit (two
byte wide) address. The Most Significant Byte (Ta-
ble 4) is sent first, followed by the Least significant
Byte (Table 5). Bits b15 to b0 form the address of
the byte in memory. Bit b15 is treated as a Don't
Care bit on the M24256-B memory. Bits b15 and
b14 are treated as Don’t Care bits on the M24128-
B memory.

Write Operations

Following a START condition the master sends a
Device Select Code with the RW bit set to ’0’, as
shown in Table 6. The memory acknowledges this,
and waits for two address bytes. The memory re-
sponds to each address byte with an acknowledge
bit, and then waits for the data byte.

Writing to the memory may be inhibited if the WC
input pin is taken high. Any write command with
WC=1 (during a period of time from the START

Mode RW bit wc? Bytes Initial Sequence
Current Address Read 1’ X 1 START, Device Select, RW =
(0} X START, Device Select, RW = ‘0, Address

Random Address Read Bs X ! reSTART, Device Select, RW =1’

Sequential Read 1 X =1 Similar to Current or Random Address Read
Byte Write ‘0 Vi 1 START, Device Select, RW = ‘0’

Page Write ‘0’ Vi <64 START, Device Select, RW = ‘0’
Note 1. X=Viyor Vi
[’7 5/16
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Figure 5. Write Mode Sequences with WC=1 (data write inhibited)

WG |
NO ACK
TrTv 17177 rrTrT7rTrTrT TTrrrrrrty llllllll
BYTE WRITE ||DEVSEL| |BYTEADDR||BYTEADDH|| DATAIN IU
= o
£ 5
2]
WG ]
ACK NOACK
T T | T -
PAGE WRITE II DEVSELI |BYTEADDH||BYTEADDR| DATAIN 1 || DATAIN2
Illlllll L1 1 1111 L 1 1 1 13 L1 1 1 1 1t 11 10 1
=
=
[
w
W_C(cont'd)
NO ACK NO ACK
|
PAGE WRITE DATAIN N I
(cont'd) -4
o
o
=
1]
Al01120B
condition until the end of the two address bytes) Page Write

will not modify the memory contents, and the ac-
companying data bytes will not be acknowledged,
as shown in Figure 5.

Byte Write

In the Byte Write mode, after the Device Select
Code and the address bytes, the master sends
one data byte. If the addressed location is write
protected by the WC pin, the memory replies with
a NoAck, and the location is not modified. If, in-
stead, the WC pin has been held at 0, as shown in
Figure 6, the memory replies with an Ack. The
master terminates the transfer by generating a
STOP condition.

6/16

The Page Write mode allows up to 64 bytes to be
written in a single write cycle provnded that they
are all located in the same 'row’ in the memory:
that is the most significant memory address bits
(b14-b6 for the M24256-B and b13-b6 for the
M24128-B) are the same. If more bytes are sent
than will fit up to the end of the row, a condition
known as ‘roll-over’ occurs. Data starts to become
overwritten (in a way not formally specified in this
data sheet).

The master sends from one up to 64 bytes of data,
each of which is acknowledged by the memory if
the WC pin is low. If the WC pin is high, the con-

74
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Figure 6. Write Mode Sequences with WC=0 (data write enabled)

&

ACK
rrvTTT TrrrrrviT TIT T T T 1T T T T rrrr
BYTE WRITE U DEV SEL | IBYTEADDH| |BYTEADDH| | DATAIN | |_|
| N I 10 1 1 3 1.1 11 1 1.1 101 1 1 1.1
£ S
= =
I 2]
wc |
ACK ACK A
LI N LINLI BN B B I 3 LANLINE B B B ) TT T 1o 71 TTrrrar
PAGE WRITE I | DEV SEL | |BYTEADDFI| |BYTEADDR| I DATAIN 1 | I DATAIN 2
........-..... 111y T R
= —
T RW
&
W:(conl'd)
ACK ACK

. |
PAGE WRITE DATAINN
(cont'd) -4

STOP

Al01106B

tents of the addressed memory location are not
modified, and each data byte is followed by a
NoAck. After each byte is transferred, the internal
byte address counter (the 6 least significant bits
only) is incremented. The transfer is terminated by
the master generating a STOP condition.

When the master generates a STOP condmon im-
mediately after the Ack bit (in the “10 bit” time
slot), either at the end of a byte write or a page
write, the internal memory write cycle is triggered.
A STOP condition at any other time does not trig-
ger the internal write cycle.

During the internal write cycle, the SDA input is
disabled internally, and the device does not re-
spond to any requests.

E]

7/16
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Figure 7. Write Cycle Polling Flowchart using ACK

WRITE Cycle
in Progress

START Condition

DEVICE SELECT

with RW =0
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Proceed
Random Address

READ Operation
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Minimizing System Delays by Polling On ACK
During the internal write cycle, the memory discon-
nects itself from the bus, and copies the data from
its internal latches to the memory cells. The maxi-
mum write time (tw) is shown in Table 9, but the
typical time is shorter. To make use of this, an Ack
polling sequence can be used by the master.

The sequence, as shown in Figure 7, is:
- Initial condition: a Write is in progress.
— Step 1: the master issues a START condition

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

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

8/16

Read Operations

Read operations are performed independently of
the state of the WC pin.

Random Address Read

A dummy write is performed to load the address
into the address counter, as shown in Figure 8.
Then, without sending a STOP condition, the mas-
ter sends another START condition, and repeats
the Device Select Code, with the RW bit set to ‘1".
The memory acknowledges this, and outputs the
contents of the addressed byte. The master must
not acknowledge the byte output, and terminates
the transfer with a STOP condition.

Current Address Read

The device has an internal address counter which
is incremented each time a byte is read. For the
Current Address Read mode, following a START
condition, the master sends a Device Select Code
with the RW bit set to ‘1”. The memory acknowl-
edges this, and outputs the byte addressed by the

b7
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Figure 8. Read Mode Sequences

ACK NO ACK
CURRENT | e
ADDRESS I I DEV SEL I I | DATA OUT l U
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Note: 1. The seven most significant bits of the Device Select Code of

internal address counter. The counter is then in-
cremented. The master terminates the transfer
with a STOP condition, as shown in Figure 8, with-
out acknowledging the byte output.

Sequential Read

This mode can be initiated with either a Current
Address Read or a Random Address Read. The
master does acknowledge the data byte output in
this case, and the memory continues to output the
next byte in sequence. To terminate the stream of
bytes, the master must not acknowledge the last
byte output, and must generate a STOP condition.

57

f a Random Read (in the 157 and 4 bytes) must be identical.

The output data comes from consecutive address-
es, with the internal address counter automatically
incremented after each byte output. After the last
memory address, the address counter ‘rolis-over’
and the memory continues to output data from the
start of the memory block.

Acknowledge in Read Mode

In all read modes, the memory waits, after each
byte read, for an acknowledgment during the gth

bit time. If the master does not pull the SDA line
low during this time, the memory terminates the
data transfer and switches to its standby state.

9/16
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Table 7. DC Characteristics

(TA=0t070°Cor-40t0 85 °C; Vcc=4.5t05.5Vor2.5t05.5V)
(TAa=0t0 70 °C or-20 to 85 °C; Vcc = 1.8t0 3.6 V)

Symbol Parameter Test Conditicn Min. Max. [ Unit
Input Leakage Ci t
Iy (;3’8"1, SﬁA)age urren 0V < V< Vee £2 | pA
L Vee Vee
| Input Leakage Current Device s selected Z(max) | Z(min) wA
. (E2, E1, EO, WC)
Device is not selected +2 pA
o Output Leakage Current 0V < Vour < Vee, SDA in Hi-Z +2 pA
Vce=5V, fc=400kHz (rise/fall time < 30ns) 2 mA
lec Supply Current -W series: | Vcc=2.5VY, {c=400kHz (rise/fall time < 30ns) 1 mA
-R series: | Vcc=1.8V, fc=100kHz (rise/fall time < 30ns) 0.8! mA
lcet Supply Current (Stand-by) Vin=VssorVec, Vec=5V 10 HA
leca Supply Current (Stand-by) Vin= Vss orVec, Vec=2.5V 2 pA
lcca | Supply Current (Stand-by) Vin= Vss orVec, Vec=1.8V 11 PA
Input Low Voltage )
Vi | (E0-E2, SCL, SDA) 03 |03Vee | V
Input High Voltage
Vi | (E0-E2, SCL, SDA) 0.7Vec | Voctl | V
Vi. | Input Low Voltage (WC) -0.3 0.5 v
Vi | Input High Voltage (WC) Voc-0.5| Vgott \Y
loo=3mA, Vcc=5V 04 \
Vo, | OutputLow -W series: lou=2.1mA, Veg =25V 0.4 v
Voltage
-R series: lo=0.15mA, Vec =18V 0.2! \Y
Note- 1. This is preliminary data.
2. See Table 8
Table 8. Input Parameters’ (Ta =25 °C, f =400 kHz)
Symbol Parameter Test Condition Min. Max. Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
z Pull-Down Impedance of E2, | Device is selected 25° 1003 kQ
E1, EO, WC inputs -
e Device is not selected 4 kQ
4 Low Pass Filter Input Time 100
NS Constant (SCL and SDA) ns
Note: 1 Sampled only, not 100% tested.
2. Thisis Z(mn) as used in Table 7
3 This s Z(max) as used in Table 7
10/16 [‘7[
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Table 9. AC Characteristics

(TA=0t070°Cor-40to 85 °C; Vcc=4.5t05.5Vor2.5t05.5V)

(TA=0to70°C or-20t085°C; Vcc=1.8t03.6 V)
M24256-B / NMi24128-B
Vce=4.5105.5V | Vec=2.5t05.5V | Vcc=1.8t0 3.6 V
Symbol | Alt. Parameter Ta=0t0 70°C or | Ta=0to 70°C or | Ta=0to 70°C or | Unit
-40 to 85°C -40 to 85°C -20 to 85°C*

Min Max Min Max Min Max
tcH1cH2 tr Clock Rise Time 300 300 1000 ns
toLioLe tr Clock Fall Time 300 300 300 ns

toH1DH2 2 tr SDA Rise Time 20 300 20 300 20 1000 ns
toLipLe 2 te SDA Fall Time 20 300 20 300 20 300 ns
tcwpx ! | tsusta | Clock High to Input Transition 600 600 4700 ns
tcHoL thigH | Clock Pulse Width High 600 600 4000 ns
torct | tHosma | Input Low to Clock Low (START) 600 600 4000 ns
tciox | thooar | Clock Low to Input Transition 0 0 (] ps
teren tiow [ Clock Pulse Width Low 1.3 1.3 4.7 us
toxox | teuoar | Jibut Transition to Glock 100 100 250 ns
tcion | tsusTo | Clock High to Input High (STOP) 600 600 4000 ns
tomoL teur :ggzt) High to Input Low (Bus 13 13 47 us
torav® taa | Clock Low to Data Out Valid 200 900 200 900 200 3500 ns
torax ton E:‘:va Out Hold Time After Clock 200 200 200 ns

fc fscL | Clock Frequency 400 400 100 | kKHz

tw twa | Write Time 10 10 10 ms

Note. 1. For a reSTART condition, or following a wnte cycle
. Sampled only, not 100% tested.

2
3. To avord spurious START and STOP conditions, a mimimum delay s placed between SCL=1 and the falling or nsing edge of SDA.
4

. This 1s preliminary data.

Table 10. AC Measurement Conditions

Figure 9. AC Testing Input Output Waveforms

0.8Vee

Input Rise and Fall Times <50ns
Input Pulse Voltages 0.2Vcc to 0.8Vee
Input and Output Timing

Reference Voltages 03Vee t0 0.7Vee

0.2Vec

1574
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Figure 10. AC Waveforms
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Table 11. Ordering Information Scheme

Example: M24256 -BR MN

Memory Capacity | Option
256 256 Kbit (32K x 8) T Tape and Reel Packing
128 128 Kbit (16K x 8)

Operating Voltage |
blank 4.5Vto55V
w 25Vto55V
R 1.8Vto 3.6V

Package | Temperature Range

BN PSDIP8 (0.25 mm frame) 11 0°Cto70°C
MN  SO8 (150 mil width) 6 -40°C to 85 °C

DL TSSOP14 (169 mil width)

Note: 1. Temperature range available only on request.

ORDERING INFORMATION

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

The notation used for the device number is as
shown in Table 11. For a list of available options
(speed, package, etc.) or for further information on
any aspect of this device, please contact the ST
Sales Office nearest to you.

9
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Table 12. PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 3.90 5.90 0.154 0.232
A1l 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
0.20 0.36 0.008 0.014
D 9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8 8
Figure 11. PSDIP8 (BN)
O PSDIP-a
Note: 1. Drawing Is not to scale.
14/16 1S72
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Table 13. SO8 - 8 lead Plastic Small Outline, 150 mils body width

mm inches
Symb.
Typ. Min. Max. Typ. Min. Max.
A 1.35 1.75 0.053 0.069
A1 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
C 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.90 0.016 0.035
o 0° 8° 0° 8°
N 8 8
CP 0.10 0.004
Figure 12. SO8 narrow (MN)
h x 45°
B
S0-a
Note: 1 Drawing is not to scale.
IS73 15/16

77



M24256-B, M24128-B

Table 14. TSSOP14 - 14 lead Thin Shrink Small Outline

Svmb mm inches
, 2ymDb.
Typ. Min. Max. Typ. Min. Max.
A 1.10 0.043
At 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
C 0.09 0.20 0.004 0.008
D 4.90 5.10 0.193 0.197
E 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177
e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028
o 0° 8° 0° 8°
N 14 14
CP 0.08 0.003

Figure 13. TSSOP14 (DL)

D

AAARA. ARAAR

E1 [E

TSSOP

Note:

16/16

1. Drawing is not to scale.

78




7

M24256
M24128

256 Kbit/128 Kbit Serial 1°C Bus EEPROM

without Chip Enable Lines

= COMPATIBLE with [°C EXTENDED
ADDRESSING

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

= 100,000 ERASE/WRITE CYCLES
= 40 YEARS DATA RETENTION
= SINGLE SUPPLY VOLTAGE
— 4.5V to 5.5V for M24256 and M24128
— 2.5V to 5.5V for M24256-W and M24128-W
— 1.8V to 3.6V for M24256-R and M24128-R
= HARDWARE WRITE CONTROL
= BYTE and PAGE WRITE (up to 64 BYTES)
= BYTE, RANDOM and SEQUENTIAL READ
MODES
m SELF TIMED PROGRAMING CYCLE
= AUTOMATIC ADDRESS INCREMENTING

= ENHANCED ESD/LATCH-UP
PERFORMANCES

DESCRIPTION

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

Table 1. Signal Names

SDA Serial Data Address Input/Output

SCL Serial Clock

WC Write Control

Vee Supply Voltage

Vss Ground

PRELIMINARY DATA

14 o
T

1 1

PSDIP8 (BN)

TSSOP14 (DL)
0.25mm Frame

169mil Width
s @ 8¢

1 1

SO8 (MN)
150mil Width

S08 (Mw)
200mil Width

Figure 1. Logic Diagram

Vce

SCL — —— SDA

M24256
— M24128
wCc —@

Vss

Alo1882

October 1998

117

This is preliminary information on a new product now in d P or

1. Details are subject to change without notice
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Table 2. Absolute Maximum Ratings (")

Symbol Parameter Value Unit
Ta Ambient Operating Temperature @ -40to 125 °C
Tsta Storage Temperature —65 to 150 °C
TiLeAD Lead Temperature, Soldering 40 sec 215 oC
10 sec 260

Vio Input or Output Voltages -06106.5 \
Vee Supply Voltage -0.3t06.5 Vv
Veso Electrostatic Discharge Voltage (Human Body model) © 4000 v
Electrostatic Discharge Voltage (Machine model) 200 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 1s not impled. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device rehability. Refer also to the STMicroelectronics SURE Program and
other relevant quality documents

2 Depends on range.

3 100pF through 1500Q; MIL-STD-883C, 3015 7
4. 200pF through 0Q; EIAJ IC-121 (condition C)

Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

M24256 M24256
M24128 M24128
Nc1 Y 8[1veo NC D 8 veg
NC[ 2 7[WGC NC2 g =1¢
NCO3 6[1scL NCT3 6[—1scCL
Vgs 4 5[] SDA Vgg 4 5 F—SDA
Al01883 Al01884

Warning: NC = Not Connected

Figure 2C. TSSOP Pin Connections

M24128
NCEHD 14/ Vge
NC2 13 WC
NCT3 12[INC
NC 4 11 EINC
NC 5 10 =INC
NC6 9[scL
Vgg 7 8 —1SDA

Al02249

Warning: NC = Not Connected

217

Warning: NC = Not Connected

DESCRIPTION (cont'd)

Each memory is compatible with the I1°C extended
memory standard, two wire serial interface which
uses a bi-directional data bus and serial clock. The
memory carries a built-in 4 bit, unique devnce iden-
tification code (1010) corresponding to the I2C bus
defmmon The memory behaves as a slave device
in the I°C protocol with all memory operations
synchronized by the serial clock. Read and write
operations are initiated by a START condition gen-
erated by the bus master. The START condition is
followed by a stream of 4 bits (identification code
1010), then 3 bits (at 000) to form a 7 bit Device
Select, plus one read/write bit (RW) and terminated
by an acknowledge bit.

3
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Table 3. Device Select Code

Device Code Chip Enable RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 0 0 0 RW
Note: The MSB b7 is sent first.
Table 4. Operating Modes
Mode RW bit wceC Data 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’ X reSTART, Device Select, RW =1’
Sequential Read 1’ X 21 As CURRENT or RANDOM Mode
Byte Write Kol ViL 1 START, Device Select, RW =0’
Page Write 0 Vi <64 START, Device Select, RW =0’
Note: 1. X=ViorVi.

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: Vcc 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 Vcc
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 Vcc 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 Vcc
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 Vce
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. Aresistor must be connected from the SDA
bus line to Vce to act as pull up (see Figure 3).

