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Corporate Message

Catalyst Semiconductor, Inc. is a technology leader in CMOS nonvolatile memories and is dedicated
to the development of next generation memory products and their applications.

The Catalyst Corporate Mission Statement is:

— Use state of the art nonvolatile memory technology to produce innovative leading edge products and
obtain a leadership position in all reprogrammable product markets.

— Adopt a global manufacturing strategy by using strategic partners to produce cost-effective,
high quality products.

— Provide excellent service to customers worldwide and enter into mutually beneficial, long-term
partnership agreements.

Catalyst Semiconductor is in the business of providing integrated circuits which enhance your
electronic systems’ performance, thereby giving you a competitive edge in your marketplace. In our
view, you, our customer, have not simply purchased ICs; you've secured our commitment to your
company and your business. Since our inception in 1985, we have found that relationships based on
this commitment result in the development of trust, support and mutual prosperity. Such is the
foundation of long-term corporate partnerships, and these are what the future of Catalyst is being
designed to secure.

Thank you for considering Catalyst memory products.

David W. Sear B.K. Marya
President & C.0.0. Chairman of the Board & C.E.O.




Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.
Intelligent Programming, Quick-Erase Programming and Quick-Pulse Programming are trade-
marks of Intel Corporation.

Power Miser™, ZERO Power™ and DACpot™ are trademarks of Catalyst Semiconductor, Inc.

LIMITED WARRANTY

Devices sold by Catalyst Semiconductor, Inc. are covered by the warranty and patent indemnification provisions appearing in its
Terms of Sale only. Catalyst Semiconductor makes no warranty, express, statutory, implied, or by description regarding the
information set forth herein or regarding the freedom of the described devices from patent infringement. Catalyst Semiconductor
makes no warranty of merchantability or fitness for any purpose. Catalyst Semiconductor reserves the right to discontinue
production and change specifications and prices at any time and without notice.

Catalyst Semiconductor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embodied in a Catalyst
Semiconductor product. No other circuits, patents, licenses are implied.

LIFE RELATED POLICY

In situations where semiconductor component failure may endanger life, system designers using this product should design the
system with appropriate error detection and correction, redundancy and back-up features to prevent such an occurence.

Catalyst Semiconductor’s products are not authorized for use as critical components in life support devices or systems.

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

2. Acriticalcomponentis any component of a life support device or system whose failure to performcan be reasonably expected
to cause the failure of the life support device or system, or to affect its safety or effectiveness.
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Product Selection Guide

SERIAL E?PROMs
2-Wire Bus Structure (Data Book Section 2)
lcc Max
Temp. Size (Max/ Clock # Pkg
Device Range| Compatibility (Organization) Standby) Freq. Pins Types Voltage
CAT24C02 | C,I Xicor (225’; E"B) amA/apA | 100kHz | P:,J 5V
CAT24LC02 | G, Xicor (22'2 S"a) amAV4pA | 100kHz | o, P g J 36V
CAT24C02A | C,1 Xicor (2?; E"a) amA/auA | 100kHz | P:,J 5V
CAT24LCO2A | C, | Xicor (2?; 5’"8) amaapA | tookHz | S| Ty 3-6V
CAT24C04 | C,I Xicor (5‘:2 E"S) amaapA | tooktz | 2 | Py 5V
CAT24LCO4 | C,I Xicor (5‘:*; Elte) smaapA | tooktz | 5 | Py 3-6V
CAT24C08 | C,1 Xicor p g’;i‘t ) smA/apA | 100kHz | o p:, J 5V
CAT24LC08 | G, ! Xicor ? :2’(43“ 8 3mA/4uA | 100kHz 184 p:] J 3-6V
CAT24C16 | C,I Xicor (2:)‘2'; S“e) smaapA | tookkz | 5 | Py 5V
CAT24LC16 | C,I Xicor (210% Elta) smAapA | 100kHz | o P, J 36V
Xicor 32K Bit 8 P
CAT24032 | C.l | y4c16UPGRADE | (4006 &) IMAPA | 100KHzZ | oy ! 5V
Note:

(1) All 12C devices offered in ZERO Power™ (Iggz = OpA) version.

(2) Catalyst Semiconductor is licenced by Philips Corporation to carry the I12C Bus Protocol.

(3) All Serial E2PROMSs offered in High Endurance Version (“H”).
(4) Forinformation on military temperature devices, please contact the factory.
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Product Selection Guide

SERIAL E?PROMs
3-Wire Bus Structure (Data Book Section 3)
Icc Max
Temp. Size (Max/ Clock # Pkg
Device Range| Compatibility (Organization) Standby) Freq. Pins Types Voltage
CATo3C46A | C,| | National 93C46 (;fx?g) 3mA/100RA| IMHz | 8 | P K S| 5V
CAT93C46B | C,1 | National 93C46 K Bit 3mA/100KA| 1MHz | 8 | P K J,S| 5V
! (x8 or x16) T
CAT93C46 | C,1 | National 93C46 1K Bit 3mA/100pA| IMHz | 8 |P,K. S| 5V
’ (x8 or x16) H o
National 93C46 1K Bit
CAT33C101 C, | UPGRADE (x8 or x16) 2mA/50pA | 250kHz 8 P, K, J, S 3V
National 93C46 1K Bit '
CAT32C101 C UPGRADE (x8 or x16) 2mA/2uA | 250kHz 8 P, K J 22V
CATe3C56 | C,1 | National 93C56 2K Bit 3MA00MA | 1MHz | 8 | P,K S 5V
! ationa (x8 or x16) m H z vy
National 93C56 2K Bit n
CAT93LC56 (N UPGRADE (x8 or x16) 2mA/50pA | 250kHz 8 P, K, S 3V
National 93C46 2K Bit
CAT35C102 C, UPGRADE (x8 or x16) 3mA/100pA | 1MHz 8 P,K, S 5V
National 93C66 4K Bit ’
CAT33C104 C, | UPGRADE (x8 or x16) 2mA/50pA | 250kHz 8 P, K, S 3V
. 4K Bit
CAT35C104 C, I National 93C66 (x8 or x16) 3mMA/100pA | 1MHz 8 P,K, S 5V
(e} National 93C66 8K Bit 2mA/10pA
CAT33C108 | UPGRADE x8orx16) | amAfouA | TMHZ | & | P.KS 3V
C National 93C66 8K Bit 3mA/10pA
CAT35C108 | UPGRADE x8orx16) | 4mA/topA | SMHZ | 8 | P.KS 5V
C National 93C66 16K Bit 2mA/10pA
CAT3CI16 | UPGRADE (x8orx16) | amA/topA | 'MHZ | 8 | P.KS 3V
C National 93C66 16K Bit 3mA/10pA
CAT35C116 ! UPGRADE (x8 or x16) amp/topA | 3MHZ 181 PKS 5V
SERIAL E2PROMs
SPI Bus Structure (Data Book Section 4)
lcc Max
Temp. Size (Max/ Clock # Pkg
Device Range| Compatibility (Organization) Standby) Freq. Pins Types Voltage
. 1K Bit
CATe64LC10 C, | Asahi (64 x 16) 1mA/3pA 1MHz 8 P,J,S 25-55V
CAT64LC20 | C, | Asahi 2K Bit 1mA/3uA | IMHz | 8 | P,J,S | 25-55V
' (128 x 16) M e ST
CAT64LC40 | C, | Asahi 4K Bit ImA/3uA | IMHz | 8 | P,J,S | 25-55V
, sahi (256 x 16) mA/3p. z ,d, . .
Note:

(1) All SPI devices offered in ZERO Power™ (Iggz = OpA) Version.
(2) All Serial E2PROMs offered in High Endurance Version (“H”).
(3) Forinformation on military temperature devices, please contact the factory.
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SERIAL E2PROMs
4-Wire Bus Structure (Data Book Section 5)
lcc Max
Temp. Size (Max/ Clock # Pkg
Device Range| Compatibility (Organization) Standby) Freq. Pins Types Voltage
. . 1K Bit
CAT59C11 (o] Microchip 5911 (x8 or x16) 5mA/100pA | 1MHz 8 P, K 5V
C Microchip 5911 2K Bit 3mA/100pA
CAT35C202 | UPGRADE x8orx16)  |4mA/toopa| TMHZ |8 P.K 5V
SECURE ACCESS SERIAL E?PROMs (Data Book Section 6)
lcc Max
Temp. Size (Max/ Clock # Pkg
Device Range Protocol (Organization) Standby) Freq. Pins Types Voltage
CAT33C704 C, | 3mA/250pA | 1MHz 3V
Synchronous
CAT35C704 C,I 4K Bit 3mA/250pA | 3MHz 8 P 5V
CAT33C804A-B | C,| ART (xBorx16)  |3mA/250pA | 5MHz | 16 J 3V
CAT35C804A-B | G, | Compatible 3mA/250pA | 5MHz 5V
PARALLEL E?2PROMs (Data Book Section 7)
Icc
Temp. Size Access (Max/ # Pkg
Device Range| (Organization) Time (ns) Standby) Pins Types Voltage
CAT28C16A | C,1 | 16K Bit (2Kx8) 200 25mA/100uA 23 KP | 5V
CAT28C16V3 C 16K Bit (2Kx8) 700 10mA/50pA 32 N 3V
CAT28C17A | C,1 | 16K Bit (2Kx8) 200 2smA/100uA | 23 P J 5V
CAT28C64A | C,| 64K Bit (8Kx8) 150/200/250 30mA/100pA 28 P, J,K 5V
CAT28C65A C, 1 64K Bit (8Kx8) 150/200/250 30mA/100pA 32 N 5V
C . 120/150/200
CAT28C64B | 64K Bit (8Kx8) 150/200 25mA/100pA 28 P, J,K 5V
C . 120/150/200
CAT28C65B | 64K Bit (8Kx8) 150/200 25mA/100pA 32 N, T 5V
CAT28C256 | C,| | 256KBit(32Kx8) | 200/250/300 | 30mA/150uA gg ,'3 5V
Note:

(1) All Serial E2PROMs offered in High Endurance version (“H”).
(2) Forinformation on military temperature devices, please contact the factory.
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FLASH MEMORIES (Data Book Section 8)

Icc
Temp. Size Access (Max/ # Pkg
Device Range| (Organization) Time (ns) Standby) Pins Types Voltage
CAT28F512 G 512K Bit (64Kx8) 120/150/200 30mA/100pA 32 P,N, T 122V
CAT28F512V5| C, | 512K Bit (64Kx8) 120/150/200 120mA/100pA 32 P,N, T 5V
CAT28F010 C, I 1M Bit (128Kx8) 120/150/200 30mA/100pA 32 P,N, T 12V
CAT28F010V5| C, | 1M Bit (128Kx8) 120/150/200 120mA/100pA 32 P,N, T 5V
CAT28F020 C | 2M Bit (256Kx8) 120/150/200 30mA/100pA 32 P,N, T 12V
EPROMSs (Data Book Section 9)
Icc
Temp. Size Access (Max/ # Pkg Programming
Device Range | (Organization) Time (ns) Standby) Pins Types Voltage
C . 55/70/90/120 50mA/100pnA 28 D, P (OTP)
CAT27HC256L | 256K Bit (32Kx8) 70/90/120 60mA/1001A 32 E. N (OTP) 125V
c . 150/170/200/250 | 50mA/100pA 40 D, P (OTP)
CAT27C210 || IMBR(S4KXT6) | " 70m00/250 | 6omA/IOORA | 44 | N (OTP) 125V
NVRAMSs (Data Book Section 10)
Icc
Temp. Size (Max/ Access # Pkg
Device Range | Compatibility (Organization) Standby |Time (ns) Pins Types
CAT22C10 | G,I Xicor 256 Bit (64x4) | 4OmA/SOpA | 200/300 | 10 f
CAT22C12 C, 1 Xicor 1K Bit (256x4) 50mA/30pA | 200/300 18 P
. 256 Bit (16x16) 8 P
CAT24C44 C, Xicor Serial 20mA/30pA 1MHz a J

Note:

(1) Forinformation on military temperature devices, please contact the factory.
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ANALOG PRODUCTS (Data Book Section 11)

DACs
Temp. Bits Settling Linearity Data NV # DACs Pkg
Device Range Resolution Time (ns) Error (LSB) Latch | Mem. /Pkg Types
CAT104A C 12 40 0.5 No No 1 C
CAT104B C 12 40 1.0 No No 1 C
CAT105A C 12 40 0.5 Yes No 1 C
CAT105B C 12 40 1.0 Yes No 1 C
CAT504 C, | 8 10 (us) 1.0 Yes Yes 4 P,J
CAT505 c I 8 10 (us) 1.0 Yes | Yes 4 p,J
CAT506A C 12 25 0.5 Yes No 1 Cc
CAT506B C 12 25 1.0 Yes No 1 C
VOLTAGE REFERENCES
Temp. Output Output Adjustment Drift with Pkg
Device Range Voltage Error (mV) Range (%) Temp. (ppm/°C) Types
CAT507 C, I +5 15 6 3 P,D
CAT508 (o -5 156 6 3 P,D
CAT2700 (oN] +10 25 0.2 3 P,D
CAT2701 C, -10 25 0.2 3 P,D
Note:

(1) Forinformation on military temperature devices, please contact the factory.
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Ordering Tree (Part Number Description)

Explanation of Catalyst’s Part Number Code
l Prefix | Device # | Suffix I
CAT  28C64A P | -20

Device Part Number may be followed by: Package Temperature Range Speed or Program Number
A = Advanced Device or Special Assembly C = Sidebraze Blank = Commerecial (0°C to 70°C) (if applicable)
B = Advanced Device D = CERDIP | = Industrial (—40°C to 85°C)
H = High Endurance E=LCC M = Military (-55°C to 125°C)
L = Low Power Device J =80 (JEDEC)
V = Special Voltage K = SO (EIAJ)
Z = Zero Power N =PLCC

P = Plastic DIP

S = SO (JEDEC)

Non-Rotated
T=TSOP

5010 FHD ORDERING INFORMATION

Note:
(1) Refer to Section 15 for a detailed listing of Catalyst part numbers by product type.
(2) The device used in the above example is a CAT28C64API-20 (Plastic DIP, Industrial temperature, 200ns Access Time).

TD 5010
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CAT24C02/CAT24C02I

2K-Bit SERIAL E?PROM

FEATURES

H 12C Bus Compatible*

m Low Power CMOS Technology

m Hardware Write Protect

m 8 Byte Page Write Buffer

B Self-Timed Write Cycle with Auto-Clear

m 100,000 Program/Erase Cycles

m 100 Year Data Retention

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

B ZERO Power™ Version (CAT24C02Z) Available
m Optional High Endurance Device Available

DESCRIPTION

The CAT24C02/CAT24C02! is a 2K bit Serial CMOS
E2PROM internally organized as 256 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24C02/CAT24C02I

features an 8-byte page write buffer and a special write
protection feature. The device operates via the I2C bus
serial interface and is available in 8 pin DIP, 8 pin SO or
14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
Nc 31 143 Ne
A2 BRvee
Ad® 12Pawp
Nc [ 4 " [ANe
A5 10 M7 scL
vgg [ © 9 11 spA
SO Package Ne 47 8N
A [: 1 8 :: v 5027 FHD Fo1
o Lo° cc
A1 ]2 7B wp
A2 [ 3 6 [ scL
vssc]4 5[ spa

5020 FHD Fo1

PIN FUNCTIONS

Pin Name Function

A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock

WP Write Protect

Vce +5V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
(VAVAYA - Sour SENSE AMPS
? Py SHIFT REGISTERS
vec [ t
WORD ADDRESS |—|  COLUMN
vss [ BUFFERS DECODERS
64
START/STOP
DA L™ Loaic
1 |,
E2PROM
xDEC[32 | Soxes
CONTROL
WP [ “loaic [, |
A A\ T
DATA IN STORAGE
HIGH VOLTAGE/
TIMING CONTROL

SCL [[>—> STATE COUNTERS

Ao [DO—>{ SLAVE
A1 [—> ADDRESS
A2 [O—{ COMPARATORS

5020 FHD Fo2

TD 5020

© 1992 by Catalyst Semiconductor, Inc.
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Preliminary

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
o o Ratings” may cause permanent damage to the device.
St T
orage empera.ture. —65°C10 +150°C 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 listed in the operational sections of this specification is not
Vce with Respect to Ground .................. ~2.0Vto +7.0V implied. Exposure to any absolute maximum rating for
T extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) .....coevveeircrieireeriree 1.0W )
Lead Soldering Temperature (10 secs) ............... 300°C
Output Short Circuit Current® ................cc........ 100mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILth®@ | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24C02 Tp = 0°C to +70°C, Vi = +5V +£10%, unless otherwise specified.
CAT24C02] Tp =—-40°C to +85°C, Ve = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lec Power Supply Current mA fscL = 100 KHz
Isg Standby Current Vcc = 5.5V pA ViN =GND or Vee
Isez® Standby Current Vcc = 5.5V HA ViN=GND orVcc
ILi Input Leakage Current 10 pHA Vin = GND to Vcc
Io Output Leakage Current 10 HA Vout = GND to Vcc
ViL Input Low Voltage -1.0 Vee x 0.3 \"
ViH Input High Voltage Vee x 0.7 Vee +05 \)
VoL Output Low Voltage 0.4 \ loL=3mA
CAPACITANCE Ta =25°C, f=1.0 MHz, Vcc =5V
Symbol Test Max. Units Conditions
Cwo® |  Input/Output Capacitance (SDA) 8 pF Vio = 0V
Ccn® Input Capacitance (A0, A1, A2, SCL) 6 pF ViN =0V
Note:

(1) The minimum DC input voltage is —0.8V. 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 V¢ + 2.0V for periods of less than 20ns.

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

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24C02Z.
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A.C. CHARACTERISTICS

CAT24C02 Ta = 0°C to +70°C, Vg = +5V +10%, unless otherwise specified.
CAT24C02| Ta =—-40°C to +85°C, Ve = +5V £10%, 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 35 pus
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 us
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:DAT Data In Setup Time 250 ns
tp® SDA and SCL Rise Time 1 us
tr@® SDA and SCL Fall Time 300 ns
tsu:sTo Stop Condition Setup Time 4.7 us
toH Data Out Hold Time 300 ns
Power-Up Timing(®)®6)

Symbol Parameter Max. Units
tpur ‘ 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 thé 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.

Note:
(3) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpum and tpyyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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CAT24C02/CAT24C02I

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24C02/CAT24C02I supports the I2C Bus data
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 CAT24C02/
CAT24C02| operates as a Slave device. Both the Mas-
ter device and Slave device can operate as either
transmitter or receiver, but the Master device controls
which mode is activated. A maximum of 8 devices may
be connected to the bus as determined by the device
address inputs A0, A1, and A2.

PIN DESCRIPTIONS

SCL.: Serial Clock
The serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs
These inputs set the device address within the slave
address. They must be connected to either Vss or Vec.

WP: Write Protect

If the WP pin is tied to Vcc the entire memory array
becomes READ only. If the WP pinistied to Vss normal
read/write operations are allowed to the device. This
feature protects the device from inadvertent program-

ming.
Figure 1. Bus Timing e tHIGH —» le—tR
=‘|_ow= ‘tLOWV '
scL ________
tsy:sTA "HD:DAT—>  |e—
<«—{ tHD:STA —»  e—1SU:DAT tsu:sTO
SDAIN I / N
« tAA < 'DH BUF

SDAOUT

5020 FHD Fo3

Figure 2. Write Cycle Timing
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Figure 3. Start/Stop Timing | |
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CAT24C02/CAT24C021

I2C BUS PROTOCOL

The following defines the features of the I°C bus proto-
col:

(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
SDA when SCL is HIGH. The CAT24C02/CAT24C02|
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determines the STOP condition. Alloperations 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 CAT24C02/CAT24C02! (see Fig. 5).
The next three significant bits (A2, A1, A0) are the device
address bits and define which device the Master is

accessing. Up to eight CAT24C02/CAT24C02I devices
may be individually addressed by the system. The last
bit of the slave addres$ 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 setto 0, a
Write operation is selected.

