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LIMITED WARRANTY

Devices sold by Catalyst Semiconductor, Inc. are covered by the limited warranty and other limited provisions appearinginits Terms
of Sale. 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 or other intellectual property 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 it embodies in a Catalyst
Semiconductor product.

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

1. Life supportdevices 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. Acritical componentis any component of a life support device or system whose failure to perform can be reasonably expected
to cause the failure of the life support device or system, or to affect its safety or effectiveness.

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.

Copyright © 1996 Catalyst Semiconductor, Inc. Catalyst Semiconductor is licensed by Philips Corporation to carry the 12C Bus
Protocol. Intelligent Programming, Quick-Erase Programming and Quick-Pulse Programming are trademarks of Intel Corpora-
tion. Product names used in this publication are for identification purposes only and may be trademarks of their respective
companies. Catalyst Semiconductor, Inc. reserves the right to make changes in the device or specifications described herein
without notice. Information in this document is subject to change without notice.
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Product Features
SERIAL E2PROMs
12C Bus (Data Book Section 2)
Temp. Density iIcC Max. Clock Lead Pkg Oprtg
Device Range (Organization) | (Active/Standby) Freq. Count Types Vitg. Range
24C01 (oN] 1Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(128X8) 14 SoIcC
24WCO01 C 1 1Kb 3mA/OuA 400kHz 8 PDIP, SOIC 1.8 -6.0V
(128X8) 14 SOIC
24C02 (o8] 2Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(256X8) 14 SOIC
24WC02 C, 1 2Kb 3mA/OuA 400kHz 8 PDIP, SOIC 1.8 -6.0V
(256X8) 14 SoIC
24C04 C, I 4Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(512X8) 14 SOIC
24WC04 C 1 4Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(512X8) 14 SoIC
24C08 (oN] 8Kb 3mA/OuA 400kHz 8 PDIP, SOIC 1.8-6.0V
(1024X8) 14 SOIC
24WC08 C, I 8Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(1024X8) 14 Solc
24C16 C, 1 16Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8 -6.0V
(2048X8) 14 SOIC
24WC16 C, I 16Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(2048X8) 14 SOIC
24C32 C I 32Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(4096X8) 14 SOiC
24WC32 C 1 32Kb 3mA/OnA 400kHz 8 PDIP, SOIC 1.8-6.0V
(4096X8) 14 SOIC
24C64 (oN] 64Kb 3mA/OuA 400kHz 8 PDIP, SOIC 1.8 -6.0V
(8192X8) 14 SOIC
24WC64 C, 1 64Kb 3mA/OpA 400kHz 8 PDIP, SOIC 1.8-6.0V
(8192X8) 14 SOIC
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Product Features

SERIAL E2PROMs

Microwire Bus (Data Book Section 3)

Temp. Density ICC Max. Clock Lead Pkg Oprtg
Device Range (Organization) | (Active/Standby) Freq. Count Types Vitg. Range
93C46 C, 1 1Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(64X16/128X8)
93C46A C, I 1Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(64X16)
93C56 C, 1 2Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(128X16/256X8)
93C56A C, 1 2Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(128X16)
93C66 C,1 4Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(256X16/512X8)
93C66A C, I 4Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(256X16)
93C86 C I 16Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(1024X16/2048X8)
93C86A C, I 16Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(1024X16)
93C57 C I 2Kb 3mA/50pA 1MHZ 8 PDIP, SOIC 1.8-6.0V
(128X16/256X8)
SERIAL E2PROMs
SPI Bus (Data Book Section 4)
Temp. Density ICC Max. Clock Lead Pkg Oprtg
Device Range (Organization) | (Active/Standby) Freq. Count Types Vitg
64LC10 C, I 1Kb 1mA/OpA 1MHZ 8 PDIP, SOIC 2.5-6.0V
(64X16)
64LC20 C, 1 2Kb 1mA/OpA 1MHZ 8 PDIP, SOIC 2.5-6.0V
(128X16)
64LC40 C, I 4Kb 1mA/OpA 1MHZ 8 PDIP, SOIC 2.5-6.0V
(256X16)
SERIAL E2PROMs
Secure Access (Data Book Section 5)
Temp. Density ICC Max. Clock| Lead Pkg Oprtg
Device Range Protocol (Organization) |(Active/Standby)| Freq. Count Types Vitg
35C704 C I Synchronous 4Kb 3mA/250pA 3MHZ 8 PDIP, SOIC | 4.5-5.5V
(256X16/512X8)
33C704 C, 1 Synchronous 4Kb 3mA/250pA 1MHZ 8 PDIP, SOIC | 2.7-3.3V
(256X16/512X8)
35C804A C,| |UART Compatible 4Kb 3mA/250pA 5MHZ 8 PDIP, SOIC | 4.5-5.5V
(256X16/512X8) 16 SOIC
33C804A C,| |UART Compatible 4Kb 3mA/250puA 5MHZ 8 PDIP, SOIC | 2.7-3.3V
(256X16/512X8) 16 SoIC




Product Features

NVRAMs
(Data Book Section 6)
Temp. Density Access Time (ns)/ IcC Lead Pkg Oprtg
Device | Range |(Organization)| Max. CLK Freq (Active/Standby) | Count Types Vitg Range
22C10 C, 1 256b 200, 300 40mA/30pA 18 PDIP 4.5-5.5V
(64X4) 16 soic
24C44 C, 1 256b 1MHZ 3mA/30pA 8 PDIP, SOIC 4.5-5.5V
(16X16)
Flash Memories
(Data Book Section 7)
Temp. Density Access ICC Lead Pkg Oprtg
Device Range |(Organization) Time (ns) (Active/Standby) | Count Types Vitg Range
28F512 C, I 512Kb 90/120/150 30mA/100pA 32 PDIP, PLCC, 12v
(64KX8) TSOP
28F010 C, 1 1Mb 90/120/150 30mA/100pA 32 PDIP, PLCC, 12v
(128KX8) TSOP
28F020 C, I 2Mb 120/150/200 30mA/100pA 32 PDIP, PLCC, 12v
(256KX8) TSOP
28F102 C I 1Mb 90/120/150 30mA/100pA 40 PDIP, TSOP 12v
(64KX16) 44 PLCC
28F202 C, 1 2Mb 120/150/200 30mA/100pA 40 PDIP, TSOP i2v
(128KX16) 44 PLCC
28F001 C,l 1Mb 90/120/150 - 32 PDIP, PLCC, 12v
(128KX8) TSOP
28F002 C,| 2Mb 120/150/200 - 32 PDIP, PLCC, TSOP 12v
(256KX8) 40 TSOP
44 PSOP
PARALLEL E2PROMs
(Data Book Section 8)
Temp. Density Access ICC Lead Pkg Oprtg
Device |Range |Compatibility | (Organization) | Time (ns) | (Active/Standby) | Count Types Vitg
28C16A | C, I Industry 16Kb 200, 250 35mA/100pA 24 PDIP, SOIC 4.5-5.5V
(2KX8) 32 PLCC
28C17A | C,I Industry 16Kb 200, 250 35mA/100pA 28 PDIP, SOIC 4.5-5.5V
(2KX8) 32 PLCC
28C64B C, 1 Industry 64Kb 120, 150, 30mA/100pA 28 | PDIP, SOIC, TSOP | 4.5-5.5V
(8KX8) 200 32 TSOP, PLCC
28C65B C | Industry 64Kb 120, 150, 30mA/100pA 28 | PDIP, SOIC, TSOP | 4.5-5.5V
(8KX8) 200 32 TSOP, PLCC
28C256 (o8] Industry 256Kb 150, 200, 30mA/150pA 28 PDIP, TSOP 4.5-5.5V
(32KX8) 250 32 TSOP, PLCC




Product Features

PARALLEL E2PROMs
Low Voltage (Data Book Section 8)

Temp. Density Access IcCC Lead Pkg Oprtg
Device Range | (Organization) Time (ns) (Active/Standby) | Count Types Vitg
28LV64 C, 1 64Kb 200, 250, 300 8mA/150pA 28 PDIP, SOIC, TSOP | 3.0-3.6V
(8KX8) 32 TSOP, PLCC
28LV65 (ol ] 64Kb 200, 250, 300 8mA/150pA 28 PDIP, SOIC, TSOP | 3.0-3.6V
(8KX8) 32 TSOP, PLCC
28LV256 C I 256Kb 200, 250, 300 15mA/150pA 28 PDIP, TSOP 3.0-3.6V
(32KX8) 32 TSOP, PLCC
Mixed Signal Products
(Data Book Section 9)
Bits Linearity Settling
Device | Temp | Resolution Error(LSB) | Data Latch NV MEM. | #DACs/Pkg Pkg Types Time(ns)
104A C, 1 12 1/2 LSB No 1 CerDIP 40
104B C, 1 12 1LSB No 1 CerDIP 40
105A C,1 12 1/2 LSB Yes No 1 CerDIP 40
105B C, 1 12 1LSB Yes No 1 CerDIP 40
504 (oN] 8 1LSB Yes Yes 4 PDIP, SOIC 10us
505 (ol ] 8 1LSB Yes Yes 4 PDIP, SOIC 10us
506A Cc 12 1/2 LSB Yes No 1 CerDIP 25
506B Cc 12 1LSB Yes No 1 CerDIP 25
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CAT24C01/02/04/08/16

1K/2K/4K/8K/16K-Bit Serial EEPROM

FEATURES

400 KHZ I>’C Bus Compatible*

1.8 to 6.0 Volt Operation

Low Power CMOS Technology

Page Write Buffer

Self-Timed Write Cycle with Auto-Clear

® 100,000 Program/Erase Cycles
B 100 Year Data Retention
E 8-pin DIP, 8-pin SOIC or 14-pin SOIC Package

B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT24C01/02/04/08/16 is a 1K/2K/4K/8K/16K-bit
Serial CMOS E2PROM internally organized as 128/256/

E12/41024/204AQ wnrde nf Q hite aarch (Cataluct’'s ad.
JI&/ TVET&VUT0 wWUiuS Ul U Uilo Sauii. wvdildiyoto au

vanced CMOS technology substantially reduces device
power requirements. The CAT24C01/02 features an 8-

byte page write buffer, and the CAT24C04/08/16 fea-
tures an 16-byte page write buffer. The device operates

via the 12C huie serial interfaca and'is available in 8- nln

IA UIT 1 W UUD OSTLIA nilTHiaus Qi IS avanauic

DIP, 8-pin SOIC or 14-pin SOIC packages.

PIN CONFIGURATION
DIP Package (P) SOIC Package (J14)
Ap 1 8 [ Ve NC 1 14 3 ne
A 2 7 B ne Ag [ 2 18 7 vge
A3 6 [1 scL Ap 3 120Nc
vgs ] 4 5 [ sDA N4 "[Onc
ACH S5 10 scL
vgg 4 6 9 [ spa
SOIC Package (J) Ne ] 7 8 [0 Ne
AO ES.1 8 :: VCC 24CXX F02
A2 7 Ne
Ap ]38 6 1 scL
Vss [ 4 5 1 spba
24CXX FO1
PIN FUNCTIONS
Pin Name Function
A0, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock
NC No Connect
Vce +1.8V to +6.0V Power Supply
Vss Ground

BLOCK DIAGRAM
EXTERNAL LOAD
(AVAVAVA - Dour SENSE AMPS
l] ACK SHIFT REGISTERS
vec [ T
WORD ADDRESS |1 COLUMN
\"
ssl> BUFFERS DECODERS
A
START/STOP
>4
SDA LOGIC
i g
A
XDEC E2PROM
CONTROL
LOGIC L ]
k : ?
>| DATA IN STORAGE
HIGH VOLTAGE/
»| TIMING CONTROL
SCL [>— STATE COUNTERS
Ag D——u SLAVE
A1 C—| ADDRESS
A2 [>—+{ COMPARATORS 240XX FO3

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

© 1996 by Catalyst Semiconductor, Inc.
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CAT24C01/02/04/08/16

ABSOLUTE MAXIMUM RATINGS*

.................. -55°C to +125°C
—-65°C to +150°C

Temperature Under Bias
Storage Temperature .........cccccceeuenne

Voltage on Any Pin with
Respect to Ground™ ...........