(572

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
signal is used to enable (WC=Vin) or disable
(WC=VwL) the internal write protection. When the
WC pin is unconnected, the WC input is internally
read as VL (see Table 5).

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

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

DEVICE OPERATION
1?C Bus Background

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

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

317
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Figure 3. Maximum R Value versus Bus Capacitance (Cgus) for an IC Bus
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Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the memory and the
bus master. ASTOP 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.

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

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

Device Selection. To start communication be-
tween the bus master and the slave memory, the
master must initiate a START condition. The 8 bits
sent after a START condition are made up of a
device select of 4 bits that identifies the device type,
then 3 bits (at 000) and one bit for a READ (RW=1)

4an7

or WRITE (RW=0) operation. There are two modes
both for read and write. These are summarized in
Table 4 and described hereafter. A communication
between the master and the slave is ended with a
STOP condition.

Memory Addressing. A data byte in the memory
is addressed through 2 bytes of address informa-
tion. The Most Significant Byte is sent first and the
Least significant Byte is sent after. Bits b15 to b0
form the address of any byte of the memory. Bitb15
is don’t care on the M24256 series. Bits b15 and
b14 are don’t care on the M24128 series.

Most Significant Byte

[ 015 [ b14 [ b13 [ 012 [ b11 [ b10 | b9 [ b8 |

b15 is don't care on M24256 series.
b15 and b14 are don't care on M24128 series.

Least Significant Byte

[ b7 | b6 | b5 [ ba [ b3 [ b2 [ b1 [ b0 |
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Table 5. Input Parameters () (Ta =25 °C, f = 400 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
Zwet WC Input Impedance Vin<0.3 Veg 5 20 kQ
ZwcH WC Input Impedance Vin20.7 Voo 500 kQ
Low-pass filter input time constant
e (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested
Table 6. DC Characteristics
(TA=010 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V)
(TA=0to0 70 °C or —20 to 85 °C; Vcc = 1.8V to 3.6V)
Symbol Parameter Test Condition Min Max Unit
Input Leakage Current
I (SCL, SDA) 0V <VinS Vee +2 A
0V < Vour < Vee
Lo Output Leakage Current SDAin Hi-Z +2 pA
Vce =5V, fc = 400kHz
Supply Current (Rise/Fall time < 30ns) 2 mA
lec g . Vee = 2.5V, fc = 400kHz
Supply Current (-W series) (Rise/Fall time < 30ns) 1 mA
| i Vee = 1.8V, fc = 100kHz
Supply Current (-R series) (Rise/Fall time < 30ns) 0.5 mA
Vin = Vss or Vg,
Supply Current, Standby Veo= 5V 10 pHA
Icct Supply Current, Standby Vin = Vss or Ve, P A
(-W series) Vee = 2.5V n
Supply Current, Standby Vin = Vss or Vce, 1 A
(R series) Vee = 1.8V "
Vi Input Low Voltage (SCL, SDA) -0.3 0.3 Ve \
Vin Input High Voltage (SCL, SDA) 0.7 Vee Voo + 1 Y
Vi Input Low Voltage (WC) -0.3 0.5 Y
Vi Input High Voltage (WC) Voc-05 | Voo +1 v
Output Low Voltage loL = 3mA, Ve =5V 0.4 \
Vo Output Low Voltage (-W series) loL = 2.1mA, Vg = 2.5V 0.4 v
Output Low Voltage (-R series) loL =0.15mA, Vcc = 1.8V 0.2 Vv
V<74 517
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Table 7. AC Characteristics

M24256 / M24128

Ve = 4.5V to 5.5V | Vec = 2.5V 10 5.5V |Vec = 1.8V to 3.6V . .

Symbol Alt Parameter TA = 0to 70°C TA =0to 70°C TA =0to 70°C Unit

Ta=-4010 85°C | Ta=-4010 85°C | Tp=—20 to 85°C
Min Max Min Max Min Max

tcHicH2 tr  |{Clock Rise Time 300 300 1000 ns
toLicLe te Clock Fall Time 300 300 300 ns
tonioHz P |tk [ SDA Rise Time 20 300 20 300 20 1000 | ns
torioz " |t |SDAFall Time 20 300 20 300 20 300 ns
tenox @ | tsusm %gﬁ‘s‘iggﬂh to Input 600 600 4700 ns
teHeL tmign | Clock Pulse Width High 600 600 4000 ns
toLoL tHp sTA }gq-%%%” to Clock Low 600 600 4000 ns
tciox | tHp AT ?:gﬁ:i:{g;v o Input 0 0 0 us
toLen tlow |Clock Pulse Width Low 1300 1300 4700 ns
toxox | tsupar | TPUt Transition to Clock 100 100 250 ns
toron | tsusto g%(;)hgh to Input High 600 600 4000 ns
towoL | taur | gt Fon @ Pt oW 1300 1300 4700 ns
taav® | a0k LOW toNext Data 200 | 900 | 200 | g00 | 200 | 3500 | ns
teLax ton |Data Out Hold Time 200 200 200 ns
fc fscL | Clock Frequency 400 400 100 kHz
tw twr | Write Time 10 10 10 ms

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

3 The mimmum value delays the falling/nsing edge of SDA away form SCL = 1 1n order to avoid unwanted START and/or STOP

condition.

Table 8. AC Measurement Conditions

Input Rise and Fall Times < 50ns
Input Pulse Voltages 0.2Vce to 0.8Vee
woy:;;ggaensd Output Timing Ref. 0.3Vee to 0.7Vee

Figure 4. AC Testing Input Output Waveforms

0.8Vge

0.2Vee

Al00825
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Write Operations

Following a START condition the master sends a
Device Select code with the RW bit set to '0". The
memory acknowledges this and waits for 2 bytes
of address. These 2 address bytes (8 bits each)
provide access to any of the memory locations.
Writing in the memory may be inhibited if input pin
WC is taken high.

Any write command with WC=1 (during a period of
time from the START condition until the end of the
2 bytes address) will not modify data and will NOT
be acknowledged on data bytes, as in Figure 9.
Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition.

&7
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Figure 5. AC Waveforms

SCL

SDAIN

SCL

SDA OUT

SCL
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Figure 6. 1°C Bus Protocol

s0A \ves X X

scL __/ \ __/_ —\_
soA | \\ / X /

e~ START - -« SDA < SDA > '« STOP >

CONDITION INPUT  CHANGE CONDITION
scL 1 2 3 7 9
SDA *\ / wss X X :X X \ Ack )
START
CONDITION

scL 1 2 3 7 8 9

STOP
CONDITION

Al00792

Page Write. The Page Write mode allows up to 64
bytes to be written in a single write cycle, provided
that they are all located in the same row of 64 bytes
in the memory, that is the same address bits (b14-
b6 for the M24256 and b13-b6 for the M24128).

The master sends from one up to 64 bytes of data,
which are each acknowledged by the memory.
After each byte is transferred, the internal byte
address counter (6 Least Significant Bits only) is
incremented. The transfer is terminated by the
master generating a STOP condition. Care must be
taken to avoid address counter 'roll-over’ which
could result in data being overwritten. Note that, for
any write mode, the generation by the master of the
STOP condition starts the internal memory pro-

8/17

gram cycle. This STOP condition will trigger an
internal memory program cycle only if the STOP
condition is internally decoded right after the AC
Kbit; any STOP condition decoded out of this "10th
bit" time slot will not trigger the internal program-
ming cycle. All inputs are disabled until the comple-
tion of this cycle and the memory will not respond
to any request.

Minimizing System Delays by Polling On ACK.
During the internal Write cycle, the memory disable
itself from the bus in order to copy the data from
the internal latches to the memory cells. The maxi-
mum value of the Write time (tw) is given in the
Table 8, this timing value may be reduced by an
ACK polling sequence issued by the master.

[S72
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The sequence is:
- Initial condition: a Write is in progress (see Figure

~ Step 1: the master issues a START condition
followed by a Device Select byte (1st byte of the
new instruction).

— Step 2: iftthe memory isinternally writing, NoACK
will be returned. The master goes back to Step
1. If the memory has terminated the internal
writing, it will issue an ACK.

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

Figure 7. Write Cycle Polling using ACK

Read Operations

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

Current Address Read. The memory has aninter-
nal byte address counter. Each time a byte is read,
this counter is incremented. For the Current Ad-
dress Read mode, following a START condition,
the master sends a Device Select with the RW bit
set to '1". The memory acknowledges this and
outputs the byte addressed by the internal address
counter. This counter is then incremented. The
master does NOT acknowledge the byte output,
but terminates the transfer with a STOP condition.

WRITE Cycle
in Progress

START Condition

DEVICE SELECT
with RW = 0

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

Next

Operation is
Addressing the
Memory

ReSTART

STOP

A

Send
Byte Address

Proceed
WRITE Operation

Proceed
Random Address

READ Operation

Al01847
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Figure 8. Write Modes Sequence with Write Control =

= ]

wc (cont'd)

ACK ACK

. I
PAGE WRITE DATAINN
(cont'd) -4

STOP

ACK
TT T T TT TTTTTTT TTTTTTT ||||||||
BYTE WRITE H DEVSEL] lBYTEADDHl IBYTEADDH DATA IN H—I
I | L4y 1 M AR L1111
= — a
c [¢]
RW
= o
w
we B
ACK ACK
LI TTTTTTT TT T T T 1T |||||||]|||||'l'l"
PAGE WRITE || DEVSELl IBYTEADDRI IBYTEADDR] DATAIN 1 I DATAIN 2
1t ty TR S PR T Ldaaa FEEET T N
[
<
[
1)
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Random Address Read. A dummy write is per-
formed to load the address into the address
counter, see Figure 10. This is followed by another
START condition from the master and the byte
address repeated with the RW bit set to ’'1’. The
memory acknowledges this and outputs the byte
addressed. The master have to NOT acknowledge
the byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-
quence. To terminate the stream of bytes, the

10/17

master must NOT acknowledge the last byte out-
put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address
counter will ’roll-over’ and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the memory waits for an acknowledge during the
9th bit time. If the master does not pull the SDA line
low during this time, the memory terminates the
data transfer and switches to a standby state.
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Figure9. Write Modes Sequence with Write Control = 1

STOP

We |
ACK NO ACK
T T TTT LI I e TrrrrrorrT lIllllII
BYTE WRITE II DEV SEL II |BYTEADDF(| IBYTE ADDRJ DATAIN I U
NI [ PR L1
E & 5
RW
=< =
lu-) 2]
We |
ACK ACK C NOACK
L B B | |lll|l|l'lllllll TTTTTTT TTr1rrri°r
PAGE WRITE I | DEV SEL |l |BYTEADDRI IBYTEADDH” DATAIN 1 | DATAIN2
NS O OO O T T O T T | T Y B ¢ L O B Lt
E L
R/W
=
2]
m(cont'd) o
NO ACK NO ACK
=1
PAGE WRITE DATAIN N I
(cont'd) -4

Al01120B
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Figure 10. Read Mode Sequences

ACK NO ACK
CURRENT | e
ADDRESS | | DEV SELJ | | DATA OUT l U
READ L 4 1 3 1 L1 2 1 11
= —_— %
3 RW 2
5 o
ACK ACK ACK ACK NO ACK
RANDOM | —— | e e e
ADDRESS | DEV SEL'| BYTE ADDHl |BYTE ADDF\‘ | IDEV SEL* H DATA OUT l U
READ IIIlII{l 11 1 1 % 1.1 AL 1 1 1 11 lllllll 11 1 1 L 1.1
£ W £ W S
AW AW
< < =
& 5 %)
ACK ACK ACK NO ACK
SEQUENTIAL | e s erm|
CURRENT I I DEV SEL l | |DATA OUT1| l DATAOUTN I
READ | PR
£ W S
< AW S
5 b
ACK ACK ACK ACK ACK
SEQUENTIAL | | e e ey
RANDOM I |DEV SEL'| IBYTE ADDR | | BYTE ADDHl I IDEV SEL'I l |DATAOUT1 :
READ ||||||=|||1|||| 11111y ||||||] NS
= — = —
T RW z RIW
o s
[] 1]
ACK NO ACK
- I
|
-d
[+ %
S
=
(4]
Al01105C

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

12/17
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ORDERING INFORMATION SCHEME

Example: M24256 - R MW 1 'I_L
Density | I Operating Voltage l ] Package I ITemperature Rangel | Option
256 256K (32 x8) blank 4.5V to 5.5V BN PSDIP8 1 0to70°C T Tape & Reel
128 128K (16x8) W 25V105.5V (2)0'25”‘”‘ Frame & _401085°C Packing
) MN ¥ S08 (5) o
R 1.8Vto 3.6V 150mil Width 3™ —40to 125°C
MW (S)SOB 5 -20to85°C
200mil Width
DL “ TSSOP14
169mil Width

Notes: 1. -R version (1.8V to 3.6V) are only available in temperature ranges 5 or 1.
2. S0O8, 150mil Width, package is available for M24128 series only.
3 S08, 200mil Width, package is available for M24256 series only.
4. TSSOP14, 169mil Width, pakage is available for M24128 series only. Contact marketing for availability.
5. Produced with High Rehability Certified Flow (HRCF), in Vcc range 4.5V to 5 5V at 100kHz only.

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

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

V<72 13117
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

mm inches
Symb
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
Al 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
Cc 0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8 8
Y
A2 | A
4 Y
A
NI
B el
> B1
< D >
0O r [
N A
D E1| E
1 L4
oo or——— Y PSDIP-a
Drawing is not o scale.
14/17 ‘y,

92



M24256, M24128

SO08 - 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
Al 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
(¢} 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
3 0 8 0 8
N 8 8
CP 0.10 0.004

Drawing is not to scale.

72

15117

93



M24256, M24128

SO08 - 8 lead Plastic Small Outline, 200 mils body width
Symb mm inches
Typ Min Max Typ Min Max
A 2.03 0.080
A1 0.10 0.25 0.004 0.010
A2 1.78 0.070
B 0.35 0.45 0.014 0.018
C 0.20 - - 0.008 - -
D 5.15 5.35 0.203 0.211
E 5.20 5.40 0.205 0.213
e 1.27 - - 0.050 - -
H 7.70 8.10 0.303 0.319
L 0.50 0.80 0.020 0.031
o 0° 10° 0° 10°
N 8 8
cP 0.10 0.004
SO-b
Drawing is not to scale.
16/17 o7
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TSSOP14 - 14 lead Thin Shrink Small Outline
Symb mm inches
Typ Min Max Typ Min Max
A 1.10 0.043
Al 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
0.09 0.20 0.004 0.008
D 4.90 5.10 0.193 0.197
E 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177
e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028
o 0° 8° 0° 8°
N 14 14
CP —I 0.08 0.003
C
B
< D _,
ARAAL
8 H
O]
SO-b
Drawing is not to scale.
‘7[ 17117
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M24512

512 Kbit (64Kb x8) Serial I°C Bus EEPROM

= Compatible with ’C Extended Addressing

= Three Wire I2C Serial Interface
Supports 400KHz Protocol

= Single Supply Voltage:
— 4.5V to 5.5V for M24512
— 2.5V to 5.5V for M24512-W
— 1.8V to 3.6V for M24512-R
= Hardware Write Control
= BYTE and PAGE WRITE (up to 128 BYTES)
= RANDOM and SEQUENTIAL READ MODES
= Self Timed Programing Cycle
= Automatic Address Incrementing
= Enhanced ESD/Latch-Up Performances
= 100,000 Erase/Write Cycles (minimum)
= 40 Year Data Retention (minimum)

DESCRIPTION

The M24512 is a 512 Kbit electrically erasable
programmable memory (EEPROM), organized as
65,536 x8 bits. The "-W" versions operate with a
power supply value as low as 2.5V and the "-R"
versions operate down to 1.8V. Plastic Dual-in-
Line, Plastic Small Outline and Thin Shrink Small
Outline packages are available.

Table 1. Signal Names

PRODUCT PREVIEW

PSDIP8 (BN)

0.25mm Frame

o -
1

SO16 (MJ)
300mil Width

Figure 1. Logic Diagram

EO-E2 Chip Enable Inputs

SDA Serial Data Address Input/Output

SCL Serial Clock

wC Write Control

Vee Supply Voltage

Vss Ground

Vee

M24512

—— SDA

Vss

Al02275

February 1999
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This 1s preliminary information on a new product now in development Details are subject to change without notice

97



M24512

Figure 2A. DIP Pin Connections '

Figure 2B. SO Pin Connections

M24512

NCCH®D  16=INC

M24512 NCCH2  15FNG

EOC3 1413V

i T fids  13=We.

E12 7[IWC

1

b= =

Vesl4___ SIISDA Nec7  10nG
8

Al02276
NC =

9INC

Al02286

Warning: NC = Not Connected

Table 2. Absolute Maximum Ratings ()

Symbol Parameter Value Unit
Ta Ambient Operating Temperature @ —40to 125 °C
Tste Storage Temperature —65 to 150 °C
TLeAD Lead Temperature, Soldering (SO16) 40 sec 215 oG
(PSDIP8) 10 sec 260

Vio Input or Output Voltages —-0.61t06.5 \
Vee Supply Voltage -0.3t06.5 \
Veso Electrostatic Discharge Voltage (Human Body model) © 4000 v
Electrostatic Discharge Voltage (Machine model) ¢ 200 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 STMicroelectronics SURE Program and

other relevant quality documents
2. Depends on range.
3 100pF through 1500Q, MIL-STD-883C, 3015.7
4. 200pF through 09; EIAJ 1C-121 (condition C)

DESCRIPTION (cont'd)

Each memory is compatible with the I12C extended
memory standard, two wire serial interface which
uses a bi-directional data bus and serial clock. The
memory carries a built-in 4 bit, unique dewce iden-
tification code (1010) corresponding to the I12C bus
deflnmon The memory behaves as a slave device
in the 1°C protocol with all memory operations
synchronized by the serial clock. Read and write
operations are initiated by a START condition gen-
erated by the bus master. The START condition is

2/15

followed by a stream of 4 bits (identification code
1010), then 3 Chip Enable Input bits (E2, E1, EOQ)
to form a 7 bit Device Select, plus one read/write
bit (RW) and terminated by an acknowledge bit. Up
to 8 memories may be connected to the same 12C
bus and selected individually.