After the Master sends a START condition, the
CAT24C02/CAT24C02I monitors the bus and responds
with an acknowledge (on the SDA line) when its address
matchesthe transmitted slave address. The CAT24C02/
CAT24C02| then performs a Read or Write operation
depending on the state of the R/W bit.

Acknowledge

After asuccessful 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 CAT24C02/CAT24C02| responds with an acknowl-
edge 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.

Whenthe CAT24C02/CAT24C02Ibeginsa 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 CAT24C02/CAT24C02| will con-
tinue to transmit data. If no acknowledge is sent by the
Master, the device terminates data transmission and
waits for a STOP condition.

Figure 4. Acknowledge Timing

SCL FROM
MASTER
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3

DATA OUTPUT
FROM TRANSMITTER

X
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FROM RECEIVER

START

Il

—
—

ACKNOWLEDGE 5020 FHD Fo6

Figure 5. Slave Address Bits
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DEVICE ADDRESS
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WRITE OPERATIONS

Byte Write

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
pointer of the CAT24C02/CAT24C02I. After receiving
another acknowledge from the Slave, the Master device
transmits the data byte to be written into the addressed
memory location. The CAT24C02/CAT24C02| acknowl-
edges 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 CAT24C02/CAT24C02I writes up to 8 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 terminat-
ing after the initial word is transmitted, the Master is
allowed to send up to 7 additional bytes. After each byte
has been transmitted the CAT24C02/CAT24C02] will

respond with an acknowledge, and internally increment
the three low order address bits by one. The high order
bits remain unchanged.

Ifthe Mastertransmits more than 8 bytes priorto sending
the STOP condition, the address counter ‘wraps around’,
and previously transmitted data will be overwritten.

Once all eight bytes are received and the STOP condi-
tion has been sent by the Master, the internal program-
ming cycle begins. At this point all received data is
written to the CAT24C02/CAT24C02I 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 CAT24C02/CAT24C02 initiates the in-
ternal write cycle. ACK polling can be initiated immedi-
ately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24C02/CAT24CO02l s stillbusy with the write opera-
tion, no ACK will be returned. If the CAT24C02/
CAT24C02| 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
T s
BUSACTIVITY: A SLAVE . BYTE T
MASTER ? ADDRESS ADDRESS DATA 8
LI L L L L T T T
SDALINE I [} I 1 | [ T I | ‘ [ | T O O I | I |P|
A A A
K K K
5020 FHD Fo8
Figure 7. Page Write Timing
s
T s
BUSACTIVITY: A SLAVE BYTE T
MASTER R ADDRESS ADDRESS (n) DATA n DATA n+1 DATA n+7 g
- r r ~ r 2y f' A N
LI L L L L L L L L L L L
SDALINE H_I__I_IllllllllIlll|||l|lllll'l|I|II||IIISBIIIIII||;|
A A A A A
c c c c c
K K K K K

NOTE: IN THIS EXAMPLE n = XXXX 0000(B); X= 1 or 0
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CAT24C02/CAT24C021

WRITE PROTECTION

The Write Protection feature allows the user to protect
against inadvertent programming of the memory array.
If the WP pin is tied to Vcc, the entire memory array is
protected and becomes read only. The CAT24C02/
CAT24C02I will accept both slave and byte addresses,
but the memory location accessed is protected from
programming by the device’s failure to send an acknowl-
edge after the first byte of data is received.

READ OPERATIONS

The READ operation for the CAT24C02/CAT24C02l is
initiated in the same manner as the write operation with
the one exception that the R/W bit is set to a one. Three
different READ operations are possible: Immediate Ad-
dress READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24C02/CAT24C021's address counter contains
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 following
would access data from address N+1. If N=255, then the
counter will ‘wrap around’ to address 0 and continue to
clock out data. After the CAT24C02/CAT24C02| re-
ceives 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 condi-
tion.

Selective Read

Selective READ operations allow the Master device to
select at random any memory 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. After the CAT24C02/CAT24C02| acknowledges
the wordaddress, the Master device resendsthe START
condition and the slave address, this time with the R/W
bit set to one. The CAT24C02/CAT24CO02| then re-
sponds with its acknowledge and sends the eight bitbyte
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 CAT24C02/CAT24C02I sends the
initial eight bit byte requested, the Master will respond
with an acknowledge which tells the device it requires
more data. The CAT24C02/CAT24C02I will continue to
output an eight bit byte for each acknowledge sent by the
Master. The operation will terminate operation when the
Master fails to respond with an acknowledge, thus
sending the STOP condition.

The data being transmitted from the CAT24C02/
CAT24C02| is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24C02/CAT24C02I address bits so that the entire
memory array can be read during one operation. If more
than the 256 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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CAT24LC02/CAT24LCO02I

2K-Bit SERIAL E?PROM

FEATURES

B 12C Bus Compatible*

Low Power CMOS Technology
Hardware Write Protect

8 Byte Page Write Buffer

Self-Timed Write Cycle with Auto-Clear

® 100,000 Program/Erase Cycles

B 100 Year Data Retention

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

H 3 to 6 Volt Operation

® ZERO Power™ Version (CAT24LC02Z) Available
B Optional High Endurance Device Available

DESCRIPTION

The CAT24LC02/CAT24LCO02I is a 2K bit Serial CMOS
E2PROM internally organized as 256 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice powerrequirements. The CAT24L.C02/CAT24LC02|

features an 8-byte page write buffer and a special write
protection feature. The device operates via the I2C bus
serial interface and is available in 8 pin DIP, 8 pin SO or
14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
NC 1 14 I NC
Ap 4 2 18 3 vee
A3 2w
NCc ] 4 " aNe
A5 19FTscL
vgg [ & 9 3 spa
7 8
SO Package Ne [ ~ NC
Ao "1 8 Mvee
AL 2 7 [awp
A 3 6 [TJscL
Vss 4 5 [T1SDA
5021 FHD Fo1
PIN FUNCTIONS
Pin Name Function
A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock
WP Write Protect
Vee +3V to +6V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
(aVAVAYS Dout P SENSE AMPS
fy SHIFT REGISTERS
Vo i
WORD ADDRESS |—=|  COLUMN
vss Lo BUFFERS DECODERS
64
START/STOP .
I >——
SDA LOGIC
]
A
E2PROM
XDEC|32 | Goyes
CONTROL
WP [ LoGIC ]
7 y t

DATA IN STORAGE

i

HIGH VOLTAGE/
»| TIMING CONTROL

SCL [>—{ STATE COUNTERS

Ao [O—*{SLAVE
A1 L>—»| ADDRESS
A2 [>—»| COMPARATORS

5020 FHD Fo2

TD 5021

© 1992 by Catalyst Semiconductor, Inc.
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CAT24LC02/CAT24LCO2I

Preliminary

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ......................... —65°C to +150°C Ratings” may cause permanent dama!,ie to the dgvice.
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 listed in the operational sections of this specification is not
Vce with Respect to Ground .................. —2.0Vto +7.0V implied. Exposure to any absolute maximum rating for
Lo extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) .....cccoevrrrerererererenns 1.0W ’
Lead Soldering Temperature (10 secs)....... N 300°C
Output Short Circuit Current® _...................... . 100mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ItH®@@ | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24LC02 Ta = 0°C to +70°C, Ve = +3V to +6V, unless otherwise specified.
CAT24LC02I Ta = —40°C to +85°C, Ve = +3V to +6V, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcc Power Supply Current mA fscL = 100 KHz
Is Standby Current Vcc = 6V LA Vin.=GND or Vcc
IseZ® | Standby Current Ve = 6V pA ViN = GND or Ve
ILi Input Leakage Current 10 LA ViN=GND to Vce
ILo Output Leakage Current 10 pA Vout = GND to Ve
ViL Input Low Voltage -1.0 Vce x 0.3 Vv
ViH Input High Voltage Vee x 0.7 Vce + 0.5 \'
VoL Output Low Voltage 0.4 Vv loL =3 mA
CAPACITANCE Ta =25°C, f=1.0 MHz, Vo =5V
Symbol Test Max. Units Conditions
Cio® Input/Output Capacitance (SDA) 8 pF Vio =0V
CiN® 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 V¢ + 2.0V for periods of less than 20ns.

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

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

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

(5) Standby Current (Isg7) = OuA (<900nA) for the CAT24LC02Z.




Preliminary CAT24LC02/CAT24LCO02I

A.C. CHARACTERISTICS

CAT24LC02 Tp = 0°C to +70°C, Vi = +3V to +6V, unless otherwise specified.
CAT24LC02l Tp =—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 35 us
and ACK Out
teur® Time the Bus Must be Free Before 4.7 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 47 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 4.7 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 ns
tsu:DAT Data In Setup Time 250 ns
I e) SDA and SCL Rise Time 1 us
@ SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 47 us
toH Data Out Hold Time 300 ns

Power-Up Timing(3)(6)

Symbol Parameter Max. Units
tPuR 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.
Note:

(3) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpyp and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.




CAT24LC02/CAT24LCO2I

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24LC02/CAT24LC02I supporis the 12C Bus
data 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 CAT24LC02/
CAT24LCO02| 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. A maximum of 8 devices may
be connected to the bus as determined by the device
address inputs A0, A1, and A2.

PIN DESCRIPTIONS

SCL: Serial Clock
The serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs
These inputs set the device address within the slave
address. They must be connected to either Vss or Vcc.

WP: Write Protect

If the WP pin is tied to Vcc the entire memory array
becomes READ only. If the WP pin is tied to Vss normal
read/write operations are allowed to the device. This
feature protects the device from inadvertent program-
ming.

Figure 1. Bus Timing t — tiGH o th
| tlow Jow |
scL A
tsu:STA HD:DAT—»  |je—
tHD:STA —»  |le—tSU:DAT tsu:sTO
SDAIN I / X
toH e tBUF

< » tAA

SDAOUT
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Figure 2. Write Cycle Timing
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CAT24LC02/CAT24LCO02I

I2C BUS PROTOCOL

The following defines the features of the I2C bus proto-
col:

(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 CAT24LC02/CAT24LCO02|
monitors the SDA and SCL lines and will not respond
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 CAT24LC02/CAT24L.CO02I (see Fig. 5).
The next three significant bits (A2, A1, AO) are the device
address bits and define which device the Master is

accessing. Up to eight CAT24LC02/CAT24LCO02] de-
vices may be individually addressed by the system. 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 setto 0, a
Write operation is selected.

After the Master sends a START condition, the
CAT24LC02/CAT24LCO02I monitors the bus and re-
sponds with an acknowledge (on the SDA line) when its
address matches the transmitted slave address. The
CAT24LC02/CAT24LCO02! then performs a Read or
Write operation depending on the state of the R/W bit.

Acknowledge

After a successful data transfer, each receiving device is
requiredto 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 CAT24LC02/CAT24LCO02I 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 CAT24L.C02/CAT24LC02| 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 CAT24LC02/
CAT24LCO02I 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

SCLFROM 1 ; 9
MASTER _—\_./—1_\_/-8 W\_

DATA OUTPUT
FROM RECEIVER

START

DATAOUTPUT ™\ f g :
FROM TRANSMITTER ) 3 X / ;

ACKNOWLEDGE
5020 FHD F0B

Figure 5. Slave Address Bits
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Preliminary

WRITE OPERATIONS

Byte Write

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 CAT24LC02/CAT24LCO02I. After receiving
another acknowledge from the Slave, the Master device
transmits the data byte to be written into the addressed
memory location. The CAT24LC02/CAT24LCO02| 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 CAT24LC02/CAT24LC02! writes up to 8 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 word is transmitted,
the Master is allowed to send up to 7 additional bytes.
After each byte has been transmitted the CAT24LC02/

CAT24L.C02I will respond with an acknowledge, and
internally increment the three low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 8 bytes priorto sending
the STOP condition, the address counter ‘wraps around’,
and previously transmitted data will be overwritten.

Once all eight bytes are received and the STOP condi-
tion has been sent by the Master, the internal program-
ming cycle begins. At this point all received data is
writtento the CAT24L.C02/CAT24LCO02I 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 CAT24LC02/CAT24LCO02I initiates the
internal write cycle. ACK polling can be initiated imme-
diately. Thisinvolves issuing the start condition followed
by the-slave address for a write operation. If the
CAT24LC02/CAT24LC02I is still busy with the write
operation, no ACK will be returned. If the CAT24LC02/
CAT24LCO02! 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
T S
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5020 FHD Fo8
Figure 7. Page Write Timing
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CAT24LC02/CAT24LCO2I

WRITE PROTECTION

The Write Protection feature allows the user to protect
against inadvertent programming of the memory array.
If the WP pin is tied to Vcc, the entire memory array is
protected and becomes read only. The CAT24LC02/
CAT24LCO02I will accept both slave and byte addresses,
but the memory location accessed is protected from
programming by the device’s failure to send an acknowl-
edge after the first byte of data is received.

READ OPERATIONS

The READ operation for the CAT24LC02/CAT24LC02I
is initiated in the same manner as the write operation
with the one exception that the R/W bit is set to a one.
Three different READ operations are possible: Immedi-
ate Address READ, Selective READ and Sequential
READ.

Immediate Address Read

The CAT24LC02/CAT24LCO02I's address counter con-
tains the address ofthe last byte accessed, incremented
by one. In other words, if the last READ or WRITE
access was to address N, the READ immediately follow-
ing would access datafromaddress N+1. If N=255, then
the counter will ‘wrap around’ to address 0 and continue
to clock out data. After the CAT24LC02/CAT24LCO02I
receives its slave address information (with the R/W bit
settoone), it issues an acknowledge, then transmits the
eight bit byte requested. The master device does not
send an acknowledge but will generate a STOP condi-
tion.

Selective Read

Selective READ operations allow the Master device to
select at random any memory location for a READ
operation. The Master device first perfforms a ‘dummy’
write operation by sending the START condition, slave
address and byte address of the location it wishes to
read. Afterthe CAT24LC02/CAT24LC02l acknowledges
the word address, the Master device resendsthe START
condition and the slave address, this time with the R/W
bit set to one. The CAT24LC02/CAT24LCO02I then re-
sponds with its acknowledge and sends the eightbit 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 CAT24LC02/CAT24LC02| sends
the initial eight bit byte requested, the Master will re-
spond with an acknowledge which tells the device it
requires more data. The CAT24LC02/CAT24LCO02] will
continue to output an eight bit byte for each acknowl-
edge sent by the Master. The operation will terminate
operation when the Master fails to respond with an
acknowledge, thus sending the STOP condition.

The data being transmitted from the CAT24LC02/
CAT24LCO02! is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24LC02/CAT24LCO02I address bits so that the en-
tire memory array can be read during one operation. If
more than the 256 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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Ilj|CATALYST

S EMICONDUCTOR

CAT24C02A/CAT24CO02AlI

2K-Bit SERIAL E?PROM

FEATURES

m [I°C Bus Compatible*

m Low Power CMOS Technology

m 8 Byte Page Write Buffer

m Self-Timed Write Cycle with Auto-Clear

® 100,000 Program/Erase Cycles

m 100 Year Data Retention

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

B ZERO Power™ Version (CAT24C02AZ) Available
m Optional High Endurance Device Available

DESCRIPTION

The CAT24C02A/CAT24C02Al is a 2K bit Serial CMOS
E2PROM internally organized as 256 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24C02A/CAT24C02Al

features an 8-byte page write buffer. The device oper-
ates via the I12C bus serial interface and is available in 8
pin DIP, 8 pin SO or 14 pin SO packages.

PIN CONFIGURATION

DIP Package SO Package
Nc ! 14 Ne
Ao 2 131 Vee
s 12 Ne
Nc ] 4 T HEINe
A, ]S 19 scL
vgg ] 6 9 1 spa
7 8
SO Package Ne T ~ NC
Ao 8 [avee
A 2 7 NG
Aor] 3 6 [1scL
Vss[] 4 5 [[JSDA

5029 FHD Fo1

PIN FUNCTIONS

Pin Name Function

A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock

NC No Connect

Vce +5V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
[aVAVAVA - Dour SENSE AMPS
;I Py SHIFT REGISTERS
Voo D i
WORD ADDRESS |—>  COLUMN
Vss [ l—' BUFFERS DECODERS
64
START/STOP
DAL+ 561
1
J . E2PROM
XDEC|32 | aoxea
CONTROL
LOGIC -
»| DATA IN STORAGE
HIGH VOLTAGE/
TIMING CONTROL

SCL [D—> STATE COUNTERS

Ao [D—>{sLAvE
A1 [>—>{ADDRESS
A2 [—| COMPARATORS

5020 FHD Fo2

TD 5029

© 1992 by Catalyst Semiconductor, Inc.
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CAT24C02A/CAT24C02Al

Preliminary

- ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias -55°C to +125°C
......................... —-65°C to +150°C
Voltage on Any Pin with

Storage Temperature

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those

Respect to Ground®.............. —2.0Vto +Vco + 2.0V listed in the operational sections of this specification is not
Vee with Respect to Ground .................. —2.0Vto +7.0V implied. Exposure to any absolute maximum rating for
N extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) ......ccevvereririnerirerereenene 1.0W ’
Lead Soldering Temperature (10 secs)................ 300°C
Output Short Circuit Current® .......................... 100mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24C02A Tpa = 0°C to +70°C, Vi = +5V £10%, unless otherwise specified.
CAT24C02Al Tp = —40°C to +85°C, Ve = +5V +10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lec Power Supply Current mA fscL = 100 KHz
Iss Standby Current Vcc = 5.5V pA ViN = GND or Vee
1582 Standby Current Vcc = 5.5V pA Vin = GND or Vee
] Input Leakage Current 10 MA Vin =GND to Vce
Lo Output Leakage Current 10 LA Vout = GND to Vce
Vi Input Low Voltage -1.0 Vee x 0.3 \Y
VH Input High Voltage Vee x 0.7 Vece +0.5 \
VoL Output Low Voltage 0.4 Vv loL=3mA
CAPACITANCE Ta =25°C,f=1.0 MHz, Vgc =5V
Symbol Test Max. Units Conditions
Cio® Input/Output Capacitance (SDA) 8 pF Vyo =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 understoot to ~2.0V for periods of less than 20 ns. Maximum DC
voltage on output pins is V¢ +0.5V, which may overshoot to Ve + 2.0V for periods of less than 20ns.

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

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

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from =1V to V¢g +1V.

(5) Standby Current (Isgz) = OnA (<900nA) for the CAT24C02AZ.

2-18
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A.C. CHARACTERISTICS

CAT24C02A Ta = 0°C to +70°C, Vcc = +5V £10%, unless otherwise specified.
CAT24C02Al Tp = —40°C to +85°C, Vg = +5V £10%, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max Units
FscL Clock Frequency 100 KHz
Ti® Noise Suppression Time 100 ns

Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 35 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 us
tLow Clock Low Period 47 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:DAT Data In Setup Time 250 ns
tp® SDA and SCL Rise Time 1 us
tr@® SDA and SCL Fall Time 300 ns
tsu:sTo Stop Condition Setup Time 4.7 us
toH Data Out Hold Time 300 ns

Power-Up Timing(®)(®)

Symbol Parameter Max. Units
tPuR Power-up to Read Operation 1 ms
tPuw 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.
Note:

(3) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpur and tpyy are the delays required from the time V¢ is stable until the specified operation can be initiated.
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CAT24C02A/CAT24C02Al

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24C02A/CAT24C02Al supports the 12C Bus
data 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 CAT24C02A/
CAT24CO02Al 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. A maximum of 8 devices may
be connected to the bus as determined by the device
address inputs A0, A1, and A2.