Vce with Respect to Ground

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

—2.0V to +Vcc + 2.0V
—2.0V to +7.0V

*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.

Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current®@ ...........ccoevvnnee 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
ILte®@ | Latch-up 100 mA JEDEC Standard 17
D.C. OPERATING CHARACTERISTICS
Vce = +1.8V to +6.0V, unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units | Test Conditions
Ilcc Power Supply Current 3 mA fscL = 100 KHz
Isg® | Standby Current (Vcc = 5.0V) 0 uA Vin = GND or Ve
ILi Input Leakage Current 10 LA ViN = GND to Ve
ILo Output Leakage Current 10 pA | Vout = GND to Vcc
ViL Input Low Voltage -1 Vce x 0.3 \
ViH Input High Voltage Vee x 0.7 Vce + 0.5 \
VoL1 Output Low Voltage (Vcc = 3.0V) 0.4 Vv loL=3mA
VoL2 Output Low Voltage (Vcc = 1.8V) 0.5 \ loL=1.5mA
CAPACITANCE Ta =25°C, f=1.0 MHz, Vcg =5V
Symbol Test Max. Units Conditions
Cio® Input/Output Capacitance (SDA) 8 pF Vio =0V
Ccin® Input Capacitance (A0, A1, A2, SCL) 6 pF Vin= 0V
Note:

()

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 Vg + 2.0V for periods of less than 20ns.

(2)
(3)
4)

(5) Standby Current (Isg) = OpA (<900nA).

Output shorted for no more than one second. No more than one output shorted at a time.
This parameter is tested initially and after a design or process change that affects the parameter.
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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CAT24C01/02/04/08/16

A.C. CHARACTERISTICS
Ve = +1.8V to +6.0V, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter i Vge=1.8V - 6V Vce=4.5V - 5.5V
Min. Max. Min. Max. Units
FscL Clock Frequency 100 400 kHz
T Noise Suppression Time 200 200 ns
Constant at SCL, SDA Inputs
taA SCL Low to SDA Data Out 3.5 1 us
and ACK Out
teur(" Time the Bus Must be Free Before | 4.7 1.2 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4 0.6 us
tLow Clock Low Period 4.7 1.2 us
tHiGH Clock High Period 4 0.6 us
tsu:stA Start Condition Setup Time 47 0.6 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 0 ns
tsu:pAT Data In Setup Time 50 50 ns
tr(" SDA and SCL Rise Time 1 0.3 ps
te( SDA and SCL Fall Time 300 300 ns
tsu:sTO Stop Condition Setup Time 4 0.6 us
toH Data Out Hold Time 100 100 ns

Power-Up Timing(1)(2)

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:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tpur and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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CAT24C01/02/04/08/16

FUNCTIONAL DESCRIPTION

The CAT24C01/02/04/08/16 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. Data transfer is controlled by the Master device
which generates the serial clock and all START and
STOP conditions for bus access. The CAT24C01/02/04/
08/16 operates as a Slave device. Both the Master and
Slave devices can operate as either transmitter or re-
ceiver, but the Master device controls which mode is
activated. A maximum of 8 devices (24C01 and 24C02),
4 devices (24C04), 2 devices (24C08) and 1 device
(24C16) may be connected to the bus as determined by
the device address inputs A0, A1, and A2.

PIN DESCRIPTIONS

SCL: Serial Clock

The CAT24C01/02/04/08/16 serial clock input pin is
used to clock all data transfers into or out of the device.
This is an input pin.

SDA: Serial Data/Address

The CAT24C01/02/04/08/16 bidirectional serial data/
address pin used to transfer 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 device address when cascading mul-
tiple devices. A maximum of eight devices can be
cascaded when using either24C01 or 24C02 device. All
three address pins are used for these densities.

Figure 1. Bus Timing - tHIGH —»| [«1R
fLow | low |
scCL | N
tsu:STA tHD:DAT— e
«— 1HD:STA —»  |e—1SU:DAT tsu:sTo
SDAIN / I
> tpH ' e tBUF

SDA OUT

5020 FHD FO3

Figure 2. Write Cycle Timing

SDA X sTHBIT \  ACK /\_/

AT

7/ ..

BYTEn \
fe——-WR ————
STOP START ADDRESS
CONDITION CONDITION
5020 FHD F04
Figure 3. Start/Stop Timing - -
(I (I
| |
SDA | I
I [
scL I\ /—\ /11
11 b
START BIT STOP BIT 5020 FHD F05
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CAT24C01/02/04/08/16

A total of four devices can be addressed on a single bus
when using 24C04 device. Only A1 and A2 address pin
are used with this device. The AQ address pin must be
tied to Vss.

Only two devices can be cascaded when using 24C08.
The only address pin used with this device is A2. The
other two address pins (A0, A1) must be tied to Vss.

The 24C16 is a stand alone device. In this case, all
address pins (A0, A1, A2) must be tied to Vss.

I2C BUS PROTOCOL

The following defines the features of the 1°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 hlgh will be

femdmcmomdadd A ADT 0 QTAD Ananddiz
Immerpreied as a Oll'\l'\l OF o1vur conui lU

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 CAT24C01/02/04/08/16
monitor 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 mustend
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 CAT24C01/02/04/08/16 (see Fig. 5).
The nextthree significantbits (A2, A1, AO) are the device
address bits and define which device or which part of the
device the Master is accessing. Up to eight CAT24C01/
02, four CAT24C04,two CAT24C08, and one CAT24C16
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 and the slave
address byte, the CAT24C01/02/04/08/16 monitor the
bus and responds with an acknowledge (on the SDA
line) when its address matches the transmitted slave
address. The CAT24C01/02/04/08/16 then perform a
Read or Write operation depending on the state of the
R/W bit.

Acknowledge

After a successful data transfer, 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 8 bits of data.

The CAT24C01/02/04/08/16 respond with an acknowl-
edge after receiving a START condition and its slave
address. [f the device has been selected along with a
write operation, it responds with an acknowledge after
receiving each 8-bit byte.

Figure 4. Acknowledge Timing

SCL FROM
MASTER

AARNIVAIA

/NN

r

DATA QUTPUT
FROM TRANSMITTER

VAR o

DATA OUTPUT (¢ ' :
FROM RECEIVER ) 3 : :
START ACKNOWLEDGE
5020 FHD F06
Figure 5. Slave Address Bits
|1‘o| ‘OIAZlMIAO[R/WI

[ —
DEVICE ADDRESS

5022 FHD F07
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CAT24C01/02/04/08/16

Whenthe CAT24C01/02/04/08/16 beginsaREAD mode,
it transmits 8 bits of data, releases the SDA line, and
monitors the line for an acknowledge. Once it receives
this acknowledge, the CAT24C01/02/04/08/16 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.

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 CAT24C01/02/04/08/16. After receiving
another acknowledge from the Slave, the Master device
transmits the data byte to be written into the addressed
memory location. The CAT24C01/02/04/08/16 acknowl-
edge once more and the Master generates the STOP

it i i tha davina haning ite intarnal
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 CAT24C01/02 writes up to 8 bytes of data,
CAT24C04/08/16 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 word is transmitted, the Master is allowed
tosend upto P (P =7for24C01/02 and P =15 for24C04/
08/16) additional bytes. After each byte has been trans-
mitted the CAT24C01/02/04/08/16 will respond with an
acknowledge, and internally increment the low order
address bits by one. The high order bits remain un-
changed.

If the Master transmits more than P+1 bytes prior to
sending the STOP condition, the address counter ‘wraps
around’, and previously transmitted data will be over-
written.

Once all P+1 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 CAT24C01/02/04/08/16 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 CAT24C01/02/04/08/16 initiate the inter-
nalwrite cycle. ACK polling can be initiatedimmediately.
This involves issuing the start condition followed by the
slave address for a write operation. Ifthe CAT24C01/02/
04/08/16 is still busy with the write operation, no ACK will

Figure 6. Byte Write Timing

S
T S
BUSACTIVITY: A SLAVE BYTE T
MASTER ? ADDRESS ADDRESS DATA g
L L L T TrTTrTT
SDALINE | 11 l ! I'I S S N T | l L) F T T T | LIPI
A A A
c o] 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+P (,3
T 1T 1T TrTT 1T 1T T 17T |
SDALINEIIIlll*liIIII:—||I|IL]I[I[IIJI([IJBJ[I[II!H
A A A A A
c C o] o] C
K K K K K

NOTE: INTHIS EXAMPLE n = XXXX 0000(B); X = 1 or 0

P=7 for CAT24C01/02 and P=15 for CAT24C04/08/16
* = Don't care for 24C01

5020 FHD F09
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CAT24C01/02/04/08/16

be returned. If the CAT24C01/02/04/08/16 has com-
pleted the write operation, an ACK will be returned and
the host can then proceed with the next read or write
operation.

READ OPERATIONS

The READ operation for the CAT24C01/02/04/08/16 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 CAT24C01/02/04/08/16’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 from address N+1. If N=E (where
E =127 for 24C01, 255 for 24C02, 511 for 24C04, 1023
for 24C08, and 2047 for 24C16), then the counter will
‘wrap around’ to address O and continue to clock out
data. Afterthe CAT24C01/02/04/08/16 receivesits slave
address information (with the R/W bit set to one), it
issues an acknowledge, then transmits the 8-bit byte
requested. The master device does not send an ac-
knowledge 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 CAT24C01/02/04/08/16 acknowledge
the word address, the Master device resends the START
condition and the slave address, this time with the R/W
bit set to one. The CAT24C01/02/04/08/16 then re-
sponds with its acknowledge and sends the 8-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 CAT24C01/02/04/08/16 sends the
initial 8-bit byte requested, the Master will respond with
an acknowledge which tells the device it requires more
data. The CAT24C01/02/04/08/16 will continue to out-
put an 8-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 CAT24C01/02/04/
08/16 is outputted sequentially with data from address N
followed by data from address N+1. The READ opera-
tion address counter increments all of the CAT24C01/
02/04/08/16 address bits so that the entire memory
array can be read during one operation. If more than the
E bytes are read out, the counter will “wrap around” and
continue to clock out data bytes.

Figure 8. Immediate Address Read Timing

S

T

BUSACTIVITY: A
MASTER

SLAVE

ADDRESS

T
SDA LINE Eﬂ_ﬂ [TTT]

Illlllll

I: vO-H®

xO>

DATA

xX0» 0Oz

x 8TH BIT /

DATA OUT

NO ACK !

