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4K-Bit SERIAL E2PROM

FEATURES

m [*)C Bus Compatible*

B Low Power CMOS Technology

m 16 Byte Page Write Buffer

m Self-Timed Write Cycle with Auto-Clear
m 100,000 Program/Erase Cycles

H 100 Year Data Retention

H 8 pin DIP, 8 pin SO or 14 pin SO Package

m 3 to 6 Volt Operation

B ZERO Power™ Version (CAT24LC04Z) Available
H Optional High Endurance Device Available

DESCRIPTION

The CAT24LC04/CAT241.C04l is a 4K bit Serial CMOS
E?PROM internally organized as 512 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice powerrequirements. The CAT24LC04/CAT24LC041

features a 16 byte page write buffer. The device operates
via the |2C bus serial interface and is available in 8 pin
DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
neEJ*t M4 [TINC
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A2 713 TeEST
Az ] 3 6 [ scL
Vss [ 4 S spA
5020 FHD FO1
PIN FUNCTIONS
Pin Name Function
AO, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock
TEST Connect to Vss
Vee +3V to +6V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Phifips Corporation to cany the 12C Bus Protocol,
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ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias..................... -55°C to +125°C

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.

Storage Temperature —65°C to +150°C : : .
o These are stress ratings only, and functional operation of
Voltage on any Pin with the device at these or any other conditions outside of those
Respect to Ground® ............. —2.0Vto +Vcc+2.0V  [isted in the operational sections of this specification is not
Ve with Respect to Ground .........c.c.e.... —2.0Vio +7.0V implied. Exposure to any absolute maximum rating for
- extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta = 25°C) ..occecereineneeereenirnennsaeens 1.0W )
Lead Soldering Temperature (10 secs) .............. 300°C
Output Shott Circuit Current@ ..........cccoceeeneene 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Neno® | Endurance 100,000 Cycles/Byte| MIL-STD-883, Test-Method 1033
Tpr® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap®) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
leTH® | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24LC04 Tp = 0°C to +70°C, Vg = +3V to +6V, unless otherwise specified.
CAT24LC041 Tp = —40°C to +85°C, Vi = +3V to +6V, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcc Power Supply Current mA fscL =100 KHz
IsB Standby Current Vec = 6V HA Vin = GND or Ve
Isez!®) | Standby Current Vec = 6V PA Vin = GND or Vee
It Input Leakage Current 10 RA Vin=GND to Vce
o Output Leakage Current 10 PA Vout = GND to Vce
ViL Input Low Voltage -1.0 Vcex 0.3 \
ViH Input High Voltage Vee x 0.7 Vce +0.5 \
VoL Output Low Voltage - 04 A loL=3mA
CAPACITANCE Ta =25°C, f = 1.0 MHz, Vg =5V
Symbol Test Max. Units Conditions
Cuvo® | [nput/Output Capacitance (SDA) 8 pF Vo =0V
CN® Input Capacitance (A0, A1, A2, SCL) 6 pF ViN=0V
Note:

(1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns, Maximum DC
voltage on output pins is Ve +0.5V, which may overshoot to Vg +2.0V for periods of less than 20 ns,

(2) Output shorted for no more than one second. To more than one output shorted at a time.

() This parameter is tested initially and after a design or process change that affects the parameter.

(4) Latch-up protection is provided for strasses up to 100 mA on address and data pins from -1V to Vg +1V.

(5) Standby Current (Iggz) = OpA (<00nA) for the CAT24LC04Z.
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A.C. CHARACTERISTICS

CAT24LC04 Tp = 0°C to +70°C, Vg = +3V to +8VY, unless otherwise specified.
CAT24LC04l TA = —40°C to +85°C, Ve = +3V to +6V, unless otherwise specified.

Read & Write Cycle Limits
Symbol Parameter Min. Max Units

FscL Clock Frequency 100 KHz

T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs

taA SCL Low to SDA Data Out 3.5 us
and ACK Out

teur® Time the Bus Must be Free Before 47 us
a New Transmission Can Start _

tHD:sTA Start Condition Hold Time 4.0 ps

tLow Clock Low Period 4.7 us

tHigH Clock High Period 4.0 us

tsu:sTA Start Condition Setup Time 47 us
(for a Repeated Start Condition) ]

tHD:DAT Data In Hold Time 0 ns

tsu:pAT Data In Setup Time 250 ns

tr® SDA and SCL Rise Time 1 us

te® SDA and SCL Fall Time 300 ns

tsussTO Stop Condition Setup Time 4.7 s

toH Data Out Hold Time 300 ns

Power-Up Timing(®)(6)
Symbol Parameter Max. Units
trur Power-up to Read Operation 1 ms
truw Power-up to Write Operation 1 ms

Write Cycle Limits

Symbol Parameter Min. Typ. Max Units
twr Write Cycle Time 10 ms
The write cycle time is the time from a valid stop interface circuits are disabled, SDA is allowed to remain
condition of a write sequence to the end of the internal high, and the device does not respond to its slave

program/erase cycle. During the write cycle, the bus address.