When writing data to the memory, it responds to the
8 bits received by asserting an acknowledge bit
during the 9th bit time. When data is read by the
bus master, it acknowledges the receipt of the data
bytes in the same way. Data transfers are termi-
nated with a STOP condition.

/573
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Table 3. Device Select Code

Device Code Chip Enable RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 E2 E1 EO RW
Note: The MSB b7 is sent first.
Table 4. Operating Modes
Mode RW bit wc Data 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’ X reSTART, Device Select, RW ="1’
Sequential Read 1’ X >1 As CURRENT or RANDOM Mode
Byte Write 0’ ViL 1 START, Device Select, RW = '0’
Page Write 0’ ViL <128 START, Device Select, RW ="0'

Note: 1. X=ViorVi.

Power On Reset: Vcc 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 Vcc
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 Vcc 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 Vcc
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 Vcc
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. Aresistor must be connected from the SDA
bus line to Vcc to act as pull up (see Figure 3).
Chip Enable (EO, E1, E2). These chip enable
inputs are used to set the 3 least significant bits of
the 7 bit device select code. They may be driven
dynamically or tied to VCC or VSS to establish the
device select code. When unconnected, these 3
pins are internally read as Vil (see tables 5 and 6).

o7

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
signal is used to enable (WC=Vi4) or disable
(WGC=VwL) the internal write protection. When the
WC pin is unconnected, the WC input is internally
read as ViL (see Table 5).

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

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

DEVICE OPERATION
1°C Bus Background

The memory supports the extended addressing I2C
protocol. This protocol defines any device that
sends data onto the bus as a transmitter and any
device that reads the data as a receiver. The device
that controls the data transfer is known as the
master and the other as the slave. The master will
always initiate a data transfer and will provide the
serial clock for synchronisation. The memory is
always a slave device in all communications.

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

3/156
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Figure 3. Maximum Ry Value versus Bus Capacitance (Csus) for an I2C Bus
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Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the memory and the
bus master. ASTOP condition at the end of a Read
command forces the standby state. A STOP condi-
tion at the end of a Write command triggers the
internal EEPROM write cycle.

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

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

Device Selection. To start communication be-
tween the bus master and the slave memory, the
master must initiate a START condition. The 8 bits

4/15

sent after a START condition are made up of a
device select of 4 bits that identifies the device type,
then 3 Chip Enable Input bits (E2, E1, EO) and one
bit for a READ (RW=1) or WRITE (RW=0) opera-
tion. There are two modes both for read and write.
These are summarized in Table 4 and described
hereafter. A communication between the master
and the slave is ended with a STOP condition.

Memory Addressing. A data byte in the memory
is addressed through 2 bytes of address informa-
tion. The Most Significant Byte is sent first and the
Least significant Byte is sent after. Bits b15 to b0
form the address of any byte of the memory.

Most Significant Byte

[ b15 | b14 [ b13 [ b12 [ b11 [ b10 ] b9 [ b8 |

Least Significant Byte

[ b7 [ b6 [ b5 [ b4 [ b3 [ b2 [ b1 [ b0 |

3
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Table 5. Input Parameters () (Ta =25 °C, f = 400 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
Low-pass filter input time constant
s (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 6. DC Characteristics
(Ta= 0to 70°C or —40 to 85°C; Vcc =4.5V105.5V or 2.5 t0 5.5V)
(Ta= 0to 70°C or —20 to 85°C; Vcc = 1.8V to 3.6V)
Symbol Parameter Test Condition Min Max Unit
Input Leakage Current ____ '
o | (scL, SDA, E0, E1, E2, WC) OV'=Vin< Voo 12 HA
0V < Vour £ Vee
o Output Leakage Current SDAn Hi-Z +2 pHA
Vce =5V, fc = 400kHz
(Rise/Fall time < 30ns) 2 mA
lec Supply Current R . Vee = 2.5V, fc = 400kHz
W series: (Rise/Fall time < 30ns) 1 mA
R series: Vee = 1.8V, fc = 100kHz o
R series: (Rise/Fall ime < 30ns) 08 mA
loct Supply Current (Stand-by) Vin = Vss or Veg, Voo = 5V 10 pA
lcca Supply Current (Stand-by) Vin = Vss or Vee, Ve = 2.5V 2 A
lcca Supply Current (Stand-by) Vin = Vss or Veg, Vee = 1.8V 1M pA
Input Low Voltage
Vi | (SCL, SDA, EO, E1, E2) —03 03Vee |V
Input High Voltage
ViH | (SCL, SDA, EO, E1, E2) 07Vec | Vec+1 v
ViL Input Low Voltage (WC) -0.3 05 \Y
Vi | Input High Voltage (WC) Voc—-05 | Vec+1 %
loL = 3mA, Ve =5V 0.4 \Y
v, Output Low
OL | Voltage -W series: loL = 2.1mA, Vg = 2.5V 0.4 \Y
-R series: loL = 0.15mA, Ve = 1.8V 02 v
Note: 1. This s preliminary data.
1S77 5/15
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Table 7. AC Characteristics

M24512

Ve = 4.5V t0 5.5V | Vee = 2.5V to 5.5V | Ve = 1.8V to 3.6V .

Symbol | Alt Parameter Ta = 01to 70°C Ta=0to70°C To=0to70°C | Unit

Tao=-401085°C | To=-401085°C | Ta=-20to 85°C
Min Max Min Max Min Max

tcHicH2 ts  |Clock Rise Time 300 300 1000 ns
teLicLe tr  [Clock Fall Time 300 300 300 ns
tonionz | tr | SDA Rise Time 20 300 20 300 20 1000 | ns
ooz | e | SDAFall Time 20 300 20 300 20 300 | ns
tonox @ | tsusta %lgﬁléitl;g%h o Input 600 600 4700 ns
tcHeL trigH | Clock Pulse Width High 600 600 4000 ns
toLcL tHp.sTA zg%%#;;” to Glock Low 600 600 4000 ns
tcLox tHD DAT -?rlgﬁ‘;i:{gx/ to Input 0 0 0 us
toLeH tlow [ Clock Pulse Width Low 1300 1300 4700 ns
toxcx tsu DAT !Rglr"]ts?;l?: sition to Clock 100 100 250 ns
tcHoH tsusTo (Cg%(PI;hgh to Input High 600 600 4000 ns
towoL | teur zg‘;‘;’ ;‘é‘:) to Input Low 1300 1300 4700 ns
toav® | tan | SO0k oW to NextData 200 | 900 | 200 | 900 | 200 | 3500 | ns
tcLax ton |Data Out Hold Time 200 200 200 ns
fc fscL | Clock Frequency 400 400 100 kHz
tw twr | Write Time 10 10 10 ms

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

3. The minimum value delays the falling/rising edge of SDA away form SCL = 1 in order to avoid unwanted START and/or STOP

condition.

Table 8. AC Measurement Conditions

Input Rise and Fall Times < 50ns

Input Pulse Voltages 0.2Vcc to 0.8Vee
Input and Output Timing Ref. :
Voltages 0.3Vee to 0.7Vee

Figure 4. AC Testing Input Output Waveforms

0.8Vce

0.2Vee

Al00825

6/15

Write Operations

Following a START condition the master sends a
Device Select code with the RW bit set to ’0’. The
memory acknowledges this and waits for 2 bytes
of address. These 2 address bytes (8 bits each)
provide access to any of the memory locations.
Writing in the memory may be inhibited if input pin
WC is taken high.

Any write command with WC=1 (during a period of
time from the START condition until the end of the
2 bytes address) will not modify data and will NOT
be acknowledged on data bytes, as in Figure 9.
Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition.

572
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Figure 5. AC Waveforms

Y
5
(o]
T

< »- tCHCL

oo _f N/ .1 ‘_.'[
«—>[ DLCL | X | e 1CHDH

j i 14~ tDXC! !
SDAIN / }: _% ............ __/

i

le—>t 1CHDX HoLDX >} F 1oHDL
«START> i<~ SDA <~ SDA > i+ STOP &+
CONDITION INPUT  CHANGE BUS FREE

SCL /

tcLQv
SDA OUT
sCL
SDAIN ) i ] i
> {CHDH {CHDX i
4~ STOP —>i4—————— WRITE CYCLE ——————»«— START —»
CONDITION CONDITION
Al007958B
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Figure 6. I2C Bus Protocol

SO A D A
[T
'<— START —> '<— SDA—>§<- SDA - -4- STOP-FE
CONDITION INPUT CHANGE CONDITION
scL 1 2 3N\ .. 7 8 S\ _..
o T\ YOI e
START
CONDITION
SCL . 1 2 3 s 7 8 9 :
son N\ X X XX N /S

STOP
CONDITION

Al00792

Page Write. The Page Write mode allows up to 128
bytes to be written in a single write cycle, provided
that they are all located in the same row of 128
bytes in the memory, that is the same address bits
(b15-b7).

The master sends from one up to 128 bytes of data,
which are each acknowledged by the memory.
After each byte is transferred, the internal byte
address counter (7 Least Significant Bits only) is
incremented. The transfer is terminated by the
master generating a STOP condition. Care must be
taken to avoid address counter ’roll-over’ which
could result in data being overwritten. Note that, for
any write mode, the generation by the master of the
STOP condition starts the internal memory pro-

8/15

gram cycle. This STOP condition will trigger an
internal memory program cycle only if the STOP
condition is internally decoded right after the AC
Kbit; any STOP condition decoded out of this "10th
bit" time slot will not trigger the internal program-
ming cycle. All inputs are disabled until the comple-
tion of this cycle and the memory will not respond
to any request.

Minimizing System Delays by Polling On ACK.
During the internal Write cycle, the memory disable
itself from the bus in order to copy the data from
the internal latches to the memory cells. The maxi-
mum value of the Write time (tw) is given in the
Table 8, this timing value may be reduced by an
ACK polling sequence issued by the master.

57
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The sequence is:
— Initial condition: a Write is in progress (see Figure

— Step 1: the master issues a START condition
followed by a Device Select byte (1st byte of the
new instruction).

— Step 2: if the memory is internally writing, NoACK
will be returned. The master goes back to Step
1. If the memory has terminated the internal
writing, it will issue an ACK.

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

Figure 7. Write Cycle Polling using ACK

Read Operations

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

Current Address Read. The memory has aninter-
nal byte address counter. Each time a byte is read,
this counter is incremented. For the Current Ad-
dress Read mode, following a START condition,
the master sends a Device Select with the RW bit
set to '1". The memory acknowledges this and
outputs the byte addressed by the internal address
counter. This counter is then incremented. The
master does NOT acknowledge the byte output,
but terminates the transfer with a STOP condition.

WRITE Cycle
in Progress

START Condition

DEVICE SELECT
with RW =0

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

Next
Operation is
Addressing the
Memory

Y
ReSTART

STOP

A,

Send
Byte Address

A

Proceed

Proceed
Random Address

WRITE Operation

READ Operation

Al01847

4
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Figure 8. Write Modes Sequence with Write Control =0

we ]
ACK ACK ACK ACK
TITTTTT llllllll!lllllllllllllllI
BYTE WRITE | I DEV SEL IBYTE ADDR‘ IBYTEADDR] L DATA IN l ﬂ
NPENRErIT | P IS N Lt
c . 5
< RW e
U) 4]
Wwe ]
ACK ACK ACK ACK
TTTrrrr l llllll|lllll I | Tr-
PAGE WRITE H DEV SEL II l—gYTEADDRI IBYTEADDF! I DATAIN 1 H DATAIN2
Y I T S o O O O B B S O | 13 1131 101 111t I I T T N
E L
RW
=
7]
W_E(cont‘d)
ACK ACK
| |
PAGE WRITE DATAINN
(cont'd) -4
o
]
=
(7]
AI01106B

Random Address Read. A dummy write is per-
formed to load the address into the address
counter, see Figure 10. This is followed by another
START condition from the master and the byte
address repeated with the RW bit set to "1’. The
memory acknowledges this and outputs the byte
addressed. The master have to NOT acknowledge
the byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-
quence. To terminate the stream of bytes, the

10/15

master must NOT acknowledge the last byte out-
put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address
counter will 'roll-over’ and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the memory waits for an acknowledge during the
9th bit time. If the master does not pull the SDAline
low during this time, the memory terminates the
data transfer and switches to a standby state.

4
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Figure 9. Write Modes Sequence with Write Control = 1

BYTE WRITE

PAGE WRITE

wc (cont'd)

PAGE WRITE
(cont'd)

ACK ACK NO ACK
l‘ DEV SEL IBYTEADDRI IBYTEADDRlI DATAIN IU
IIlI|l]I L1 1 1 1 1.1 11 1.1 1.1 1.1 1 1.1 1.1
£ - 5
R/W
< =
5 wn
ACK NOACK
II DEVSELI |BYTEADDR| |BYTEADDH|| DATAIN 1 | DATAIN2

1100 31 [

1111111

(IR I PR

RW

START

NO ACK NO ACK

-1
DATAINN I
]

STOP

Al01120B

g
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Figure 10. Read Mode Sequences

NOACK
CURRENT TTTTTT L e
ADDRESS l | DEV SEL I | | DATA OUT I U
READ
& S
< >
'(7) 7]
CK NO ACK
RANDOM | e | e e ]
ADDRESS I ,DEV SEL'| |BYTE ADDR' |BYTE ADDHl | |DEV SEL'l | l_rATA ouT | U
READ I|IIIIII | T | L L L L1l L L L 1 1 L 1 L 11
£ W & S
RW RW
.‘5 g 5
» %)
NO ACK
SEQUENTIAL qm= =ep
CURRENT | | DEV SEL l l |DATA 0UT1| r 7—| DATAOUTN
READ NP M oo oolna AR AN
[ o.
o o
RW
< =
5 [}
ACK K
SEQUENTIAL | e e e r—.—n—.—.—.—|
RANDOM l ‘DEV SEL'i |BYTE ADDR‘ ‘BYTE ADDHl | |DEV SEL'| ‘ DATAOUT 1| !
READ AT | P R Ly PR I
= — =
c RW x R/W
& %
ACK NO ACK
- |
DATAOUTN I
-d
o
S
1)
AI01105C
Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical.
12/15 IS73
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ORDERING INFORMATION SCHEME

Example: M24512 - R MN 5 _'l|:
Density | | Operating Voltage | | Package I |Temperature RangeJ | Option
512 512K (64x8)  blank 4.5V to 5.5V BN PSDIP8 1M oto70°C T Tape & Reel
W 25Vto55V 025mmFrame 5 o015 g5 oc Packing
@ MJ  SO16 o
R® 1.8Vto3.6V 300mil Width 8 —40t085°C

Notes: 1. Temperature range on a request only.
2. -R version (1.8V to 3 6V) are only available in temperature renge 5 or 1.

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

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

%)
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
mm inches
Symb
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
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
el 2.54 - - 0.100 - -
eA 7.80 I 0.307 -
eB - 10.00 - 0.394
3.00 3.80 0.118 0.150
8 8
[ ) \ i [[— 1
I A2| A
L& A 4 y :: ‘\_—I. .“
A1 L]
B el C»
<« B1 < eA R
D eB
o I o Bl
N
) E1]| E
1 y
OTT T PSDIP-a
Drawing 1s not o scale.
14/15 IS73
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S016 - 16 lead Plastic Small Outline, 300 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 2.59 0.102
Al 0.10 0.30 0.004 0.012
B 0.38 0.51 0.015 0.020
(o} 0.23 0.25 0.009 0.010
D 10.11 10.49 0.398 0.413
E 7.44 7.54 0.293 0.297
e 1.27 - - 0.050 - -
H 10.16 10.41 0.400 0.410
h 0.38 0.015
L 0.41 1.27 0.016 0.050
o 0° 8° 0° 8°
N 16 16
CP L 0.10 0.004
te—h x 45°
A k.:%
Cc
° =
e e
< D »>
iliilil
e
1
T
y
S0-a

Drawing is not to scale.

(72
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®

M95040
M95020, M95010

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

= 1 MILLION ERASE/WRITE CYCLES
m 40 YEARS DATA RETENTION
= SINGLE SUPPLY VOLTAGE
— 4.5V to 5.5V for M950x0
— 2.5V to 5.5V for M950x0-W
— 1.8V to 3.6V for M950x0-R
m SPI BUS COMPATIBLE SERIAL INTERFACE
s 5 MHz CLOCK RATE MAX
= BLOCK WRITE PROTECTION
= STATUS REGISTER
= 16 BYTE PAGE MODE
= WRITE PROTECT
s SELF-TIMED PROGRAMMING CYCLE
= E.S.D.PROTECTION GREATER than 4000V
= SUPPORTS POSITIVE CLOCK SPI MODES

DESCRIPTION

The M950x0 is a family of Electrically Erasable
Programmable Memories (EEPROM) fabricated
with STMicroelectronics’s High Endurance Single
Polysilicon CMOS technology. Each memory is
accessed by a simple SPI bus compatible serial

PRELIMINARY DATA

-
Wu

PSDIP8 (BN)
0.25mm Frame

8 @B 8 3
= *
1 1
SO08 (MN) TSSOP8 (DW)
150mil Width 150mil Width

Figure 1. Logic Diagram

interface. The bus signals are a serial clock input vee
(C), a serial data input (D) and a serial data output
Q).
D — ——Q
Table 1. Signal Names c
C Serial Clock 5 MI50x0
D Serial Data Input _
W —(
Q Serial Data Output
— HOLD —Q
S Chip Select
w Write Protect .
HOLD Hold Vss
Al00894
Vce Supply Voltage
Vss Ground
February 1999 1119
This is preliminary information on a new product now in or Details are subject to change without notice
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Figure 2A. DIP Pin Connections

Figure 2B. SO and TSSOP Pin Connections

M950x0 M950x0
sg1 Y~ 8fivee sHO®  sPvge
Q2 7 [JHOLD EIIZ 7 = HOLD
wWI[3 6[1C w33 6 —C
Vss (4 5[1D Vgs 4 54D
Al00893 Al00873
Table 2. Absolute Maximum Ratings ("
Symbol Parameter Value Unit
Ta Ambient Operating Temperature —40to 125 °C
Tsta Storage Temperature —65 to 150 °C
TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 oC
(PSDIP8 package) 10 sec 260
Vo Output Voltage -0.3 to Vcc +0.6 \
Vi Input Voltage with respect to Ground -0.3t06.5 \Y
Vee Supply Voltage -0.3t06.5 \
v Electrostatic Discharge Voltage (Human Body model) ? 4000 v
ESD
Electrostatic Discharge Voltage (Machine model) 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 impled. Exposure to Absclute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and

other relevant quality documents
2. MIL-STD-883C, 3015 7 (100pF, 1500Q)
3. EIAJ IC-121 (Condition C) (200pF, 0Q)

DESCRIPTION (cont'd)

The device connected to the bus is selected when
the chip selectinput (S) goes low. Communications
with the chip can be interrupted with a hold input
(HOLD). The write operation is disabled by a write
protect input (W).