PIN DESCRIPTIONS

SCL.: Serial Clock
The serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs
These inputs set the device address within the slave
address. They must be connected to either Vss or Vec.

Figure 1. Bus Timing
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Figure 2. Write Cycle Timing
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CAT24C02A/CAT24C02AI

I2C BUS PROTOCOL

The following defines the features of the I2C bus proto-
col:

(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
SDA when SCLisHIGH. The CAT24C02A/CAT24C02Al
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determinesthe 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 CAT24C02A/CAT24C02Al (see Fig. 5).
The nextthree significant bits (A2, A1, A0) are the device
address bits and define which device the Master is

accessing. Up to eight CAT24C02A/CAT24C02Al de-
vices may be individually addressed by the system. 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 operation is selected.

After the Master sends a START condition, the
CAT24C02A/CAT24C02Al monitors the bus and re-
sponds with an acknowledge (onthe SDA line) when its
address matches the transmitted slave address. The
CAT24C02A/CAT24C02Al then performs a Read or
Wirite operation depending on the state of the R/W bit.

Acknowledge

After a successful datatransfer, each receiving device is
requiredto 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 CAT24C02A/CAT24C02Al 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 CAT24C02A/CAT24C02Al 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 CAT24C02A/
CAT24C02Al 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
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WRITE OPERATIONS

Byte Write

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
pointer of the CAT24C02A/CAT24C02Al. After receiv-
ing another acknowledge from the Slave, the Master
device transmits the data byte to be written into the
addressed memory location. The CAT24C02A/
CAT24C02Al acknowledges 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 CAT24C02A/CAT24C02Al writes up to 8 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 word is transmitted,
the Master is allowed to send up to 7 additional bytes.
After each byte has been transmitted the CAT24C02A/

CAT24C02Al will respond with an acknowledge, and
internally increment the three low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 8 bytes prior to sending
the STOP condition, the address counter ‘wraps around’,
and previously transmitted data will be overwritten.

Once all eight bytes are received and the STOP condi-
tion has been sent by the Master, the internal program-
ming cycle begins. At this point all received data is
writtentothe CAT24C02A/CAT24C02Al 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 CAT24C02A/CAT24C02Al initiates the
internal write cycle. ACK polling can be initiated imme-
diately. This involves issuing the start condition followed
by the ‘slave address for a write operation. If the
CAT24C02A/CAT24C02Al is still busy with the write
operation, no ACK will be returned. If the CAT24C02A/
CAT24C02Al 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
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Figure 7. Page Write Timing
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CAT24C02A/CAT24C02Al

READ OPERATIONS

The READ operation for the CAT24C02A/CAT24C02Al
is initiated in the same manner as the write operation
with the one exception that the R/W bit is set to a one.
Three different READ operations are possible: Immedi-
ate Address READ, Selective READ and Sequential
READ.

Immediate Address Read

The CAT24C02A/CAT24C02AI'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 follow-
ing would access data fromaddress N+1. If N=255, then
the counter will ‘wrap around’ to address 0 and continue
to clock out data. After the CAT24C02A/CAT24C02Al
receives its slave address information (with the R/W bit
settoone), itissues an acknowledge, then transmits the
eight bit byte requested. The master device does not
send an acknowledge but will generate a STOP condi-
tion.

Selective Read

Selective READ operations allow the Master device to
select at random any memory 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 CAT24C02A/CAT24C02Al acknowledges
the word address, the Master device resendsthe START
condition and the slave address, this time with the R/W
bit set to one. The CAT24C02A/CAT24C02Al then re-
sponds with its acknowledge and sends the eight bitbyte
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 CAT24C02A/CAT24C02Al sends
the initial eight bit byte requested, the Master will re-
spond with an acknowledge which tells the device it
requires more data. The CAT24C02A/CAT24C02Al will
continue to output an eight bit byte for each acknowl-
edge sent by the Master. The operation will terminate
operation when the Master fails to respond with an
acknowledge, thus sending the STOP condition.

The data being transmitted from the CAT24C02A/
CAT24C02Al is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24C02A/CAT24CO02Al address bits so that the en-
tire memory array can be read during one operation. If
more than the 256 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
s
BUS ACTIVITY: SLAVE T
MASTER ADDRESS DATAR DATA n+1 DATA n+2 DATA n+x <P3
. . . - - < - \
et LI I B B O | LU L B L L LI B B B B I |
SDALINE _____;—]I|||lnlllllll|||||l|||||||!I—TS“||||111|H
A A A A
c c c c
K K

5020 FHD F12

2-24



Preliminary

Ill|CATALYST

S EMICONDUCTOR

CAT24LC02A/CAT24LCO02Al

2K-Bit SERIAL E?PROM

FEATURES

® [°C Bus Compatible*

H Low Power CMOS Technology

H 8 Byte Page Write Buffer

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

H 100 Year Data Retention

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

H 3 to 6 Volt Operation

B ZEROPower™Version (CAT24LC02AZ) Available
H Optional High Endurance Device Available

DESCRIPTION

The CAT24LCO2A/CAT24LCO02Al is a 2K bit Serial
CMOS E2PROM internally organized as 256 x 8 bits.
Catalyst's advanced CMOS technology substantially
reducesdevice power requirements. The CAT24LC02A/

CAT24L.CO02Al features an 8-byte page write buffer. The
device operates via the [2C bus setial interface and is
available in 8 pin DIP, 8 pin SO or 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
NC 1 143 Ne
Ao 2 13 Vee
N 21 Ne
NCc [ 4 " EINe
Ap ] 8 107 scL
vgg ] © 9 11 spa
SO Package e .47 & FIne
Aot 8 [JVee
A 2 7 [Ne
Ao 3 6 [1scL
Vss 4 5 [T1SDA

5029 FHD Fo1

PIN FUNCTIONS

Pin Name Function

A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address

SCL Serial Clock

NC No Connect

Vce +3V to +6V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
aVAVAVA Dout SENSE AMPS
l] Pk SHIFT REGISTERS
Vee [ ?
WORD ADDRESS COLUMN
v
ssLo I‘* BUFFERS DECODERS
A
64
START/STOP
s -
DAL LOGIC
T 1 ! E2PROM
XDEC[32 | oyea
CONTROL
LOGIC
* i
»| DATA IN STORAGE
HIGH VOLTAGE/
»| TIMING CONTROL

SCL [—{ STATE COUNTERS

Ao [D—> SLAVE

A1 [—>| ADDRESS
A2 COMPARATORS

5029 FHD Fo2

TD 5030

© 1992 by Catalyst Semiconductor, Inc.
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CAT24LC02A/CAT24LCO2AI

Preliminary

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias..................... -55°C to +125°C
Storage Temperature ............ccccou..... -65°C to +150°C
Voltage on Any Pin with

Respect to Ground™............... —2.0V to +Vcc + 2.0V
Vcc with Respect to Ground ................. —2.0Vto + 7.0V

Package Power Dissipation
Capability (Ta=25°C) .....cccccoevrrrrrcreerceenan 1.0W

Lead Soldering Temperature (10 secs)
Output Short Circuit Current@

RELIABILITY CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those
listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for
extended periods may affect device performance and
reliability.

Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®® | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24LCO02A Ta = 0°C to +70°C, V¢ = +3V to +6V, unless otherwise specified.
CAT24LCO02Al Tp = -40°C to +85°C, Vg = +3V to +6V, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Icc Power Supply Current mA fscL = 100 KHz
IsB Standby Current Vce =6V HA Vin=GND or Vce
Isez® | Standby Current Vcc = 6V pA Vin = GND or Vce
] Input Leakage Current 10 HA ViN=GND to Vcc
ILo Output Leakage Current 10 HA Vout = GND to Vce
ViL Input Low Voltage -1.0 Vce x 0.3 \
ViH Input High Voltage Vee x 0.7 Vce +0.5 \
VoL Output Low Voltage 04 \ loL=3mA
CAPACITANCE Ta =25°C, f=1.0 MHz, Vcc =5V
Symbol Test Max. Units Conditions
Cuo® Input/Output Capacitance (SDA) 8 pF Vyo =0V
Ccine® 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 V¢ +0.5V, which may overshoot to V¢ + 2.0V for periods of less than 20ns.

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

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24LC02AZ.
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A.C. CHARACTERISTICS

CAT24LCO02A Ta = 0°C to +70°C, Ve = +3V to +6V, unless otherwise specified.
CAT24LCO02AI Tp = —40°C to +85°C, Ve = +3V to +6V, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max Units
FsctL Clock Frequency 100 KHz
T® Noise Suppression Time 100 ns

Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 35 us
and ACK Out
tBur® Time the Bus Must be Free Before 47 us
a New Transmission Can Start
tHD:sTA Start Condition Hold Time 4.0 ps
ttow | Clock Low Period 47 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:DAT - Data In Setup Time 250 ns
tr® SDA and SCL Rise Time 1 us
tr@ SDA and SCL Fall Time 300 ns
tsu:sto Stop Condition Setup Time 4.7 us
toH Data Out Hold Time 300 ns

Power-Up Timing(3X6)

Symbol Parameter Max. Units
tPUR 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.
Note:

(3) This parameter is tested initially and after a design or process change that affects the parameter.
(8) tpyp and tpyyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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FUNCTIONAL DESCRIPTION

The CAT24LC02A/CAT24LC02Al supports the I°C Bus
data 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 forbus access. The CAT24LC02A/
CAT24LCO2Al 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. A maximum of 8 devices may
be connected to the bus as determined by the device
address inputs A0, A1, and A2.

PIN DESCRIPTIONS

SCL: Serial Clock
The serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs
These inputs set the device address within the slave
address. They must be connected to either Vss or Vcc.

Figure 1. Bus Timing
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Figure 2. Write Cycle Timing
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Figure 3. Start/Stop Timing
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CAT24LC02A/CAT24LCO2AI

I2C BUS PROTOCOL

The following defines the features of the I2C bus proto-
col:

(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
SDA when SCL is HIGH. The CAT24LCO02A/
CAT24LCO02Al monitors the SDA and SCL lines and will
not respond until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determines the STOP condition. Alloperations 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 CAT24LC02A/CAT24LCO2AI (see Fig.
5). The next three significant bits (A2, A1, AO) are the
device address bits and define which device the Master

is accessing. Up to eight CAT24LC02A/CAT24LC02AI
devices may be individually addressed by the system.
The last bit of the slave address specifies whether a
Read or Write operation is to be performed. When this
bit is setto 1, a Read operation is selected, and when set
to 0, a Write operation is selected.

After the Master sends a START condition, the
CAT24LC02A/CAT24LCO2AI monitors the bus and re-
sponds with an acknowledge (onthe SDA line) when its
address matches the transmitted slave address. The
CAT24LC02A/CAT24LCO02Al then performs a Read or
Write operation depending on the state of the R/W bit.

Acknowledge

After a successful data transfer, each receiving device is
requiredto 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 CAT24LC02A/CAT24LC02Al 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.

Whenthe CAT24LC02A/CAT24LC02AI beginsa 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 CAT24LCO02A/
CAT24LCO2AI 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
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WRITE OPERATIONS

Byte Write

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
pointer of the CAT24LC02A/CAT24LCO02AI. After re-
ceivinganotheracknowledge fromthe Slave, the Master
device transmits the data byte to be written into the
addressed memory location. The CAT24LC02A/
CAT24LCO02Al acknowledges once more and the Mas-
ter generates the STOP condition, at which time the
device beginsits internal programming cycle to nonvola-
tile memory. While this internal cycle is in progress, the
device will not respond to any request from the Master
device.

Page Write

The CAT24LC02A/CAT24LCO2AI writes up to 8 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 word is transmitted,
the Master is allowed to send up to 7 additional bytes.
After each byte has been transmitted the CAT24LC02A/

CAT24LCO2AI will respond with an acknowledge, and
internally increment the three low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 8 bytes priorto sending
the STOP condition, the address counter ‘wraps around’,
and previously transmitted data will be overwritten.

Once all eight bytes are received and the STOP condi-
tion has been sent by the Master, the internal program-
ming cycle begins. At this point all received data is
written to the CAT24LC02A/CAT24LCO02Al 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 CAT24LC02A/CAT24LC0O2Al initiates the
internal write cycle. ACK polling can be initiated imme-
diately. Thisinvolves issuing the start condition followed
by the slave address for a write operation. If the
CAT24LC02A/CAT24LCO02Al is still busy with the write
operation, no ACK will be returned. Ifthe CAT24LC02A/
CAT24LCO02Al 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
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Figure 7. Page Write Timing
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CAT24LC02A/CAT24LCO2AI

READ OPERATIONS

The READ operation for the CAT24LCO02A/
CAT24LCO2Al is initiated in the same manner as the
write operation with the one exception that the R/W bit is
set to a one. Three different READ operations are
possible: Immediate Address READ, Selective READ
and Sequential READ.

Immediate Address Read

The CAT24LCO02A/CAT24LCO2AlI's address counter
contains 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 immedi-
ately following would access data from address N+1. If
N=255, then the counter will ‘wrap around’ to address 0
and continue to clock out data. After the CAT24LC02A/
CAT24LCO02AlI 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 memory 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. After the CAT24LC02A/CAT24LC02AI acknowl-
edges the word address, the Master device resends the
START condition and the slave address, this time with
the R/Wbitsetto one. The CAT24LC02A/CAT24LCO02Al
then responds with its acknowledge and sends the eight
bit byte requested. The master device does not send an
acknowledge 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. Afterthe CAT24LC02A/CAT24LC02Al sends
the initial eight bit byte requested, the Master will re-
spond with an acknowledge which tells the device it
requires more data. The CAT24LC02A/CAT24LCO02Al
will continue to output an eight bit byte for each acknowl-
edge sent by the Master. The operation will terminate
operation when the Master fails to ‘respond with an
acknowledge, thus sending the STOP condition.

The data being transmitted from the CAT24LC02A/
CAT24LCO02Al is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24LC02A/CAT24LCO02AI address bits so that the
entire memory array can be read during one operation.
If more than the 256 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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Jll|CATALYST

S EMICONDUCTOR

CAT24C04/CAT24C04I

4K-Bit SERIAL E?’PROM

FEATURES

B [I°C Bus Compatible*

B Low Power CMOS Technology

m 16 Byte Page Write Buffer

B Self-Timed Write Cycle with Auto-Clear

m 100,000 Program/Erase Cycles

® 100 Year Data Retention

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

B ZERO Power™ Version (CAT24C04Z) Available
W Optional High Endurance Device Available

DESCRIPTION

The CAT24C04/CAT24C04l is a 4K bit Serial CMOS
E?PROM internally organized as 512 x 8 bits. Catalyst’s
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24C04/CAT24C04|

features a 16 byte page write buffer. The device operates
via the I2C bus serial interface and is available in 8 pin
DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION

BLOCK DIAGRAM

DIP Package SO Package EXTERNAL LOAD
N LAt 14 [dnc VAVAYA Dout SENSE AMPS
A ]2 18Rvee i:ll- ACK | SHIFT REGISTERS
A3 12 7 TEST
N<1: 14 1 Ne vec o T
s 10 5 Vss WORD ADDRESS COLUMN
A2 SCL BUFFERS DECODERS
vgs 4 © 9 1 spa
SO Pack Ne ] 7 8 O NC 128
acrage SDA [ STAL%TG/?CIOP '
Ao =1 8 [Vee ] >
A 2 7 [ITEST T
Ao 3 6 [JscL E2PROM
v . . XDEC|32 | 35 x 128
ssC ] SDA CONTROL
5022 FHD Fo1 TEST D___, LOGIC
PIN FUNCTIONS ¥ 1
Pin Name Function DATA IN STORAGE
A0, A1, A2 | Device Address Inputs T
SDA Serial Data/Address HIGH VOLTAGE/
- »| TIMING CONTROL
SCL Serial Clock
TEST Connect to Vss SCL [—* STATE COUNTERS
Vcee +5V Power Supply Ao [O—>{SLAVE
A1 [—>] ADDRESS
Vss Ground A2 [>—+{ COMPARATORS
<5022 FHD F02
* Catalyst Semiconductor is licensed by Philips Corporation to carry the [2C Bus Protocol. TD 5022

© 1992 by Catalyst Semiconductor, Inc.
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CAT24C04/CAT24C041

Preliminary

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... —55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ......................... -65°C to +150°C Ratings” may cause permanent damage to the dgvice.
o These are stress ratings only, and functional operation of
Voltage on Any Pin W'“} the device at these or any other conditions outside of those
Respect to Ground™.............. —2.0Vto +Vee + 2.0V listed in the operational sections of this specification is not
Ve with Respect to Ground .................. —20Vto+7.0v  implied. Exposure to any absolute maximum rating for
T extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) ...coocvevremeenririciinnnns 1.0W ’
Lead Soldering Temperature (10 secs) ............... 300°C
Output Short Circuit Current@ .......................... 100mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILtH®@ | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24C04 Tp = 0°C to +70°C, Ve = +5V +£10%, unless otherwise specified.
CAT24C041 Tp =-40°C to +85°C, Vi = +5V £10%, unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
Icc Power Supply Current mA fscL = 100 KHz
Is Standby Current Vcc = 5.5V 4 LA ViN = GND or Vce
Isez® Standby Current Vcc = 5.5V HA ViN = GND or Vcc
] Input Leakage Current 10 pA ViN = GND to Ve
ILo Output Leakage Current 10 A Vout = GND to Vcc
Vi Input Low Voltage -1.0 Vce x 0.3 Vv
ViH Input High Voltage Vee x 0.7 Vce + 0.5 v
VoL Output Low Voltage 0.4 \' loL =3 mA

CAPACITANCE Tp =25°C,f=1.0 MHz, Vcc =5V

Symbol Test Max. Units Conditions
Cro® Input/Output Capacitance (SDA) 8 pF Vo = 0V
cn® Input Capacitance (A0, A1, A2, SCL) 6 _ pF VinN=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 Vgc +0.5V, which may overshoot to V¢ + 2.0V for periods of less than 20ns.

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

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24C04Z.
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Preliminary CAT24C04/CAT24C04l

A.C. CHARACTERISTICS

CAT24C04 Tp = 0°C to +70°C, Ve = +5V £10%, unless otherwise specified.
CAT24C04I Tp =-40°C to +85°C, Ve = +5V £10%, 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 35 us
and ACK Out
taur® Time the Bus Must be Free Before 47 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 47 us
tHIGH Clock High Period 4.0 ps
tsu:sTA Start Condition Setup Time 47 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 ns
tsu:DAT Data In Setup Time 250 ns
tr® SDA and SCL Rise Time 1 us
te® SDA and SCL Fall Time 300 ns
tsu:sTo Stop Condition Setup Time 47 us
toH Data Out Hold Time 300 ns
Power-Up Timing(3X6)

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 Wirite 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.
Note:

(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 V¢ is stable until the specified operation can be initiated.
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CAT24C04/CAT24C04l

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24C04/CAT24C04| supports the I12C Bus data
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 CAT24C04/
CAT24C04| operates as a Slave device. Both the Mas-
ter device and Slave device can operate as either
transmitter or receiver, but the Master device controls
which mode is activated. A maximum number of four
devices may be connected to the bus as determined by
the device address inputs A2, A1.

PIN DESCRIPTIONS

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 with other
open drain or open collector outputs.

AO:

AOis unused by the CAT24C04/CAT24C041 but mustbe
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 Vgs or

Vee.