5020 FHD F10




CAT24C01/02/04/08/16

Figure 9. Selective Read Timing

S S
T T S
BUSACTIVITY: A SLAVE BYTE A SLAVE T
MASTER $ ADDRESS ADDRESS (n) FT* ADDRESS g
LI T 11 1T T 1771 LI T 1 1T 1. 1T 17T
SDALINE]||I|[*|||||llllslllllill—I'l|||1l1|lP|
P
é é é DATAN g
K K K
A
c
K
5020 FHD F11
* = Don't care for 24C01
Figure 10. Sequential Read Timing
S
BUS ACTIVITY: SLAVE T
MASTER  ADDRESS DATAN DATA n+1 DATA n+2 DATA n+x g
eI llll!ll'lllTTl‘ﬁrlllllll rlllllll
SDALINE _____;-Illlllllllllll)lllJIAIIALLJ;LLI_:SXILIJIIIIIH
A A A A N
C C c C o
K K K K
A
c
K
5020 FHD F12
ORDERING INFORMATION
| Prefix | Device # Suffix |
CAT 24C02 J | -2 TE7
A T A}
Product Number Temperature Range Tape & Reel
24C01: 1K Blank = Commercial (0°C to +70°C) TE7: 500/Reel
24C02: 2K | = Industrial (-40°C to +85°C) TE13: 2000/Reel
24C04: 4K
24C08: 8K
24C16: 16K
Package Operating Voltage
P: PDIP Blank: 4.5V - 5.5V
J: SOIC (JEDEC) 2.7:2.7V - 6.0V
J14: SOIC (JEDEC) 2.5:2.5V-6.0V
1.8: 1.8V - 6.0V

Notes:

(1) The device used in the above example is a 24C02JI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage,

Tape & Reel)

24CXX F14
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CAT24WCO01/02/04/08/16

1K/2K/4K/8K/16K-Bit Serial EZPROM

FEATURES

B 400 KHZ I2C Bus Compatible* m Self-Timed Write Cycle with Auto-Clear

E 1.8 to 6.0Volt Operation ® 100,000 Program/Erase Cycles

B Low Power CMOS Technology B 100 Year Data Retention

B Hardware Write Protect H 8-pin DIP, 8-pin SOIC or 14-pin SOIC Package

B Page Write Buffer m Commercial and Industrial Temperature Ranges
DESCRIPTION

The CAT24WC01/02/04/08/16 is a 1K/2K/4K/8K/16K-
bit Serial CMOS E2PROM internally organized as 128/
256/512/1024/2048 words of 8 bits .each. Catalyst’s
advanced CMOS technology substantially reduces de-
vice power requirements. The CAT24WCO01/02 features
an 8-byte page write buffer, and the CAT24WC04/08/16

features an 16-byte page write buffer. The device oper-
ates via the I2C bus serial interface, has a special write
protection feature, and is available in 8-pin DIP, 8-pin
SOIC or 14-pin SOIC packages.

PIN CONFIGURATION

DIP Package (P) SOIC Package (J14)
Ag CJ*1 8 [0 vee ne Cd*' 14O Ne
A 2 7 [ wp Ao [ 2 18 [ vee
A 3 6 [ scL A8 12 7 we
vgg ] 4 5 [ SDA NC O 4 1 3 ne
Ay 5 10 3 scL
vgg L] © 9 11 spA
SOIC Package (J) NC 7 8 1 NC
Ao |::‘1 8 :: VCC 5027 FHD FO1
A2 7B wp
Ap[]3 6 [JscL
Vss ] 4 5T 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 +1.8V to +6.0V Power Supply
Vss Ground

BLOCK DIAGRAM
EXTERNAL LOAD
IAVAVAVA - Dour B SENSE AMPS
i] AOK SHIFT REGISTERS
vee [ T
vss [ WORD ADDRESS |—* COLUMN
l—’ BUFFERS DECODERS
START/STOP
DA -
SDA [ LOGIC
f | '
Y
XDEC E2PROM
CONTROL
WP [O—>  “loaic |,

A 3 T

> DATA IN STORAGE

i

HIGH VOLTAGE/
»| TIMING CONTROL

SCL [>—| STATE COUNTERS

Ag [O>—>{SLAVE
A1 [>—>| ADDRESS
A2 [—| COMPARATORS

24WCXX FO3

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

© 1996 by Catalyst Semiconductor, Inc.
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CAT24WCO01/02/04/08/16

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias................... —-55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ..............c.c..... —65°C to +150°C Ratings” may cause permanent damage to the device.
Votzge on Any Pin it e e o o
Respect to Ground(") ........... —2.0V to +Vcc + 2.0V listed in the operational gections of this specification is not
Vcc with Respect to Ground .............. —2.0V to +7.0V implied. Exposure to any absolute maximum rating for
Package Power Dissipation extended periods may affect device performance and
Capability (Ta = 25°C) ...ceerveeieerierereeseenns 1.0W reliability.
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
Vce = +1.8V to +6.0V, unless otherwise specified. )
Limits
Symbol Parameter Min. Typ. Max. Units | Test Conditions
Icc Power Supply Current 3 mA fscL = 100 KHz
1s® Standby Current (Vcc = 5.0V) 0 pA Vin = GND or Vee
ILi Input Leakage Current 10 A Vin = GND to Ve
ILo Output Leakage Current 10 uA | Vout = GND to Vee
ViL Input Low Voltage -1 Vee x 0.3 \'
ViH Input High Voltage Vee x 0.7 Vce + 0.5 \
Voui1 Output Low Voltage (Vcc = 3.0V) 0.4 \Y loL=3 mA
VoL2 Output Low Voltage (Vcc = 1.8V) 0.5 V. loL=1.5mA
CAPACITANCE Ta =25°C, f=1.0 MHz, Voo =5V
Symbol Test Max. Units Conditions
Cvo® | Input/Output Capacitance (SDA) 8 pF Vio = 0V
Cin® | Input Capacitance (A0, A1, A2, SCL, WP) 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 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 Vgg +1V.

(5) Standby Current (Isg) = OpA (<900nA).
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CAT24WC01/02/04/08/16

A.C. CHARACTERISTICS
Vce = +1.8V to +6.0V, unless otherwise specified.

Read & Write Cycle Limits

Symbol Parameter Vee=1.8V - 6V Vee=4.5V - 5.5V
Min. Max. Min. Max. Units
FscL Clock Frequency 100 400 kHz
T Noise Suppression Time 200 200 ns
Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 3.5 1 us
and ACK Out
taur(") Time the Bus Must be Free Before | 4.7 1.2 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4 0.6 us
tLow Clock Low Period 47 1.2 us
tHigH Clock High Period 4 0.6 us
tsu:sTA Start Condition Setup Time 47 0.6 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 0 ns
tsu:pAT Data In Setup Time 50 50 ns
tr() SDA and SCL Rise Time 1 0.3 us
te() SDA and SCL Fall Timé 300 300 ns
tsu:sto Stop Condition Setup Time 4 0.6 us
toH Data Out Hold Time : 100 100 : ns

Power-Up Timing(1)(2)

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:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tpur and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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CAT24WC01/02/04/08/16

FUNCTIONAL DESCRIPTION

The CAT24WC01/02/04/08/16 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. Data transfer is controlled by the Master
device which generates the serial clock and all START
and STOP conditions for bus access. The CAT24WCO01/
02/04/08/16 operates as a Slave device. Both the Mas-
ter and Slave devices can operate as either transmitter
or receiver, but the Master device controls which mode
is activated. A maximum of 8 devices (24WC01 and
-24WCO02), 4 devices (24WC04), 2 devices (24WC08)
and 1 device (24WC16) may be connected to the bus as
determined by the device address inputs A0, A1, and A2.

PIN DESCRIPTIONS

SCL: Serial Clock .

The CAT24WCO01/02/04/08/16 serial clock input pin is
used to clock all data transfers into or out of the device.
This is an input pin.

SDA: Serial Data/Address

The CAT24WC01/02/04/08/16 bidirectional serial data/
address pin is used to transfer 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 device address when cascading mul-
tiple devices. A maximum of eight devices can be
cascaded when using either 24WCO01 or 24WCO02 de-
vice. Allthree address pins are used for these densities.

Figure 1. Bus Timing t¢ le— tHIGH " tR
JLow ftow |
scL N
tsu:sTA HD:DAT—»| |
«— HD:STA —» e—1Su:DAT su:sTO
SDAIN I / b
- > tAA «— IDH ' taur

SDA OUT

5020 FHD FO3

Figure 2. Write Cycle Timing
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CAT24WC01/02/04/08/16

A total of four devices can be addressed on a single bus
when using 24WCO04 device. Only A1 and A2 address
pins are used with this device. The A0 address pin must
be tied to Vss.

Only two devices can be cascaded when using 24WC08.
The only address pin used with this device is A2. The
other two address pins (A0, A1) must be tied to Vss.

The 24WC16 is a stand alone device. In this case, all
address pins (A0, A1, A2) must be tied to Vss.

WP: Write Protect

If the WP pin is tied to Vcc the entire memory array
becomes Write Protected (READ only). When the WP
pin is tied to Vss normal read/write operations are
allowed to the device.

12C 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

SDAwhen SCLis HIGH. The CAT24WC01/02/04/08/16
monitor 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 CAT24WC01/02/04/08/16 (see Fig. 5).
The next three significantbits (A2, A1, AO) are the device
address bits and define which device or which part of the
device the Masteris accessing. Upto eight CAT24WCO01/
02, four CAT24WC04, two CAT24WCO08, and one
CAT24WC16 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 and the slave
address byte, the CAT24WCO01/02/04/08/16 monitors
the bus and responds with an acknowledge (on the SDA
line) when its address matches the transmitted slave
address. The CAT24WC01/02/04/08/16 then performs
a Read or Write operation depending on the state of the
R/W bit.

Figure 4. Acknowledge Timing
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Figure 5. Slave Address Bits
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CAT24WC01/02/04/08/16

Acknowledge

After a successful data transfer, 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 8 bits of data.

The CAT24WC01/02/04/08/16 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

2 after receiving each 8-bit byte.

When the CAT24WC01/02/04/08/16 isina READ mode
it transmits 8 bits of data, releases the SDA line, and
monitors the line for an acknowledge. Once it receives
this acknowledge, the CAT24WCO01/02/04/08/16 will
continue to transmit data. If no acknowledge is sent by
the Master, the device terminates data transmission and
waits for a STOP condition.

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 CAT24WCO01/02/04/08/16. After receiving
another acknowledge from the Slave, the Master device

transmits the data byte to be written into the addressed
memory location. The CAT24WC01/02/04/08/16 ac-
knowledge 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 CAT24WC01/02 writes up to 8 bytes of data, and
CAT24WC04/08/16 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 word is transmitted, the Master is allowed
to send up to P (P=7 for 24WC01/02 and P=15 for
CAT24WC04/08/16) additional bytes. After each byte
has been transmitted the CAT24WC01/02/04/08/16 will
respond with an acknowledge, and internally increment
the low order address bits by one. The high order bits
remain unchanged.

If the Master transmits more than P+1 bytes prior to
sending the STOP condition, the address counter ‘wraps
around’, and previously transmitted data will be over-
written.

Once all P+1 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 CAT24WC01/02/04/08/16 in a single write cycle.

Figure 6. Byte Write Timing

S
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BUSACTIVITY: A SLAVE BYTE T
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LI L L LI B I B N B
SDALINE | Ll | ! I*l T N | I | T T | l IPI
A A A
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5020 FHD F08
Figure 7. Page Write Timing
S
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BUSACTIVITY: A SLAVE BYTE T
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NOTE: INTHIS EXAMPLE n = XXXX 0000(B); X =1 or 0

P=7 for CAT24WC01/02 and P=15 for CAT24WC04/08/16
* = Don't care for CAT24WCO1

24WCXX F09
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CAT24WC01/02/04/08/16

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 CAT24WC01/02/04/08/16 initiates the
internal write cycle. ACK polling can be initiated imme-
diately. Thisinvolves issuingthe start condition followed
by the slave address for a write operation. If the
CAT24WCO01/02/04/08/16 is still busy with the write
operation, no ACK will be returned. If the CAT24WCO01/
02/04/08/16 has completed the write operation, an ACK
will be returned and the host can then proceed with the
next read or write operation.