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

2/19

SIGNALS DESCRIPTION

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

Serial Input (D). The input pin is used to transfer
data serially into the device. It receives instructions,
addresses, and the data to be written. Input is
latched on the rising edge of the serial clock.
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Figure 3. Data and Clock Timing

o B

CPOL CPHA

o o o L1

e B e e M
poa Y we XX

XX X

Al01438

Figure 4. Microcontroller and SP! Interface Set-up

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

SCK
SPI Interface with M95xx0
(CPOL, CPHA) = S0
('0','0" or ('1','1") sSDo R

Al00869

Serial Clock (C). The serial clock provides the
timing of the serial interface. Instructions, ad-
dresses, or data present at the input pin are latched
on the rising edge of the clock input, while data on
the Q pin changes after the falling edge of the clock
input.

Chip Select (S). When S is high, the Memory is
deselected and the Q output pin is at high imped-
ance and, unless an internal write operation is
underway the Memory will be in the standby power
mode. S low enables the Memory, placing it in the
active power mode. For a safe design, it should be
noted that during power up, the S input must be
driven constantly high (or low) but must NOT be left

71

floating until the supplied voltage reaches the
specified Vcc value. After power up, a high to low
transition on S is required prior to the start of any
operation.

Write Protect (W)._This pin is for hardware write
protection. When W is low, writes to the Memory
are disabled but any other operations stay enabled.
When W is high, all writes operations are available.
W going low at any time before the last bit DO of
the data stream will reset the write enable latch and
prevent programming. No action on W or on the
write enable latch can interrupt a write cycle which
has commenced.

3/19
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Hold (HOLD). The HOLD pin is used to pause
serial communications with the Memory without
resetting the serial sequence. To take the Hold
condition into account, the product must be se-
lected (S = 0). Then the Hold state is validated by
a high to low transition on HOLD when C is low. To
resume the communications, HOL Dis brought high
while C is low. During the Hold condition D, Q, and
C are at a high impedance state.

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

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

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

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

OPERATIONS

All instructions, addresses and data are shifted in
and out of the chip MSB first. Data input (D) is
sampled on the 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 3
shows the instruction set and format for device

Table 3. Instruction Set

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

Write Enable (WREN) and Write Disable (WRDI)

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

— Wpinis low

— Power on

— WRDI instruction executed
— WRSR instruction executed
— WRITE instruction executed

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

Read Status Register (RDSR)

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

The status register format is as follows:

b7 b0

I 1 | 1 l 1 | 1 IBP1|BPO|WEL|WIP|

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

Instruction Description Instruction Format
WREN Set Write Enable Latch 0000 X110
WRDI Reset Write Enable Latch 0000 X100
RDSR Read Status Register 0000 X101
WRSR Write Status Register 0000 X001
READ Read Data from Memory Array 0000 AgO11
WRITE Write Data to Memory Array 0000 Ag010

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

419
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Figure 5. Block Diagram

HOLD —>]
— X High Voltage
VX —> Control Logic Generator
S —>
C 3
3
D —»
1/0 Shift Register
Q <+
Address Register Data
and Counter Register
| Status  peeece- .
i Block
: Protect
................................................... YT
1]
°
8
'3 B AAAAAARTERREEAX LR ALLLERLRTIIILLRIXCRRTLRRLLY T XETTRE
o
>
[¢e————— 16 Bytes —————————>
X Decoder
AI01272

During a write to the memory operation to the
memory array, all bits BP1, BP0, WEL, WIP are
valid and can be read. During a write to the status
register, only the bits WEL and WIP are valid and
can be read. The values of BP1 and BPO read at
that time correspond to the previous contents of the
status register.

The Write-In-Process (WIP) read-only bit indicates
whether the Memory is busy with a write operation.

g

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 a0’ the latch is
reset. The Block Protect (BP0 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.

5/19
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Figure 6. Read Operation Sequence

s
c
D
HIGH IMPEDANCE DATA OUT
° 20000000
Al01440

Notes:
X =Don't care.

Table 4. Write Protected Block Size

A8 = A7 = X on M95010 and M95020; A8 is only active on M95040

Status Register Bits Protected Block

Array Address Protected

BP1 BPO M95040 M95020 M95010
0 0 none none none none
0 1 Upper quarter 180h - 1FFh COh - FFh 60h - 7Fh
1 0 Upper half 100h - 1FFh 80h - FFh 40h - 7Fh
1 1 Whole memory 000h - 1FFh 00h - FFh 00h - 7Fh

Write Status Register (WRSR)

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

When the WRSR instruction and the 8 bits of the
Status Register are latched-in, the internal write
cycle is then triggered by the rising edge of S.

This rising edge of S must appear no later than the
16th clock cycle of the WRSR instruction of the
Status Register content (it must not appear 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 S low. The serial
one byte read instruction is followed by a one byte

6/19

address (A7-A0), each bit being latched-in during
the rising edge of the clock (C). Bit 3 (see Table 3)
of the read instruction contains address bit A8
(most significant address bit). Then the data stored *
inthe memory at the selected address is shifted out
on the Q output pin; each bit being shifted out
during the falling edge of the clock (C).

The data stored in the memory at the next address
can be read in sequence by continuing to provide
clock pulses. The byte address is automatically
incremented to the next higher address after each
byte of data is shifted out. When the highest ad-
dress is reached, the address counter rolls over to
Oh allowing the read cycle to be continued indefi-
nitely. The read operation is terminated by dese-
lecting the chip. The chip can be deselected at any
time during data output. Any read attempt during a
write cycle will be rejected and will deselect the
chip.
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Figure 7. Write Enable Latch Sequence

— —

s
01234567

c

D \ [/ \_A
HIGH IMPEDANCE

Q

Al01441

Figure 8. Byte Write Operation Sequence,

J

r

HIGH IMPEDANCE

Al01442

Notes: A8 = A7 = X on M95010 and M95020; A8 is only active on M95040.
X =Don't care.

g
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Figure 9. Page Write Operation Sequence

s
c
D
s [
228838858, ... qo0
. 242526 27 28 29 30 31 dd2 T NIV FTIIE
c d
DATA BYTE 2 DATABYTEN DATA BYTE 16
D §.0.00.000600000600060000006000
Al01443

Notes: A8 = A7 = X on M95010 and M95020; A8 is only active on M95040.
X =Don'tcare.

Figure 10. RDSR: Read Status Register Sequence

-

01 2 3 45 6 7 8 9 10 11 12 13 14 15
c
—{; INSTHUCTION —V
i STATUS REG. OUT

a HIGH IMPEDANCE - 6669966

MSB

[2]]

lw)

Al01444

8/19
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Figure 11. WRSR: Write Status Register Sequence

5 /
0123456 7 8 9 101112131415
c
INSTRUCTION STATUS REG.
D
HIGH IMPEDANCE
Q
Al01445
Byte Write Operation mode is the same as the byte write mode except

Prior to any write attempt, the write enable latch
must be set by issuing the WREN instruction. First
the device is selected (S = low) and a serial WREN
instruction byte is issued. Then the product is de-
selected by taking S high. After the WREN instruc-
tion byte is sent, the Memory will set the write
enable latch and then remain in standby until it is
deselected. Then the write state is entered by
selecting the chip, issuing two bytes of instruction
and address, and one byte of data.

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

Page Write Operation

A maximum of 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

that instead of deselecting the device after the first
byte of data, up to 15 additional bytes can be shifted
in prior to deselecting the chip. A page address
begins with address xxxx 0000 and ends with Xxxx
1111. If the address counter reaches xxxx 1111 and
the clock continues, the counter will roll over to the
first address of the page (xxxx 0000) and overwrite
any previously written data. The programming cy-
cle will only start if the S transition occurs just after
the eighth bit of data of a word is received.

POWER ON STATE

After a Power up the Memory is in the following
state:

— The device is in the low power standby state.
— The chip is deselected.

— The chip is not in hold condition.

The Status Register content at power-up is:

BP1 BP0 WEL WIP
Lif+[+]+JoJofofo]

9/19
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Figure 12. EEPROM and SPI Bus

MASTER

CS3 CS2 Cst

[o]

A 4

y y A

caQbo

M95xxx

caQabo cab

M95xxx M95xxx

[2]]
(7]}

—Jwi

Al00865

Table 5. AC Measurement Conditions

Figure 13. AC Testing input Output Wavef.

Input Rise and Fall Times

< 50ns

Input Pulse Voltages

0.2Vcc to 0.8Vee

Input and Output Timing
Reference Voltages

0.3Vcec t0 0.7Vee

Output Load

Cp = 100pF

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

longer driven.

Table 6. Input Parameters (1) (T =25 °C, f=5 MHz)

0.8Vee

0.2Vce

Al00825

Symbol

Parameter

Min Max Unit

Cin Input Capacitance (D)

Cin Input Capacitance (other pins)

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

10/19
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Table 7. DC Characterististics

(Ta=01to 70°C, —40 to 85°C or —40 to 125°C; Vcc = 4.5V to 5.5V)
(Ta = 0to 70°C or —40 to 85°C; Vcc = 2.5V t0 5.5V)
(Ta=0to 70°C or —20 to 85°C; Vcc = 1.8V to 3.6V)

Symbol Parameter Test Condition Min Max Unit
Iu Input Leakage Current +2 A
o Output Leakage Current +2 pA

C = 0.1 V¢c/0.9 Ve, at 5 MHz, 4 mA
Supply Current Ve = 5V, Q = Open
C =0.1Vcc/0.9 Ve, at 2 MHz, 4 mA
lec Vce =5V, Q = Open, Note 2
Supply Current (W series) C= f{/lg/gczl%?/\gsz gtpir':n Hz, 2 mA
Supply Current (R series) C=01 VC';J%\?, \g«; 8',_.,19:/[ Hz, Voo = 2 mA
S= Vee, Vin = Vss or Vee, Vee =5V 10 pA
- Standby Current S= V\?gc \_/__.N5 \=/ \(lsost :; Ve, 10 LA
Standby Current (W series) S =Vee, Vin = Vss or Veg, Vee = 2.5V 2 HA
Standby Current (R series) S= Vee, Vin = Vss or Veg, Vee = 1.8V 1 pHA
ViL Input Low Voltage -0.3 0.3 Ve \
Vi Input High Volitage 0.7 Vcc Vec + 1 \%
Output Low Voltage o =2mA, Vee =8V 04 v
Vo loL = 2mA, Vcc = 5V, Note 2 0.4 \
Output Low Voltage (W series) loL = 1.5mA, Ve = 2.5V 0.4 v
Output Low Voltage (R series) + loL=0.15mA, Vcc = 1.8V 0.3 A"
Output High Voltage low = -2mA, Vg = 5V 08 Veo v
VoH (1) lon =—2mA, Vcc = 5V, Note 2 0.8 Vcc Vv
Output High Voltage (W series) lon =-0.4mA, Vcc = 2.5V 0.8 Ve \Y
Output High Voltage (R series) lon =-0.1mA, Vgc = 1.8V 0.8 Vee \

Notes: 1. The device meets output requirements for both TTL and CMOS standards.
2. Test performed at 40 to 125°C temperature range, grade 3.

J

11/19
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Table 8A. AC Characteristics

M95040 / M95020 / M95010
Symbol | Alt Parameter V‘E[?A=___465;X %?és,v’ '\.Ircc_= :143\‘/ to 5.§V, Unit
Ta=-40to85°C | 'A=~4010125°C
Min Max Min Max
fc fc | Clock Frequency D.C. 5 D.C. 2 MHz
tsLeH tcss S Active Setup Time 90 200 ns
toHsL S Not Active Hold Time 90 200 ns
teu™ | towm | Clock High Time 90 200 ns
te terl | Clock Low Time 90 200 ns
tcLeH @) tac | Clock Rise Time 1 1 us
tene@ | tre | Clock Fall Time 1 1 us
toveH tosu | Data In Setup Time 20 40 ns
tcHpx ton | Data In Hold Time 30 50 ns
toLoH (2) tri Data In Rise Time 1 1 us
toHDL (2) tr Data In Fall Time 1 1 ps
tHHCH HOLD Setup Time 70 140 ns
tHieH Clock Low Hold Time 40 90 ns
toLHL Clock Low Setup Time before HOLD Active 0 0 ns
_— 2:33; Low Setup Time before HOLD Not 0 0 ns
tousn | tosu | S Active Hold Time 90 200 ns
tsHeh S Not Active Setup Time 90 200 ns
tswst | tcs | S Deselect Time 100 200 ns
tsnoz® | tois | Output Disable Time 100 250 ns
tcLav tv Clock Low to Output Valid 60 150 ns
torax tho | Output Hold Time 0 0 ns
taan @ tro | Output Rise Time 50 100 ns
taHaL @ tro Output Fall Time 50 100 ns
tox® | tz | HOLD High to Output Low-Z 50 100 ns
taz® | twz | HOLD Low to Output High-Z 100 250 ns
tw twe | Write Cycle Time 10 10 ms
Notes: 1. tcn + teL 2 1/fc.
2. Value guaranteed by characterization, not 100% tested in production.
12119 IS74
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Table 8B. AC Characteristics
M95040 / M95020 / M95010
TR [ L |
Ta=-40to 85°C Ta=-20to 85°C
Min Max Min Max
fc fc Clock Frequency D.C. 2 D.C. 1 MHz
tsich | tcss | S Active Setup Time 200 400 ns
teHsL S Not Active Hold Time 200 400 ns
ten™ | ton | Clock High Time 200 400 ns
te™ | tew | Clock Low Time 200 400 ns
torch® | tac | Clock Rise Time 1 1 us
torcL @ | trc | Clock Fall Time 1 1 us
toveH tosu | Data In Setup Time 40 60 ns
tcHpx ton | Data In Hold Time 50 100 ns
toon @ | ta | Data In Rise Time 1 1 ps
towo,® |t | DataIn Fall Time 1 1 us
thmcH HOLD Setup Time 140 350 ns
tHLcH Clock Low Hold Time 90 200 ns
towhL Clock Low Setup Time before HOLD Active 0 0 ns
o g::ct);‘:)(eLow Setup Time before HOLD Not 0 0 ns
tcsH | tosH | S Active Hold Time 200 400 ns
tsHeH S Not Active Setup Time 200 400 ns
tsist | tcs | S Deselect Time 200 300 ns
tsaz® | tois | Output Disable Time 250 500 ns
teLav tv Clock Low to Output Valid 150 380 ns
tcLax tvo Output Hold Time 0 0 ns
tacan® | tro Output Rise Time 100 200 ns
tanaL® | tro | Output Fall Time 100 200 ns
tumax @ | tz | HOLD High to Output Low-Z 100 250 ns
taz® | tiz | HOLD Low to Output High-Z 250 500 ns
tw twp | Write Cycle Time 10 10 ms
Notes: 1. tcn + teu > 1/fc.
2. Value guaranteed by characterization, not 100% tested in production.
1<72 13/19
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Figure 14. Serial Input Timing

s
tCHSL +—+— {SLCH
c N\ S
tDVCH f—
tCHDX
D A MSBIN
—
a HIGH IMPEDANCE
Al01447
Figure 15. Hold Timing
E \ -m--
tHLCH
CLHL aa tHHCH
S T
1 tCLHH
tHLQZ —4—1 > tHHOX
o X X
D X XXX X
o \
HOLD /
Al01448

14/19
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Figure 16. Output Timing

(2]

— tCL >—¢- tSHQZ

D ADDRLSBIN x

Al014498B

g
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ORDERING INFORMATION SCHEME

Example: M95xx0 -W MN 6
Density | Option
04 4K (512x 8) TR Tape‘& Reel
02 2K (256 x 8) Packing
01 1K (128 x 8)
I Data Strobe | | Operating Voltage I I Package I I Temperature Range

0 Note1 blank 4.5V to 5.5V BN PSDIP8 1 0to70°C

W 25Vt055V 025 mm Frame 5 -201085°C

. MN SO8
R® 1.8viosev 150mils Width ?2) —401085°C
oy TSSOP8 3® 40t0125°C
169mils Width

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

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

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

16/19
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

mm inches
Symb
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
At 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
0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8 8
CP 0.10 0.004
Y A
%Az A [ — |
Y |
1 A W
A1t L
Y
et C »
> B1 < eA >
‘ D R eB
1. M ri
N
) E1]| E
1 v
o c—— ¥ PSDIP-a
Drawing s not to scale
1S72 1719
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S08 - 8 lead Plastic Small Outline, 150 mils body width

Symb mm inches
Typ Min Max Typ Min Max

A 1.35 1.76 0.053 0.069

Al 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
o 0° 8° 0° 8°
N 8 8

CP T 0.10 0.004

e—h x 45°
AFA M
y C
B
e e O |CP
« D .
AAAA ‘
N A
E{ H
! \ '
L
S0-a

Drawing is not to scale

18/19
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TSSOPS8 - 8 lead Thin Shrink Small Outline, 169 mils body width
Symb mm inches
Typ Min Max Typ Min Max
A 1.10 0.043
A1 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
0.09 0.20 0.004 0.008
D 2.90 3.10 0.114 0.122
E 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177
e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028
o 0° 8° 0° 8°
N 8 8
CP 0.08 r 0.003
B
SO-b
Drawing Is not to scale
V<73 19/19
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M95640, M95320
M95160, M95080

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

= 100,000 ERASE/WRITE CYCLES
= 40 YEARS DATA RETENTION
= SINGLE SUPPLY VOLTAGE
— 4.5V to 5.5V for M95xxx
- 2.7V t0 5.5V for M95xxx-V
— 2.5V to 5.5V for M95xxx-W
— 1.8V to 3.6V for M95xxx-R
= SPI BUS COMPATIBLE SERIAL INTERFACE
e 5 MHz CLOCK RATE MAX
m STATUS REGISTER

= HARDWARE PROTECTION of the STATUS
REGISTER

= 32 BYTE PAGE MODE

= SIZEABLE READ ONLY EEPROM AREA

= SELF-TIMED PROGRAMMING CYCLE

= E.S5.D.PROTECTION GREATER than 4000V
s SUPPORTS POSITIVE CLOCK SPI MODES

DESCRIPTION

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

interface.