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

SCL: Serial Clock operations.
The serial clock input clocks all data transferred into or
out of the device.
Figure 1. Bus Timing tF o e tHIGH - 1R
- tlow | fLow |
scL
tsu:sTA HD:DAT—  |e—
tHD:STA —>  [e—1SU:DAT tsu:sTO
SDAIN / N
t
< » tAA <« IDH BUF
SDAOUT
5020 FHD F03
Figure 2. Write Cycle Timing
I\ T ANN T
______________ { L
SDA X 8THBIT \  AcCK /\__/ ) \ / \ / \ i
i ) BYTE n ar
[e—————IWR —————— >
STOP- START ADDRESS
CONDITION CONDITION 5020 FHD Fod

Figure 3. Start/Stop Timing

SDA

STOP BIT 5020 FHD Fo5
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CAT24C04/CAT24C04l

I2C BUS PROTOCOL
The following defines the features of the 12C 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
SDA when SCL is HIGH. The CAT24C04/CAT24C04I
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determinesthe 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 CAT24C04/CAT24C04I (see Fig. 5). The
next two significant bits (A2, A1) are the device address
bits and define which device the Masteris accessing. Up
tofour CAT24C04/CAT24C04| devices may be individu-

ally addressed by the system. The A0 bit of the slave
address selects which 2K array of memory 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 operation is selected.

After the Master sends a START condition, the
CAT24C04/CAT24C04| monitors the bus and responds
with an acknowledge (on the SDA line) when its address
matchesthetransmitted slave address. The CAT24C04/
CAT24C04I 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 CAT24C04/CAT24C04I responds with an acknowl-
edge 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.

Whenthe CAT24C04/CAT24C04Ibeginsa 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 CAT24C04/CAT24C04I will con-
tinue to transmit data. If no acknowledge 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
FROM TRANSMITTER

DATA QUTPUT
FROM RECEIVER

START

ACKNOWLEDGE
. 5020 FHD F06

Figure 5. Slave Address Bits

l1lo|1|o|A2JA1|Ao|R/WI

[ —
DEVICE ADDRESS

5022 FHD Fo8
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Preliminary

WRITE OPERATIONS

Byte Write

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
pointer of the CAT24C04/CAT24C04lI. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24C04/CAT24C04| acknowl-
edges 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 CAT24C04/CAT24C04I 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 CAT24C04/

CAT24C04! will respond with an acknowledge, and
internally increment the four low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 16 bytes priorto sending
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 CAT24C04/CAT24C04l 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 CAT24C04/CAT24C04I initiates the in-
ternal write cycle. ACK polling can be initiated immedi-
ately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24C04/CAT24C04l is stillbusy with the write opera-
tion, no ACK will be returned. |f the CAT24C04/
CAT24C04I1 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
T S
BUSACTIVITY: A SLAVE BYTE T
MASTER '? ADDRESS ADDRESS DATA g
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c c c
K K K
5020 FHD F08
Figure 7. Page Write Timing
s
T s
BUSACTIVITY: A SLAVE BYTE T
MASTER '; ADDRESS ADDRESS (n) DATA n DATA n+1 DATA n+15 g
P .. ~ -
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NOTE: IN THIS EXAMPLE n = XXXX 0000(B); X =1 0r0

5022 FHD Foo
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CAT24C04/CAT24C04I

READ OPERATIONS

The READ operation for the CAT24C04/CAT24C04I is
initiated in the same manner as the write operation with
the one exception that the R/W bit is set to a one. Three
different READ operations are possible: Immediate Ad-
dress READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24C04/CAT24C041’s address countercontains
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 following
would access data from address N+1. If N=511, thenthe
counter will ‘wrap around’ to address 0 and continue to
clock out data. After the CAT24C04/CAT24C04I re-
ceives 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 condi-
tion.

Selective Read

Selective READ operations allow the Master device to
select at random any memory 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. After the CAT24C04/CAT24C04| acknowledges
the byte address, the Masterdevice resends the START
condition and the slave address, this time with the R/W
bit set to one. The CAT24C04/CAT24C04I then re-
sponds with its acknowledge and sends the eightbit 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 CAT24C04/CAT24C04I sends the
initial eight bit byte requested, the Master will respond
with an acknowledge which tells the device it requires
more data. The CAT24C04/CAT24C04I will continue to
output an eight bit byte for each acknowledge 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 CAT24C04/
CAT24C04I is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24C04/CAT24C04I address bits so that the entire
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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CAT24C04/CAT24C04I Preliminary

| Figure 9. Selective Read Timing
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Figure 10. Sequential Read Timing
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JIl|CATALYST

S EMICONDUCTOR

CAT24LCO04/CAT24LCO04I

4K-Bit SERIAL E2PROM

FEATURES

m [I°C Bus Compatible*

Low Power CMOS Technology

16 Byte Page Write Buffer

Self-Timed Write Cycle with Auto-Clear

||
]
]
m 100,000 Program/Erase Cycles

W 100 Year Data Retention

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

H 3 to 6 Volt Operation

B ZERO Power™ Version (CAT24L.C04Z) Available
m Optional High Endurance Device Available

DESCRIPTION

The CAT24LC04/CAT24LC04l is a 4K bit Serial CMOS
E2PROM internally organized as 512 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24L.C04/CAT24LC04I

features a 16 byte page write buffer. The device operates
via the I2C bus serial interface and is available in 8 pin
DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
Nc [*1 14 Ne
Ap 4 2 18 M3 vee
Aq 43 2P0 71EST
Nc ] 4 " 3 Ne
A S 103 scL
vgg [ 6 9 71 spA
SO Package Ne 7 8 1 ne
Ao ol 8™ vee 5027 FHD FO1
A1 ]2 7 3 TEST
A2 ]38 6 [ scL
Vss [ 4 51 spa
5020 FHD Fo1
PIN FUNCTIONS
Pin Name Function
A0, 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 Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
(VAVAVA Dout SENSE AMPS
F SHIFT REGISTERS
ACK
Vee [ T
WORD ADDRESS COLUMN
vss [ BUFFERS DECODERS
128
START/STOP
| >—9—
SDA LOGIC
|
y
E2PROM
XDEC|32 | 35 108
CONTROL
TESTL O™ “Loaic |
‘ i
DATAIN STORAGE
HIGH VOLTAGE/
»| TIMING coNTROL

SCL [[>—{ STATE COUNTERS

Ao CO—>{SLAVE
A1 [>—>{ ADDRESS
A2 [>—»{ COMPARATORS

5023 FHD Fo3

TD 5023

© 1992 by Catalyst Semiconductor, Inc.
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CAT24LC04/CAT24LCO04l

Preliminary

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias .. ....=55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ......................... —65°C to +150°C Ratings™ may cause permanent damage o the dgvice.
o These are stress ratings only, and functional operation of
Voltage on any Pin W'“’; the device at these or any other conditions outside of those
Respect to Ground® .............. —2.0Vto +Vcc +2.0V listed in the operational sections of this specification is not
Vce with Respect to Ground .................. —2.0V to +7.0V implied. Exposure to any absolute maximum rating for
T extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) ....cccevverrrreereerienireenns 1.0W ’
Lead Soldering Temperature (10 secs) ............... 300°C
Output Short Circuit Current®@ .......................... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Neno® Endurance 100,000 Cycles/Byte MIL-STD-883, Test'Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
L@@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24LC04 Tp = 0°C to +70°C, Ve = +3V to +6V, unless otherwise specified.
CAT24LC041 Tp = —40°C to +85°C, V¢ = +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 Vcc = 6V HA Vin=GND or Vce
Issz() Standby Current Vcc = 6V A ViN = GND or Vce
] Input Leakage Current 10 HA ViNn = GND to Vce
lLo Output Leakage Current 10 HA Vout = GND to Vcc
ViL Input Low Voltage -1.0 Vce x 0.3 Vv
ViH Input High Voltage Vce x 0.7 Vce + 0.5 \
VoL Output Low Voltage 04 Vv loL=3mA
CAPACITANCE Tp =25°C,f=1.0 MHz, Vcc =5V
Symbol Test Max. Units Conditions
Cro® | Input/Output Capacitance (SDA) 8 pF Vo = 0V
Cin® 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 Vg +0.5V, which may overshoot to Ve +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.

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24LC04Z.
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A.C. CHARACTERISTICS

CAT24LC04 Tp = 0°C to +70°C, Vg = +3V to +6V, unless otherwise specified.
CAT24LC04I Tp =—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 35 us
and ACK Out
teur® Time the Bus Must be Free Before 4.7 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 47 us
tHIGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 4.7 us
(for a Repeated Start Condition) _
tHD:DAT Data In Hold Time 0 ns
tsu:pAT Data In Setup Time 250 ns
tp® SDA and SCL Rise Time 1 us
te® SDA and SCL Fall Time 300 ns
tsu:sto Stop Condition Setup Time 47 us
toH Data Out Hold Time 300 ns

Power-Up Timing(3)(6)

Symbol Parameter Max. Units
tPUR 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 V¢ is stable until the specified operation can be initiated.




CAT24LC04/CAT24LCO04lI

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24L.C04/CAT24LC04I supportsthe I°C Bus data
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/
CAT24LCO04I 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 serial 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 with other
open drain or open collector outputs.

AO:

AOis unused by the CAT24LC04/CAT24LCO04I 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 Vsg during normal
operations.

Figure 1. Bus Timing ' —»| |« tHIGH - 1R
‘tLOWV tLow |
scL N
tsu:sTA tHD:DAT—>|  |e—
> HD:STA —»  fe—tSU:DAT tsu:sTO
SDAIN I / 4
< o tAn 'l taur

»| {DH

SDAOUT

5020 FHD Fo3

Figure 2. Write Cycle Timing
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CAT24LC04/CAT24LC04l

12C 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 SCLis HIGH. The CAT24L.C04/CAT24LC04I
monitors the SDA and SCL lines and will not respond
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 CAT24LC04/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/CAT24LC04l de-

vices may be individually addressed by the system. The
AO bit of the slave address selects which 2K array of
memory 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-

CAT24LC04/CAT24LC04] monitors the bus and re-
sponds with an acknowledge (on the SDA line) when its
address matches the transmitted slave address. The
CAT24LC04/CAT24LCO04I then performs a Read or
Write operation depending on the state of the R/W bit.

Acknowledge

After a successful data transfer, each receiving device is
requiredto 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 CAT24LC04/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/CAT24LC04I| 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/
CAT24LC04l 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
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Preliminary

WRITE OPERATIONS

Byte Write

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
pointer of the CAT24LC04/CAT24LCO04I. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24LC04/CAT24LC04| 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 CAT24LC04/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 CAT24LC04/

CAT24LCO04I will respond with an acknowledge, and
internally increment the four low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 16 bytes priorto sending
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/CAT24L.C04l 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/CAT24LCO04l initiates the
internal write cycle. ACK polling can be initiated imme-
diately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24LC04/CAT24LCO04l is still busy with the write
operation, no ACK will be returned. If the CAT24LC04/
CAT24LCO041 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
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CAT24L.C04/CAT24LCO04l

READ OPERATIONS

The READ operation for the CAT24L.C04/CAT24L.C04I
is initiated in the same manner as the write operation
with the one exception that the R/W bit is set to a one.
Threedifferent READ operations are possible: Immediate
Address READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24L.C04/CAT24L.C04I'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/
CAT24LCO04l 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 memory 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 CAT24LC04/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/CAT24LC04l then re-
sponds with its acknowledge and sends the eight bitbyte
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/CAT24LC04I 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/
CAT24LCO04I 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/CAT24LC04l 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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IlJ|CATALYST

S EMICONDUCTOR

CAT24C08/CAT24C08I

8K-Bit SERIAL E?PROM

FEATURES -

N |°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

B 100 Year Data Retention

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

® ZERO Power™ Version (CAT24C08Z) Available
m Optional High Endurance Device Available

DESCRIPTION

The CAT24C08/CAT24C08! is a 8K bit Serial CMOS
E?PROM internally organized as 1024 x 8 bits. Catalyst’s
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24C08/CAT24C08I

features a 16 byte page write buffer. The device operates
via the I2C bus serial interface and is available in 8 pin
DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
Vee Nc 4! 143 Ne
TEST Ao ] 2 18 M vee
SCL A3 12 170 TeST
SDA NC ] 4 11 [ Ne
A5 1OFascL
vgg [ © 9 [ spa
7 8
SO Package NC [ 1 NC
Ao 8 MVee
AL 2 7 [ TEST
A 3 6 [TscL
VssCH 4 5 F1sDA

5022 FHD Fo1

PIN FUNCTIONS

Pin Name Function

A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock

TEST Connect to Vss

Vce +5V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
SVAYAA DouT B SENSE AMPS
F SHIFT REGISTERS
ACK
Vec D T
WORD ADDRESS [—»  COLUMN
Vss Lo BUFFERS DECODERS
128
| | sTaRT/STOP
SDA [ LOGIC
i !
y
E2PROM
XDEC|64 | oy 108
CONTROL
TesT O “Toae N
] i
»| DATA IN STORAGE
HIGH VOLTAGE/
TIMING CONTROL

SCL [—>{ STATE COUNTERS

Ao [D—* SLAVE
A1 L>—»| ADDRESS
A2 [>—»| COMPARATORS

5024 FHD Fo2

TD 5024

© 1992 by Catalyst Semiconductor, Inc.
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ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ............ccocuueee.. —65°C to +150°C Ratings™ may cause permanent damage o the dgvice.
o These are stress ratings only, and functional operation of
Voltage on Any Pin W'“} the device atthese or any other conditions outside of those
Respect to Ground™.............. —2.0Vto +Voc + 2.0V listed in the operational sections of this specification is not
Vo with Respect to Ground .................. —2.0Vto +7.0v  implied. Exposure to any absolute maximum rating for
T extended periods may affect device performance and
Package Power Dissipation reliabilty
Capability (Ta =25°C) ...oeevveeeeeererererriereeeene 1.0W '
Lead Soldering Temperature (10 secs) ............... 300°C
Output Short Circuit Current® .......................... 100mA
RELIABILITY CHARACTERISTICS
. Symbol Parameter Min. Max. Units Reference Test Method
Nenp®) Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILH®@ | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24C08 Tp = 0°C to +70°C, Ve = +5V to +10%, unless otherwise specified.
CAT24C08| Tp = —40°C to +85°C, Vi = +5V to +10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lec Power Supply Current 3 mA fscL = 100 KHz
Iss Standby Current Vcc = 5.5V pA Vin = GND or Vce
1ssz® Standby Current Vcc = 5.5V pA Vin = GND or Vce
I Input Leakage Current 10 HA ViNn = GND to Vee
lo Output Leakage Current 10 LA Vout = GND to Vce
ViL Input Low Voltage -1.0 Vee x 0.3 \"
ViH Input High Voltage Vce x 0.7 Vce + 0.5 Vv
VoL Output Low Voltage 04 \" loL=3mA
CAPACITANCE Tp =25°C, f=1.0 MHz, Vcc =5V
Symbol Test Max. Units Conditions
Cro® Input/Output Capacitance (SDA) 8 pF Vo =0V
Ccn® Input Capacitance (A0, A1, A2, SCL) 6 pF Vin =0V
Note:

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

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

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24C08Z.
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A.C. CHARACTERISTICS

CAT24C08 T = 0°C to +70°C, Ve = +5V £10%, unless otherwise specified.
CAT24C08I Tp =-40°C to +85°C, Ve = +5V +10%, 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 35 us
and ACK Out

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

tHD:sTA Start Condition Hold Time 4.0 us

tLow Clock Low Period 47 us

tHIGH Clock High Period 4.0 us

tsu:sTA Start Condition Setup Time 4.7 us
(for a Repeated Start Condition)

tHD:DAT Data In Hold Time 0 ns

tsu:pAT Data In Setup Time 250 ns

tp® SDA and SCL Rise Time 1 us

te@® SDA and SCL Fall Time 300 ns

tsu:sTO Stop Condition Setup Time 47 us

toH Data Out Hold Time 300 ns

Power-Up Timing(®)(6)

Symbol Parameter Max. Units
tPUR 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:

(8) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpum and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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FUNCTIONAL DESCRIPTION

The CAT24C08/CAT24C08! supports the 12C Bus data
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 CAT24C08/
CAT24C08l operates as a Slave device. Both the Mas-
ter device and Slave device can operate as either
transmitter or receiver, but the Master device controls
which mode is activated. A maximum number of two
devices may be connected to the bus as determined by
the device address input A2.

PIN DESCRIPTIONS

SCL: Serial Clock
The serial 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 with other
open drain or open collector outputs.

AO, A1:

These pins are unused by the CAT24C08/CAT24C08lI
but mustbe connected to Vss to insure proper operation
of the device.

A2:
This input sets the device address within the slave
address bits. It must be connectedto either Vgs orVge.

TEST:
The test pin is for Catalyst internal use only. The cus-
tomer should connect this pin to Vsg during normal

operations.

Figure 1. Bus Timing ¥ —> |+ tHIGH — je-1R
_flow_ tLow '
scL
tsu:STA tHD:DAT—{  |e—

tHD:STA —»  |le—1SU:DAT tsu:sTo

SDAIN / ™

t
- »| tAA tDH BUF
SDAOUT
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Figure 2. Write Cycle Timing
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CAT24C08/CAT24C08I

I’C BUS PROTOCOL

The following defines the features of the I°C bus proto-
col:

(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
SDA when SCL is HIGH. The CAT24C08/CAT24C08|
monitors the SDA and SCL lines and will not respond
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 CAT24C08/CAT24C08lI (see Fig. 5).
The next significant bit (A2) is the device address bit and
defines which device the Master is accessing. Two

CAT24C08/CAT24C08| devices may be individually
addressed by the system. The next two bits of the slave
address (A1, AO) selects which 2K array of memory 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 setto 0 a Write operation is selected.

After the Master sends a START condition, the
CAT24C08/CAT24C08| monitors the bus and responds
with an acknowledge (on the SDA line) when its address
matchesthe transmitted slave address. The CAT24C08/
CAT24C08I 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
requiredto 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 CAT24C08/CAT24C08l responds with an acknowl-
edge 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.

Whenthe CAT24C08/CAT24C08I beginsa 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 CAT24C08/CAT24C08| will con-
tinue to transmit data. If no acknowledge is sent by the
Master, the device terminates data transmission and
waits for a STOP condition.

Figure 4. Acknowledge Timing
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WRITE OPERATIONS

Byte Write

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
pointer of the CAT24C08/CAT24CO08l. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24C08/CAT24C08l acknowl-
edges 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 CAT24C08/CAT24C08! 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 CAT24C08/

CAT24C08I will respond with an acknowledge, and

internally increment the four low order address bits by

one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 16 bytes priorto sending
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 CAT24C08/CAT24C08l 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 CAT24C08/CAT24C08lI initiates the in-
ternal write cycle. ACK polling can be initiated immedi-
ately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24C08/CAT24C08l is stillbusy with the write opera-
tion, no ACK will be returned. If the CAT24C08/
CAT24C08| 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
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Figure 7. Page Write Timing
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CAT24C08/CAT24C08I

READ OPERATIONS

The READ operation for the CAT24C08/CAT24C08l is
initiated in the same manner as the write operation with
the one exception that the R/W bit is set to a one. Three
different READ operations are possible: Inmediate Ad-
dress READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24C08/CAT24C08l’'s address countercontains
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 following
would access data from address N+1. If N=1023, then
the counter will ‘wrap around’ to address 0 and continue
to clock out data. After the CAT24C08/CAT24C08lI
receives its slave address information (with the R/W bit
settoone), itissues an acknowledge, then transmits the
eight bit byte requested. The master device does not
send an acknowledge but will generate a STOP condi-
tion.