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 CAT24WCO01/
02/04/08/16 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 CAT24WC01/02/04/08/16
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 CAT24WCO01/02/04/08/16’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 from address N+1. If N=E (where
E =127 for24WCO01, 255 for 24WC02, 511 for 24WC04,
1023 for 24WCO08, and 2047 for 24WC16), then the
counter will ‘wrap around’ to address 0 and continue to
clock out data. After the CAT24WC01/02/04/08/16 re-
ceives its slave address information (with the R/W bit set
to one), it issues an acknowledge, then transmits the 8-
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 CAT24WC01/02/04/08/16 acknowiedge
the word address, the Master device resends the START
condition and the slave address, this time with the R/W
bit set to one. The CAT24WCO01/02/04/08/16 then re-
sponds with its acknowledge and sends the 8-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 CAT24WC01/02/04/08/16 sends

Figure 8. Immediate Address Read Timing
S
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CAT24WC01/02/04/08/16

the initial 8-bit byte requested, the Master will respond The data being transmitted from the CAT24WC01/02/

with an acknowledge which tells the device it requires 04/08/16 is outputted sequentially with data from ad-
more data. The CAT24WC01/02/04/08/16 will continue dress N followed by data from address N+1. The READ
to output an 8-bit byte for each acknowledge sent by the operation address counter increments all of the
Master. The operation is terminated when the Master CAT24WCO01/02/04/08/16 address bits so that the en-
fails to respond with an acknowledge, thus sending the tire memory array can be read during one operation. If
STOP condition. more than the E bytes are read out, the counter will

“wrap around” and continue to clock out data bytes.

Figure 9. Selective Read Timing
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Figure 10. Sequential Read Timing
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ORDERING INFORMATION
I Prefix T Device # —[ Suffix I
CAT 24WC02 J | -2‘ P TE7
A T
Product Number Temperature Range Tape & Reel
24WCO01: 1K Blank = Commercial (0°C to +70°C) TE7: 500/Reel
24WC02: 2K | = Industrial (-40°C to +85°C) TE13: 2000/Reel
24WC04: 4K
24WC08: 8K
24WC16: 16K
Package Operating Voltage
P: PDI Blank: 4.5V - 5.5V
J: SOIC (JEDEC) 2.7:2.7V - 6.0V
J14: SOIC (JEDEC) 2.5: 2.5V - 6.0V
1.8: 1.8V - 6.0V
Notes: 24WCXX F14

(1) The device used in the above example is a 24WC02JI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating
Voltage, Tape & Reel)
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i/

CATALYST

S EMICONDUCTAOR

CAT24C32/64

32K/64K-Bit Serial CMOS E?PROM

FEATURES

B 400 KHz I’°C Bus Compatible*

m 1.8 to 6 Volt Operation

m Low Power CMOS Technology

H 32-Byte Page Write Buffer

B Commercial and Industrial Temperature Ranges

B Self-Timed Write Cycle with Auto-Clear

m 100,000 Program/Erase Cycles
B 100 Year Data Retention
H 8-Pin DIP or 8-Pin SOIC

DESCRIPTION

The CAT24C32/64 is a 32K/64K-bit Serial CMOS
E2PROM internally organized as 4096/8192 words of 8
bits each. Catalyst's advanced CMOS technology sub-
stantially reduces device power requirements. The

CAT24C32/64 features a 32-byte page write buffer. The
device operates via the 12C bus serial interface and is
available in 8-pin DIP or 8-pin SOIC packages.

PIN CONFIGURATION

DIP Package (P)

SOIC Package (J,K)
AgCe1 8 MVce
A 2 7 [FaNC
A 3 6 [LIscL
vss 4 5 [T1SDA

5021 FHD FO1R

PIN FUNCTIONS

Pin Name Function

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

SCL Serial Clock

NC No Connect

Vce +1.8V to +6V Power Supply
Vss Ground

BLOCK DIAGRAM
EXTERNAL LOAD
VAVAVA . Dour SENSE AMPS
‘;] AOK SHIFT REGISTERS
vee [ T
WORD ADDRESS COLUMN
v
ssl> [" BUFFERS DECODERS
256
START/STOP
DA [
SDA LOGIC
Tl 2
E2PROM
XDEC | 128/256 | 15g/256 X 256
CONTROL
LOGIC
] t
DATA IN STORAGE
HIGH VOLTAGE/
»| TIMING CONTROL
SCL [[>—»{ STATE COUNTERS
Ag [—>{ SLAVE
A1 [_—>| ADDRESS
A2 [>—»| COMPARATORS —

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

© 1996 by Catalyst Semiconductor, Inc.
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CAT24C32/64

Preliminary

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

Voltage on Any Pin with

Respect to Ground("

-55°C to +125°C
—65°C to +150°C

—2.0V to +Vec + 2.0V

*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

Vce with Respect to Ground ............... ~2.0V to +7.0V implied. Exposure to any absolute maximum rating for
Package Power Dissipation $£:E$?: periods may affect device performance and
Capability (Ta =25°C) ..ccocvveerreeeeerereeerenns 1.0W ’
Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® .............cccooeee. 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(a). ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILth®@ | Latch-up 100 mA JEDEC Standard 17
D.C. OPERATING CHARACTERISTICS
Ve = +1.8V to +6.0V, unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Icc Power Supply Current 3 mA fscL = 100 KHz
1sg(® | Standby Current (Vcc = 5V) 0 uA ViN = GND or Vce
It Input Leakage Current 10 LA Vin = GND to Ve
ILo Output Leakage Current 10 pA Vout = GND to Ve
ViL Input Low Voltage -1 Vce x 0.3 \%
ViH Input High Voltage Vee x 0.7 Vce + 0.5 \
VoL1 Output Low Voltage (Vg = +3.0V) 0.4 \% loL=3.0mA
VoL2 Output Low Voltage (Ve = +1.8V) 0.5 Vv loL=1.5mA
CAPACITANCE Ta =25°C, f=1.0 MHz, Vgc =5V
Symbol Test Max. Units Conditions
Cio® | Input/Output Capacitance (SDA) 8 pF Vio = OV
Ccin® 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 Vcg +0.5V, which may overshoot to Vg + 2.0V for periods of less than 20ns.

()
(3)
4

(5) Standby

current (Isg ) = 0 pA (<900 nA).

Output shorted for no more than one second. No more than one output shorted at a time.
This parameter is tested initially and after a design or process change that affects the parameter.
Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vg +1V.
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Preliminary CAT24C32/64
A.C. CHARACTERISTICS
Vce = +1.8V to +6V, unless otherwise specified.
Output Load is 1 TTL Gate and 100pF
Read & Write Cycle Limits
Symbol Parameter Vec=1.8V-6V | Voc=4.5V-55V
Min. Max. Min. Max. Units
FscL Clock Frequency 100 400 kHz
T Noise Suppression Time 200 200 ns
Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 3.5 1 us
and ACK Out
teur(") Time the Bus Must be Free Before | 4.7 1.2 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4 0.6 us
tLow Clock Low Period 47 1.2 pus
tHiGH Clock High Period 4 0.6 us
tsu:sTA Start Condition Setup Time 47 0.6 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 0 ns
tsu:DAT Data In Setup Time 50 50 ns
tr(" SDA and SCL Rise Time 1 0.3 us
te() SDA and SCL Fall Time 300 300 ns
tsu:sTo Stop Condition Setup Time 4 0.6 us
toH Data Out Hold Time 100 100 ns
Power-Up Timing (1)(2)

Symbol Parameter Max. Units
tpur Power-Up to Read Operation 1 ms
truw Power-Up to Write Operation 1 ms

Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tpur and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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
condition of a write sequence to the end of the internal
program/erase cycle. During the write cycle, the bus

interface circuits are disabled, SDA is allowed to remain
high, and the device does not respond to its slave
address.
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CAT24C32/64

Preliminary

FUNCTIONAL DESCRIPTION

The CAT24C32/64 supports the I2C Bus data transmis-
sion 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 re-
ceiver. The transfer is controlled by the Master device
which generates the serial clock and all START and
STOP conditions for bus access. The CAT24C32/64
operates as a Slave device. Both the Master device and
Slave device can operate as either transmitter or re-
ceiver, 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 hardwired or left unconnected (for hard-
ware compatibility with CAT24C16). When hardwired,
up to eight CAT24C32/64s may be addressed on a
single bus system (refer to Device Addressing ). When
the pins are unconnected, the default values are zeros.

Figure 1. Bus Timing F ] | |«-tHIGH —| |e1R
fLow | tow |
SCL | ““ ________
tsu:sTA HD:DAT—> |«
<«— 1HD:STA > je—ISU:DAT tsu:sTO
SDAIN | / i )
> tAn > tDH BUF

SDA OUT

5020 FHD FO3

Figure 2. Write Cycle Timing
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CAT24C32/64

I2C BUS PROTOCOL

The features of the I2C bus protocol are defined as
follows:

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

(2) During a data transfer, the data line must remain
stable wheneverthe 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 CAT24C32/64 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 mustend
with a STOP condition.

DEVICE ADDRESSING

The bus Master begins a transmission by sending a
START condition. The Master 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 (Fig. 5). The next three bits (A2, A1, AO) are the
device address bits; up to eight 32K/64K devices may

be connected to the same bus. These bits must com-
pare to the hardwired input pins, A2, A1 and AO. 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 and the slave
address byte, the CAT24C32/64 monitors the bus and
responds with an acknowledge (on the SDA line) when
its address matches the transmitted slave address. The
CAT24C32/64 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
required to generate an acknowledge. The Acknowledg-
ing device pulls down the SDA line during the ninth clock
cycle, signaling that it received the 8 bits of data.

The CAT24C32/64 responds with an acknowledge 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 8-
bit byte.

When the CAT24C32/64 begins a READ mode it trans-
mits 8 bits of data, releases the SDA line, and monitors
the line for an acknowledge. Once it receives this ac-
knowledge, the CAT24C32/64 will continue 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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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
two 8-bit address words that are to be written into the
address pointers of the CAT24C32/64. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24C32/64 acknowledges once
more and the Master generates the STOP condition. At
this time, the device begins an internal programming
cycle to nonvolatile memory. While the cycle is in
progress, the device will not respond to any request from
the Master device.

Page Write

The CAT24C32/64 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, CAT24C32/64 will respond with an
acknowledge, and internally increment the five low order
address bits by one. The high order bits remain un-
changed.

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

When 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 CAT24C32/64 in a single write cycle.

Acknowledge Polling

Disabling of the inputs can be used to take advantage of
the typical write cycle time. Once the stop condition is
issued to indicate the end of the host's write operation,
CAT24C32/64 initiates the internal write cycle. ACK
polling can be initiated immediately. This involves issu-
ing the start condition followed by the slave address for
a write operation. If CAT24C32/64 is still busy with the
write operation, no ACK will be returned. If
CAT24C32/64 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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CAT24C32/64

READ OPERATIONS

The READ operation for the CAT24C32/64 is initiated in
the same manner as the write operation with one excep-
tion, that R/W bit is set to one. Three different READ
operations are possible: Immediate/Current Address
READ, Selective/Random READ and Sequential READ.