Table 1. Signal Names

PRELIMINARY DATA

C Serial Clock

D Serial Data Input
Q Serial Data Output
S Chip Select

w Write Protect
HOLD Hold

Vee Supply Voltage
Vss Ground

sﬁ/ﬂ 8 W
\_ﬁ‘g
1 1
PSDIP8 (BN) S08 (MN)
0.25mm Frame 150 mil Width
Figure 1. Logic Diagram
Vee
D Q
C ——
S —d  M95xxx
W —C
HOLD —(Q
Vss

Al01789C

January 1999

1/20
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

M95xxx M95xxx
sg1 Y sfivee =0 8 vee
Qfj2 7 [JHOLD de 7 1 HOLD
wis  sfic wes  efac
Vss 4 51D Vgg 4 5D
AI01790C Al01791C
Table 2. Absolute Maximum Ratings ()
Symbol Parameter Value Unit
Ta Ambient Operating Temperature —40 to 125 °C
Tsta Storage Temperature -65 to 150 °C
TLeAD Lead Temperature, Soldering (SO8 package) 40 sec 215 oC
(PSDIP8 package) 10 sec 260
Vo Output Voltage -0.3to Ve +0.6 \'
Vi Input Voltage with respect to Ground -0.3t06.5 \
Vee Supply Voltage -0.3106.5 \'
v Electrostatic Discharge Voltage (Human Body model) @ 4000 v
ESD
Electrostatic Discharge Voltage (Machine model) 400 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 STMicroelectronics SURE Program and

other relevant quality documents
2. DMIL-STD-883C, 3015 7 (100pF, 15009)
3. EIAJIC-121 (Condition C) (200pF, 0€2)

DESCRIPTION (cont'd)

The bus signals are a serial clock input (C), a serial
data input (D) and a serial data output (Q).

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

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

2/20

SIGNALS DESCRIPTION

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

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

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

171
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Figure 3. Data and Clock Timing

CPOL  CPHA

DorQ

XLSBX

Al01438

Figure 4. Microcontroller and SPI Interface Set-up

MICROCONTROLLER
(ST6,8T7,5T9,ST10, OTHERS)

SCK
SPI Interface with M95xxx
(CPOL, CPHA) = . SD! Q
('0,'0" or ('1','1") SDo Jo

Al01957B

on the rising edge of the clock input, while data on
the Q pin changes after the falling edge of the clock
input.

Chip Select (S). When S is high, the memory is
deselected and the Q output pin is at high imped-
ance and, unless an internal write operation is
underway the memory will be in the standby power
mode. S low enables the memory, placing it in the
active power mode. It should be noted that after
power-on, a high to low transition on S is required
prior to the start of any operation.

g

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

Note: SRWD stands for; Status Register Write
Disable.

3/20
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Table 3. Protection Feature

— . Data Bytes Data Bytes
w SRWD | Status Register (SR) (Protected Area) Mode (Unprotected Area)
X 0 Writable after setting Software Write protected by the SPM Writable after setting
WEL BPn bits of the Status Register WEL
1 1 Writable after setting Software Write protected by the SPM Writable after setting
WEL BPn bits of the Status Register WEL
Hardware Write " Writable after setting
0 1 protected Hardware Write protected HPM WEL

Notes: 1. SPM stands for Software Protected Mode.
2. BPn are BP0 to BP1 bits of the Status Register

3. SPM and HPM are also described in the Write Status Register (WRSR) section

SIGNALS DESCRIPTION (cont'd)

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

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

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

Itis possible to enter the Hardware Protected Mode
(HPM) by setting SRWD bit after pulling down the
W pin or by pulling down the W pin after setting
SRWD bit.

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

If W pin is permanently tied to high level; the
Hardware Protected Mode will never be activated
and the memory will only allow the user to software
protect a part of the memory with the BPn bits of
the status register. All protection features of the
device are summarized in Table 3.

4/20

Hold (HOLD). The HOLD pin is used to pause
serial communications with an SP memory without
resetting the serial sequence. To take the Hold
condition into account, the product must be se-
lected (S = 0). Then the Hold state is validated by
a high to low transition on HOLD when C is low. To
resume the communications, HOLD s brought high
while C is low. During the Hold condition D, Q, and
C are at a high impedance state.

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

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

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

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

g

138

.



M95640, M95320, M95160, M95080

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
operation. If an invalid instruction is sent (one not
contained in Table 4), the chip is automatically
deselected.

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

— Power on,

— WRDI instruction completion,
— WRSR instruction completion,
— WRITE instruction completion.

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

Read Status Register (RDSR)

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

Table 4. Instruction Set

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

The status register format is as follows:

b7 b0
|SRWD| X X | BP1 lBPO IWELI WII:‘

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

X

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

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

The Write Enable Latch (WEL) read-only bit indi-
cates the status of the write enable latch. When set
to a’1’ the latch is set, when set to a’0’ the latch is
reset. The Block Protect (BP0 and BP1) bits indi-
cate the extent of the protection employed. These
bits are set by the user issuing the WRSR instruc-
tion. These bits are non-volatile.

Instruction Description Instruction Format
WREN Set Write Enable Latch 0000 0110
WRDI Reset Write Enable Latch 0000 0100
RDSR Read Status Register 0000 0101
WRSR Write Status Register 0000 0001
READ Read Data from Memory Array 0000 0011
WRITE Write Data to Memory Array 0000 0010
Table 5. Address Range Bits
Device M95080 M95160 M95320 M95640
Address Bit AO-A9 AO-A10 AO-A11 AO0-A12

Note: Address bits up to A15 not specified are don't care.

/573
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Figure 5. Block Diagram

HOLD —¥] .
— K High Voltage
W —> Control Logic Generator
S ——»
(o]
D —»
1/O Shift Register
Q <+
Address Register Data
and Counter Register
Status  peecet-- .
Sizeable
An - 31 Al :
n-3 " . Readonly
. EEPROM
1 area
............ .
5 :
= .
8 H
g D T R Y semeenses IO .
>
[¢e————————  32Bytes ——————>
0000h [ I 001Fh
X Decoder
AI017928
Note: Anis the top address of the memory
6/20 :—-71
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Figure 6. Read EEPROM Array Operation Sequence

L

s
2 3 45 6 7 8 9 10 20 21 22 23 24 25 26 27 28 29 30
C
INSTRUCTION 16 BIT ADDRESS
: O 0m0000,
HIGH IMPEDANCE I DATAOUT
a 200000900

MSB

AI01793

Note:

Table 6. Write Protected Block Size

Depending on the memory size, most significant aadress bits are don't care.

RegsitsatteursBits Protected Array Addresses Protected
Block
BP1 BPO M95080 M95160 M95320 M95640
0 0 none none none none none
0 1 Upper quarter 0300h - 03FFh 0600h - 07FFh 0COO0h - OFFFh 1800h - 1FFFh
1 0 Upper half 0200h - 03FFh 0400h - 07FFh 0800h - OFFFh 1000h - 1FFFh
1 1 Whole Memory | 0000h - 03FFh 0000h - 07FFh 0000h - OFFFh | 0000h - 1FFFh

Write Status Register (WRSR)

When the WRSR instruction and the 8 bits of the
Status Register are latched-in, the internal write
cycle is then triggered by the rising edge of S. This
rising edge of S must appear just before the rising
edge ofthe 17 th clock pulse (see Serial input timing
Figure 14), otherwise the internal write sequence
is not performed.

The WRSR instruction allows the user:
1. to select the size of the memory to be protected,

3

2. to choose the protection level between the
SPM (Software Protected Mode) and the
HPM (Hardware Protected Mode).
Size Selection. The way to select the size of the
EEPROM area to be protected is common to both
SPM and HPM. BP1 and BPO bits (initial delivery
states = 00; that is size = 0) of the Status Register
have to be written once the data to be protected
are stored in the EEPROM. The Table 6 summa-
rizes the size selection functions of the memory.

7/20
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Figure 7. Write Enable Latch Sequence

A\ AR

s
012 3 4567

C

: \ VALV SR
HIGH IMPEDANCE

Q

Alo2281

Figure 8. Byte Write Operation Sequence

N [/

s
2 3 456 7 8 9 10 20 21 22 23 24 25 26 27 28 29 30 31
C -
INSTRUCTION 16 BIT ADDRESS
b 0 0000000000000
HIGH IMPEDANCE
Q

Al01795

Note: Depending on the memory size, most significant address bits are don’t care.

8/20
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Figure 9. Page Write Operation Sequence

>

012 3 456 7 8 9 10 20 21 22 23 24 25 26 27 28 29 30 31

C INSTRUCTION 16 BIT-/;DDHESS DATABYTE 1 i

s [
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

) DATABYTE 2 DATABYTE 3 DATABYTEN

Al01796

Note: Depending on the memory size, most significant address bits are don’t care

Figure 10. RDSR: Read Status Register Sequence

-

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
c
_{— INSTRUCTION —»
{ STATUS REG. OUT

a HIGH IMPEDANCE - eeaee“a

MSB

[2]]

w]

Al01444

V<72 9/20

143




M95640, M95320, M95160, M95080

Figure 11. WRSR: Write Status Register Sequence

—

2 3 45 6 7 8 9 1011 12 13 14 15

C
INSTRUCTION STATUS REG.
D
MSB
HIGH IMPEDANCE
Q

Al02282

Selection of the Protection Level

— Once BPO and BP1 bits are written; the Soft-
ware Protected Mode (SPM) is entered. This
means that any attempt to write a byte or a page
in the protected area will be ignored even if the
Write Enable Latch was set before the write
instruction. In this Software Protected Mode;
BP0 and BP1 bits can be rewritten with the WSR
instruction after having set the WEL.

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

— Once the HPM is entered, the content of the
Status Register and all data bytes in the pro-
tected area are Hardware Protected against
write attempts. The only way to write again the
status register is to abort the HPM by pulling high
the W pin. Aborting the HPM will put the device
in the SPM with BP0 and BP1 bits unchanged.

Note: See also the Write Protect pin (W) descrip-
tion on page 3).

10/20

Typical Applications

— The W pin can be dynamically driven by an
output port of a microcontroller but can also be
connected directly or through a pull-down resis-
tor to Vss.

— With such a PCB (Printed Circuit Board):

a) the memory in the initial delivery state can be
soldered directly. After power on, the microcon-
troller can write data to be protected in the mem-
ory. Then write BP0, BP1 and set the SRWD to
enter the HPM.

b) data to be protected, BP0, BP1 can be written
and SRWD can be set before soldering the
memory. As a consequence, once soldered, the
memory is immediately placed in the HPM.

In these two cases, the only way to abort the
HPM will be to remove the memory from the PCB
or to apply Vcc on the W pin through an external
equipment when a pull-down resistor is inserted
between the pin and Vss.
Read Operation
The chip is first selected by putting S low. The serial
one byte read instruction is followed by a two bytes
address (A15-A0), each bit being latched-in during
the rising edge of the clock (C).

g
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Figure 12. EEPROM and SPI Bus

O
Y

MASTER A 4

A A4 A

cab

M95xxx

CS3 CS2 CS1

cab caQab

M95xxx M95xxx

(2]}
(%]}

—J wl

Al01958

Then the data stored in the memory at the selected
address is shifted out on the Q output pin; each bit
being shifted out during the falling edge of the clock
(C). The data stored in the memory at the next
address can be read in sequence by continuing to
provide clock pulses. The address is automatically
incremented to the next higher address after each
byte of data is shifted out. When the highest ad-
dress is reached, the address counter rolls over to
"Oh" allowing the read cycle to be continued indefi-
nitely. The read operation is terminated by dese-
lecting the chip. The chip can be deselected at any
time during data output. Any read attempt during a
write cycle will be rejected and will deselect the
chip.

Byte Write Operation

Prior to any write attempt, the write enable latch
must be set by issuing the WREN instruction. First
the device is selected (S = low) and a serial WREN
instruction byte is issued. Then the product is de-
selected by taking S high. After the WREN instruc-
tion byte is sent, the memory will set the write
enable latch and then remain in standby until it is
deselected. Then the write state is entered by
selecting the chip, issuing three bytes of instruction
and address, and one byte of data.

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

Page Write Operation

A maximum of 32 bytes of data may be written
during one non-volatile write cycle. All 32 bytes
must reside on the same page. The page write
mode is the same as the byte write mode except
that instead of deselecting the device after the first
byte of data, up to 31 additional bytes can be shifted
in prior to deselecting the chip. Any address of the
memory can be chosen as the first address to be
written. If the address counter reaches the end of
the page (xxxx xxx1 1111) and the clock continues,
the counter will roll over to the first address of the
page (xxxx xxx0 0000) and overwrite any pre-
viously written data. The programming cycle will
only start if the S transition occurs just after the
eighth bit of data of a word is received.

11/20
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POWER ON STATE

After a Power up the memory is in the following
state:

— The device is in the low power standby state.

— The chip is deselected.

— The chip is not in hold condition.

— The write enable latch is reset.

— b7 to b2 bits of the status register are un-
changed (non-volatile bits).

DATA PROTECTION AND PROTOCOL SAFETY

— Non valid S and HOLD transitions are not taken
into account.

— S must come high at the proper clock count in
order to start a non-volatile write cycle (in the
memory array or in the status register), that is
the Chip Select S mustrise during the clock pulse
following the introduction of a multiple of 8 bits.

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

— Afterany of the operations WREN, WRDI, RDSR
is completed, the chip enters a wait state and
waits for a deselect.

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

INITIAL DELIVERY STATE

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

Status Register:

b7 b0
[ofofofoJojoJofo]

Table 7. Input Parameters (') (Ta =25 °C, f=5MHz)

Symbol Parameter Min Max Unit
Cour Output Capacitance (Q) 8 pF
Cin Input Capacitance (other pins) 6 pF

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

Table 8. AC Measurement Conditions

Figure 13. AC Testing Input Output

Input Rise and Fall Times <50ns

Input Puise Voltages 0.2Vcc to 0.8Vee

Input and Output Timing
Reference Voltages 0:3Veeto 0.7Vee
Output Load CL = 100pF

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

12/20

0.8Vge

0.2Vee
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Table 9. DC Characteristics
(Ta =0 to 70°C; —40 to 85°C or —40 t0125°C; Vcc = 4.5V to 5.5V)
(Ta =0 to 70°C; —40 to 85°C; Vcc = 2.7V to 5.5V)
(Ta =0 to 70°C; —40 to 85°C; Vcc = 2.5V to 5.5V)
(Ta =0 to 70°C; —20 to 85°C; Vcc = 1.8V to 3.6V)

Symbol Parameter Test Condition Min Max Unit
Iu Input Leakage Current +2 HA
o Output Leakage Current +2 HA

C =0.1Vcc/0.9 Ve, at 5 MHz, 4 mA
Vec=5V,Q =
Supply Current cc =5V, A =Open
C =0.1 Vce/0.9 Ve, at 2 MHz, 4 mA
Vee =5V, Q = Open, Note 2
|CC c
. =0.1 Vcc/0.9 Ve, at 5 MHz,
Supply Current (V series) Vee = 2.7V, Q = Open 3 mA
. C =0.1 Vcc/0.9 Vg, at 2 MHz,
Supply Current (W series) Vee = 2.5V, Q = Open 2 mA
: C =0.1Vcc/0.9 Vg, at 1 MHz,
Supply Current (R series) Voc = 1.8V, Q = Open 2 mA
S = Ve, Vin = Vss or Ve, Vee = 5V 10 pA
Standby Current =
Y S = Ve, Vin=Vss or Vee, Voo = 5Y,
Note 2 10 kA
lcc ote
Standby Current (V series) S= Vee, Vin = Vss or Vee, Vee = 2.7V 2 A
Standby Current (W series) S= Vee, Vin = Vss or Vee, Vee = 2.5V 2 pA
Standby Current (R series) S =Vee, Vin = Vss or Ve, Vee = 1.8V 1 pA
Vi Input Low Voltage -0.3 0.3 Vee \
ViH Input High Voltage 0.7 Vco Vec + 1 \Y
Output Low Voltage lor = 2mA, Voo =SV 04 v
oL = 2mA, Vcc =5V, Note 2 0.4 \Y
Vo
Output Low Voltage (V series) loL=1.5mA, Vcc =2.7V 0.4 \Y
Output Low Voltage (W series) loL = 1.5mA, Vee = 2.5V 0.4 \
Output Low Voltage (R series) loL=0.15mA, Vcc = 1.8V 0.3 \"
lon =~2mA, Vcc =5V 0.8V \
Output High Voltage o mA, Yee cc
Ve O fon = —2mA, Vce = 5V, Note 2 0.8 Vee \
OH
Output High Voltage (V series) lon = =0.4mA, Vec = 2.7V 0.8 Vo \"
Output High Voltage (W series) lon ==0.4mA, Vg = 2.5V 0.8 Vce \
Output High Voltage (R series) lo4 =—-0.1mA, Vgc = 1.8V 0.8 Vge \Y
Notes: 1. The device meets output requirements for both TTL and CMOS standards.
2. Test performed at—40 to 125°C temperature range, grade 3
IS7] 18/20
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Table 10A. AC Characteristics