Notes:
(3) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpyr and tpyw are the delays required from the time Vg is stable untif the specified operation can be initiated.
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FUNCTIONAL DESCRIPTION

The CAT24LC04/CAT24L.C04l supportsthe |2CBusdata
transmission protocol. This Inter-Integrated Circuit Bus
protocol defines any device that sends data to the bus to
be a transmitter and any device receiving data to be a
receiver. The transfer is controlled by the Master device
which generates the serial clock and all START and
STOP conditions for bus access. The CAT24LC04/
CAT24LC04l operates as a Slave device. Both the
Master device and Slave device can operate as either
transmitter or receiver, but the Master device controls
which mode is activated.

PIN DESCRIPTIONS

SCL: Serial Clock
The setial clock input clocks all data transferred into or
out of the device.

SDA: Serial Data/Address

The bidirectional serial data/address pin is used to
transfer all data into and out of the device. The SDA pin
is an open drain output and can be wire-ORed W|th other
open drain or open collector outputs.

AO:

AO0is unused by the CAT24LC04/CAT24L.C04l but must
be connected to Vgg to insure proper operation of the
device.

A1, A2:

The inputs set the device address within the slave
address bits, They must be connected to either Vgg or
Vece.

TEST:

The test pin is for Catalyst internal use only. The cus-
tomer should connect this pin to Vgg during normal
operations.

Figure 1. Bus Timing ' —] |« tHIGH — je—1R
‘LOW= =‘LOW= |
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Figure 2. Write Cycle Timing
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Figure 3. Start/Stop Timing : !
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CAT24LC04/CAT24LC04l

I°C BUS PROTOCOL
Thefollowing defines the features of the I2C bus protocol:

(1) Data transfer may be initiated only when the bus is
not busy.

(2) During a data transfer, the data line must remain
stable whenever the clock line is high. Any changes in
the data line while the clock line is high will be interpreted
as a START or STOP condition.

START Condition

The START Condition precedes all commands to the
device, and is defined as a HIGH to LOW transition of
SDAwhen SCLisHIGH. The CAT24LC04/CAT24L.C04|
monitors the SDA and SCL lines and will not respohd
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determines the STOP condition. All operations must end
with a STOP condition.

DEVICE ADDRESSING

The bus Master begins a transmission by sending a
START condition. The Master then sends the address
of the particular slave device it is requesting. The four
most significant bits of the 8-bit slave address are fixed
as 1010 for the CAT24.C04/CAT24LC04l (see Fig. 5).
The next two significant bits (A2, A1) are the device
address bits and define which device the Master is
accessing. Up to four CAT24LC04/CAT24LC04| de-

vices may be individually addressed by the system. The
AQ bit of the slave address selects which 2K array of
memoty is being addressed. The last bit of the slave
address specifies whether a Read or Write operation is
to be performed. When this bit is set to 1, a Read
operation is selected, and when set to 0 a Write opera-
tion is selected.

After the Master sends a START condition, the
CAT24L.C04/CAT24LC04| monitors the bus and re-
sponds with an acknowledge (on the SDA line) when its
address matches the transmitted slave address. The
CAT24LC04/CAT24L.C04| then performs a Read or
Write operation depending on the state of the R/W bit.

Acknowledge

After a successful datatransfer, each receiving device is
required to generate an acknowledge. The Acknowledg-
ing device pulls down the SDA line during the ninth clock
cycle, signaling that it received the eight bits of data.

The CAT24L.C04/CAT24LC04l responds with an ac-
knowledge after receiving a START condition and its
slave address. If the device has been selected along
with a write operation, it responds with an acknowledge
after receiving each eight bit byte.

When the CAT24LC04/CAT24L.C04| begins a READ
mode it transmits eight bits of data, releases the SDA
line, and monitors the line for an acknowledge. Once it
receives this acknowledge, the CAT24LC04/
CAT24L.C04l will continue to transmit data. If no ac-
knowledge is sent by the Master, the device terminates
data transmission and waits for a STOP condition.