Selective Read

Selective READ operations allow the Master device to
select at random any memory 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. After the CAT24C08/CAT24C08| 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 CAT24C08/CAT24C08! then re-
sponds with its acknowledge and sends the eight bitbyte
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 CAT24C08/CAT24C08| sends the
initial eight bit byte requested, the Master will respond
with an acknowledge which tells the device it requires
more data. The CAT24C08/CAT24CO08I will continue to
output an eight bit byte for each acknowledge 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 CAT24C08/
CAT24C08! is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24C08/CAT24C08I address bits so that the entire
memory array can be read during one operation. If more
than the 1024 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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IlJ|CATALYST

S EMICONDUCTOR

CAT24LCO08/CAT24LCO08I

8K-Bit SERIAL E2PROM

FEATURES
H |2C Bus Compatible*

® Low Power CMOS Technology

m 16 Byte Page Write Buffer

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

100 Year Data Retention
8 pin DIP, 8 pin SO or 14 pin SO Package

ZERO Power™ Version (CAT24L.C08Z) Available

]
]
m 3 to 6 Volt Operation
]
|

Optional High Endurance Device Available

DESCRIPTION

The CAT24LC08/CAT24LCO08l is a 8K bit Serial CMOS
E?PROM internally organized as 1024 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice powerrequirements. The CAT24LC08/CAT24L.C08I

features a 16 byte page write buffer. The device operates
via the I2C bus serial interface and is available in 8 pin
DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
N “EInNe
Ao 2 1830 Vee
Ay 43 1217 TEST
Nc [ 4 1 Ne
Apd 5  10RscL
Vss [ 6 9 [ spa
SO Package N7 8 71 Ne
Ao C*1 8 Vee 5023 FHD Fo2
Ar]2 73 TEST
Az 3 6 [ scL
Vss [] 4 51 spa
5023 FHD Fo1
PIN FUNCTIONS
Pin Name Function
A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock
TEST Connect to Vss
Vce +3V to +6V Power Supply
Vss Ground

BLOCK DIAGRAM
EXTERNAL LOAD
RV Dout SENSE AMPS
F SHIFT REGISTERS
ACK
Vee [ T
WORD ADDRESS |—>  COLUMN
Vss [ ’_’ BUFFERS DECODERS
128
START/STOP
SPALD1"" oaic
i i '
A
E2PROM
XDEC|64 | g4’y 108
CONTROL
TEST [ LOGIC L,
] 1
DATA IN STORAGE
HIGH VOLTAGE/
»| TIMING CONTROL

SCL [[>—| STATE COUNTERS

Ao [>—>SLAVE
A1 [_—>| ADDRESS
A2 [—»{ COMPARATORS

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

5025 FHD F03

TD 5025

© 1992 by Catalyst Semiconductor, Inc.
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CAT24LCO08/CAT24LC08I

Preliminary

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias..................... -55°C to +125°C
Storage Temperature.......................... —65°C to +150°C
Voltage on any Pin with

Respect to Ground™ .............. —2.0V to +Vcc +2.0V

Vce with Respect to Ground —2.0Vto +7.0V

Package Power Dissipation

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those
listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for
extended periods may affect device performance and
reliability.

Capability (Ta = 25°C) v 1.OW

Lead Soldering Temperature (10 secs)............... 300°C

Output Short Circuit Current® .......................... 100 mA

RELIABILITY CHARACTERISTICS

Symbol Parameter Min. Max. Units Reference Test Method

Nenp® Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@) | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24L.C08 Ta = 0°C to +70°C, Vg = +3V to +6V, unless otherwise specified.
CAT24LC08I Tp = —40°C to +85°C, V¢ = +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 Vcc = 6V pA ViNn = GND or Vee
Isez® Standby Current Vcc = 6V pA ViN = GND or Vee
LI Input Leakage Current 10 LA Vin = GND to Ve
ILo Output Leakage Current 10 HA Vout = GND to Vce
ViL Input Low Voltage -1.0 Vce x 0.3 \Y
ViH Input High Voltage Vee x 0.7 Vcec +0.5 \"
VoL Output Low Voltage 04 \ loL=3mA
CAPACITANCE Ta =25°C,f=1.0 MHz, Vcc =5V
Symbol Test Max. Units Conditions
Cio® Input/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 Vgg +0.5V, which may overshoot to V¢ +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.

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24L.C08Z.
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A.C. CHARACTERISTICS

CAT24LCO08 Ta = 0°C to +70°C, Vo = +3V to +6V, unless otherwise specified.
CAT24LC08I Tp = —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
Ti® Noise Suppression Time 100 ns

Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 35 us
and ACK Out
taur® Time the Bus Must be Free Before 47 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4.0 us
tLow Clock Low Period 47 us
tHigH Clock High Period 4.0 ys
tsussTA Start Condition Setup Time 4.7 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 ns
tsu:DAT Data In Setup Time 250 ns
tp® SDA and SCL Rise Time 1 us
te® SDA and SCL Fall Time 300 ns
tsussTo Stop Condition Setup Time 47 us
toH Data Out Hold Time 300 ns

Power-Up Timing(3)®)

Symbol Parameter Max. Units
tPur 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) tpug and tpyyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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CAT24LC08/CAT24LCO08I

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24LC08/CAT24LCO08l supportsthe [2C Busdata
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 CAT24LC08/
CAT24LCO08I 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. A maximum number of two
devices may be connected to the bus as determined by
the device address input A2.

PIN DESCRIPTIONS

SCL: Serial Clock
The serial 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 with other
open drain or open collector outputs.

A0, A1:

These pinsare unused by the CAT24LC08/CAT24LC08I
but must be connected to Vgg to insure proper operation
of the device.

A2:
This input sets the device address within the slave
address bits. It must be connectedto either VggorVec.

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 ¥ —f [« tHIGH - 1R
|_tow _fow |
sCL
tsu:sTA tHD:DAT—>] f—
«—>{ tHD:STA —» fe—1tSU:DAT tsu:sTO
SDAIN i / W
< > tAA < lDH tBUF

SDAOUT

5023 FHD Fo4

Figure 2. Write Cycle Timing

SDA X sTHBIT \  AcK /\_/

BYTEn

/ \

[N

|

STOP
CONDITION

~twr >

ADDRESS

START
CONDITION 5023 FHD Fo5

Figure 3. Start/Stop Timing

SDA |

START BIT

STOP BIT 5020 FHD F05

2-60



Preliminary

CAT24L.C08/CAT24L.CO8I

I2C BUS PROTOCOL

The following defines the features of the 12C bus proto-
col:

(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 SCLis HIGH. The CAT24LC08/CAT24LC08I
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determines the STOP condition. Alloperations 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
1010forthe CAT24L.C08/CAT24L.C08I (see Fig.5). The
next significant bit (A2) is the device address bit and
defines which device the Master is accessing. Two

CAT24LC08/CAT24LC08I devices may be individually
addressed by the system. The next two bits of the slave
address (A1, AO) selects which 2K array of memory 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 setto 1, a Read operation is
selected, and when setto 0 a Write operationis selected.

After the Master sends a START condition, the
CAT24LC08/CAT24LCO08l monitors the bus and re-
sponds with an acknowledge (on the SDA line) when its
address matches the transmitted slave address. The
CAT24LC08/CAT24LC08I 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
requiredto 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 CAT24LC08/CAT24LCO08I 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 CAT24LC08/CAT24LCO08I 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 CAT24LC08/
CAT24LC08! 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

e\ N

/N

DATA OUTPUT '
FROM TRANSMITTER

E

DATA OUTPUT
FROM RECEIVER

START

—
e

ACKNOWLEDGE
5020 FHD Fo6

Figure 5. Slave Address Bits

|1|o|1|o|A2|A1|Ao]RAW|

[

DEVICE ADDRESS

5024 FHD Fo7

2-61




CAT24LCO08/CAT24LCO8I

Preliminary

WRITE OPERATIONS

Byte Write

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 CAT24LC08/CAT24LCO08lI. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24LC08/CAT24LCO08| 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 CAT24LC08/CAT24LCO08I 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 CAT24LC08/

CAT24LCo08I will respond with an acknowledge, and
internally increment the four low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 16 bytes priorto sending
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 CAT24L.C08/CAT24LCO08I 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 CAT24LC08/CAT24LCO08l initiates the
internal write cycle. ACK polling can be initiated imme-
diately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24LC08/CAT24LCO08I is still busy with the write
operation, no ACK will be returned. If the CAT24LC08/
CAT24LCO08l 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
T s
BUSACTIVITY: A SLAVE BYTE T
MASTER $ ADDRESS ADDRESS DATA g
LI L L LI
SDALINE E]—U-ll 1.1 l 1 I § I T O T I N | | l 11 1 11 1.1 | IPl
A A A
C c c
K K K 5020 FHD Fo8
Figure 7. Page Write Timing
s
T S
BUSACTIVITY. A SLAVE BYTE T
MASTER ? ADDRESS ADDRESS (n) DATA n DATA n+1 DATAn+15 <P3
N r A ~ r A N A aY r: A a}
T L L L L L L L L L L L
SDALINE Jllllll ) T - | I||I Ll L 11l I|| | T | I|[S§I 111 II||;I
A A A A A
¢ o] C C ¢]
K K K K K

NOTE: IN THIS EXAMPLE n = XXXX 0000(B); X = 1 0r0

5022 FHD Fo9
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CAT24LCO08/CAT24LCO08I

READ OPERATIONS

The READ operation for the CAT24LC08/CAT24LC08I
is initiated in the same manner as the write operation
with the one exception that the R/W bit is set to a one.
Threedifferent READ operations are possible: Immediate
Address READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24LC08/CAT24L.C08I’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=1023,
then the counter will ‘wrap around’ to address 0 and
continue to clock out data. After the CAT24LC08/
CAT24LCO08I 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 memory 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 CAT24LC08/CAT24LCO08l 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 CAT24LC08/CAT24LCO08I then re-
sponds with its acknowledge and sends the eight bitbyte
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 CAT24L.C08/CAT24LC08I sends
the initial eight bit byte requested, the Master will re-
spond with an acknowledge which tells the device it
requires more data. The CAT24LC08/CAT24L.C08I 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 CAT24LC08/
CAT24LC08lI is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24LC08/CAT24LC08I address bits so that the en-
tire memory array can be read during one operation. If
more than the 1024 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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II|CATALYST

S EMICONDUCTOR

CAT24C16/CAT24C16l

16K-Bit SERIAL E2PROM

FEATURES

H |°C Bus Compatible*

® 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

B ZERO Power™ Version (CAT24C16Z) Available
m Optional High Endurance Device Available

DESCRIPTION

The CAT24C16/CAT24C16l is a 16K bit Serial CMOS
E2PROM internally organized as 2048 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24C16/CAT24C16l

features a 16 byte page write buffer. The device oper-
ates via the I2C bus serial interface and is available in 8
pin DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION

DIP Package SO Package
Ao 1 8 [ Vee NC C*1 14 3 Ne
A2 7 B TEST Ag] 2 18 vee
AQE 3 6 ] SCL Aq [: 3 12 ::] TEST
A5 19 scL
vss L 6 9 177 spa
SO Package Nne 7 8 1 NeC-
Ao 1 8 M vee 5023 FHD Fo2
A1 ]2 7 K3 TEST
A2 [] 3 6 1 scL
Vss ] 4 511 spa

5023 FHD Fo1

PIN FUNCTIONS

Pin Name Function

A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock

TEST Connect to Vss

Vce +5V Power Supply
Vss Ground

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
(AVAVAVA Dout SENSE AMPS
F ~~ | SHIFT REGISTERS
ACK
vec [ T
WORD ADDRESS |—|  COLUMN
Vss [ BUFFERS DECODERS
128
START/STOP
SDA [D—¢— STARTIST
T
A
E2PROM
XDEC|128{ 155 X 128
CONTROL
TESTLO—*  “Loalc L,
T T
» DATA IN STORAGE
HIGH VOLTAGE/
»| TIMING CONTROL

SCL D—> STATE COUNTERS

Ao [D>—>{ SLAVE
A1 [—>{ ADDRESS
A2 [—»| COMPARATORS

5027 FHD Fo3

TD 5027

© 1992 by Catalyst Semiconductor, Inc.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .................... -55°C to +125°C
Storage Temperature ............ccccoeeunen. —65°C to +150°C
Voltage on any Pin with

Respect to Ground™ ............. —2.0V to +Vcc +2.0V
Vce with Respect to Ground .................. —2.0Vto +7.0V
Package Power Dissipation

Capability (Ta =25°C) ...ccoceevreeeeireirenne 1.0W
Lead Soldering Temperature (10 secs)................ 300°C
Output Short Circuit Current® ................cc.c....... 100 mA

RELIABILITY CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those
listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for
extended periods may affect device performance and
reliability.

Symbol Parameter Min. Max. Units Reference Test Method
Neno® | Endurance 100,000 Cycles/Byte|  MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24C16 Tp = 0°C to +70°C, Ve = +5V £10%, unless otherwise specified.
CAT24C16| Tp =—-40°C to +85°C, Vo = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lec Power Supply Current mA fscL = 100 KHz
IsB Standby Current Vec = 5.5V pHA Vin =GND or Vce
Isez® Standby Current Ve = 5.5V HA ViN = GND or Vce
It Input Leakage Current 10 pHA ViNn = GND to Vee
Lo Output Leakage Current 10 LA Vout = GND to Vce
ViL Input Low Voltage -1.0 Vee x 0.3 v
ViH Input High Voltage Vee x 0.7 Vce + 0.5 \"
VoL Output Low Voltage 04 \" loL =3 mA
CAPACITANCE Tp =25°C, f=1.0 MHz, Vcc =5V
Symbol Test Max. Units Conditions
Cro® Input/Output Capacitance (SDA) 8 pF Vio =0V
Cin® 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 Vcc +0.5V, which may overshoot to V¢ +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.

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

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

(5) Standby Current (lsgz) = OpA (<900nA) for the CAT24C16Z.
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A.C. CHARACTERISTICS

CAT24C16 Tp = 0°C to +70°C, Vi = +5V £10%, unless otherwise specified.
CAT24C16l Tp =-40°C to +85°C, Vo = +5V £10%, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max Units
FscL Clock Frequency 100 KHz
Ti® Noise Suppression Time 100 ns

Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 35 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 us
tLow Clock Low Period 4.7 Hs
tHiGH Clock High Period 4.0 us
tsu:sTA Start Condition Setup Time 47 ps
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 ns
tsu:DAT Data In Setup Time 250 ns
tp® SDA and SCL Rise Time 1 us
tF® SDA and SCL Fall Time 300 ns
tsu:sTO Stop Condition Setup Time 4.7 ps
tDH Data Out Hold Time 300 ns

Power-Up Timing(@X6)

Symbol Parameter Max. Units
tpuR 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:

(8) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpum and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.

2-67



CAT24C16/CAT24C16l

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24C16/CAT24C 16l supports the I2C Bus data
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 CAT24C16/
CAT24C16l operates as a Slave device. Both the Mas-
ter 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 serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs

These pins are unused by the CAT24C16/CAT24C16l,
but must be connected to Vss to insure proper operation
of the device.

TEST: The test pin is for Catalyst internal use only. The
customer should connect this pin to Vss during normal

operations.
Figure 1. Bus Timin
9 9 4 e e-tHIGH — je1R
tLow | fLow |
scL
tsu:STA tHD:DAT—>  |e—
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Figure 2. Write Cycle Timing
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CAT24C16/CAT24C16l

I2C BUS PROTOCOL

The following defines the features of the 12C bus proto-
col:

(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
SDA when SCL is HIGH. The CAT24C16/CAT24C16l
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determinesthe STOP condition. Alloperations 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 CAT24C16/CAT24C16l (see Fig. 5).
The next three bits of the slave address (A2, A1, AO)

selects which 2K array of memory is being addressed.
Only one CAT24C16/CAT24C 16l may be accessed by
the system. 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 operation is selected.

After the Master sends a START condition, the
CAT24C16/CAT24C16 monitors the bus and responds
with an acknowledge (on the SDA line) when its address
matchesthe transmitted slave address. The CAT24C16/
CAT24C16l 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
requiredto 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 CAT24C16/CAT24C16I responds with an acknowl-
edge 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.

Whenthe CAT24C16/CAT24C16|beginsa 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 CAT24C16/CAT24C16l will con-
tinue to transmit data. If no acknowledge is sent by the
Master, the device terminates data transmission and
waits for a STOP condition.

Figure 4. Acknowledge Timing
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WRITE OPERATIONS

Byte Write

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
pointer of the CAT24C16/CAT24C16l. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24C16/CAT24C 16l acknowl-
edges 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 CAT24C16/CAT24C16! 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 CAT24C16/

CAT24C16l will respond with an acknowledge, and
internally increment the four low order address bits by
one. The high order bits remain unchanged.

If the 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 CAT24C16/CAT24C16l 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 CAT24C16/CAT24C16l initiates the in-
ternal write cycle. ACK polling can be initiated immedi-
ately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24C16/CAT24C16l s stillbusy with the write opera-
tion, no ACK will be returned. If the CAT24C16/
CAT24C16l 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
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CAT24C16/CAT24C16l

'READ OPERATIONS

The READ operation for the CAT24C16/CAT24C16l is
initiated in the same manner as the write operation with
the one exception that the R/W bit is set to a one. Three
different READ operations are possible: Inmediate Ad-
dress READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24C16/CAT24C16/'saddress countercontains
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 following
would access data from address N+1. If N=2047, then
the counter will ‘wrap around’ to address 0 and continue
to clock out data. After the CAT24C16/CAT24C16l
receives its slave address information (with the R/W bit
settoone), itissues an acknowledge, then transmits the
eight bit byte requested. The master device does not
send an acknowledge but will generate a STOP condi-
tion.

Selective Read

Selective READ operations allow the Master device to
select at random any memory 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. After the CAT24C16/CAT24C16| acknowledges
the byte address, the Masterdevice resends the START
condition and the slave address, this time with the R/W
bit set to one. The CAT24C16/CAT24C16l then re-
sponds with 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 CAT24C16/CAT24C16l sends the
initial eight bit byte requested, the Master will respond
with an acknowledge which tells the device it requires
more data. The CAT24C16/CAT24C 16! will continue to
output an eightbitbyte for each acknowledge 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 CAT24C16/
CAT24C16l is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24C16/CAT24C16I address bits so that the entire
memory array can be read during one operation. If more
than the 2048 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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JIl|CATALYST

SEMICONDUCTOR

CAT24LC16/CAT24LC16l

16K-Bit SERIAL E2PROM

FEATURES

u [°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

M 100 Year Data Retention

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

m 3 to 6 Volt Operation

B ZERO Power™ Version (CAT24LC16Z) Available
B Optional High Endurance Device Available

DESCRIPTION

The CAT24LC16/CAT24LC16lisa 16K bit Serial CMOS
E?PROM internally organized as 2048 x 8 bits. Catalyst’s
advanced CMOS technology substantially reduces de-
vicepowerrequirements. The CAT24LC16/CAT24LC16l

features a 16 byte page write buffer. The device operates
via the I2C bus serial interface and is available in 8 pin
DIP, 8 pin SO and 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package
N CJ*t MM INe
Ao 2 18 Vee
Ard3 2 TEST
Nc [ 4 1 INe
AC]S5 19 scL
vgg ] 6 9 7 spa
NC 7 8 I Ne
SO Package
AoL]*1 8 [Vee
Al 2 7 [JTEST
Ao[] 3 6 [TscL
Vgs[] 4 5 [T1SDA
5022 FHD Fo1
PIN FUNCTIONS
Pin Name Function
A0, 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 Philips Corporation to carry the 12C Bus Protocol.