Immediate/Current Address Read

The CAT24C32/64’s address counter contains the ad-
dress 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 ac-
cess data from address N+1. If N=E (where E=4095 for
24C32 and E=8191 for 24C64), then the counter will
‘wrap around’ to address 0 and continue to clock out
data. After the CAT24C32/64 receives its slave address
information (with the R/W bit set to one), it issues an
acknowledge, then transmits the 8-bit byte requested.
The master device does not send an acknowledge, but
will generate a STOP condition.

Selective/Random Read

Selective/Random 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 condi-
tion, slave address and byte addresses of the location it
wishes to read. After CAT24C32/64 acknowledges, the

Master device sends the START condition and the slave
address again, this time with the R/W bit set to one. The
CAT24C32/64 then responds with its acknowledge and
sends the 8-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. After the CAT24C32/64 sends the initial 8-
bit byte requested, the Master will respond with an
acknowledge which tells the device it requires more
data. The CAT24C32/64 will continue to output an 8-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 CAT24C32/64 is out-
putted sequentially with data from address N followed by
data from address N+1. The READ operation address
counter increments all of the CAT24C32/64 address bits
so that the entire memory array can be read during one
operation. If more than E (where E=4095 for 24C32 and
E=8191 for 24C64) 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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CAT24C32/64 Preliminary
Figure 9. Selective Read Timing
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Figure 10. Sequential Read Timing
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ORDERING INFORMATION
[ Prefix | Device # Suffix —I
CAT 24C32 f -2A TE7
Product Temperature Rahge Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
24C32: 32K | = Industrial (-40°C to +85°C) TE13: 2000/Reel
24C64: 64K

Package Operating Voltage
P: PDIP Blank: 4.5V - 5.5V
K: SOIC (EIAJ) 2.7:2.7V - 6.0V

J: SOIC (JEDEC) 2.5:2.5V-6.0V
J14: SOIC (JEDEC) 1.8:1.8V- 6.0V

(1) The device used in the above example is a 24C32KI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage,

Tape & Reel)
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CAT24WC32/64

32K/64K-Bit Serial CMOS E2PROM

FEATURES g

B 400 KHz I)C Bus Compatible*

1.8 to 6 Volt Operation

Low Power CMOS Technology

32-Byte Page Write Buffer

Commercial and Industrial Temperature Ranges

Self-Timed Write Cycle with Auto-Clear
Write Protect Feature

100 Year Data Retention

8-Pin

DIP or 8-Pin SOIC

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

DESCRIPTION

The CAT24WC32/64 is a 32K/64K-bit Serial CMOS
E2PROM internally organized as 4096/8192 words of 8
bits each. Catalyst’s advanced CMOS technoiogy sub-
stantially reduces device power requirements. The

CAT24WC32/64 features a 32-byte page write buffer.
The device operates via the I°C bus serial interface and

ot~

is available in 8-pin DiP or 8-pin SOIC packages.

PIN CONFIGURATION

DIP Package (P)

SOIC Package (J,K)

Aot 8 [avec
A 2 7 Fawe
Aol 3 6 [T1scL
Vss[] 4 5 [[1sDA
24WC32/64 FO1
PIN FUNCTIONS
Pin Name Function
AO, A1, A2 | Device Address Inputs
SDA Serial Data/Address
SCL Serial Clock
WP Write Protect
Vce +1.8V to +6V Power Supply
Vss Ground

BLOCK DIAGRAM
EXTERNAL LOAD
AAYS - Dout SENSE AMPS
iﬂ Py SHIFT REGISTERS
vec [ T
WORD ADDRESS »  COLUMN
v
ssL> ’_“ BUFFERS DECODERS
A
256
START/STOP
SDA [D—¢—
LOGIC
i \ 2
E2PROM
XDEC | 128/256 | 158/056 X 256
CONTROL
WP [ D> LOGIC
; r 4
» DATA IN STORAGE
HIGH VOLTAGE/
»| TIMING CONTROL
SCL [>—> STATE COUNTERS
Ag CO—>{ SLAVE
A1 [_—>| ADDRESS
A2 C>—»| COMPARATORS I

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

© 1996 by Catalyst Semiconductor, Inc.
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CAT24WC32/64

Preliminary

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 +Vce + 2.0V

-2.0V to +7.0V

Vcc with Respect to Ground

Package Power Dissipation
Capability (Ta = 25°C) ....ccccveerirercrcrcninine 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
Vce = +1.8V to +6.0V, unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Icc Power Supply Current 3 mA fscL = 100 KHz
Isg® | Standby Current (Vcg = 5V) 0 pA Vin = GND or Vg
I Input Leakage Current 10 uA ViN=GND to Voo
ILo Output Leakage Current 10 uA Vout = GND to Ve
ViL Input Low Voltage -1 Vce x0.3 \Y
VIH Input High Voltage Vee x 0.7 Vce +0.5 \Y
VoLi1 Output Low Voltage (Vcc = +3.0V) 0.4 \Y loL=3.0mA
VoL2 Output Low Voltage (Vcc = +1.8V) 0.5 \Y loL=1.5mA
CAPACITANCE Ta =25°C, f = 1.0 MHz, Vg = 5V
Symbol Test Max. Units Conditions
Cio® Input/Output Capacitance (SDA) 8 pF Vio = 0V
CiN® Input Capacitance (A0, A1, A2, SCL, WP) 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¢c +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 Vgc +1V.

(5) Standby current (Isg ) = 0 pA (<900 nA).
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Preliminary CAT24WC32/64
A.C. CHARACTERISTICS
Vce = +1.8V to +6V, unless otherwise specified
Output Load is 1 TTL Gate and 100pF
Read & Write Cycle Limits
Symbol Parameter Vce=1.8V - 6V Vce=4.5V - 5.5V
Min. Max. Min. Max. Units
FscL Clock Frequency 100 400 kHz
T Noise Suppression Time 200 200 ns
Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 3.5 1 us
and ACK Out
teur(! Time the Bus Must be Free Before | 4.7 1.2 us
a New Transmission Can Start
tHD:STA Start Condition Hold Time 4 0.6 us
tLow Clock Low Period 47 1.2 us
tHigH Clock High Period 4 0.6 us
tsu:sTa Start Condition Setup Time 47 0.6 us
(for a Repeated Start Condition)
tHD:DAT Data In Hold Time 0 0 ns
tsu:pAT Data In Setup Time 50 50 ns
tr(M SDA and SCL Rise Time 1 0.3 us
te(M) SDA and SCL Fall Time 300 300 ns
tsu:sTo Stop Condition Setup Time 4 0.6 us
toH Data Out Hold Time 100 100 ns
Power-Up Timing (1/2)

Symbol Parameter Max. Units
tpur Power-Up to Read Operation 1 ms
truw Power-Up to Write Operation 1 ms

Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tpyr and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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
condition of a write sequence to the end of the internal
program/erase cycle. During the write cycle, the bus

interface circuits are disabled, SDA is allowed to remain
high, and the device does not respond to its slave
address.
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FUNCTIONAL DESCRIPTION

The CAT24WC32/64 supports the I12C Bus data trans-
mission protocol. This Inter-Integrated Circuit Bus proto-
col 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 CAT24WC32/64
operates as a Slave device. Both the Master device and
Slave device can operate as either transmitter or re-
ceiver, 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 hardwired or left unconnected (for hard-
ware compatibility with CAT24WC16). When hardwired,
up to eight CAT24WC32/64s may be addressed on a
single bus system (refer to Device Addressing ). When
the pins are left unconnected, the default values are
zeros.

WP: write protect

This input, when tied to GND, allows write operations to
the entire memory. When this pin is tied to Vcc, the
entire memory is write protected. When left floating,
memory is unprotected.

Figure 1. Bus Timing F— | le-tHIGH - [e1R
‘Low _ftow |
SCL
tsu:sTA 'HD:DAT—> e
«—>{ tHD:STA > {e—1SUDAT tsu:sTO
SDAIN i /
t
< > tAA > lDH BUF

SDA OUT

5020 FHD F03

Figure 2. Write Cycle Timing
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Figure 3. Start/Stop Timing :
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CAT24WC32/64

I2C BUS PROTOCOL

The features of the 12C bus protocol are defined as
follows:

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

(2) During a data transfer, the data line must remain
stable wheneverthe clockline 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 ail commands to the
device, and is defined as a HIGH to LOW transition of
SDA when SCL is HIGH. The CAT24WC32/64 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 mustend
with a STOP condition.

DEVICE ADDRESSING

The bus Master begins a transmission by sending a
START condition. The Master 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 (Fig. 5). The next three bits (A2, A1, AQ) are the
device address bits; up to eight 32K/64K devices may

to be connected to the same bus. These bits must
compare to the hardwired input pins, A2, A1 and A0. 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 and the slave
address byte, the CAT24WC32/64 monitors the bus and
responds with an acknowledge (on the SDA line) when
its address matches the transmitted slave address. The
CAT24WC32/64 then performs a Read or Write opera-
tion depending on the state of the R/W bit.

Acknowledge

After a successful data transfer, 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 8 bits of data.

The CAT24WC32/64 responds with an acknowledge
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 receiv-
ing each 8-bit byte.

When the CAT24WC32/64 begins a READ mode it
transmits 8 bits of data, releases the SDA line, and
monitors the line for an acknowledge. Once it receives
this acknowledge, the CAT24WC32/64 will continue 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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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
two 8-bit address words that are to be written into the
address pointers of the CAT24WC32/64. After receiving
another acknowledge from the Slave, the Master device
transmits the data to be written into the addressed
memory location. The CAT24WC32/64 acknowledges
once more and the Master generates the STOP condi-
tion. Atthis time, the device begins an internal program-
ming cycle to nonvolatile memory. While the cycle is in
progress, the device will not respond to any request from
the Master device.

Page Write

The CAT24WC32/64 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, CAT24WC32/64 will respond with an
acknowledge, and internally increment the five low order
address bits by one. The high order bits remain un-
changed.

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

When 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 CAT24WC32/64 in a single write cycle.

Acknowledge Polling

Disabling of the inputs can be used to take advantage of
the typical write cycle time. Once the stop condition is
issued to indicate the end of the host's write operation,
CAT24WC32/64 initiates the internal write cycle. ACK
polling can be initiated immediately. This involves issu-
ing the start condition followed by the slave address for
a write operation. If CAT24WC32/64 is still busy with the
write operation, no ACK will be returned. If
CAT24WC32/64 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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CAT24WC32/64

READ OPERATIONS

The READ operation for the CAT24WC32/64 is initiated
in the same manner as the write operation with one
exception, that R/W bit is set to one. Three different
READ operations are possible: Immediate/Current Ad-
dress READ, Selective/Random READ and Sequential
READ.

Immediate/Current Address Read

The CAT24WC32/64’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=E (where E=4095
for 24WC32 and E=8191 for 24WC64), then the counter
will ‘wrap around’ to address 0 and continue to clock out
data. After the CAT24WC32/64 receives its slave ad-
dress information (with the R/W bit set to one), it issues
an acknowledge, then transmits the 8 bit byte requested.
The master device does not send an acknowledge, but
will generate a STOP condition.