M95640 / 320 / 160 / 080
Symbol | Alt Parameter VC19A==465tX ‘7%?65,\” Vcc=4.5Vto 5.5V, Unit
Ta =40 to 85°C Ta=-40to 125°C
Min Max Min Max

fc fc | Clock Frequency D.C. 5 D.C. 2 MHz
tsLcH tcss S Active Setup Time 90 200 ns
tonsL S Not Active Hold Time 90 200 ns
ten™ | tcn | Clock High Time 90 200 ns
e | te | Clock Low Time 90 200 ns
teron @ trc | Clock Rise Time 1 1 us
teiet® | tec | Clock Fall Time 1 1 us
tovcH tosu | Data In Setup Time 20 40 ns
tcHDX ton | Data In Hold Time 30 50 ns
toon ta | Data In Rise Time 1 1 us
towoL® |t | DataIn Fall Time 1 1 us
tHHCH tco | HOLD Setup Time 70 140 ns
tHLcH tco Clock Low Hold Time 40 90 ns
to. | tup | HOLD Hold Time 0 0 ns
teLhH tio | Clock Low Setup Time 0 0 ns
tcHsH tcsn | S Active Hold Time 90 200 ns
tsHcH S Not Active Setup Time 90 200 ns
tsHsL tcs | S Deselect Time 100 200 ns
tshaz® | tois | Output Disable Time 100 250 ns
tcLav tv Clock Low to Output Valid 60 150 ns
toLax tho Output Hold Time 0 0 ns
taLan @ tro | Output Rise Time 50 100 ns
taraL @ tro | Output Fall Time 50 100 ns
trax @ tz |HOLD High to Output Low-Z 50 100 ns
taz® | twz | HOLD Low to Output High-Z 100 250 ns
tw twp | Write Cycle Time 10 10 ms

Notes: 1. tcn + ter > 1/fc
2. Value guaranteed by characterization, not 100% tested in production.
14/20 1$72
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Table 10B. AC Characteristics

M95640 /320 / 160 / 080
Ta=-40t085°C | Ta=-401t085°C | Ta=-20to 85°C
Min Max Min Max Min Max
fc fc | Clock Frequency D.C. 5 D.C. 2 D.C. 1 MHz
tsicn | tcss | S Active Setup Time 20 200 400 ns
tonst S Not Active Hold Time 90 200 400 ns
tcn™ | town | Clock High Time 90 200 400 ns
o | tcw | Clock Low Time 90 200 400 ns
torci® | tac | Clock Rise Time 1 1 1 ps
toncL® | tec | Clock Fall Time 1 1 1 ps
toveH tosu | Data In Setup Time 20 40 60 ns
terobx ton | Data In Hold Time 30 50 100 ns
toron® | ta | Data InRise Time 1 1 1 us
tono.® | tm | DataIn Fall Time 1 1 1 us
taicn | teo | HOLD Setup Time 70 140 350 ns
tHLcH tco | Clock Low Hold Time 40 90 200 ns
o | two | HOLD Hold Time 0 0 0 ns
teLHH tHp | Clock Low Setup Time 0 0 0 ns
towsH | tosn | S Active Hold Time 90 200 400 ns
tsHCH S Not Active Setup Time 90 200 400 ns
tsist | tcs | S Deselect Time 100 200 300 ns
tsnaz® | tois | Output Disable Time 100 250 500 ns
toov |ty | Giock Low to Output 60 150 380 | ns
tcLax tho | Output Hold Time 0 0 0 ns
tacan® | tro Output Rise Time 50 100 200 ns
tanaL® | tro | Output Fall Time 50 100 200 ns
trax @ | 1wz @ High to Output 50 100 250 | ns
tioz® |tz ﬁﬁzm‘” to Output 100 250 50 | ns
tw twp | Write Cycle Time 10 10 10 ms
Notes: 1. tch + tcL 2 1/fc
2. Value guaranteed by characterization, not 100% tested in production
172 15/20
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Figure 14. Serial Input Timing

s
tCHSL »— tSLCH
o N\ S
tDVCH T
tCHDX
D A MSBIN 2
—>
a HIGH IMPEDANCE e
Al01447
Figure 15. Hold Timing
g \ -
tHLCH
tCLHL tHHCH
° }_ —
1 tCLHH
tHLQZ -*—1 < tHHQX
0 X X
0 X X XX X
HOLD . ___/
Al01448
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Figure 16. Output Timing

s /
1CH
e o U o W e U e U
< foLQv _ > e 1SHQZ
CLOX ->hs-
a — X:X: X issour }——
|| taLan
1QHaL
T O S
Al014498
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ORDERING INFORMATION SCHEME

Example: M95xx0 R MN 5 T
Density | l Option
64 64K (8K x8) T Tape & Reel
32 32K (4K x8) Packing
16 16K (2K x8)
08 8K (1K x8)
Data Strobe ] I Operating Voltagj r Package | | Temperature Range
0 Notet blank 4.5V to 5.5V BN PSDIP8 1@ oto70°C
V 27V1055V 0.25 mm Frame 5 -201085°C
W 25V 1t055V MN 08 s Width 6 -401085°C
R® 1.8Vto3.6V 3® _40t0125°C

Notes: 1. Data In is strobed on nising edge of the clock (C) and Data Out is synchronized from the falling edge of the clock
2 Temperature range on request only,

3 Produced with High Reliability Certified Flow (HRCF), in Vcc range 4.5V to 5.5V only.
4. -R version (1.8V to 3.6V) are only available in temperature ranges 5 or 1

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

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

18/20
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

mm inches
Symb
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
Al 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
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 254 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8 8
CP 0.10 0.004
) \ ot al
l A2 | A
y }'
A A
Al L
B el
> B1
- D N
| O s O o
N A
) E1]| E
1 Y
| Iy Oy o S PSDIP-a

Drawing 1s not to scale.

[S72
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S08 - 8 lead Plastic Small Outline, 150 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 1.35 1.756 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
o 0° 8° 0° 8°
N 8 8
cp 0.10 0.004
e h x 45°
A
.\\z% c
B O |CP
e 2
D
il
N
2 E| H
1
-
y
SO-a
Drawing is not to scale.
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M95256
M95128

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

= 100,000 ERASE/WRITE CYCLES
= 40 YEARS DATA RETENTION
= SINGLE SUPPLY VOLTAGE
— 4.5V to 5.5V for M95xxx
— 2.5V to 5.5V for M95xxx-W
— 1.8V to 3.6V for M95xxx-R
= SPI BUS COMPATIBLE SERIAL INTERFACE
= 5 MHz CLOCK RATE MAX
= STATUS REGISTER
B HARDWARE PROTECTION of the STATUS
REGISTER
® 64 BYTE PAGE MODE
= S|ZEABLE READ ONLY EEPROM AREA
= SELF-TIMED PROGRAMMING CYCLE
= E.S.D.PROTECTION GREATER than 4000V
= SUPPORTS POSITIVE CLOCK SPI MODES

DESCRIPTION

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

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

Table 1. Signal Names

C Serial Clock

Serial Data Input

Serial Data Output

PRELIMINARY DATA

N2

NW
1
PSDIP8 (BN)

8 1,

1

SO8 (MN)
150mil Width

8

14 @
W e

1

TSSOP14 (DL)
169mil Width

8 '
]

S08 (MW)
200mil Width

Figure 1. Logic Diagram

D
Q
s Chip Select
w Write Protect

Hold

Supply Voltage

Ground

Vce

O O

LI

HOLD

M95xxx

Vss

AI01789C

January 1999
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This 1s preliminary information on a new product now in development or undergoing evaluation Details are subject to change without notice
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

M95xxx M95xxx
st~ 8fivee s=H®  8Fvee
9[2 7 [JHOLD _Q_IZZ 7 = HOLD
w3 6f]1C w3 6FC
Vss[j4 50D Vg4 5D
A101790C Al01791C

Figure 2C. TSSOP Pin Connections

Al02346

DESCRIPTION (cont'd)

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

Serial Output (Q). The output pin is used to trans-
fer data serially out of the Memory. Data is shifted

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

M95128 low transition of clock C.

SHO  14HVee SIGNALS DESCRIPTION

Q2 13 3 HOLD
NC=3 12 NC
NCC34 11 =INC out on the falling edge of the serial clock.
NCC5 10 =INC

W6 9f=3cC

Vgs 7 84D

Table 2. Absolute Maximum Ratings (")

Symbol Parameter Value Unit
Ta Ambient Operating Temperature: -40to0 125 °C
Tsta Storage Temperature —65 to 150 °C
Tieap Lead Temperature, Soldering (SO8 package) 40 sec 215 oC

.(PSDIP8 package) 10 sec 260

Vo Output Voltage —0.3 to Vcc +0.6 \"
Vi Input Voltage with respect to Ground -0.3t06.5 \"
Vee Supply Voltage -0.3t06.5 \Y
Veso Electrostatic Discharge Voltage (Human Body model) 4000 v
Electrostatic Discharge Voltage (Machine model) @ 400 Y

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 1s not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device rehability. Refer also to the STMicroelectronics SURE Program and
other relevant quality documents

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

2/22
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Figure 3. Data and Clock Timing
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Serial Clock (C). The serial clock provides the
timing of the serial interface. Instructions, ad-
dresses, or data present at the input pin are latched
on the rising edge of the clock input, while data on
the Q pin changes after the falling edge of the clock
input.

Chip Select (S). When S is high, the Memory is
deselected and the Q output pin is at high imped-
ance and, unless an internal write operation is
underway the Memory will be in the standby power
mode. S low enables the Memory, placing it in the
active power mode. It should be noted that after
power-on, a high to low transition on S is required
prior to the start of any operation.

Figure 4. Microcontroller and SPI Interface Set-up

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

Note: SRWD stands for; Status Register Write
Disable.

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

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

MICROCONTROLLER
(ST6,8T7,8T9,ST10, OTHERS)
SCK c
SPI Interface with M95xxx
(CPOL, CPHA) = « SDI a
(0','0) or ("1','1") SDO
» D
AI019578

g
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SIGNAL DESCRIPTION (cont'd)

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

Itis possible to enter the Hardware Protected Mode
(HPM) by setting SRWD bit after pulling down the
W pin or by pulling down the W pin after setting
SRWD bit.

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

If W pin is permanently tied to high level; the

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

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

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

Hardware Protected Mode will never be activated ~ @nd to SELECT the memory.
and the Memory will only allow the user to software
Table 3. Protection Feature
o " Data Bytes Data Bytes
w SRWD | Status Register (SR) (Protected Area) Mode (Unprotected Area)
X 0 Writable after setting Software Write protected by the SPM Writable after setting
WEL BPn bits of the Status Register WEL
1 1 Writable after setting Software Write protected by the SPM Writable after setting
WEL BPn bits of the Status Register WEL
Hardware Write N Writable after setting
0 1 protected Hardware Write protected HPM WEL

Notes: 1. SPM stands for Software Protected Mode.
2. BPn are BP0 to BP1 bits of the Status Register.

3. SPM and HPM are also described in the Wnite Status Register (WRSR) section.

Figure 5. Hold Condition Activation

MEMORY

STATUS HOLD

ACTIVE 1

HOLD PIN l | ] 5 I ' i

ACTIVE HOLD ACTIVE

'
'
'
1
'
'
'
'

Al02029
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OPERATIONS

All instructions, addresses and data are shifted in
and out of the chip MSB first. Data input (D) is
sampled on the 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
operation. If an invalid instruction is sent (one not
contained in Table 4), the chip is automatically
deselected.

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

— Power on,

— WRDI instruction completion,

— WRSR instruction completion,

— WRITE instruction completion.

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

Read Status Register (RDSR)

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

When a write is in progress, it is recommended to
check the WIP bit before sending a new WRITE

Table 4. Instruction Set

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

b7 b0
[SRWDI X 1 X l X | BP1 | BPO IWELl wIP |
BP0, BP1: Read and write bits

WEL, WIP: Read only bits.
SRWD: Read and Write bit.

During a write operation to the device (memory
area or Status Register), all bits of the Status
Register are valid and can be read with the RDSR
instruction. However, it should be noted that the
values of the Non Volatile bits (SRWD, BP0, BP1)
read at that time correspond to the previous content
of the Status Register. The updated value of these
bits will be accessible through a new RDSR instruc-
tion performed after completion of the Write Cycle.
As the 2 Read Only bits (WEL, WIP) are dynami-
cally updated during internal write cycles, it is pos-
sible to continuously get their updated values as
shown in Figure 11.

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

The Write Enable Latch (WEL) read-only bit indi-
cates the status of the write enable latch. When set
to a’1’ the latch is set, when set to a’0’ the latch is
reset. The Block Protect (BP0 and BP1) bits indi-
cate the extent of the protection employed. These
2 bits are non volatile and are set by the user
issuing a WRSR instruction.

Instruction Description Instruction Format
WREN Set Write Enable Latch 0000 0110
WRDI Reset Write Enable Latch 0000 0100
RDSR Read Status Register 0000 0101
WRSR Write Status Register 0000 0001
READ Read Data from Memory Array 0000 0011
WRITE Write Data to Memory Array 0000 0010
Table 5. Address Range Bits
Device M95128 M95256
Address Bit AO-A13 AO-A14
Note: Address bits up to A15 not specified are don't care.
1<72 5/22
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Figure 6. Block Diagram

HOLD ——»f
— High Voltage
W —> Control Logic > Generator
S —>
Iy
c 1
D —
1/0 Shift Register
Q <+
Address Register Data
and Counter Register
Status  fr--ec-- .
An-63 An
.............................................. RO DS
5 :
o .
S H
[ N ceeeeeeeenaas PR H
[a]
>
|¢———————— 64Bytes ——————>
0000h | | 003Fh

X Decoder

Sizeable
Read only
EE”ROM
area

Al02030

Note: Anis the top address of the memory.
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Figure 7. Read EEPROM Array Operation Sequence

-

s
0123 456 7 8910 20212223 2425262728 29 30
c .-
INSTRUCTION 16 BIT ADDRESS
D O 050000
HIGH IMPEDANCE WT..._
a éﬁ°°99°@

Al01793

Note:

Table 6. Write Protected Block Size

Depending on the memory size, most significant address bits are don't care.

RegsigteursBits Protected Block Array Addresses Protected

BP1 BPO M95128 M95256
0 0 none none none
0 1 Upper quarter 3000h - 3FFFh 6000h - 7FFFh
1 0 Upper half 2000h - 3FFFh 4000h - 7FFFh
1 1 Whole Memory 0000h - 3FFFh 0000h - 7FFFh

Write Status Register (WRSR)

When the WRSR instruction and the 8 bits of the
Status Register are latched-in, the internal write
cycle is then triggered by the rising edge of S. This
rising edge of S must appear just before the rising
edge of the 17 th clock pulse (see Serial input timing
Figure 15), otherwise the internal write sequence
is not performed.

The WRSR instruction allows the user:
1. to select the size of the memory to be protected,

573

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

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

7/22
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Figure 8. Write Enable Latch Sequence

" —

s
012 3 465 6 7

[

0 \ AV SR
HIGH IMPEDANCE

Q

Al02281

Figure 9. Byte Write Operation Sequence

)\ - [

5
2 3 456 7 8 910 20 21 22 23 24 25 26 27 28 29 30 31
C
INSTRUCTION 16 BIT ADDRESS
b 0000000000000
HIGH IMPEDANCE
Q

Al01795

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

8/22
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Figure 10. Page Write Operation Sequence

§ - -
2 3456 7 8 910 20 21 22 23 24 25 26 27 28 29 30 31
C
DATABYTE 1
D

R

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

o JUTUULIIUTIIIUU. i

DATA BYTE 3

Al01796

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

Figure 11. RDSR: Read Status Register Sequence

-

012 383 45 6 7 8 9 10111213 14 15

UL UL
_{‘ lNSTFlUC'}CiN\—7> . .

STATUS REG. OUT STATUS REG OUT

(2]

o

HIGH IMPEDANCE : :
Q 7X6X5X4X3X2X1XoX7X6X5X4X3X2X1XoX7

MSB MSB MSB

Al02031
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Figure 12. WRSR: Write Status Register Sequence

-

—

s
012 3 456 7 8 9 10111213 14 15
C
INSTRUCTION STATUS REG.
D
MSsB
HIGH IMPEDANCE
Q

Al02282

Selection of the Protection Level

— Once BP0 and BP1 bits are written; the Soft-
ware Protected Mode (SPM) is entered. This
means that any attempt to write a byte or a page
in the protected area will be ignored even if the
Write Enable Latch was set before the write
instruction. In this Software Protected Mode;
BP0 and BP1 bits can be rewritten with the WSR
instruction after having set the WEL.

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

— Once the HPM is entered, the content of the
Status Register and all data bytes in the pro-
tected area are Hardware Protected against
write attempts. The only way to write again the
status register is to abort the HPM by pulling high
the W pin. Aborting the HPM will put the device
in the SPM with BP0 and BP1 bits unchanged.

Note: See also the Write Protect pin (W) descrip-
tion on page 3).

10/22

Typical Applications

— The W pin can be dynamically driven by an
output port of a microcontroller but can also be
connected directly or through a pull-down resis-
torto Vss.

— With such a PCB (Printed Circuit Board):

a) the memory in the initial delivery state can be
soldered directly. After power on, the microcon-
troller can write data to be protected in the mem-
ory. Then write BP0, BP1 and set the SRWD to
enter the HPM.

b) data to be protected, BP0, BP1 can be written
and SRWD can be set before soldering the
memory. As a consequence, once soldered, the
memory is immediately placed in the HPM.