BLOCK DIAGRAM
EXTERNAL LOAD
RV Dout SENSE AMPS
- SHIFT REGISTERS
ACK
vee [ T
WORD ADDRESS [—>  COLUMN
v
sso> ”" BUFFERS DECODERS
A
128
START/STOP
SDAL ™" [oaic
T 1 : E2PROM
XDEC|128| 4158 x 128
CONTROL
TEST [ LOGIC
[ [ ?
»! DATA IN STORAGE
HIGH VOLTAGE/
| TIMING coNTROL

SCL w STATE COUNTERS

Ao [D—> SLAVE

A1 Co>— ADDRESS
A2 CO—»| COMPARATORS

5027 FHD Fo3

TD 5026

© 1992 by Catalyst Semiconductor, Inc.
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ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ......................... -65°C to +150°C Ratings” may cause permanent damage to the device.
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 +Vec+2.0V  jisted in the operational sections of this specification is not
Vcc with Respect to Ground ................. —20Vto+7.0v  implied. Exposure to any absolute maximum rating for
N extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) ....cceeveiieeceeeeereree 1.0W '
Lead Soldering Temperature (10 secs)................ 300°C
Output Short Circuit Current® .......................... 100mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILth®@ | Latch-up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24LC16 Ta = 0°C to +70°C, Ve = +3V to +6V, unless otherwise specified.
CAT24LC16l Tp = —40°C to +85°C, Vo = +3V to +6V, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lec Power Supply Current mA fscL = 100 KHz
Iss Standby Current Vce = 6V pA Vin = GND or Ve
Isez® | Standby Current Vcc =6V pA ViN = GND or Vee
It Input Leakage Current 10 pA Vin = GND to Vcc
Lo Output Leakage Current 10 HA Vout = GND to Vce
Vi Input Low Voltage -1.0 Vce x 0.3 \
ViH Input High Voltage Vce x 0.7 Vce +0.5 Vv
VoL Output Low Voltage 0.4 \ loL=3mA
CAPACITANCE Tp =25°C,f=1.0 MHz, Voc =5V
Symbol Test Max. Units Conditions
Cro® Input/Output Capacitance (SDA) 8 pF Vyo =0V
CiNG® 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 V¢ + 2.0V for periods of less than 20ns.

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

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24LC16Z.
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A.C. CHARACTERISTICS

CAT24LC16 Ta = 0°C to +70°C, Vo = +3V to +6V, unless otherwise specified.
CAT24LC161 Tpa = —40°C to +85°C, Vi = +3V to +6V, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Min. Max Units
FscL Clock Frequency 100 KHz
Ti® Noise Suppression Time 100 ns

Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 35 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 us
tLow Clock Low Period 4.7 us
tHiGH Clock High Period 4.0 ps
tsu:sTA Start Condition Setup Time 47 ps
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 ns
tsu:DAT Data In Setup Time 250 ns
tr® SDA and SCL Rise Time 1 us
tF@ SDA and SCL Fall Time 300 ns
tsussTO Stop Condition Setup Time 4.7 us
tDH Data Out Hold Time 300 ns

Power-Up Timing(®)(®)

Symbol Parameter Max. Units
tpuR 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.
Note:

(3) This parameter is tested initially and after a design or process change that affects the parameter.
(6) tpyp and tpyyy are the delays required from the time V¢ is stable until the specified operation can be initiated.
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FUNCTIONAL DESCRIPTION

The CAT24LC16/CAT24LC16l supportsthe 12C Busdata
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 CAT24LC16/
CAT24LC16l 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 serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs

These pinsare unusedbythe CAT24LC16/CAT24LC16l,
but must be connected to Vss to insure proper operation
of the device.

TEST: The test pin is for Catalyst internal use only. The
customer should connect this pin to Vss during normal
operations.

Figure 1. Bus Timing F— |e— -tHIGH — 1R
ow | llow |
SCL ________
tsu:sTA HD:DAT—>  |je—
HD:STA —>  [e—1SU:DAT tsu:sTO
SDAIN i / N
tan toH ' |« tBUF

SDAOUT
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Figure 2. Write Cycle Timing
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CAT24LC16/CAT24LC16l

I2C BUS PROTOCOL

The following defines the features of the I2C bus proto-
col:

(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 CAT24LC16/CAT24LC16l
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determines the STOP condition. Alloperations 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 CAT24LC16/CAT24LC16l (see Fig. 5).
The next three bits of the slave address (A2, A1, A0)

selects which 2K array of memory is being addressed.
Only one CAT24LC16/CAT24LC16| may be accessed
by the system. 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 operation is selected.

After the Master sends a START condition, the

CAT24LC16/CAT24LC16 monitorsthe busandresponds

with an acknowledge (on the SDA line) whenits address
matches the transmitted slave address. The
CAT24LC16/CAT24LC16l then performs a Read or
Write operation depending on the state of the R/W bit.

Acknowledge

After asuccessful 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 CAT24LC16/CAT24LC16l 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 CAT24LC16/CAT24LC16! 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 CAT24LC16/
CAT24LC16l 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
FROM TRANSMITTER

)
|

DATAOUTPUT
FROM RECEIVER

START

CECEE TEEPPYP T TRy L

[RYSpRpI

——
—

ACKNOWLEDGE
5020 FHD Fo6

Figure 5. Slave Address Bits

[T o =]

5027 FHD Fo7

2-77



CAT24LC16/CAT24LC16l

Preliminary

WRITE OPERATIONS

Byte Write

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 CAT24LC16/CAT24LC16l. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24LC16/CAT24LC16l 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 CAT24LC16/CAT24LC16I 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 CAT24LC16/

CAT24LC16l will respond with an acknowledge, and
internally increment the four low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 16 bytes priorto sending
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 CAT24LC16/CAT24LC16l 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 CAT24LC16/CAT24LC16l initiates the
internal write cycle. ACK polling can be initiated imme-
diately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24LC16/CAT24LC16l is still busy with the write
operation, no ACK will be returned. If the CAT24LC16/
CAT24LC16l 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
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CAT24LC16/CAT24LC16l

READ OPERATIONS

The READ operation for the CAT24LC16/CAT24LC16l
is initiated in the same manner as the write operation
with the one exception that the R/W bit is set to a one.
Three different READ operations are possible: Immediate
Address READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24LC16/CAT24LC16l’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=2047,
then the counter will ‘wrap around’ to address 0 and
continue to clock out data. After the CAT24LC16/
CAT24LC16l 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 memory 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 CAT24LC16/CAT24LC16l 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 CAT24LC16/CAT24LC16l then re-
sponds with its acknowledge and sends the eight bitbyte
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 CAT24LC16/CAT24LC161 sends
the initial eight bit byte requested, the Master will re-
spond with an acknowledge which tells the device it
requires more data. The CAT24LC16/CAT24LC16] 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 CAT24LC16/
CAT24LC16l is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24LC16/CAT24LC16l address bits so that the en-
tire memory array can be read during one operation. If
more than the 2048 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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S EMICONDUCTOR

CAT24C32/CAT24C32I

32K-Bit SERIAL E2PROM

FEATURES

m [°C Bus Compatible*

® Low Power CMOS Technology

m 32 Byte Page Write Buffer

m Self-Timed Write Cycle with Auto-Clear
® Hardware Block Write Protect

100,000 Program/Erase Cycles

100 Year Data Retention

ZERO Power™ Version (CAT24C32Z) Available

[ ]
[ ]
m 8 pin DIP or 14 pin SO Package
|
]

Optional High Endurance Device Available

DESCRIPTION

The CAT24C32/CAT24C32l is a 32K bit Serial CMOS
E2PROM internally organized as 4096 x 8 bits. Catalyst's
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24C32/CAT24C32|

features a 32 byte page write buffer. The device oper-
ates via the I12C bus serial interface and is available in 8
pin DIP and 14 pin SO packages.

PIN CONFIGURATION
DIP Package SO Package

Vee NC 1 14 I NC
WP Ap ]2 18 M vee

SCL Aq 13 12 wp

SDA Ne 4 MEINC

A5 100 TscL
vgg ] 6 9 [ spba

N 7 8dNC

5031 FHD F02

PIN FUNCTIONS

Pin Name Function

A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock

WP Write Protect

Vce +5V Power Supply
Vss Ground

BLOCK DIAGRAM
EXTERNAL LOAD
RV DouT SENSE AMPS
F SHIFT REGISTERS
ACK
Vec [ T
WORD ADDRESS |—  COLUMN
Vss [ [” BUFFERS DECODERS
L 256
START/STOP
SDA LD aic
T 1 : E2PROM
XDEC|128] 425 X 256
CONTROL
WP “loaic L
DATA IN STORAGE
HIGH VOLTAGE/
TIMING CONTROL
SCL [D—>{ STATE COUNTERS
Ao [>—>{SLAVE
A1 [>—»| ADDRESS
A2 [>—»| COMPARATORS 5031 FHD Fos

* Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus Protocol.

TD 5031

© 1992 by Catalyst Semiconductor, Inc.

Characteristics subject to change without notice
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ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ......................... —65°C to +150°C Ratings” may cause permanent damage o the dgvice.
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 +Vec +2.0V jisted in the operational sections of this specification is not
Vcc with Respect to Ground .................. —2.0Vto +7.0V implied. Exposure to any absolute maximum rating for
T extended periods may affect device performance and
Package Power Dissipation reliabilty
Capability (Ta = 25°C) ...cocevvvrreeerreerieren, 1.0W '
Lead Soldering Temperature (10 secs)................ 300°C
Output Short Circuit Current® ......................... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte|  MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT24C32 Ta = 0°C to +70°C, Vi = +5V £10%, unless otherwise specified.
CAT24C32| Ta =-40°C to +85°C, Ve = +5V £10%, unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
lec Power Supply Current mA fscL = 100 KHz
IsB Standby Current Ve = 5.5V pHA Vin =GND or Vce
Isgz®) Standby Current Vcc = 5.5V pA ViN = GND or Vcc
Il Input Leakage Current 10 HA Vin = GND to Vce
ILo Output Leakage Current 10 LA Vout = GND to Ve
ViL Input Low Voltage -1.0 Vee x 0.3 \'
VH Input High Voltage Vce x 0.7 Vce + 0.5 \Y
VoL Output Low Voltage 0.4 \Y loL=3mA

CAPACITANCE Tp =25°C, f=1.0 MHz, Vcc =5V

Symbol Test Max. Units Conditions
Cio® Input/Output Capacitance (SDA) 8 pF Vyo =0V
Cin® 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 V¢ +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.

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

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

(5) Standby Current (Isgz) = OpA (<900nA) for the CAT24C32Z.
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A.C. CHARACTERISTICS

CAT24C32 Tp = 0°C to +70°C, Ve = +5V £10%, unless otherwise specified.
CAT24C32I Tp =—40°C to +85°C, Ve = +5V +10%, 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

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

tHD:sTA Start Condition Hold Time 4.0 us

tLow Clock Low Period 47 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:DAT Data In Setup Time 250 ns

tr® SDA and SCL Rise Time 1 us

tF® SDA and SCL Fall Time 300 ns

tsu:sto Stop Condition Setup Time 4.7 us

toH Data Out Hold Time 300 ns

Power-Up Timing(3)€)

Symbol Parameter Max. Units
tPur 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) tpyp and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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FUNCTIONAL DESCRIPTION

The CAT24C32/CAT24C32| supports the I2C Bus data
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 CAT24C32/
CAT24C32| operates as a Slave device. Both the Mas-
ter 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 serial 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 with other
open drain or open collector outputs.

A0, A1, A2: Device Address Inputs

These pins define the address of 1 out of 8 slave devices.
In the Block Write Protect version, they define the block
or blocks of memory to be protected.

WP: Write Protect

If the WP pin is tied to Vcc, the entire memory array
becomes READ only. If the WP pin is tied to Vss normal
read/write operations are allowed to the device.
This feature protects the device from inadvertant
programming.

Figure 1. Bus Timing

e tHIGH — l«1R
_tlow |_tow |
scL
tsu:sTA tHD:DAT—>  |e—
«—>{ tHD:STA Ao le—tsu:paT le—tsu:sTO
SDAIN / N
{,
> tAA «— tDH BUF
SDAOUT

5023 FHD Fo4

Figure 2. Write Cycle Timing

SoL / \/ S/
soa 8TH BIT ACK /\_/
""""""" BYTE n

AN/

—

|- tWR ———»

4

[N

STOP START ADDRESS
CONDITION CONDITION 5028 FHD Fos

Figure 3. Start/Stop Timing

SDA

START BIT

STOP BIT

5020 FHD Fo5
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I’C BUS PROTOCOL

The following defines the features of the I2C bus proto-
col:

(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
SDA when SCL is HIGH. The CAT24C32/CAT24C32|
monitors the SDA and SCL lines and will not respond
until this condition is met.

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determinesthe 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 1011 for the CAT24C32/CAT24C32I (see Fig. 5).
The next three significant bits (A2, A1, A0) are the device

address bits and define which device the Master is
accessing. Up to eight CAT24C32/CAT24C32| devices
may be individually addressed by the system. 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 setto 0 a
Write operation is selected.

After the Master sends a START condition, the
CAT24C32/CAT24C32| monitors the bus and responds
with an acknowledge (onthe SDA line) whenits address
matchesthe transmitted slave address. The CAT24C32/
CAT24C32| then performs a Read or Write operation
depending on the state of the R/W bit.

Acknowledge

After a successful data transfer, each receiving device is
requiredto 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 CAT24C32/CAT24C32l responds with an acknowl-
edge 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.

Whenthe CAT24C32/CAT24C32I beginsa 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 CAT24C32/CAT24C32I will con-
tinue to transmit data. If no.acknowledge is sent by the
Master, the device terminates data transmission and
waits for a STOP condition.

Figure 4. Acknowledge Timing

SCL FROM
MASTER

DATAOUTPUT
FROM TRANSMITTER

DATAQUTPUT
FROM RECEIVER

START

5020 FHD Fo6

ACKNOWLEDGE

Figure 5. Slave Address Bits

|1[ol1L1 IA2|A1]AO[R/W|

5081 FHD Fo7
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3 WRITE OPERATIONS

Byte Write

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
pointer of the CAT24C32/CAT24C32l. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24C32/CAT24C32] acknowl-
edges 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 CAT24C32/CAT24C32| writes up to 32 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 31 additional bytes.
After each byte has been transmitted the CAT24C32/

CAT24C32I will respond with an acknowledge, and
internally increment the five low order address bits by
one. The high order bits remain unchanged.

Ifthe Mastertransmits more than 32 bytes priorto sending
the STOP condition, the address counter ‘wraps around’,
and previously transmitted data will be overwritten.

Once all 32 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 CAT24C32/CAT24C32l 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 CAT24C32/CAT24C32I initiates the in-
ternal write cycle. ACK polling can be initiated immedi-
ately. This involves issuing the start condition followed
by the slave address for a write operation. If the
CAT24C32/CAT24C32l s still busy with the write opera-
tion, no ACK will be returned. If the CAT24C32/
CAT24C32l| 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
T s
BUS ACTIVITY: ﬁ SLAVE BYTE ADDRESS g
MASTER H  ADDRESS A1s-Ag A7-Ao DATA 0
I | | | | T | L L L L L B LN L L L | |
SDA LINE L1 1 1 1.1 I 1.1 | | L 11 1.1 I | Lttt 11 I P
A A A A
c c c c
K K K 5081 FHD Fo8
Figure 7. Page Write Timing
S i
T s
BUSACTIVITY: A SLAVE BYTE ADDRESS T
MASTER ? ADDRESS Ays5-Ag A7-Ag DATA DATA n DATA n+31 g
LI L L L LB | T T 17T T I | LN IR A B | I
SDA LINE L1 .| l 11 1 I lJ § I T T T I | N I S T e T I | I B T T O | |-S 9 ) N T YO N T A | |—P]_
A A A A A A A
c o} o} o} cC C c
K K K K K K K

5031 FHD Fo9
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READ OPERATIONS

The READ operation for the CAT24C32/CAT24C32I is
initiated in the same manner as the write operation with
the one exception that the R/W bit is set to a one. Three
different READ operations are possible: Immediate Ad-
dress READ, Selective READ and Sequential READ.

Immediate Address Read

The CAT24C32/CAT24C32I's address counter contains
the address of the last byte accessed, incremented by
one. Inotherwords, ifthe last READ or WRITE access was
to address N, the READ immediately following would
access data from address N+1. If N=4095, then the
counter will ‘wrap around’ to address 0 and continue to
clock out data. After the CAT24C32/CAT24C32l receives
its slave address information (with the R/W bit set to one),
itissues an acknowledge, then transmits the eight bit byte
requested. The master device does not send an acknowl-
edge but will generate a STOP condition.

Selective Read

Selective READ operations allow the Master device to
select at random any memory 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. After the CAT24C32/CAT24C32| acknowledges

the byte address, the Masterdevice resends the START
condition and the slave address, this time with the R/W
bit set to one. The CAT24C32/CAT24C32| then re-
sponds with its acknowledge and sends the eight bitbyte
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 CAT24C32/CAT24C32| sends the
initial eight bit byte requested, the Master will respond
with an acknowledge which tells the device it requires
more data. The CAT24C32/CAT24C32I will continue to
output an eight bitbyte for each acknowledge 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 CAT24C32/
CAT24C32l is outputted sequentially with data from
address N followed by data from address N+1. The
READ operation address counter increments all of the
CAT24C32/CAT24C32| address bits so that the entire
memory array can be read during one operation. If more
than the 4096 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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BUSACTIVITY: A SLAVE BYTE ADDRESS CT)
MASTER !? ADDRESS A15-Ag A7-Ao DATA 9
LI L L L 11T | l
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5031 FHD F10
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Figure 9. Selective Read Timing
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Figure 10. Sequential Read Timing
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CAT93C46/CAT93C46I

1K-Bit SERIAL E2PROM

FEATURES

m High Speed Operation: 1MHz

® Low Power CMOS Technology

B Single 5V Supply

M 64 x 16 or 128 x 8 Selectable Serial Memory
m Self-Timed Write Cycle with Auto-Clear

m Hardware and Software Write Protection

m Power-Up Inadvertant Write Protection

® 100,000 Program/Erase Cycles

B 100 Year Data Retention

N Optional High Endurance Device Available

DESCRIPTION

The CAT93C46 and CAT93C46l are 1K bit Serial
E2PROM memory devices which can be configured as
either 64 registers by 16 bits (ORG pin at Vcc) or 128
registers by 8 bits (ORG pin at GND). Each register can
be written (or read) serially by using the DI (or DO) pin.
The CAT93C46/CAT93C46l is manufactured using

Catalyst's advanced CMOS E2PROM floating gate tech-
nology. Itis designed to endure 100,000 program/erase
cycles and has a data retention of 100 years. The device
is available in 8 pin DIP or SO packages.

PIN CONFIGURATION
DIP Package SO Package J
cs et 8 M Vee NC =1 8 ] ORG
sk 2 7 [ANC Vee ] 2 7 [ GND
DI 3 6 [ ORG csr]s 6 [J DO
po[] 4 5 [11 GND sk 4 5[ DI
PIN FUNCTIONS
Pin Name Function
Cs Chip Select
SK Clock Input
DI Serial Data Input
DO Serial Data Output
Vce +5V Power Supply
GND Ground
NC No Connection
ORG Memory Organization

Note: When the ORG pinis connected to Vg, the 64 x 16 organization
is selected. When it is connected to ground, the 128 x 8 organization
is selected. If the ORG pin is left unconnected, then an internal puliup
device will select the 64 x 16 organization.