Selective/Random Read

Selective/Random 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 condi-
tion, slave address and byte addresses of the location it

wishes to read. After CAT24WC32/64 acknowledges,
the Master device sends the START condition and the
slave address again, this time with the R/W bit setto one.
The CAT24WC32/64 then responds with its acknowl-
edge and sends the 8-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. After the CAT24WC32/64 sends the initial 8-
bit byte requested, the Master will respond with an
acknowledge which tells the device it requires more
data. The CAT24WC32/64 will continue to output an 8-
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 CAT24WC32/64 is
outputted sequentially with data from address N fol-
lowed by data from address N+1. The READ operation
address counter increments all of the CAT24WC32/64
address bits so that the entire memory array can be read
during one operation. If more than E (where E=4095 for
24WC32 and E=8191 for 24WC64) bytes are read out,
the counter will ‘wrap around’ and continue to clock out
data bytes.

Figure 8. Inmediate 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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ORDERING INFORMATION
lPrefix I Device # T Suffix ]
CAT 24WC32 K | -2.5 TE7
A T A
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
24W(C32: 32K | = Industrial (-40°C to +85°C) TE13: 2000/Reel
24WC64: 64K
Package Operating Voltage
P: PDIP Blank: 4.5V - 5.5V
K: SOIC (EIAJ) 2 7:2.7V - 6.0V
J: SOIC (JEDEC) 2.5:2.5V - 6.0V
J14: SOIC (JEDEC) 1.8: 1.8V - 6.0V

Notes:

(1) The device used in the above example is a 24WC32KI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating

Voltage, Tape & Reel)
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CAT93C46/56/66/86

1K/2K/4K/16K-Bit Serial EEPROM

FEATURES

m High Speed Operation: 1MHz
u Low Power CMOS Technology

m Wide Operating Voltage Range
V. =45Vto 5.5V
V. =27V to 6.0V
V. =2.5Vto 6.0V
V,.=1.8Vto 6.0V

H Selectable x8 or x16 Memory Organization

B Self-Timed Write Cycle with Auto-Clear

B Hardware and Software Write Protection

m Power-Up Inadvertant Write Protection

B 100,000 Program/Erase Cycles

H 100 Year Data Retention

B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT93C46/56/66/86 are 1K/2K/4K/16K-bit Serial
E2PROM memory devices which are configured as
either registers of 16 bits (ORG pin at Vcc) or 8 bits (ORG
pin at GND). Each register can be written (or read)
serially by using the DI (or DO) pin. The CAT93C46/56/

66/86 are manufactured using Catalyst’'s advanced
CMOS E2PROM floating gate technology. The devices
are designed to endure 100,000 program/erase cycles
and have a data retention of 100 years. The devices are
available in 8-pin DIP or SOIC packages.

PIN CONFIGURATION
DIP Package (P) SOIC Package (J)
CS et 8 [0 vee NC (*PE) [*1 8 7] ORG
sk]2 7HINC(PE) VeerCd2  7[IGND
DI 3 6 [ 1 ORG csr s 6 [1] DO
po[] 4 5 [ GND sK[] 4 5[ DI
*PE (only for 93C86)
PIN FUNCTIONS
Pin Name Function
CS Chip Select
SK Clock Input
DI Serial Data Input
DO Serial Data Output
Vee +1.8 to 6.0V Power Supply
GND Ground
ORG Memory Organization
PE* Program Enable
NC No Connection

Note: When the ORG pin is connected to VCC, the X16 organiza-
tion is selected. When it is connected to ground, the X8 pin is
selected. If the ORG pin is left unconnected, then an internal
pullup device will select the X16 organization.

SOIC Package (S) SOIC Package (K)
cs o1 8 [11 Voo cs [+t 8 [ Vee
sk 2 7 23 NC (*PE) SKE 2 7 23 NC (*PE)
piC] 3 6 [[1 ORG DIC] 3 6 [11 ORG
pord] 4 5[] GND por] 4 5 1 GND
93C46/56/66 FO1
BLOCK DIAGRAM
Vee GND
MEMORY ARRAY
ORGANIZATION ADDRESS
ORG — 128/256/561 F‘2/2048X8 ] DECODER
64/128/256/1024X16 1
DATA -
REGISTER
DI T OUTPUT
BUFFER
MODE DECODE
CS LOGIC >
PE* > T ‘
CLOCK DO
—>
SK GENERATOR 93C46/56/66 Fo2

© 1996 by Catalyst Semiconductor, Inc.
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CAT93C46/56/66/86

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 +Vce +2.0V
Vcc with Respect to Ground ............... -2.0V to +7.0V

Package Power Dissipation
Capability (Ta = 25°C) ....coooovreeeeererrrerrerennnn. 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
Tpr® Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap®) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
LrH®@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS
Vce = +1.8V to +6.0V, unless otherwise specified.
Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions

lcc Power Supply Current 3 mA DI = 0.0V, fsk = 1MHz
(Operating) Vcec =5.0V,CS =5.0V,
Output Open
IsB Power Supply Current 50 HA CS =0V
(Standby)
ILi Input Leakage Current 2 LA ViN =0V to Vece
ILo Output Leakage Current 10 pA Vout = 0V to Vcc,
(Including ORG pin) CS=0V
ViL1 Input Low Voltage -0.1 0.8 Vv 4.5V<Vcce<5.5V
ViH1 Input High Voltage 2 Vce+1 \
Vi Input Low Voltage 0 VeeX0.2 \ 1.8VsVce<2.7V
ViH2 Input High Voltage VceX0.7 Vee+1 Vv
Vo1 Output Low Voltage 0.4 Vv 4.5V<Vce<5.5V
VoH1 Output High Voltage 2.4 Vv loL=2.1mA
lon = -400pA
Vol2 Output Low Voltage 0.2 \% 1.8V<Viee<2.7V
VoHz Output High Voltage Vce-0.2 \ loL=1mA
loH = -100pA
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 Vcc +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.

(8) 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.




CAT93C46/56/66/86

PIN CAPACITANCE
Symbol Test Max. Units Conditions
Cout(” | OUTPUT CAPACITANCE (DO) 5 pF Vour=0V
CinM INPUT CAPACITANCE (CS, SK, DI, ORG) 5 pF Vin=0V
Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
INSTRUCTION SET
Instruction| Device | Start |Opcode Address Data Comments
Type | Bit x8 x16 x8 x16 | PE()
READ 93C46 1 10 A6-A0 A5-A0 Read Address AN—-AQ
93C56 | 1 10 A8-A0 A7-A0
93C66 1 10 A8-A0Q A7-A0
93C86 1 10 A10-A0 | A9-A0 X
ERASE 93C46 1 11 A6-A0 A5-A0 Clear Address AN-AO
93C56 | 1 11 A8-A0Q A7-A0
93C66 1 11 A8-A0 A7-A0
93C86 1 11 A10-A0 | A9-A0 1
WRITE 93C46 1 o1 A6-A0 A5-A0 | D7-DO | D15-DO Write Address AN—-AQ
93C56@ | 1 01 A8-A0 A7-A0 | D7-DO | D15-DO
93C66 1 01 A8-A0 A7-A0 | D7-DO | D15-DO
93C86 1 01 A10-A0 | A9-A0 | D7-DO | D15-DO 1
EWEN 93C46 1 00 11XXXXX 11IXXXX Write Enable
93C56 1 00 TIXXXXXXX | 11XXXXXX
93C66 1 00 TIXXXXXXX | 11XXXXXX
93C86 1 00 | 1DOKXXXXX | 11XXXXXXXX X )
EWDS 93C46 1 00 Q0XXXXX 0OXXXX Write Disable
93C56 1 00 QOXXXXXXX | OOXXXXXX
93C66 1 00 OOXXXXXXX | OOXXXXXX
93C86 1 00 | 0OXXXXXXXXX | DOXXXXXXXX X
ERAL 93C46 1 00 10XXXXX 10XXXX Clear All Addresses
93C56 1 00 TOXXXXXXX | 10XXXXXX
93C66 1 00 1OXXXXXXX | 10XXXXXX
93C86 1 00 J1OXXXXXXXXX | 10XXXXXXXX 1
WRAL 93C46 1 00 01XXXXX 01XXXX D7-DO | D15-DO Write All Addresses
93C56 1 00 01XXXXXXX | otxxxxxx | D7-DO | D15-DO
93C66 1 00 0XOXXXXXX | otxxxxxx | D7-DO | D15-DO
93C86 1 00  |O1XXXXXXXXX [ 01XXXXXXXX | D7-D0 | D15-D0O 1

Note:

(1) Only applicable to 93C86
(2) Address bit A8 for 256x8 ORG and A7 for 128x16 ORG are "Don't Care" bits, but must be kept at either a "1" or "0" for READ, WRITE and
ERASE commands.




CAT93C46/56/66/86

A.C. CHARACTERISTICS

Limits
Vce = Veec =2.7V -6V Vce =
1.8V-6V* Vcc =2.5V-6V| 4.5V-55V Test
SYMBOL| PARAMETER Min. | Max. | Min. | Max. | Min. | Max. |UNITS | Conditions
tcss CS Setup Time 200 100 50 ns
tcsH CS Hold Time 0 0 0 ns
tois DI Setup Time 400 200 100 ns
toiH DI Hold Time 400 200 100 ns
trD1 Output Delay to 1 1 0.5 0.25 us
trDo Output Delay to 0 1 0.5 0.25 us CL = 100pF
thz(M Output Delay to High-Z 400 200 100 ns
tew Program/Erase Pulse Width 10 10 10 ms
tcsmin Minimum CS Low Time 1 0.5 0.25 us
tskHI Minimum SK High Time 1 0.5 0.25 us
tskLow Minimum SK Low Time 1 0.5 0.25 us
tsv Output Delay to Status Valid 1 0.5 0.25 us
SKmax Maximum Clock Frequency DC 250 DC 500 DC | 1000 | KHZ

* Preliminary data for 93C56/66/86.

NOTE:

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




CAT93C46/56/66/86

DEVICE OPERATION

The CAT93C46/56/66/86 is a 1024/2048/4096/16384-
bit nonvolatile memory intended for use with industry
standard microprocessors. The CAT93C46/56/66/86
can be organized as either registers of 16 bits or 8 bits.
When organized as X16, seven 9-bit instructions for
93C46; seven 11-bit instructions for 93C56 and 93C66;
seven 13-bit instructions for 93C86, control the reading,
writing and erase operations of the device. When
organized as X8, seven 10-bit instructions for 93C46;
seven 12-bit instructions for 93C56 and 93C66; seven
14-bitinstructions for 93C86, control the reading, writing
and erase operations of the device. The CAT93C46/56/
66/86 operates on a single 1.8V 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 the start
of 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
Dl pin. The DO pin will enter the high impedance state on
the falling edge of the clock (SK). Placing the DO pininto
the high impedance state is recommended in applica-
tions where the DI pin and the DO pin are to be tied
together to form a common DI/O pin.

Figure 1. Sychronous Data Timing
fe——tgyH —>t+—TtsKLOW —> [ tosH
SK
pis toiH
tcss 4———4
cs
tpis >re >tppo,lPD1  I* > ICSMIN

5040 FHD F03

Figure 2. Read Instruction Timing
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CAT93C46/56/66/86

The format for all instructions sent to the device is a
logical "1" startbit, a 2-bit (or 4-bit) opcode, 6-bit (93C46)/
8-bit (93C56 or 93C66)/10-bit (93C86) (an additional bit
when organized X8) and for write operations a 16-bit
data field (8-bit for X8 organizations).