In these two cases, the only way to abort the
HPM will be to remove the memory from the PCB
or to apply Vcc on the W pin through an external
equipment when a pull-down resistor is inserted
between the pin and Vss.
Read Operation
The chip is first selected by putting S low. The serial
one byte read instruction is followed by a two bytes
address (A15-A0), each bit being latched-in during
the rising edge of the clock (C).
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Figure 13. EEPROM and SPI Bus
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—J ol

Al101958

Then the data stored in the memory at the selected
address is shifted out on the Q output pin; each bit
being shifted out during the falling edge of the clock
(C). The data stored in the memory at the next
address can be read in sequence by continuing to
provide clock pulses. The address is automatically
incremented to the next higher address after each
byte of data is shifted out. When the highest ad-
dress is reached, the address counter rolls over to
"Oh" allowing the read cycle to be continued indefi-
nitely. The read operation is terminated by dese-
lecting the chip. The chip can be deselected at any
time during data output. Any read attempt during a
write cycle will be rejected and will deselect the
chip.

Byte Write Operation

Prior to any write attempt, the write enable latch
must be set by issuing the WREN instruction. First
the device is selected (S = low) and a serial WREN
instruction byte is issued. Then the product is de-
selected by taking S high. After the WREN instruc-
tion byte is sent, the Memory will set the write
enable latch and then remain in standby until it is
deselected. Then the write state is entered by
selecting the chip, issuing three bytes of instruction
and address, and one byte of data.

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

Page Write Operation

A maximum of 64 bytes of data may be written
during one non-volatile write cycle. All 64 bytes
must reside on the same page. The page write
mode is the same as the byte write mode except
that instead of deselecting the device after the first
byte of data, up to 63 additional bytes can be shifted
in prior to deselecting the chip. Any address of the
memory can be chosen as the first address to be
written. If the address counter reaches the end of
the page (xxxx xx11 1111) and the clock continues,
the counter will roll over to the first address of the
page (xxxx xx00 0000) and overwrite any pre-
viously written data. The programming cycle will
only start if the S transition occurs just after the
eighth bit of data of a word is received.

11/22
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POWER ON STATE

After a Power up the Memory is in the following
state:

— The device is in the low power standby state.

— The chip is deselected.

— The chip is not in hold condition.

— The write enable latch is reset.

— b7 to b2 bits of the status register are un-
changed (non-volatile bits).

DATA PROTECTION AND PROTOCOL SAFETY

— Non valid S and HOLD transitions are not taken
into account.

— S must come high at the proper clock count in
order to start a non-volatile write cycle (in the
memory array or in the status register), that is
the Chip Select S must rise during the clock pulse
following the introduction of a multiple of 8 bits.

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

— Afterany of the operations WREN, WRDI, RDSR
is completed, the chip enters a wait state and
waits for a deselect.

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

INITIAL DELIVERY STATE

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

Status Register:

b7 b0
[ofofolofofofofo]

Table 7. Input Parameters () (To=25°C, f=5MHz)

Symbol Parameter Min Max Unit
Cout Output Capacitance (Q) 8 pF
Cin Input Capacitance (other pins) 6 pF

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

Table 8. AC Measurement Conditions

Figure 14. AC Testing Input Output

Input Rise and Fall Times < 50ns

Input Pulse Voltages 0.2Vcc to 0.8Vece
Input and Output Timing

Reference Voltages 0.3Vec to 0.7Vee
Output Load CL = 100pF

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

12/22

0.8Vgce

0.2Vgc

Al00825
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Table 9. DC Characteristics

(Ta=0to 70°C, —40 to 85°C or —40 to 125°C; Vcc = 4.5V to 5.5V)
(Ta =0 to 70°C or —40 to 85°C; Vcc = 2.5V to 5.5V)
(Ta =0 to 70°C or —20 to 85°C; Vcc = 1.8V to 3.6V)

Symbol Parameter Test Condition Min Max Unit
u Input Leakage Current +2 A
o Output Leakage Current 2 pA

C =0.1Vcc/0.9 Vg, at 5 MHz, 5 mA
Supply Current Vec=5v.Q = Open

C =0.1 Vce/0.9 Vg, at 2 MHz, 5 mA

lcc Vce =5V, Q = Open, Note 2
Supply Current (W series) C= %l:ggosavoci' Ea)therl:/IHz, 2 mA
Supply Current (R series) C=01 VC‘QJ_%'\?‘ \g‘i Stpl:mz' Vee = 2 mA
S = Ve, Vin = Vss or Ve, Voe = 5V 20 HA
- Standby Current S= V\(/:gc \imé ; \rilsgt :r2Vcc, 20 WA
Standby Current (W series) S = Vce, Vin = Vss or Ve, Vee = 2.5V 2 HA
Standby Current (R series) S = Ve, Vin = Vss or Vee, Vee = 1.8V 2 HA
Vie Input Low Voitage -0.3 0.3 Vce \
ViH Input High Voltage 0.7 Vco Voo + 1 \
Output Low Voltage loL = 2mA, Voc = SV 04 v
Vo™ loL = 2mA, Vge = 5V, Note 2 0.4 \Y
Output Low Voltage (W series) loL = 1.5mA, Vgc =2.5V 0.4 \
Output Low Voltage (R series) loL =0.15mA, Vcc = 1.8V 0.3 \
Output High Voltage lon = -2mA, Vec = SV 0.8 Vee v
Vou M lon =—2mA, Ve = 5V, Note 2 0.8 Vce \
Output High Voltage (W series) lon =—=0.4mA, Vcc = 2.5V 0.8 Vce v
Output High Voltage (R series) lon ==0.1mA, Vcc = 1.8V 0.8 Vcc \

e oetperomed 8140 1o 150G tamperarurs ange. grade 3= oo
b7 13/22
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Table 10A. AC Characteristics

M95256 / M95128
Symbol | Ait Parameter VC19A==465t‘c/: %fésv’ Vce = 4.5V to 5.5V, Unit
.o 40 to 85°C Ta=—40 to 125°C
Min Max Min Max

fc fc Clock Frequency D.C. 5 D.C. 2 MHz
tsc | toss | S Active Setup Time 90 200 ns
tonst S Not Active Hold Time 90 200 ns
ten™ | toy | Clock High Time 90 200 ns
o™ | tcw | Clock Low Time 20 200 ns
tcLeH () trc | Clock Rise Time 1 1 us
teHeoL @) trc | Clock Fall Time 1 1 us
toveH tosu | Data In Setup Time 20 40 ns
tcHox ton Data In Hold Time 30 50 ns
toLDH (2) tai | Data In Rise Time 1 1 us
toHDL (2) tr Data In Fall Time 1 1 us
thmcH HOLD Setup Time 70 140 ns
tHLcH Clock Low Hold Time 40 90 ns
teHHL HOLD Hold Time after clock is high 60 120 ns
tCHHH HOLD Hold Time after clock is high 60 120 ns
tcHSH tcsH S Active Hold Time 90 200 ns
tsHCH S Not Active Setup Time 90 200 ns
tsHsL tcs S Deselect Time 100 200 ns
tsnaz® | tois | Output Disable Time 100 250 ns
tcLav ty Clock Low to Output Valid 60 150 ns
tcLax tho | Output Hold Time 0 0 ns
tacan® | tro | Output Rise Time 50 100 ns
tanaL® | teo | Output Fall Time 50 100 ns
tiax® |tz | HOLD High to Output Low-Z 50 100 ns
twaz® | twz | HOLD Low to Output High-Z 100 250 ns
tw twp | Write Cycle Time 10 10 ms

Notes: 1. tcn + teL 2 1/fc.
2 Value guaranteed by characterization, not 100% tested in production
14/22 o7
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Table 10B. AC Characteristics

M95256 / M95128
Symbol Ailt Parameter VQI‘.:A::%‘E"‘; ;%?é?v’ VC'I(':A==168t‘¢; %?gv’ Unit
Ta=-40to 85°C Ta=-20t0 85°C
Min Max Min Max
fc fc Clock Frequency D.C. 2 D.C. 1 MHz
tsLcH tcss S Active Setup Time 200 400 ns
teHsL S Not Active Hold Time 200 400 ns
tew™ | ten | Clock High Time 200 400 ns
te® tclL | Clock Low Time 200 400 ns
toicn® | tac | Clock Rise Time 1 1 us
terc @ | tec | Clock Fall Time 1 1 us
toveH tosu | Data In Setup Time 40 60 ns
tcHDx ton | Data In Hold Time 50 100 ns
toon @ | tm | Data In Rise Time 9 1 us
tonoL @ trl Data In Fall Time 1 1 s
tHHCH HOLD Setup Time 140 350 ns
tHLCH Clock Low Hold Time 90 200 ns
toHHL HOLD Hold Time after Clock is High 120 250 ns
tCHHH HOLD Hold Time after Clock is High 120 250 ns
tcHsH tcsH S Active Hold Time 200 400 ns
tsHeH S Not Active Setup Time 200 400 ns
tsHsL tcs | S Deselect Time 200 300 ns
tshoz® | tois | Output Disable Time 250 500 ns
teLav tv Clock Low to Output Valid 150 380 ns
teLax tHo | Output Hold Time 0 0 ns
tacai® | tmo | Output Rise Time 100 200 ns
tanat® | teo | Output Fall Time 100 200 ns
tiox @ |tz | HOLD High to Output Low-Z 100 250 ns
tHlaz @ thz HOLD Low to Output High-Z 250 500 ns
tw twp | Write Cycle Time 10 10 ms
Notes: 1. tcw + ter 2 1/fc.
2. Value guaranteed by characterization, not 100% tested in production.
a7 15/22
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Figure 15. Serial Input Timing

s
tCHSL « tSLCH tCHSH
: T\ S
{DVCH te—
tCHDX {CLCH
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{DLDH
{DHDL
a HIGH IMPEDANCE .
Al01447
Figure 16. Hold Timing
s \
tHLCH
tCHHL > tHHCH
c 7\ \ N
tCHHH—»
tHLQZ — - tHHQX
Q X
0 X X... XX X
HOLD \ [
Al02032
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Figure 17. Output Timing

|

W W /Lj L

<—>— tCLQV — tCL »—< tSHQZ
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ORDERING INFORMATION SCHEME

Example: M95256

R MW 5 T

Density | IOperatlng Voltagel I Package | lTemperature Range] | Option ]
256 256K (32K x8) blank 4.5Vt055V BN PSDIP8 1M 0to70°C T Tape & Reel
128 128K (16Kx8) W  25V1055V 925 mm 5 -20085°C Packing

3]
R® 18Vt036V mw sos 6 —40t085°C
200mil Width 3@ _40t0 125 °C
MN @ s08
150mil Width
DL ® TSSOP14
169mil Width

Notes: 1. Temperature range on request only.

2. Produced with High Reliability Certified Flow (HRCF), in Vcc range 4.5V to 5.5V only
3. -R version (1.8V to 3.6V) are only available in temperature ranges 5 or 1.

4. SO8, 150mil Width, package is available for M95128 series only

5. TSSOP14, 169mil Width, pakage is available for M95128 series only.

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

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

19/22 [S74
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PSDIPS8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
mm inches
Symb
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
Al 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
0.20 0.36 0.008 0.014
D 9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
8 8
CP 0.10 0.004
T Vafal
I A 4
A
A A
A1 Lv
B el
> B1
¢ D >
o T o O o O y
N A
) E1| E
1 v
S By Y I | PSDIP-a
Drawing is not to scale.
&7 i 19/22

173



N95256, M95128

S08 - 8 lead Plastic Small Outline, 150 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
Al 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
o 0° 8° 0° 8E
N 8 8
CP 0.10 0.004
re—h x 45°
i
u l.:} C
B O |CP
e o
- b _,
ililili ‘
N A
.
1
e
A 4
SO-a
Drawing is not to scale.
20122 )72
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SO8 - 8 lead Plastic Small Outline, 200 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 2.03 0.080
Al 0.10 0.25 0.004 0.010
A2 1.78 0.070
B 0.35 0.45 0.014 0.018
C 0.20 - - 0.008 - -
D 5.15 5.35 0.203 0.211
E 5.20 5.40 0.205 0.213
e 1.27 - - 0.050 - -
H 7.70 8.10 0.303 0.319
L 0.50 0.80 0.020 0.031
o 0° 10° 0° 10°
N 8 8
CP L 0.10 0.004

p=4 s |
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TSSOP14 - 14 lead Thin Shrink Small Outline
Symb mm inches
Typ Min Max Typ Min Max
A 1.10 0.043
Al 0.05 0.15 0.002 0.006
A2 0.85 0.95 0.033 0.037
B 0.19 0.30 0.007 0.012
0.09 0.20 0.004 0.008
4.90 5.10 0.193 0.197
E 6.25 6.50 0.246 0.256
E1 4.30 4.50 0.169 0.177
e 0.65 - - 0.026 - -
L 0.50 0.70 0.020 0.028
a 0° 8° 0° 8°
N 14 14
CP 0.08 0.003
SO-b
22122 V<72
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M95512

512 Kbit Serial SPI EEPROM

with High Speed Clock and Positive Clock Strobe

= 100,000 ERASE/WRITE CYCLES
= 40 YEARS DATA RETENTION
= SINGLE SUPPLY VOLTAGE
— 4.5V to 5.5V for M95512
— 2.5V to 5.5V for M95512-W
— 1.8V to 3.6V for M95512-R
» SPI BUS COMPATIBLE SERIAL INTERFACE
= 5 MHz CLOCK RATE MAX
= STATUS REGISTER

= HARDWARE PROTECTION of the STATUS
REGISTER

= SCHMITT TRIGGER, FILTERED INPUTS
FOR NOISE SUPPRESSION

= 128 BYTE PAGE MODE

= SIZEABLE READ ONLY EEPROM AREA

m SELF-TIMED PROGRAMMING CYCLE

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

DESCRIPTION

The M95512 is an Electrically Erasable Program-
mable memory (EEPROM) fabricated with STMi-
croelectronics’s High Endurance Double
Polysilicon CMOS technology. Each memory is
accessed by a simple SPI bus compatible serial
interface. The bus signals are a serial clock input
(C), a serial data input (D) and a serial data output
Q).

Table 1. Signal Names

PRODUCT PREVIEW

= |
BNV/M 16'\'\;\;\%:

PSDIP8 (BN)
0.25mm Frame

S016 (MJ)
300mil Width

Figure 1. Logic Diagram

C Serial Clock

Serial Data Input

0|0

Serial Data Output

7]

Chip Select

g

Write Protect

HOLD Hold

Vee Supply Voltage

Vce

n O O

el

M95512

HOLD

Vss
Al02277

Vss Ground

January 1999
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

M95512
M95512 NCCH®D  16INC
NC=T 2 15 FINC
st ™ 8fivee [} 143V
Qfl2 7 [JHOLD Qa4 13 A HOLD
wis 6[1C w5 1243C
Vgs [l 4 5[1D Vgg =6 11D
Al02278 NC 7 10NC
NC= 8 9F—INC
Al02285
Table 2. Absolute Maximum Ratings ()
Symbol Parameter Value Unit
Ta Ambient Operating Temperature: -40 to 125 °C
Tsta Storage Temperature -65 to 150 °C
TLEAD Lead Temperature, Soldering (SO16 package) 40 sec 215 oC
(PSDIP8 package) 10 sec 260
Vo Output Voltage 0.3 to Vcc +0.6 \
V) Input Voltage with respect to Ground -0.3t06.5 \
Vce Supply Voltage -0.3t06.5 \
v Electrostatic Discharge Voltage (Human Body model) @ 4000 v
ESD
Electrostatic Discharge Voltage (Machine model) 400 %

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 rehability. Refer also to the STMicroelectronics SURE Program and

other relevant quality documents.
2. MIL-STD-883C, 3015.7 (100pF, 1500Q)
3 EIAJ IC-121 (Condition C) (200pF, 09)

DESCRIPTION (cont'd)

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

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

2/20

SIGNALS DESCRIPTION

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

Serial Input (D). The input pin is used to transfer
data serially into the device. It receives instructions,
addresses, and the data to be written. Input is
latched on the rising edge of the serial clock.
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Figure 3. Data and Clock Timing
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Figure 4. Microcontroller and SPI Interface Set-up
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Serial Clock (C). The serial clock provides the
timing of the serial interface. Instructions, ad-
dresses, or data present at the input pin are latched
on the rising edge of the clock input, while data on
the Q pin changes after the falling edge of the clock
input.

Chip Select (S). When S is high, the memory is
deselected and the Q output pin is at high imped-
ance and, unless an internal write operation is
underway the memory will be in the standby power
mode. S low enables the memory, placing it in the
active power mode. It should be noted that after

q

power-on, a high to low transition on S is required
prior to the start of any operation.

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

Note: SRWD stands for; Status Register Write
Disable.

3/20
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SIGNALS DESCRIPTION (cont'd)

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

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

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

Itis possible to enter the Hardware Protected Mode

(HPM) by setting SRWD bit after pulling down the

W pin or by pulling down the W pin after setting

SRWD bit.

If W pin is permanently tied to high level; the
Hardware Protected Mode will never be activated
and the memory will only allow the user to software
protect a part of the memory with the BPn bits of
the status register. All protection features of the
device are summarized in Table 3.

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

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

The only way to abort the Hardware Protected and to SELECT the memory.
Mode once entered is to pull high the W pin.
Table 3. Protection Feature
w . Data Bytes Data Bytes
W | SRWD | Status Register (SR) (Protected Area) Mode (Unprotected Area)
X 0 Writable after setting Software Write protected by the SPM Writable after setting
WEL BPn bits of the Status Register WEL
1 1 Writable after setting Software Write protected by the SPM Writable after setting
WEL BPn bits of the Status Register WEL
Hardware Write y Writable after setting
0 1 protected Hardware Write protected HPM WEL

Notes: 1. SPM stands for Software Protected Mode.
2. BPn are BP0 to BP1 bits of the Status Register.

3. SPM and HPM are also described in the Write Status Register (WRSR) section.

Figure 5. Hold Condition Activation

MEMORY |
STATUS ACTIVE : HOLD

HOLD PIN | I | ] : ’

ACTIVE 4 ,

HOLD ACTIVE

Al02029
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OPERATIONS

All instructions, addresses and data are shifted in
and out of the chip MSB first. Data input (D) is
sampled on the 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
operation. If an invalid instruction is sent (one not
contained in Table 4), the chip is automatically
deselected.

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

-~ Power on,

— WRDI instruction completion,

— WRSR instruction completion,

— WRITE instruction completion.