SO Package S SO Package K
Cs 1 8 71 Vee cs 1 8 [ Vee
sKkgj2 7Ranc sk 2 73N
s B 6 11 ORG picy 3 6 |7 oRra
por]4 5[1GND  DOC]4  5[]GND
5041 FHD Fo1
BLOCK DIAGRAM
Vec  GND
MEMORY ARRAY
ORG — 128x 8 | ADDRESS
OR DECODER
64 x16 ]
DATA
REGISTER
Di T OUTPUT
BUFFER
MODE DECODE
cs —» LoGIC >
K CLOCK DO
GENERATOR -

TD 5041

© 1992 by Catalyst Semiconductor, Inc.
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CAT93C46/CAT93C46l

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias..................... -55°C to +125°C
...—65°C to +150°C

Storage Temperature
Voltage on any Pin with

Respect to Ground™ .............. 2.0V to +Vcc +2.0V
Vce with Respect to Ground .................. —2.0V to +7.0V
Package Power Dissipation

Capability (Ta =25°C) ....c.ccceuveerererrercrereennne 1.0W
Lead Soldering Temperature (10 secs) ............... 300°C
Output Short Circuit Current® ........................ 100 mA

RELIABILITY CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those
listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for
extended periods may affect device performance and
reliability.

Symbol Parameter Min. Max. Units Reference Test Method
Neno® | Endurance 100,000 Cycles/Byte|  MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap®) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT93C46 Ta= 0°C to +70°C, Ve = +56V+10%, unless otherwise specified.
CAT93C46| Ta=—40°C to +85°C, Vg = +5V+10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcci Power Supply Current 3 mA | DI=0.0V, SK=5.0V
(Operating) Vce =5.0V, CS =5.0V,
Output Open
lccz Power Supply Current 100 HA Vcec =5.5V,CS =0V
(Standby) DI=0V SK =0V
I Input Leakage Current 2 HA VIN =0V to 5.5V
Lo Output Leakage Current 10 HA VouT =0V to 5.5V,
(Including ORG Pin) CS=0V
ViH High Level Input Voltage 2.0 Vee +1 \Y
ViL Low Level Input Voltage -0.1 0.8 Vv
VoH High Level Output Voltage 2.4 \% lon = —400pA
VoL Low Level Output Voltage 0.4 \' loL=2.1mA
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 Vg +0.5V, which may overshoot to V¢ +2.0V for periods of less than 20 ns.

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

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

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




CAT93C46/CAT93C46l

INSTRUCTION SET
Address Data
Instruction | Start Bit | Opcode | 128 x 8 64x16 |128x8|64x 16 Comments

READ 1 10 A6-A0 A5-A0 Read Address AN-AO
ERASE 1 11 A6-A0 A5-A0 Clear Address AN-AQ
WRITE 1 01 A6-A0 A5-A0 | D7-D0 [D15-D0O Write Address AN-AO
EWEN 1 00 |TIXXXXX | 11XXXX Write Enable

EWDS 1 00 |OOXXXXX | 00XXXX Write Disable

ERAL 1 00 |[1OXXXXX | 10XXXX Clear All Addresses
WRAL 1 00 |OIXXXXX | 01XXXX | D7-Do |D15-D0 Write All Addresses

A.C. CHARACTERISTICS

CAT93C46 Ta= 0°C to +70°C, Ve = +5V+£10%, unless otherwise specified.
CAT93C46l Ta=—40°C to +85°C, Ve = +5V+10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
tcss CS Setup Time 50 ns
tcsH CS Hold Time 0 ns
tois DI Setup Time 100 ns CL = 100pF
toH DI Hold Time 100 ns VoL = 0.8V, Vou = 2.0V
trD1 Output Delay to 1 500 ns ViL=0.45V, Vi = 2.4V
trpo Output Delay to 0 500 ns
tHz® Output Delay to High-Z 100 ns
tew Program/Erase Pulse Width 10 ms
tcsmin Minimum CS Low Time 250 ns
tskHi Minimum SK High Time 100 ns
tskLow Minimum SK Low time 660 ns
tsv Output Delay to Status Valid 500 ns CL =100pF
SKmax Maximum Clock Frequency DC 1 MHz

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




CAT93C46/CAT93C46l

DEVICE OPERATION

The CAT93C46/CAT93C46l is a 1024 bit nonvolatile
memory intended for use with industry standard micro-
processors. The CAT93C46/CAT93C46! can be orga-
nized as either 64 registers by 16 bits, oras 128 registers
by 8bits. Seven 9bitinstructions (10 bit instfictionin 128
by 8 organization) control the reading, writing and erase
operations of the device. The CAT93C46/CAT93C46I
operates onasingle 5V supply and will generate on chip,
the high voltage required during any write operation.

Instructions, addresses, and write data are clocked into
the DI pin on the rising edge of the clock (SK). The DO
pin is normally in a high impedance state except when
reading data from the device, or when checking the
ready/busy status after a write operation.

The ready/busy status can be determined after a write

operation by selecting the device (CS high) and polling
the DO pin; DO low indicates that the write operation is
not completed, while DO high indicates that the device
is ready for the next instruction. If necessary, the DO pin
may be placed back into a high impedance state during
chip select by shifting a dummy “1” into the DI pin. The
DO pin will enter the high impedance state on the falling
edge of the clock (SK). Placing the DO pin into the high
impedance state is recommended in applications where
the DI pin and the DO pin are to be tied together to form
a common DI/O pin.

The format for all instructions sent to the CAT93C46/
CAT93C46l is a logical “1” start bit, a 2 bit (or 4 bit) op
code, a 6 bit address (7 bit address when organized as
128 x 8), and for write operations a 16 bit data field (8 bit
data field when organized as 128 x 8).

Figure 1. Sychronous Data Timing (6) #
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Figure 2. Read Instruction Timing (5)

s« MUMMM

cs _/

AN AN-1 Ao
DI 101 0

X\

N/

STANDBY

HIGH-Z tppo ™

Note:

tyz >
HIGH-Z

DN DnN-
N EN-1 5041 FHD Fo4

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.

When x16 organization is selected, AN = A5 and DN = D15.




CAT93C46/CAT93C46l

At power-down, when Vcc falls below a threshold of
approximately 3.5V, the data protection circuitry inhibits
the erase and write instructions and a write disable
(EWDS) is executed internally.

NOTE: This device will accept a start bit that is gener-
ated when both SK and Dl are high with respect to a low
to high transition of CS.

Read

Upon receiving a READ command and an address
(clocked into the DI pin), the DO pin of the CAT93C46/
CAT93C46I will come out of the high impedance state
and, after sending an initial dummy zero bit, will begin
shifting out the data addressed. The output data bits will
toggle on the rising edge of the SK clock and are stable
after the specified time delay (tppo or trp1).

Write

After receiving a WRITE command, address and the

data, the CS (chip select) pin must be deselected for a
minimum of 250ns (tcsmin). The falling edge of CS will
start the self clocking clear and data store cycle of the
memory location specified in the instruction. The clock-
ing of the SK pin is not necessary after the device has
entered the self clocking mode. The ready/busy status of
the CAT93C46/CAT93C46! can be determined by se-
lecting the device and polling the DO pin. Since this
device features Auto-Clear before write, it is NOT nec-
essary to erase a memory location before the WRITE
command is sent.

Erase

Upon receiving an ERASE command and address, the
CS (chip select) pin must be deselected for a minimum
of 250ns (tcsmin). The falling edge of CS will start the self
clocking clear cycle of the memory location specified in
the instruction. The clocking of the SK pin is not neces-
sary after the device has entered the self clocking mode.
The ready/busy status of the CAT93C46/CAT93C46l

Figure 3. Write Instruction Timing (5)

sk 00T OO OO LT

CS_/

DO

VtCS ¢4
N /A sTATUs N\ STANDBY
VERIFY
AN AN-1 Ao DN Do
45
tsv BUSY > thz
HIGH-Z READY
S/ GH-Z
le—— teyy —>

5041 FHD Fo5

Figure 4. Erase Instruction Timing ()
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—
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DI / 1 1 1 ‘< >< x >< ::x \
45
tsv—’l - <—tHZ
HIGH-Z
Do ) BUSY /| READY ‘W
—Ew—>
5041 FHD F07
Note:

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.

When x16 organization is selected, AN = A5 and DN = D15.
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CAT93C46/CAT93C46l

can be determined by selecting the device and polling
the DO pin. Once cleared, the content of a cleared
location returns to a logical “1” state.

Erase/Write Enable and Disable

The CAT93C46/CAT93C46] powers up in the write
disable state. Any writing after power-up or after an
EWDS (write disable) instruction must first be preceded
by the EWEN (write enable) instruction. Once the write
instruction is enabled, it will remain enabled until power
to the device is removed, or the EWDS instruction is
sent. The EWDS instruction can be used to disable all
CAT93C46/CAT93C46I write and clear instructions, and
will prevent any accidental writing or clearing of the
device. Data can be read normally from the device
regardless of the write enable/disable status.

Erase All

Upon receivingan ERAL command, the CS (chip select)
pin must be deselected for a minimum of 250ns (tcsmin).

The falling edge of CS will start the self clocking clear
cycle of allmemory locations in the device. The clocking
of the SK pin is not necessary after the device has
entered the self clocking mode. The ready/busy status of
the CAT93C46/CAT93C46I can be determined by se-
lecting the device and polling the DO pin. Once cleared,
the contents of all memory bits return to a logical “1”
state.

Write All

Upon receiving a WRAL command and data, the CS
(chip select) pin must be deselected for a minimum of
250ns (tcsmin). The falling edge of CS will start the self
clocking data write to all memory locations in the device.
The clocking of the SK pin is not necessary after the
device has entered the self clocking mode. The ready/
busy status of the CAT93C46/CAT93C46I can be deter-
mined by selecting the device and polling the DO pin. It
IS necessary for all memory locations to be cleared
before the WRAL command is executed.

Figure 5. EWEN/EWDS Instruction Timing (6)

S iaiainisiniginigipigipginigipin
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DISABLE =00 128 x 8 =5 DON'T CARE BITS
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Figure 6. ERAL Instruction Timing (5)
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tew >
5041 FHD Fo8
Note:

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.

When x16 organization is selected, AN = A5 and DN = D15.




CAT93C46/CAT93C46I

Start Bit Timing

The CAT93C46/CATI3C46! features an alternate start the user to send instructions from microprocessors that

bit timing where the device will accept a start bit thatis ~ transmit and receive data using a sequence of 8 clock

generated when both SK and Dl are high with respectto ~ €ycles only. Once this start bit is generated all subse-

a low to high transition of CS (see Figure 8). This allows quent data is clocked into the device on the positive
clock edge of SK.

Figure 7. WRAL Instruction Timing (5)
S N O R OO OO OO OO OO0
cs _/ STATUS VERIFY [\STANDBY

—> tcs
o /o o /7 XXX X s .
64 x 16 = 4 DON'T CARE BITS t t
12; x 8 = 5 DON'T CARE BITS sV _.I E ] I Hz
Busy /| READY
(. HIGH-Z

le———tEew ———>

DO

J
<

5041 FHD Fog

Figure 8. Alternate Start Bit Timing Example: Read Instruction (x 16) (5)
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1

SK
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As Ay As Az At Ao
o N A XXX X XA

HIGH-Z
DO

5041 FHD F10
Note:

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.
When x16 organization is selected, AN = A5 and DN = D15.
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Il|CATALYST

S EMICONDUCTOR

CAT93C46A/CAT93C46Al

1K-Bit SERIAL E2PROM

FEATURES

m High Speed Operation: 1MHz

H Low Power CMOS Technology

m Single 5V Supply

W 64 x 16 Serial Memory

B Self-Timed Write Cycle with Auto-Clear

® Hardware and Software Write Protection
m Power-Up Inadvertant Write Protection
m 100,000 Program/Erase Cycles

B 100 Year Data Retention 3
H Optional High Endurance Device Available

DESCRIPTION

The CAT93C46A and CAT93C46Al are 1K bit Serial
E2PROM memory devices which are configured as 64
registers by 16 bits. Each register can be written (or
read) serially by using the DI (or DO) pin. The
CAT93C46A/CAT93C46Al is manufactured using

Catalyst's advanced CMOS E2PROM floating gate tech-
nology. Itis designed to endure 100,000 program/erase
cycles and has a data retention of 100 years. The device
is available in 8 pin DIP or SO packages.

PIN CONFIGURATION
DIP Package SO Package J
cs [t 8 M vee NC []e1 8 [ NC
sk 2 7 I NC veed 2 7 77 GND
DIC]3 * 6[NC cs 3 6 1] DO
po[] 4 5 71 GND SK[] 4 51Dl
PIN FUNCTIONS
Pin Name Function
CS Chip Select
SK Clock Input
DI Serial Data Input
DO Serial Data Output
Vce +5V Power Supply
GND Ground
NC No Connection

SO Package S SO Package K
CS 1 8 1 Vee CcS 1 8 Vee
sK[] 2 7N sk 2 7[aNC
DI 3 6 71 NC pic] s 6 [ NC
por 4 5[] GND por] 4 5[] GND
5040 FHD FO1
BLOCK DIAGRAM
Vee GND
MEMORYARRAY | [ ADDRESS
64 x16 DECODER
|
DATA
REGISTER
DI T OUTPUT
BUFFER
MODE DECODE
CcS —» LoGIC >
K CLOCK DO
™ GENERATOR 5040 FHD Faz

TD 5040

© 1992 by Catalyst Semiconductor, Inc.

Characteristics subject to change without notice
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CAT93C46A/CAT93C46AI

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .................... -55°C to +125°C
Storage Temperature .............ccoounu.... —65°C to +150°C
Voltage on any Pin with

Respect to Ground™ .............. —2.0V to +Vcc +2.0V
Vcc with Respect to Ground .................. —2.0Vto +7.0V
Package Power Dissipation

Capability (Ta =25°C) ....cc.ccvevrvennereneceenee 1.0W
Lead Soldering Temperature (10 secs)............... 300°C
Output Short Circuit Current® .......................... 100 mA

RELIABILITY CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those
listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for
extended periods may affect device performance and
reliability.

Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT93C46A Ta= 0°C to +70°C, Vi = +5V+10%, unless otherwise specified.
CAT93C46AI Ta=—40°C to +85°C, Ve = +5V+10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcct Power Supply Current 3 mA | DI=0.0V, SK=5.0V
(Operating) Vce =5.0V,CS =5.0V,
Output Open
lccz Power Supply Current 100 pA Vce =5.5V,CS =0V
(Standby) DI =0V SK=0V
] Input Leakage Current 2 A | VIN=0Vto5.5V
Lo Output Leakage Current 10 HA Vour =0V to 5.5V,
CS=0V
ViH High Level Input Voltage 2.0 Vee +1 \
ViL Low Level Input Voltage -0.1 0.8 Vv
VoH ' High Level Output Voltage 24 \" lon = —400pA
Vou Low Level Output Voltage 0.4 \ loL=2.1mA
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 V¢ +0.5V, which may overshoot to V¢ +2.0V for periods of less than 20 ns.

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

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

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from =1V to Vo +1V.
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CAT93C46A/CAT93C46Al

INSTRUCTION SET
Instruction Start Bit Opcode Address Data Comments

READ 1 10 A5-A0 Read Address AN-AO
ERASE 1 11 A5-A0 Clear Address AN-A0
WRITE 1 01 A5-A0 D15-Do Write Address AN-AO
EWEN 1 00 T1XXXX Write Enable

EWDS 1 00 00XXXX Write Disable

ERAL 1 00 10XXXX Clear All Addresses
WRAL 1 00 01XXXX D15-Do Write All Addresses

A.C. CHARACTERISTICS

CAT93C46A Ta= 0°C to +70°C, Vcc = +56V+£10%, unless otherwise specified.
CAT93C46Al Tpa=—40°C to +85°C, Ve = +5V+10%, unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
tcss CS Setup Time 50 ns

tcsH CS Hold Time 0 ns

tois DI Setup Time 100 ns CL = 100pF

toH DI Hold Time 100 ns VoL = 0.8V, Von=2.0V
teD1 Output Delay to 1 500 ns ViL=0.45V, Viq = 2.4V
trDo Output Delay to 0 500 ns

thz® Output Delay to High-Z 100 ns

tew Program/Erase Pulse Width 10 ms

tcsmin Minimum CS Low Time 250 ns

tskHI Minimum SK High Time 100 ns

tskLow Minimum SK Low time 660 ns

tsv Output Delay to Status Valid 500 ns CL =100pF

SKmax Maximum Clock Frequency . DC 1 MHz

Note:
(3) This parameter is tested initially and after a design or process change that affects the parameter.
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CAT93C46A/CAT93C46AI

DEVICE OPERATION

The CAT93C46A/CAT93C46Al is a 1024 bit nonvolatile
memory intended for use with industry standard micro-
processors. The CAT93C46A/CAT93C46Al is organized
as 64 registers by 16 bits. Seven 9 bit instructions control
the reading, writing and erase operations of the device.
The CAT93C46A/CATI3C46Al operates on a single 5V
supply and will generate on chip, the high voltage
required during any write operation.

Instructions, addresses, and write data are clocked into
the DI pin on the rising edge of the clock (SK). The DO
pin is normally in a high impedance state except when
reading data from the device, or when checking the
ready/busy status after a write operation.

The ready/busy status can be determined after a write

operation by selecting the device (CS high) and polling
the DO pin; DO low indicates that the write operation is
not completed, while DO high indicates that the device
is ready for the next instruction. If necessary, the DO pin
may be placed back into a high impedance state during
chip select by shifting a dummy “1” into the DI pin. The
DO pin will enter the high impedance state on the falling
edge of the clock (SK). Placing the DO pin into the high
impedance state is recommended in applications where
the DI pin and the DO pin are to be tied together to form
a common DI/O pin.

The format for all instructions sent to the CAT93C46A/
CAT93C46Al is a logical “1” start bit, a 2 bit (or 4 bit) op
code, a 6 bit address, and for write operations, a 16 bit
data field.

Figure 1. Sychronous Data Timing
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Figure 2. Read Instruction Timing
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CAT93C46A/CAT93C46Al

At power-down, when Vcc falls below a threshold of
approximately 3.5V, the data protection circuitry inhibits
the erase and write instructions and a write disable
(EWDS) is executed internally.

NOTE: This device will accept a start bit that is gener-
ated when both SK and DI are high with respect to a low
to high transition of CS.

Read

Upon receiving a READ command and an address
(clocked into the DI pin), the DO pin of the CAT93C46A/
CAT93C46Al will come out of the high impedance state
and, after sending an initial dummy zero bit, will begin
shifting out the data addressed. The output data bits will
toggle on the rising edge of the SK clock and are stable
after the specified time delay (tppo or tpp1).

Write

After receiving a WRITE command, address and the

data, the CS (chip select) pin must be deselected for a
minimum of 250ns (tcsmin). The falling edge of CS will
start the self clocking clear and data store cycle of the
memory location specified in the instruction. The clock-
ing of the SK pin is not necessary after the device has
enteredthe self clocking mode. The ready/busy status of
the CAT93C46A/CAT93C46AI can be determined by
selecting the device and polling the DO pin. Since this
device features Auto-Clear before write, it is NOT nec-
essary to erase a memory location before the WRITE
command is sent.

Erase

Upon receiving an ERASE command and address, the
CS (chip select) pin must be deselected for a minimum
of 250ns (tcsmin). The falling edge of CS will start the self
clocking clear cycle of the memory location specified in
the instruction. The clocking of the SK pin is not neces-
sary after the device has entered the self clocking mode.
Theready/busy status ofthe CAT93C46A/CATI3C46Al

Figure 3. Write Instruction Timing

S i 0O O OO OO

CS_/

AN AN-1

Ao DN Do
—

HIGH-Z
DO

Vtcs
L
N A sTatus N STANDBY
VERIFY

-

tsv BUSY >z
/ READY F———
HIGH-Z
le— ey —>

5040 FHD Fo5

Figure 4. Erase Instruction Timing
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CAT93C46A/CAT93C46AI

can be determined by selecting the device and polling
the DO pin. Once cleared, the content of a cleared
location returns to a logical “1” state.