Read

Upon receiving a READ command and an address
(clocked into the DI pin), the DO pin of the CAT93C46/
56/66/86 will come out of the high impedance state and,
after sending an initial dummy zero bit, will begin shifting
out the data addressed (MSB first). 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 CAT93C46/56/66/86 can be determined by select-
ing the device and polling the DO pin. Since this device
features Auto-Clear before write, itis NOT necessary to
erase a memory location before it is written into.

Erase

Upon receiving an ERASE command and address, the
CS (Chip Select) pin must be deasserted for a minimum
of 250ns (tcsmin). The falling edge of CS will start the self
clocking clear cycle of the selected memory location.
The clocking of the SK pin is not necessary after the
device has entered the self clocking mode. The ready/
busy status of the CAT93C46/56/66/86 can be deter-
mined by selecting the device and polling the DO pin.
Once cleared, the content of a cleared location returns
to a logical “1” state.

Figure 3. Write Instruction Timing
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Figure 4. Erase Instruction Timing
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CAT93C46/56/66/86

Erase/Write Enable and Disable

The CAT93C46/56/66/86 powers up in the write disable
state. Any writing after power-up or afteran 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 CAT93C46/56/66/
86 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 Se-
lect) pin must be deselected for a minimum of 250ns
(tcsmin). The falling edge of CS will start the self clocking
clear cycle of 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 CAT93C46/56/66/86 can be determined by

selecting the device and polling the DO pin. Once
cleared, the contents of allmemory 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 CAT93C46/56/66/86 can be deter-
mined by selecting the device and polling the DO pin. It
is not necessary for all memory locations to be cleared
before the WRAL command is executed.

Note: This note is applicable only to 93C86. The write,
erase, write all and, erase all instruction requires PE=1
for 93C86. If PE is left floating, 93C86 is in program
enabled mode.

Figure 5. EWEN/EWDS Instruction Timing
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Figure 6. ERAL Instruction Timing
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CAT93C46/56/66/86

Figure 7. WRAL Instruction Timing
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tEw
93C46/56/66 FO9
ORDERING INFORMATION
| Prefix | Device # Suffix |
CAT 93C46 S | -2.5 TE7
A T A
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
93C46: 1K | = Industrial (-40°C to +85°C) TE13: 2000/Reel
93C56: 2K
93C66: 4K
93C86: 16K
Package Operating Voltage
P = PDIP Blank (V_=4.5 to 5.5V)
S = SOIC (JEDEC) 2.7 (V_=3.7 10 6.0V)
J = SOIC (JEDEC) 2.5(V_=2.5106.0V)
K = SOIC (EIAJ) 1.8 (V..=1.8 to 6.0V)

93C46/56/66 F10

Notes:

(1) The device used in the above example is a 93C46SI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage,
Tape & Reel)
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CATALYST

S EMICONDUCTOR

CAT93C46A/56A/66A/86A

1K/2K/4K/16K-Bit Serial EEPROM

FEATURES

m High Speed Operation: 1MHz
B Low Power CMOS Technology

B Wide Operating Voltage Range
vV, =4.5Vto 5.5V
V. =27Vto 6.0V
V. =2.5Vto 6.0V
V.. =1.8Vto6.0V

B Self-Timed Write Cycle with Auto-Clear

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

B 100 Year Data Retention
B Commercial and Industrial Temperature Ranges

H x16 Serial Memory

DESCRIPTION

The CAT93C46A/56A/66A/86A is a 1K/2K/4K/16K-bit
Serial E2PROM memory devices which are configured
as registers of 16-bits. Each register can be written (or
read) serially by using the DI (or DO) pin. The
CAT93C46A/56A/66A/86A are manufactured using

Catalyst's

advanced CMOS E2PROM floating gate tech-

nology. The devices are designed to endure 100,000
program/erase cycles and have a data retention of 100
years. The devices are available in 8-pin DIP or SOIC

packages

PIN CONFIGURATION
DIP Package (P) SOIC Package (J)
NC (*PE) []*1 81 NC
Voo [ 2 7 -1 GND
cs]3 6 1 DO
SK[] 4 51D
*PE (only for 93C86A)
PIN FUNCTIONS
Pin Name Function
CSs Chip Select
SK Clock Input
Di Serial Data Input
DO Serial Data Output
Vce +1.8V to 6.0V Power Supply
GND Ground
PE* Program Enable
NC No Connect

SOIC Package (S)

SOIC Package (K)

cs et 8 [ vee CS [+t 8 1 Vee
sk 2 7[INC(PE) SK[ 2 7 21 NC (*PE)
pird 3 6 1 NC pDi]3 6 I NC
por] 4 5[] GND DO ] 4 5[ GND
93CXXA FO1
BLOCK DIAGRAM
Vee GND
MEMORY ARRAY
ORGANIZATION [« 3233523
64/128/256/1024X16 '
DATA
REGISTER
oI OUTPUT
1L BUFFER
cs MODE DECODE
=8 —> LO?C > r
CLOCK DO
—
SK GENERATOR 03C46/56/66 FO2

© 1996 by Catalyst Semiconductor, Inc.
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CAT93C46A/56A/66A/86A

ABSOLUTE MAXIMUM RATINGS*

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

Respect to Ground(" ............ —2.0V to +V¢c +2.0V

Vcc with Respect to Ground ............... -2.0V to +7.0V

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

*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.

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
LLru®@ | Latch-Up 100 mA JEDEC Standard 17
D.C. OPERATING CHARACTERISTICS
Vce = +1.8V to +6.0V, unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcc Power Supply Current 3 mA DI = 0.0V, fsk = 1IMHz
(Operating) Vce = 5.0V, CS =5.0V,
Output Open
Iss Power Supply Current 50 pA CS=0V
(Standby)
I Input Leakage Current pHA
ILo Output Leakage Current 10 A Vour = 0V to Vcc,
CS=0V
ViL1 Input Low Voltage -0.1 0.8 \' 4.5V<Vce<5.5V
ViH1 Input High Voltage 2 Vce+1 \"
ViL2 Input Low Voltage 0 VceX0.2 \ 1.8V<Vcee<2.7V
ViH2 Input High Voltage VceX0.7 Vee+1 \Y
VoL1 Output Low Voltage 0.4 \Y 4.5V<Vcc<5.5V
VoH1 Output High Voltage 24 \" loL=2.1mA
loH = -400pA
VoL2 Output Low Voltage 0.2 \ 1.8V<Vcc<2.7V
VoH2 Output High Voltage Vce-0.2 \Y loL=1mA
loH = -100pA
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 Vg +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 Vg +1V.
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CAT93C46A/56A/66A/86A

PIN CAPACITANCE

Symbol Test Max. Units Conditions
Cout{) | OUTPUT CAPACITANCE (DO) 5 pF Vout=0V
CiN INPUT CAPACITANCE (CS, SK, DI) 5 pF ViN=OV
Note:

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

INSTRUCTION SET
Instruction| Device |Start|Opcode Address Data Comments
Type | Bit x16 x16 PE(!)
READ 93C46A 1 10 A5-A0 Read Address AN-AQO
93C56AR)| 1 10 A7-A0
93C66A 1 10 A7-A0
93C86A 1 10 A9-A0 X
ERASE | 93C46A 1 11 A5-A0 Clear Address AN-AO
93C56A@)| 1 11 A7-A0
93C66A 1 11 A7-A0
93C86A 1 11 A9-A0 1
WRITE | 93C46A 1 01 A5-A0 D15-DO Write Address AN-AQ
93C56AR)| 1 01 A7-A0 D15-DO
93C66A 1 01 A7-A0 D15-DO
93C86A 1 01 A9-A0 D15-DO 1
EWEN | 93C46A 1 00 TIXXXX Write Enable
93C56A 1 00 TIXXXXXX
93C66A 1 00 TIXXXXXX
93C86A 1 00 11XXOXXXXX X
EWDS 93C46A 1 00 00XXXX Write Disable
93C56A 1 00 0OXXXXXX
93C66A 1 00 00XXXXXX
93C86A 1 00 QOXXXXXXXX X )
ERAL 93C46A 1 00 10XXXX Clear All Addresses
93C56A 1 00 1OXXXXXX
93C66A 1 00 1OXXXXXX
93C86A 1 00 FOXXXXXXX 1
WRAL 93C46A 1 00 01XXXX D15-DO Write All Addresses
93C56A 1 00 O1XXXXXX D15-D0O
93C66A 1 00 01XXXXXX D15-DO
93C86A 1 00 01XXXXXXXX D15-DO 1

Note:
(1) Only applicable to 93C86A
(2) Address bit A7 is "Don't Care" bit, but must be kept at either a "1" or "0" for Read, Write and Erase Commands.
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CAT93C46A/56A/66A/86A

A.C. CHARACTERISTICS

Limits
Vce = Vce =2.7V -6V Vce =
1.8V-6V* Vecc =2.5V-6V| 4.5V-55V Test
SYMBOL| PARAMETER Min. | Max. | Min. | Max. | Min. | Max. |UNITS | Conditions
tcss CS Setup Time 200 100 50 ns
tcsH CS Hold Time 0 0 0 ns
tois DI Setup Time 400 200 100 ns
toiH DI Hold Time 400 200 100 ns
trD1 Output Delay to 1 1 0.5 0.25 us
trpo Output Delay to 0 1 0.5 0.25 us
tiz) | Output Delay to High-Z 400 200 j00 | ne | CtTTOF
tew Program/Erase Pulse Width 10 10 10 ms
tcsmin Minimum CS Low Time 1 0.5 0.25 us
tskHi Minimum SK High Time 1 0.5 0.25 us
tskLow Minimum SK Low Time 1 0.5 0.25 us
tsv Output Delay to Status Valid 1 0.5 0.25 us
SKmax Maximum Clock Frequency DC 250 DC 500 DC 1000 | KHZ

* Preliminary data for 93C56A/66A/86A.

NOTE:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
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CAT93C46A/56A/66A/86A

DEVICE OPERATION

The CAT93C46A/56A/66A/86A is a 1024/2048/4096/
16384-bit nonvolatile memory intended for use with
industry standard microprocessors. The CAT93C46A/
56A/66A/86A is organized as registers of 16-bits. There-
fore, seven 9-bit instructions for 93C46A; seven 11-bit
instructions for 93C56A and 93C66A; seven 13-bit in-
structions for 93C86A, control the reading, writing and
erase operations of the device. The CAT93C46A/56A/
B66A/86A operates on a single 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 the start
ofawrite 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 highimpedance state on
the falling edge of the clock (SK). Placing the DO pininto
the high impedance state is recommended in applica-
tions 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 device is a
logical "1" startbit, a 2-bit (or 4-bit) opcode, 6-bit (93C46A)/
8-bit (93C56A or 93C66A)/10-bit (93C86A) and for write
operations a 16-bit data field.

Figure 1. Sychronous Data Timing

tpis 'DIH
DI VALID ( VALID

icss 4——-"

le——1gKHI —»le—tsKLOW —»} [+ tcsH

XXURXKKXXXXXX

cs /

bis

‘ —_—

DO X

> 1@0}%1 - > t{CSMIN

5040 FHD FO3

Figure 2. Read Instruction Timing
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CAT93C46A/56A/66A/86A

Read

Upon receiving a READ command and an address
(clocked into the DI pin), the DO pin of the CAT93C46A/
56A/66A/86A will come out of the high impedance state
and, after sending an initial dummy zero bit, will begin
shifting out the data addressed (MSB first). The output
data bits will toggle on the rising edge of the SK clock and
are stable after the specified time delay (trpo 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 CAT93C46A/56A/66A/86A 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 it is written
into.