Figure 4. Acknowledge Timing

SCL FROM
MASTER

DATA OUTPUT f :
FROM TRANSMITTER s x / :
{ L ; :
DATA OUTPUT : T
FROM RECEIVER 3 5 : i
START ACKNOWLEDGE
5020 FHD F06
Figure 5. Slave Address Bits
L1 [ 0 | 1 | 0 |A2|A1|A0|R/W|
Q_Y_J
DEVICE ADDRESS
5022 FHD Fo8
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WRITE OPERATIONS CAT24L.C04| will respond with an acknowledge, and

. internally increment the four low order address bits by
Byte Write one: The high order bits remain unchanged.

In the Byte Write mode, the Master device sends the
START condition and the slave address information
(with the R/W bit set to zero) to the Slave device. After
the Slave generates an acknowledge, the Master sends
the byte address that is to be written into the address
pointerof the CAT24LC04/CAT24L.C04l. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24LC04/CAT24LC04l ac-
knowledges once more and the Master generates the
STOP condition, at which time the device begins its
internal programming cycle to nonvolatile memory. While
this internal cycle is in progress, the device will not
respond to any request from the Master device.

Page Write

The CAT24.C04/CAT24LC04I writes up to 16 bytes of
data, in a single write cycle, using the Page Write
operation. The page write operation is initiated in the
same manner as the byte write operation, however
instead of terminating after the initial byte is transmitted,
the Master is allowed to send up to 15 additional bytes.
After each byte has been transmitted the GAT24LC04/

[fthe Mastertransmits more than 16 bytes priortosending
the STOP condition, the address counter ‘wraps around’,
and previously transmitted data will be overwritten.

Once all 16 bytes are received and the STOP condition
has been sent by the Master, the internal programming
cycle begins. At this point all received data is written to
the CAT24LC04/CAT24LC04l in a single write cycle,

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical write cycle time. Once the stop
condition is issued to indicate the end of the host's write
operation, the CAT24LC04/CAT24LC04! initiates the
internal write cycle. ACK potling can be initiated imme-
diately. This involves issuing the start condition followed

by the slave address for a write operation. If the

CAT24LCO04/CAT24LCO04l is still busy with the write
operation, no ACK will be returned. If the CAT24LC04/
CAT24L.C04l has completed the write operation, an
ACK will be returned and the host can then proceed with
the next read or write operation.

Figure 6. Byte Write Timing

S
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BUSACTIVITY: A SLAVE BYTE T
MASTER $ ADDRESS ADDRESS DATA g
A A A
L L L LR L) T erTrTa
SDALINE l Ll I 1 | [T O R | | TN R T | IPI
K K K 5020 FHD Fo8
Figure 7. Page Write Timing
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NOTE: IN THIS EXAMPLE n = XXXX 0000(B); X=1o0r0
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READ OPERATIONS

The READ operation for the CAT24LC04/CAT24LC04|
is initiated in the same manner as the write operation
with the one exception that the RAW bit is set to a one.
Threedifferent READ operations are possible: Immediate
Address READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24LC04/CAT24LC04l's address counter con-
tains the address of the last byte accessed, incremented
by one. In other words, if the last READ or WRITE
access was to address N, the READ immediately fol-
lowing would access data from address N+1. If N=511,
then the counter will ‘wrap around’ to address 0 and
continue to clock out data. After the CAT24LC04/
CAT24LC04I receives its slave address information
(with the R/W bit set to one), it issues an acknowledge,
then transmits the eight bit byte requested. The master
device does not send an acknowledge but will generate
a STOP condition.

Selective Read

Selective READ operations allow the Master device to
select at random any memoty location for a READ
operation. The Master device first performs a ‘dummy’
write operation by sending the START condition, slave
address and byte address of the location it wishes to

read. Afterthe CAT24L.C04/CAT24LC04l acknowledges
the byte address, the Master device resends the START
condition and the slave address, this time with the R/W
bit set to one. The CAT24LC04/CAT24LC04! then re-
spondswith its acknowledge and sends the eight bit byte
requested. The master device does not send an ac-
knowledge but will generate a STOP condition.

Sequential Read

The Sequential READ operation can be initiated by
either the Immediate Address READ or Selective READ
operations. After the CAT24LC04/CAT24LC04| sends
the initial eight bit byte requested, the Master will re-
spond with an acknowledge which tells the device it
requires more data. The CAT24LC04/CAT24LC04] will
continue to output an eight bit byte for each acknowl-
edge sent by the Master. The operation will terminate
when the Master fails to respond with an acknowledge
thus sending the STOP condition.

The data being transmitted from the CAT24LC04/
CAT24LC04l is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24LC04/CAT24LCO4l address bits so that the en-
tire memory array can be read during one operation. If
more than the 512 bytes are read out, the counter will
‘wrap around’ and continue to clock out data bytes.

Figure 8. Immediate Address Read Timing
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Figure 9. Selective Read Timing
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Figure 10. Sequential Read Timing
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