Erase/Write Enable and Disable

The CAT93C46A/CATI3C46AI powers up in the write
disable state. Any writing after power-up or after an
EWDS (write disable) instruction must first be preceded
by the EWEN (write enable) instruction. Once the write
instruction is enabled, it will remain enabled until power
to the device is removed, or the EWDS instruction is
sent. The EWDS instruction can be used to disable all
CAT93C46A/CAT93C46AI write and clear instructions,
and will prevent any accidental writing or clearing of the
device. Data can be read normally from the device
regardless of the write enable/disable status.

Erase All

Upon receiving an ERAL command, the CS (chip select)
pin must be deselected for a minimum of 250ns (tcsmin).

The falling edge of CS will start the self clocking clear
cycle of allmemory locations in the device. The clocking
of the SK pin is not necessary after the device has
entered the self clocking mode. The ready/busy status of
the CAT93C46A/CAT93C46Al can be determined by
selecting the device and polling the DO pin. Once
cleared, the contents of all memory bits returnto alogical
“1” state.

Write All

Upon receiving a WRAL command and data, the CS
(chip select) pin must be deselected for a minimum of
250ns (tcsmin). The falling edge of CS will start the self
clocking data write to all memory locations in the device.
The clocking of the SK pin is not necessary after the
device has entered the self clocking mode. The ready/
busy status of the CAT93C46A/CAT93C46Al can be
determined by selecting the device and polling the DO
pin. It IS necessary for all memory locations to be
cleared before the WRAL command is executed.

Figure 5. EWEN/EWDS Instruction Timing
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Figure 6. ERAL Instruction Timing
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CAT93C46A/CAT93C46AIl

Start Bit Timing

The CAT93C46A/CATI3C46Al features an alternate allows the user to send instructions from microproces-

start bit timing where the device will accept a start bit that sors that transmit and receive data using a sequence of

is generated when both SK and DI are high with respect 8 clock cycles only‘. Once thls'start bit is ge'nerated all

to a low to high transition of CS (see Figure 8). This subsequent data is clocked into the device on the
positive clock edge of SK.

Figure 7. WRAL Instruction Timing
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Figure 8. Alternate Start Bit Timing Example: Read Instruction
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SEMICONDUCTOR

CAT93C46B/CAT93C46BI

1K-Bit SERIAL E2PROM

FEATURES

B High Speed Operation: 1MHz

® Low Power CMOS Technology

B Single 5V Supply

W 64 x 16 or 128 x 8 Selectable Serial Memory
B Self-Timed Write Cycle with Auto-Clear

B Hardware and Software Write Protection

m Power-Up Inadvertant Write Protection

m 100,000 Program/Erase Cycles

H 100 Year Data Retention

H Optional High Endurance Device Available

DESCRIPTION

The CAT93C46B and CAT93C46BI are 1K bit Serial
E2PROM memory devices which can be configured as
either 64 registers by 16 bits (ORG pin at Vcc) or 128
registers by 8 bits (ORG pin at GND). Each register can

Catalyst's advanced CMOS E2PROM floating gate tech-
nology. It is designed to endure 100,000 program/erase
cycles and has a data retention of 100 years. The device
is available in 8 pin DIP or SO packages.

be written (or read) serially by using the DI (or DO) pin.
The CAT93C46B/CAT93C46BI is manufactured using

PIN CONFIGURATION
DIP Package SO Package J SO Package S SO Package K
NC [*1 8 ] ORG CS []*1 8 [ Vee CS [t 8 1 Voo
Veerd 2 7 [T GND sK 2 7INe sk 2 7 A NC
csg s 6 [1 DO DIl 3 egone Di]3 egom
SK[] 4 5Dl por 4 5 GND Do ] 4 5 GND
5041 FHD Fo1
PIN FUNCTIONS BLOCK DIAGRAM
Pin Name Function Vee GND
CS Chip Select l l
SK Clock lnput MEMORY ARRAY ADDRESS
~ ORG — 128 X8 *| DECODER
DI Serial Data Input OR
- 64 x16 L
DO Serial Data Output
Vee +5V Power Supply t
DATA
GND Ground REGISTER
‘ - DI OUTPUT
NC No Connection T BUFFER
P MODE DECODE
ORG Memory Organization cs LOGIC .
Note: When the ORG pinis connected to V¢, the 64 x 16 organization T l
is selected. When it is connected to ground, the 128 x 8 organization
is selected. |f the ORG pin is left unconnected, then an intenal pullup SK CLOCK DO
device will select the 64 x 16 organization. GENERATOR 5041 FHD Fop

TD 5051

© 1992 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice



CAT93C46B/CAT93C46BI

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature.............cccceuenen. —65°C to +150°C Ratings” may cause permanent damage lo the dgvioe.
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 jisted in the operational sections of this specification is not
Vce with Respect to Ground ................. -2.0Vto +7.0V implied. Exposure to any absolute maximum rating for
N extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta = 25°C) ....ccorreerrerrerenrrereeneeeene 1.0W '
Lead Soldering Temperature (10 secs)................ 300°C
Output Short Circuit Current® ......................... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Reference Test Method
Nenp® Endurance 100,000 Cycles/Byte|  MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT93C46B Ta= 0°C to +70°C, Vcc = +5V+10%, unless otherwise specified.
CAT93C46BI Ta= —40°C to +85°C, Vg = +5V+10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcct Power Supply Current 3 mA | DI=0.0V, SK=5.0V
(Operating) Vce =5.0V,CS =5.0V,
Output Open
lcca Power Supply Current 100 HA Vce =5.5V,CS =0V
(Standby) DlI=0V SK =0V
I Input Leakage Current 2 LA ViN=0Vto 5.5V
Lo Output Leakage Current 10 HA Vout=0Vto 5.5V,
(Including ORG Pin) CS=0V
ViH High Level Input Voltage 2.0 Vee +1 \
ViL Low Level Input Voltage -01 0.8 \
Vou High Level Output Voltage 2.4 Vv loH = —400pA
VoL Low Level Output Voltage 0.4 Vv loL=2.1mA
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 Vg +0.5V, which may overshoot to V¢ +2.0V for periods of less than 20 ns.

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

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

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from =1V to Vgg +1V.
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CAT93C46B/CAT93C46BI

INSTRUCTION SET A
Address Data
Instruction | Start Bit | Opcode | 128 x 8 64x16 [128x8 (64 x 16 Comments

READ 1 10 A6-A0 A5-A0 Read Address AN-AQ
ERASE 1 11 AB-A0 A5-A0 Clear Address AN-AO
WRITE 1 01 A6-A0 A5-A0 | D7-Do |D15-DO Write Address AN-AO
EWEN 1 00 [TIXXXXX [ 11XXXX Write Enable

EWDS 1 00 |0OXXXXX | 00XXXX Write Disable

ERAL 1 0.0 [ TOXXXXX | 10XXXX Clear All Addresses
WRAL 1 00 |OIXXXXX | 01XXXX | D7-D0 |D15-DO Write All Addresses

A.C. CHARACTERISTICS

CAT93C46B Tpa= 0°C to +70°C, Vcc = +5V+£10%, unless otherwise specified.
CAT93C46BI Ta= —40°C to +85°C, V¢ = +56V+10%, unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
tcss CS Setup Time 50 ns

tcsH CS Hold Time 0 ns

tois DI Setup Time 100 ns CL = 100pF

toH DI Hold Time 100 ns VoL = 0.8V, Von =2.0V
trp1 Output Delay to 1 500 ns | ViL=0.45V, Viu=2.4V
trpo Output Delay to 0 500 ns

tHz® Output Delay to High-Z 100 ns

tew Program/Erase Pulse Width 10 ms

tcsMIN Minimum CS Low Time 250 ns

tskHI Minimum SK High Time . 100 ns

tskLow Minimum SK Low time 660 ns

tsv Output Delay to Status Valid 500 ns CL =100pF

SKmax Maximum Clock Frequency DC 1 MHz

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




CAT93C46B/CAT93C46BI

DEVICE OPERATION

The CAT93C46B/CAT93C46BI is a 1024 bit nonvolatile
memory intended for use with industry standard micro-
processors. The CAT93C46B/CAT93C46BI can be or-
ganized as either 64 registers by 16 bits, or as 128
registers by 8 bits. Seven 9 bit instructions (10 bit
instruction in 128 by 8 organization) control the reading,
writing and erase operations of the device. The
CAT93C46B/CAT93C46BI operates onasingle 5V sup-
ply and will generate on chip, the high voltage required
during any write operation.

Instructions, addresses, and write data are clocked into
the DI pin on the rising edge of the clock (SK). The DO
pin is normally in a high impedance state except when
reading data from the device, or when checking the
ready/busy status after a write operation.

The ready/busy status can be determined after a write
operation by selecting the device (CS high) and polling
the DO pin; DO low indicates that the write operation is
not completed, while DO high indicates that the device
is ready for the next instruction. If necessary, the DO pin
may be placed back into a high impedance state during
chip select by shifting a dummy “1” into the DI pin. The
DO pin will enter the high impedance state on the falling
edge of the clock (SK). Placing the DO pin into the high
impedance state is recommended in applications where
the DI pin and the DO pin are to be tied together to form
a common DI/O pin.

The format for all instructions sent to the CAT93C46B/
CAT93C46BI is a logical “1” start bit, a 2 bit (or 4 bit) op
code, a 6 bit address (7 bit address when organized as
128 x 8), and for write operations a 16 bit data field (8 bit
data field when organized as 128 x 8).

Figure 1. Sychronous Data Timing )
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Figure 2. Read Instruction Timing (6)
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N N-1 5041 FHD Fo4
Note:

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.

When x16 organization is selected, AN = A5 and DN = D15.
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At power-down, when Vcc falls below a threshold of
approximately 3.5V, the data protection circuitry inhibits
the erase and write instructions and a write disable
(EWDS) is executed internally.

Read

Upon receiving a READ command and an address
(clocked into the DI pin), the DO pin of the CAT93C46B/
CAT93C46BI will come out of the high impedance state
and, after sending an initial dummy zero bit, will begin
shifting out the data addressed. The output data bits will
toggle on the rising edge of the SK clock and are stable
after the specified time delay (tppo or trp1).

Write

After receiving a WRITE command, address and the
data, the CS (chip select) pin must be deselected for a

minimum of 250ns (tcsmin). The falling edge of CS will
start the self clocking clear'and data store cycle of the
memory location specified in the instruction. The clock-
ing of the SK pin is not necessary after the device has
enteredthe self clocking mode. The ready/busy status of
the CAT93C46B/CAT93C46BI can be determined by
selecting the device and polling the DO pin. Since this
device features Auto-Clear before write, it is NOT nec-
essary to erase a memory location before the WRITE
command is sent.

Erase

Upon receiving an ERASE command and address, the
CS (chip select) pin must be deselected for a minimum
of 250ns (tcsmin). The falling edge of CS will start the self
clocking clear cycle of the memory location specified in
the instruction. The clocking of the SK pin is not neces-

Figure 3. Write Instruction Timing (5)
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READY
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< tew >
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Figure 4. Erase Instruction Timing (5)
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Note:

5041 FHD Fo7

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.

When x16 organization is selected, AN = A5 and DN = D15.
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sary after the device has entered the self clocking mode.
The ready/busy status ofthe CAT93C46B/CAT93C46BI
can be determined by selecting the device and polling
the DO pin. Once cleared, the content of a cleared
location returns to a logical “1” state.

Erase/Write Enable and Disable

The CAT93C46B/CAT93C46BI powers up in the write
disable state. Any writing after power-up or after an
EWDS (write disable) instruction must first be preceded
by the EWEN (write enable) instruction. Once the write
instruction is enabled, it will remain enabled until power
to the device is removed, or the EWDS instruction is
sent. The EWDS instruction can be used to disable all
CAT93C46B/CAT93C46BI write and clear instructions,

and will prevent any accidental writing or clearing of the
device. Data can be read normally from the device
regardless of the write enable/disable status.

Erase All

Upon receivingan ERAL command, the CS (chip select)
pin must be deselected for a minimum of 250ns (tcsmin).
The falling edge of CS will start the self clocking clear
cycle of allmemory locations in the device. The clocking
of the SK pin is not necessary after the device has
entered the self clocking mode. The ready/busy status of
the CAT93C46B/CAT93C46BI can be determined by
selecting the device and polling the DO pin. Once
cleared, the contents of allmemory bits returnto a logical
“1" state.

Figure 5. EWEN/EWDS Instruction Timing (5)
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Figure 6. ERAL Instruction Timing (5)
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Note:

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.

When x16 organization is selected, AN = A5 and DN = D15.
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Write All device has entered the self clocking mode. The ready/
Upon receiving a WRAL command and data, the CS busy status of the CAT93C46B/CAT93C46BI can be
(chip select) pin must be deselected for a minimum of determined by selecting the device and polling the DO
250ns (tcsmin). The falling edge of CS will start the seff ~ Pin- It IS necessary for all memory locations to be
clocking data write to allmemory locationsinthe device.  cleared before the WRAL command is executed.

The clocking of the SK pin is not necessary after the

Figure 7. WRAL Instruction Timing (5)
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Note:

(5) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A6 and DN = D7.
When x16 organization is selected, AN = A5 and DN = D15.
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S EMICONDUCTOR

CAT33C101/CAT33CH1

1K-Bit SERIAL E?PROM

01l

FEATURES

B Low Power CMOS Technology

| Single 3V Supply

W 64 x 16 or 128 x 8 Selectable Serial Memory
B Self-Timed Write Cycle with Auto-Clear

B Hardware and Software Write Protection

H Power-Up Inadvertant Write Protection
m 100,000 Program/Erase Cycles
M 100 Year Data Retention

m Optional High Endurance Device Available

DESCRIPTION

The CAT33C101 and CAT33C101l are 1K bit Serial
E2PROM memory devices which can be configured as
either 64 registers by 16 bits (ORG pin at Vcc) or 128
registers by 8 bits (ORG pin at GND). Each register can
be written (or read) serially by using the DI (or DO) pin.
The CAT33C101/CAT33C101!l is manufactured using

Catalyst's advanced CMOS E2PROM floating gate tech-
nology. It is designed to endure 100,000 program/erase
cycles and has a data retention of 100 years. The device
is available in 8 pin DIP or SO packages.

PIN CONFIGURATION
DIP Package SO Package J SO Package S SO Package K
NC 1 8 [] ORG Cs 1 8 ] Vee Cs ! 8 Vee
Vec ] 2 7 3 GND sk 2 7[aNC sk 2 7 I NC
cs]3 6 [] DO DI 8 6 [T] ORG DIl 3 6 [T ORG
sk 4 5[0l pord 4 5[] GND po ] 4 5[] GND
5041 FHD FO1
PIN FUNCTIONS BLOCK DIAGRAM
Pin Name Function Vee GND
CSs Chip Select l l
SK Clock Input MEMORY ARRAY ADDRESS
- ORG —» 128 x 8 <
DI Serial Data Input OR DECODER
- 64 x16 3
DO Serial Data Output
Vee +3V Power Supply t
DATA
GND Ground REGISTER g
; OUTPUT
NC No Connection Di f BUFFER
it MODE DECODE
ORG Memory Organization s LOGIC .
Note: When the ORG pinis connected to V¢, the 64 x 16 organization T ‘
is selected. When it is connected to ground, the 128 x 8 organization
is selected. If the ORG pin is left unconnected, then an intemal pullup SK CLOCK DO
device will select the 64 x 16 organization. GENERATOR S041 FHD Fo2

TD 5041

© 1992 by Catalyst Semiconductor, Inc.

Characteristics subject to change without notice
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CAT33C101/CAT33C1011

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias..................... -55°C to +125°C
Storage Temperature .............cccevune. —65°C to +150°C
Voltage on any Pin with

Respect to Ground™ .............. —2.0V to +Vec +2.0V
Vcc with Respect to Ground................... —2.0Vto +7.0V
Package Power Dissipation

Capability (Ta =25°C) ...coecevevrreneeeeeeceereenee 1.0W
Lead Soldering Temperature (10 secs) ............... 300°C
Output Short Circuit Current® .......................... 100 mA

RELIABILITY CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of
the device at these or any other conditions outside of those
listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for
extended periods may affect device performance and
reliability.

Symbol Parameter Min. Max. Units Reference Test Method
Neno® | Endurance 100,000 Cycles/Byte|  MIL-STD-883, Test Method 1033
Tor® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap® ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILTH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS

CAT33C101 Ta= 0°C to +70°C, V¢ = +3V+10%, unless otherwise specified.
CAT33C101l Ta=—40°C to +85°C, Voc = +3V+10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcct Power Supply Current 2 mA | DI=0.0V,SK=3.3V
(Operating) Vee =3.3V,CS =3.3V,
Output Open
lccz Power Supply Current 50 HA Vce =3.3V,C8S =0V
(Standby) DI =0V SK =0V
Iu Input Leakage Current 2 pA Vin =0V to 3.3V
ILo Output Leakage Current 10 HA Vout =0V to 3.3V,
(Including ORG Pin) CS=0V
ViH High Level Input Voltage Vcc-0.3 Vee +1 \
ViL Low Level Input Voltage -0.1 0.3 v
Vo High Level Output Voltage | Vcc— 0.3 \ lon =-10us
VoL Low Level Output Voltage 0.3 \ loL = 10us
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 Vg +0.5V, which may overshoot to V¢ +2.0V for periods of less than 20 ns.

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

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

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vgc +1V.
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INSTRUCTION SET
Address . Data
Instruction | Start Bit | Opcode | 128 x 8 64x16 |128x8|64x16 Comments

READ 1 10 A6-A0 A5-A0 Read Address AN-AO
ERASE 1 11 A6-A0 A5-A0 Clear Address AN-AO
WRITE 1 01 A6-A0 A5-A0 | D7-Do [D15-D0 Write Address AN-AO
EWEN 1 00 | TIXXXXX [ 11XXXX Write Enable

EWDS 1 0 0 | OOXXXXX | 00XXXX Write Disable

ERAL 1 00 |TOXXXXX | 10XXXX Clear All Addresses
WRAL 1 00 |OIXXXXX [ 01XXXX | D7-D0 |D15-D0O Write All Addresses

A.C. CHARACTERISTICS

CAT33C101 Ta= 0°C to +70°C, Vcc = +3V+10%, unless otherwise specified.
CAT33C101] Ta=—40°C to +85°C, Ve = +3V+10%, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
tcss CS Setup Time 200 ns
tcsH CS Hold Time 0 ns
tois DI Setup Time 400 ns CL = 100pF
toH DI Hold Time 400 ns VoL = 0.8V, Vo =2.0V
tro1 Output Delay to 1 2 us ViL=0.45V, Viy = 2.4V
trDo Output Delay to 0 2 us
tHz®) Output Delay to High-Z 400 ns
tew Program/Erase Pulse Width 20 ms
tcsmin Minimum CS Low Time 1 us
tskHI Minimum SK High Time 1 us
tskLow Minimum SK Low time 1 us
tsv Output Delay to Status Valid 1 us CL = 100pF
SKmax Maximum Clock Frequency DC 250 kHz

Note:
(3) This parameter is tested initially and after a design or process change that affects the parameter.
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DEVICE OPERATION
The CAT33C101/CAT33C101l is a 1024 bit nonvolatile The ready/busy status can be determined after a write
memory intended for use with industry standard micro- operation by selecting the device (CS high) and polling

processors. The CAT33C101/CAT33C101!| can be or- the DO pin; DO low indicates that the write operation is
ganized as either 64 registers by 16 bits, or as 128 not completed, while DO high indicates that the device
registers by 8 bits. Seven 9 bit instructions (10 bit is ready for the next instruction. If necessary, the DO pin
instruction in 128 by 8 organization) control the reading, may be placed back into a high impedance state during
writing and erase operations of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>