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

Read Status Register (RDSR)

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

Table 4. Instruction Set

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

b7 b0
|SRWD| X | X I X |BP1|BPO|WEL|WIP|

BP0, BP1' Read and wnte bits
WEL, WIP. Read only bits
SRWD: Read and Write bit.

During a write operation to the device (memory
area or Status Register), all bits of the Status
Register are valid and can be read with the RDSR
instruction. However, it should be noted that the
values of the Non Volatile bits (SRWD, BP0, BP1)
read at thattime correspond to the previous content
of the Status Register. The updated value of these
bits will be accessible through a new RDSR instruc-
tion performed after completion of the Write Cycle.
As the 2 Read Only bits (WEL, WIP) are dynami-
cally updated during internal write cycles, it is pos-
sible to continuously get their updated values as
shown in Figure 11.

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

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

Instruction Description Instruction Format
WREN Set Write Enable Latch 0000 0110
WRDI Reset Write Enable Latch 0000 0100
RDSR Read Status Register 0000 0101
WRSR Write Status Register 0000 0001
READ Read Data from Memory Array 0000 0011
WRITE Write Data to Memory Array 0000 0010

g

5/20
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Figure 6. Block Diagram
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Note: Anis the top address of the memory.
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Figure 7. Read EEPROM Array Operation Sequence

S
012 3 456 7 8 9 10 20 21 22 23 24 25 26 27 28 29 30
C
INSTRUCTION 16 BIT ADDRESS
b T L0000
DATA OUT
HIGH IMPEDANCE /i
a 20000000
MSB
Al01793
Table 5. Write Protected Block Size
Status Register Bits
Protected Block M95512
BP1 BPO

0 (o] none none
0 1 Upper quarter C000h - FFFFh
1 0 Upper half 8000h - FFFFh
1 1 Whole Memory 0000h - FFFFh

Write Status Register (WRSR)

When the WRSR instruction and the 8 bits of the
Status Register are latched-in, the internal write
cycle is then triggered by the rising edge of S. This
rising edge of S must appear just before the rising
edge of the 17 th clock pulse (see Serial inputtiming
Figure 15), otherwise the internal write sequence
is not performed.

The WRSR instruction allows the user:

1. to select the size of the memory to be protected,

&7

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

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

7/20
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Figure 8. Write Enable Latch Sequence

—\ —

s
01234567

c

0 A V SR
HIGH IMPEDANCE

Q

Al02281

Figure 9. Byte Write Operation Sequence

) /[

s
0123456 7 8 910 20 21 22 23 24 25 26 27 28 29 30 31
(o]
INSTRUCTION 16 BIT ADDRESS
o 0000000000000
HIGH IMPEDANCE
Q

Al01795

8/20
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Figure 10. Page Write Operation Sequence

>

0123 456 7 8 910 20 21 22 23 24 25 26 27 28 29 30 31

0 T OEa 000000000000
5 [

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

000000000000000020000000

Al01796

Figure 11. RDSR: Read Status Register Sequence

[%]]

—

01 234586 7 8 9 101112131415 .
c -
_{— INSTHUCTION — : :

D
G IMPEDANGE | STATUSREG.OUT | STATUSREG.OUT | N
Q 0000000000060000008
MSB MSB MSB
A102031
a7 9/20
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Figure 12. WRSR: Write Status Register Sequence

-

-

5

1 2 83 45 6 7 8 9 1011 12 13 14 15
C

INSTRUCTION STATUS REG.
D
MSB

HIGH IMPEDANCE

Q

Al02282

Selection of the Protection Level

— Once BP0 and BP1 bits are written; the Soft-
ware Protected Mode (SPM) is entered. This
means that any attempt to write a byte or a page
in the protected area will be ignored even if the
Write Enable Latch was set before the write
instruction. In this Software Protected Mode;
BP0 and BP1 bits can be rewritten with the WSR
instruction after having set the WEL.

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

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

Note: See also the Write Protect pin (W) descrip-
tion on page 3).

10/20

Typical Applications

— The W pin can be dynamically driven by an
output port of a microcontroller but can also be
connected directly or through a pull-down resis-
tor to Vss.

— With such a PCB (Printed Circuit Board):

a) the memory in the initial delivery state can be
soldered directly. After power on, the microcon-
troller can write data to be protected in the mem-
ory. Then write BP0, BP1 and set the SRWD to
enter the HPM.

b) data to be protected, BP0, BP1 can be written
and SRWD can be set before soldering the
memory. As a consequence, once soldered, the
memory is immediately placed in the HPM.

In these two cases, the only way to abort the
HPM will be to remove the memory from the PCB
or to apply Vcc on the W pin through an external
equipment when a pull-down resistor is inserted
between the pin and Vss.
Read Operation
The chip is first selected by putting S low. The serial
one byte read instruction is followed by a two bytes
address (A15-A0), each bit being latched-in during
the rising edge of the clock (C).
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Figure 13. EEPROM and SPI Bus
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Then the data stored in the memory at the selected
address is shifted out on the Q output pin; each bit
being shifted out during the falling edge of the clock
(C). The data stored in the memory at the next
address can be read in sequence by continuing to
provide clock pulses. The address is automatically
incremented to the next higher address after each
byte of data is shifted out. When the highest ad-
dress is reached, the address counter rolls over to
"Oh" allowing the read cycle to be continued indefi-
nitely. The read operation is terminated by dese-
lecting the chip. The chip can be deselected at any
time during data output. Any read attempt during a
write cycle will be rejected and will deselect the
chip.

Byte Write Operation

Prior to any write attempt, the write enable latch
must be set by issuing the WREN instruction. First
the device is selected (S =low) and a serial WREN
instruction byte is issued. Then the product is de-
selected by taking S high. After the WREN instruc-
tion byte is sent, the memory will set the write
enable latch and then remain in standby until it is
deselected. Then the write state is entered by
selecting the chip, issuing three bytes of instruction
and address, and one byte of data.

5]

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

Page Write Operation

A maximum of 128 bytes of data may be written
during one non-volatile write cycle. All 128 bytes
must reside on the same page. The page write
mode is the same as the byte write mode except
that instead of deselecting the device after the first
byte of data, up to 127 additional bytes can be
shifted in prior to deselecting the chip. Any address
of the memory can be chosen as the first address
to be written. If the address counter reaches the
end of the page (xxxx x111 1111) and the clock
continues, the counter will roll over to the first
address of the page (xxxx x000 0000) and over-
write any previously written data. The programming
cycle will only start if the S transition occurs just
after the eighth bit of data of a word is received.

11/20
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POWER ON STATE

After a Power up the memory is in the following
state:

— The device is in the low power standby state.
— The chip is deselected.

—~ The chip is not in hold condition.

— The write enable latch is reset.

— b7 to b2 bits of the status register are un-
changed (non-volatile bits).

DATA PROTECTION AND PROTOCOL SAFETY
— Allinputs are protected against noise, see Table
7.

— Non valid S and HOLD transitions are not taken
into account.

— S must come high at the proper clock count in
order to start a non-volatile write cycle (in the
memory array or in the status register), that is

the Chip SelectS must rise during the clock pulse
following the introduction of a multiple of 8 bits.

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

— Afterany of the operations WREN, WRDI, RDSR
is completed, the chip enters a wait state and
waits for a deselect.

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

INITIAL DELIVERY STATE

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

Status Register:
b7 bo

Lolofolofofofofo]

Table 6. Input Parameters (") (Ta =25 °C, f=5MHz)

Symbol Parameter Min Max Unit
Cout Ouput Capacitance (Q) 8 pF
CiN Input Capacitance (other pins) 6 pF
tpF Input Signal Pulse Width Filtered Out 10 ns

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

Table 7. AC Measurement Conditions

Figure 14. AC Testing Input Output

Input Rise and Fall Times <50ns
Input Pulse Voltages 0.2Vcc to 0.8Vce 0.8Vce 0.7Vge
Input and Output Timing
0.3Vce 10 0.7Vee 0.3V,
Reference Voltages 02Vee -3Vee
Output Load CL = 100pF Al00825
Note that Output Hi-Z is defined as the point where data is no
longer driven.
12/20 £7[
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Table 8. DC Characteristics
(Ta =0 to 70°C, —40 to 85°C or -40 to 125°C; Vcc = 4.5V to 5.5V)
(Ta=0to 70°C or —40 to 85°C; Vcc = 2.5V to 5.5V)
(Ta =0 to 70°C or —20 to 85°C; Vcc = 1.8V t0 3.6V)

Symbol Parameter Test Condition Min Max Unit
Iu Input Leakage Current 2 pA
Lo Output Leakage Current 2 pHA

C =0.1Vcc/0.9 Vee, @ 5 MHz, 3 mA
Supply Current Vec = 5V, @ = Open
C=0.1Vcc/0.9 Vee, @ 2 MHz, 3 mA
lec Vce =5V, Q = Open, Note 2
Supply Current (W series) c= OVL;/Z%OS%V(%C: gpi,:m Hz, 2 mA
Supply Current (R series) ¢=01 VC=C/10.-89V\'/CQC:__%;22 MHz, Vec 2 mA
S = Ve, Vin = Vss or Ve, Vee = 5V 20 pA
Standby Current S- Voo, Vin = Vss of Vo,
lec Vee =5V, Note 2 20 HA
Standby Current (W series) S = Vee, Vin = Vss or Vee, Vee = 2.5V 2 A
Standby Current (R series) S =Veg, Vin = Vss or Ve, Vec = 1.8V 0.1 HA
ViL Input Low Voltage -03 0.3 Vce \
Vin Input High Voltage 07Vec | Vec+1 \
Vivs ::)‘;sutgresis of Schmitt Trigger Note 3 0.05 Ve v
Output Low Voltage loi = 2mA, Vec = SV 04 v
VoL " loL = 2mA, Vcc = 5V, Note 2 0.4 \Y
Output Low Voltage (W series) loL = 1.5mA, Ve = 2.5V 0.4 \
Output Low Voltage (R series) loL =0.15mA, Vcc = 1.8V 0.3 \"
Output High Voltage lors = —2mA, Voo = 5V 08 Vee v
Vor M los =-2mA, Vec =5V, Note 2 0.8 Vcc \
Output High Voltage (W series) lon =—-0.4mA, Vcc = 2.5V 0.8 Vcc \
Output High Voltage (R series) lon =—-0.1mA, Vcc = 1.8V 0.8 Vce \
Notes: 1. The device meets output requirements for both TTL and CMOS standards.
2. Test performed at —40 to 125C temperature range, grade 3.
3. Value guaranteed by characterization, not 100% tested in production.
V<72 13/20
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Table 9A. AC Characteristics

M95512

Vcec =4.5Vto 5.5V,

Symbol | Alt Parameter T?: _3 (t]c; Z%;Eb ",I'ic; jg\tlot? 2555(\:1, Unit
Min Max Min Max
fc fc Clock Frequency D.C. 5 D.C. 241 MHz
tsicH | tcss | S Active Setup Time 100 100 ns
teHsL S Not Active Hold Time 100 100 ns
ten™ | ten | Clock High Time 60 200 ns
taV tol. | Clock Low Time 80 200 ns
tcLeH trc | Clock Rise Time 1 1 ps
tcHeL trc | Clock Fall Time 1 1 ps
toveH tosu | Data In Setup Time 20 50 ns
tcHox ton Data In Hold Time 20 50 ns
toLoH tri Data In Rise Time 1 1 us
toHoL trl Data In Fall Time 1 1 us
tHHCH tusu | HOLD Setup Time 100 100 ns
tHicH Clock Low Hold Time 100 90 ns
tonnL @ HOLD Hold Time tb.c tb.c ns
tormn @ gzg&gg}; Setup Time before tb.c tb.c ns
tomsH S Active Hold Time 200 200 ns
tsHeH S Not Active Setup Time 100 100 ns
tsHsL tcsn | S Deselect Time 200 200 ns
tsHaz tois | Output Disable Time 100 150 ns
teLav tv Clock Low to Output Valid 60 300 ns
teLax tho | Output Hold Time 0 0 ns
taan® | tro | Output Rise Time 100 100 ns
tavat® | tro | Output Fall Time 100 100 ns
tHHaX tz | HOLD High to Output Low-Z 50 100 ns
tHiaz tvz | HOLD Low to Output High-Z 50 130 ns
tw twp | Write Cycle Time 10 10 ms
Notes: ; t&:lge%uzgalrfﬁéed by charactenization, not 100% tested in production.
3. tb.c. stands for to be characterized.
14/20 1<72
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Table 9B. AC Characteristics

M95512
Symbol | Alt Parameter vc.&i%i‘é t7%°565’V, V‘ZI‘:’A=___168:; ;%?é?v’ Unit
Ta=-40to 85°C Ta=-20to 85°C
Min Max Min Max
fc fc Clock Frequency D.C. 2.1 D.C. 1 MHz
tscn | tess | S Active Setup Time 100 200 ns
tomsL S Not Active Hold Time 100 200 ns
ten™ | ton | Clock High Time 200 400 ns
te te. | Clock Low Time 200 400 ns
toicH trc | Clock Rise Time 1 1 us
tcHeL trc | Clock Fall Time 1 1 ps
toveH tosu | Data In Setup Time 50 100 ns
teHox ton | Data In Hold Time 50 100 ns
toLoH tri Data In Rise Time 1 1 us
toHoL tr Data In Fall Time 1 1 us
tuscH | tusu | HOLD Setup Time 100 200 ns
tHLcH Clock Low Hold Time 90 200 ns
tor @ HOLD Hold Time - tbc tb.c ns
tov® Clock High Setup Time before b the ns
tersH S Active Hold Time 200 200 ns
tsHCH S Not Active Setup Time 100 200 ns
tsHsL tcsH S Deselect Time 200 200 ns
tsHaz tois | Output Disable Time 150 200 ns
teLav tv Clock Low to Output Valid 300 400 ns
tcLax tho | Output Hold Time 0 0 ns
taran® | tro | Output Rise Time 100 200 ns
tana® | tro | Output Fall Time 100 200 ns
tHHox tz | HOLD High to Output Low-Z 100 200 ns
thioz tyz | HOLD Low to Output High-Z 130 200 ns
tw twp | Write Cycle Time 10 10 ms
Notes: ; bcslze%uz:a/r{\iéed by characterization, not 100% tested in production.
3. tbc stands for to be characterized.
V<72 15/20
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Figure 15. Serial Input Timing
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Figure 16. Hold Timing
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Figure 17. Output Timing
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ORDERING INFORMATION SCHEME

Example: M95512 - R MJ 5 T

Density I | Operating Voltage | I Package J |Temperature Rangel [ Option
512 512K (64x8)  blank 4.5V to 5.5V BN PSDIP8 1M 0to70°C T Tape & Reel
W 25V1055V 0-25mm Frame & 401085 °C Packing
2) MJ SO16 @)
R® 1.8Vto3.6V s0omilwidth  3® —40t0125°C
5 -201085°C

Notes: 1. Temperature range on request only,
2. -Rversion (1.8V to 3.6V) are only available in temperature ranges 5 or 1.
3. Produced with High Reliability Certified Flow (HRCF), in Vcc range 4.5V to 5.5V only.

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

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

<)
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
Symb mm inches
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
C 0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB - 10.00 - 0.394
L 3.00 3.80 0.118 0.150
8 8
)\ 1
A2| A
A1 L]
A 4
B el C»
> B1
< D >
1 M M y
N
) E1| E
1
gy e . { PSDIP-a
Drawing is not to scale.
IS77 19/20
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S016 - 16 lead Plastic Small Outline, 300 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 2.59 0.102
Al 0.10 0.30 0.004 0.012
B 0.38 0.51 0.015 0.020
(o} 0.23 0.25 0.009 0.010
D 10.11 10.49 0.398 0.413
E 7.44 7.54 0.293 0.297
e 1.27 - - 0.050 - -
H 10.16 10.41 0.400 0.410
h 0.38 0.015
L 0.41 1.27 0.016 0.050
o 0° 8° 0° 8°
N 16 16
CP ] 0.10 0.004
e h x 45°
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Drawing is not to scale.
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S$T95022

2 Kbit Serial SPI EEPROM with High Speed Clock

= HIGH SPEED CLOCK RATE:
— 2.1 MHz Max
= 1,000,000 ERASE/WRITE CYCLES
= 40 YEARS DATA RETENTION
= SINGLE 4.5V to 5.5V SUPPLY VOLTAGE
= SP| BUS COMPATIBLE SERIAL INTERFACE
= BLOCK WRITE PROTECTION
= STATUS REGISTER
= 16 BYTE PAGE MODE
» WRITE PROTECT
= SELF-TIMED PROGRAMMING CYCLE
= E.S.D.PROTECTION GREATER than 4000V
s SUPPORTS POSITIVE CLOCK SPI MODES

DESCRIPTION

The ST95022 is an high speed 2 Kbit Electrically
Erasable Programmable Memory (EEPROM) fab-
ricated with STMicroelectronics’s High Endurance
Single Polysilicon CMOS technology. The memory
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Figure 1. Logic Diagram

is accessed by a simple SPI bus compatible serial Vee
interface. The bus signals are a serial clock input
(C), a serial data input (D) and a serial data output
Q).
D — —Q
C —
Table 1. Signal Names § —d sTes022
Cc Serial Clock W —Qd
D Serial Data Input AOLD a
Q Serial Data Output
S Chip Select
— Vss
w Write Protect AI01722
HOLD Hold
Vee Supply Voltage
Vss Ground
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§T95022

Table 2. Absolute Maximum Ratings (")

Symbol Parameter Value Unit
Ta Ambient Operating Temperature @ —40to 125 °C
Tsta Storage Temperature —-65 to 150 °C
TLeAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C
Vo Output Voltage 0.3 to Vcc +0.6 \Y
\ Input Voltage with respect to Ground -0.3t06.5 \
Vee Supply Voltage -0.3t06.5 \Y
Veso Electrostatic Discharge Voltage (Human Body model) ©© 4000 %
Electrostatic Discharge Voltage (Machine model) 500 %
Notes: 1. Except for the