Erase

Upon receiving an ERASE command and address, the
CS (Chip Select) pin must be deasserted for a minimum
of 250ns (tcsmin). The falling edge of CS will start the self
clocking clear cycle of the selected memory location.
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/56A/66A/86A 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.

Figure 3. Write Instruction Timing
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5040 FHD F05

Figure 4. Erase Instruction Timing
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CAT93C46A/56A/66A/86A

Erase/Write Enable and Disable

The CAT93C46A/56A/66A/86A 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
write and clear instructions, and will prevent any acci-
dental 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 Se-
lect) pin must be deselected for a minimum of 250ns
(tcsmin). The falling edge of CS will start the self clocking
clear cycle of 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/56A/66A/86A can be deter-
mined by selecting 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 CAT93C46A/56A/66A/86A can be
determined by selecting the device and polling the DO
pin. It is not necessary for all memory locations to be
cleared before the WRAL command is executed.

Note: This note is applicable only to 93C86A. The write,
erase, write all and erase all instruction requires PE=1
for 93C86A. If PE is left floating, 93C86A is in program
enabled mode.

Figure 5. EWEN/EWDS Instruction Timing

* ENABLE=11
DISABLE=00

\ STANDBY

93C46/56/66 FO7

Figure 6. ERAL Instruction Timing
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CAT93C46A/56A/66A/86A

Figure 7. WRAL Instruction Timing

OSSO0 LO OO OO OO0

Gy
cs / STATUS VERIFY \STANDBY
- cs
\VAVAVAVAVAVAVAVAVAVAVAV
Dl 1 0 0 o0 /1 ’A’A‘A‘A‘A‘A‘A‘A‘A‘A‘A’m Do «
tsv »l —> thz
DO ¢ BUSY /| READY
. =/, L ——
93C46/56/66 FO9
ORDERING INFORMATION
I Prefix I Device # ' Suffix |
CAT 93C46A S 2.5 TE7
A A
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
93C46A: 1K I = Industrial (-40°C to +85°C) TE13: 2000/Reel
93C56A: 2K
93C66A: 4K
93C86A: 16K
Package Operating Voltage
P = PDIP Blank (V_=4.5 to 5.5V)
S = SOIC (JEDEC) 2.7 (V,.=8.7 10 6.0V)
J = SOIC (JEDEC) 2.5 (V =2.5106.0V)
K = SOIC (EIAJ) 1.8 (V..=1.8 t0 6.0V)
93C46/56/66 F10

Notes:

(1) The device used in the above example is a 93C46ASI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating

Voltage, Tape & Reel)
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SEMICONDUCTAOR

CAT93C57

2K-Bit Serial EEPROM

FEATURES

B High Speed Operation: 1MHz
B Low Power CMOS Technology
B Wide Operating Voltage Range

V. = 4.5V to 5.5V

Vi = 2.7V to 6.0V

V.. = 2.5V to 6.0V

V.. = 1.8V to 6.0V

B Selectable x8 or x16 Memory Organization

H Self-Timed Write Cycle with Auto-Clear

B Sequential Read Operation

B Power-Up Inadvertant Write Protection

H 100,000 Program/Erase Cycles

B 100 Year Data Retention

B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT93C57 is 2K-bit Serial E2PROM memory de-
vices which can be configured as either 128 registers by
16 bits (ORG pin at Vcc) or 256 registers by 8 bits (ORG
pin at GND). Each register can be written (or read)
serially by using the DI (or DO) pin. The CAT93C57 is
manufactured using Catalyst’s advanced CMOS

E2PROM floating gate technology. 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 SOIC packages.

PIN CONFIGURATION
DIP Package (P)

SOIC Package (J)

NC et 8 ] ORG
Vec ] 2 7 11 GND
cs]3 6 [ DO
SK ] 4 5ol
PIN FUNCTIONS
Pin Name Function

Cs Chip Select

SK Clock Input

D! Serial Data Input

DO Serial Data Output

Vee 1.8V to 6.0V Power Supply

GND Ground

NC No Connection

ORG Memory Organization

Note: When the ORG pin is connected to V¢, the 128 x 16 organiza-
tion is selected. When it is connected to ground, the 256 x 8 organiza-
tion is selected. If the ORG pin is left unconnected, then an internal
pullup device will select the 128 x 16 organization.

SOIC Package (S) SOIC Package (K)

cs et 8 [ Vee cs [t 8 1 Vee
sk 2 73 Ne sK[ 2 7 [ NC
Dic] 3 6 71 ORG pic] 3 6 [11 ORG
por] 4 5[] GND DO ] 4 5[] GND
5041 FHD FO1
BLOCK DIAGRAM
Vee GND
MEMORY ARRAY “OSRESS
— 256 x 8
ORG on |  DECODER
128 x16 [}
DATA
REGISTER g
DI T OUTPUT
BUFFER
MODE DECODE
cS —» LOGIC
CLOCK DO
SK —>
GENERATOR S04t FHD P

© 1996 by Catalyst Semiconductor, Inc.
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CAT93C57

ABSOLUTE MAXIMUM RATINGS*

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

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

Vcc with Respect to Ground ............... -2.0V to +7.0V

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

*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.

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
Vce = +1.8V to 6V, unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Icct Power Supply Current 3 mA | DI=0.0V, fsk = IMHz
(Operating) Vece =5.0V, CS =5.0V
Output Open
Iss Power Supply Current 50 pA CS =0V
(Standby)
ILo Input Leakage Current 2 pA ViN =0V to Vce
ILo Output Leakage Current 10 uHA Vout =0V to Vcc,
(Including ORG Pin) CS =0V
Viu Input Low Voltage -0.1 0.8 Vv 4.5V<Vcce<b5.5V
ViHi Input High Voltage 2 Vce+1 Vv
Vi Input Low Voltage 0 VceX0.2 \ 1.8V<Vcce<2.7V
ViH2 Input High Voltage VceX0.7 Vce+1 \Y)
VoLl Output Low Voltage 0.4 Vv 4.5V<Vcce<5.5V
VoHi Output High Voltage 24 \ loL=2.1mA
loH = -400pA
Vor2 Output Low Voltage 0.2 Vv 1.8V<Vee<2.7V
VoHz Output High Voltage Vce-0.2 \" loL=1mA
loH = -100pA

(1) The minimum DC input 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 Vg +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 Vg +1V.
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CAT93C57

INSTRUCTION SET

Address Data
Instruction | Start Bit | Opcode | 256 x 8 128 x 16 |256 x 8 (128 x 16 Comments
READ 1 10 A7-A0 A6-A0 Read Address AN—AQ
ERASE 1 11 A7-A0 A6-A0 Clear Address AN-AOQ
WRITE 1 01 A7-A0 A6-A0 D7-D0 |D15-D0O Write Address AN—-AQ
EWEN 1 00 TIXXXXXX | 11XXXXX Write Enable
EWDS 1 00 OOXXXXXX | 00XXXXX Write Disable
ERAL 1 00 TOXXXXXX | 10XXXXX Clear All Addresses
WRAL 1 00 O1XXXXXX | 01XXXXX | D7-D0 |D15-D0 Write Ali Addresses
PIN CAPACITANCE
Symbol Test Max. Units Conditions
Cout{m | OUTPUT CAPACITANCE (DO) 5 pF Voutr=0V
CinM | INPUT CAPACITANCE (CS, SK, DI, ORG) 5 pF Vin=0V
A.C. CHARACTERISTICS
Limits
Vee = Vce = 2.7V -6V Vee =
) 1.8V-6V* Vcec = 2.5V-6V| 4.5V-5.5V Test
SYMBOL| PARAMETER Min. | Max. | Min. | Max. | Min. | Max. |UNITS | Conditions
tcss CS Setup Time 200 100 50 ns
tcsH CS Hold Time 0 0 0 ns
tois DI Setup Time 400 200 100 ns
toiH DI Hold Time 400 200 100 ns
trD1 Output Delay to 1 1 0.5 0.25 us
trpo Output Delay to 0 1 0.5 0.25 us
; CL = 100pF
tHz® Output Delay to High-Z 400 200 100 ns
tew Program/Erase Pulse Width 10 10 10 ms
tcsMin Minimum CS Low Time 1 0.5 0.25 us
tskHI Minimum SK High Time 1 0.5 0.25 us
tskLow Minimum SK Low Time 1 0.5 0.25 us
tsv Output Delay to Status Valid 1 0.5 0.25 us
SKmax Maximum Clock Frequency DC 250 DC 500 DC | 1000 | KHZ
Note:

*  Preliminary data
(1) This parameter is tested initially and after a design or process change that affects the parameter.
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CAT93C57

DEVICE OPERATION

The CAT93C57 is a 2048-bit nonvolatile memory in-
tended for use with industry standard microprocessors.
The CAT93C57 can be organized as either 128 registers
by 16 bits, or as 256 registers by 8 bits. Seven 10-bit
instructions (11-bit instruction in 256 by 8 organization)
control the reading, writing and erase operations of the
device. The CAT93C57 operates on a single power
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 CAT93C57 is
a logical “1” start bit, a 2-bit (or 4-bit) op code, a 7-bit
address (8-bit address when organized as 256 x 8), and
for write operations a 16-bit data field (8-bit data field
when organized as 256 x 8).

Figure 1. Sychronous Data Timing (1)

r‘_“"SKHI —>+— gk ow —*

sK [ ]

> tcsH

tpis tDIH
tCSS 4———4
—
s/ n__/
tDIs > > tpD0,tPD1 > {CSMIN
DO X DATA VALID *

Note:

5046 FHD F03

(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7.

When x16 organization is selected, AN = A6 and DN = D15.
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CAT93C57

Figure 2. Read Instruction Timing (1)

s [T LT L LT LTI LT L L L LT LT LT DOOOOOAARX
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s/ \

Don't Care

AN AN-1

0T\ XX O X, ER DD RN

HIGH-Z
o0 _z:x:
Dummy 0 -
Do Address + 1 Address + 2 Address + n
D15 Er15 ..

D7...

5046 FHD F04

Note:
(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7.
When x16 organization is selected, AN = A6 and DN = D15.
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CAT93C57

Read

Upon receiving a READ command and an address
(clocked into the DI pin), the DO pin of the CAT93C57 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).

After the initial data word has been shifted out and CS
remains asserted with the SK clock continuing to toggle,
the device will automatically increment to the next ad-
dress and shift out the next data word in a sequential

3 READ mode. As long as CS is continuously asserted

and SK continues to toggle, the device will keep

incrementing to the next address automatically until it |

reaches to the end of the address space, then loops

back to address 0. In the sequential READ mode, only
the initial data word is preceeded by a dummy zero bit.
All subsequent data words will follow without a dummy
zero bit.

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 CAT93C57 can be determined by selecting the
device and polling the DO pin. Since this device features
Auto-Clear before write, it is NOT necessary to erase a
memory location before the WRITE command is sent.

Figure 3. Write Instruction Timing (1)

CS_/
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LG
N / sTaTus N STANDBY
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5046 FHD F05

Figure 4. Erase Instruction Timing (1)
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Note:
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5046 FHD FO7

(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7.

When x16 organization is selected, AN = A6 and DN = D15.
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CAT93C57

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 CAT93C57 can be deter-
mined 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 CAT93C57 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 en-
abled, 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 CAT93C57 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 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 CAT93C57 can be determined by selecting the
device and polling the DO pin. Once cleared, the con-
tents of all memory bits return to a logical “1” state.

Figure 5. EWEN/EWDS Instruction Timing (1)

s UMMM L UL L TOO0RRRRRRRRRR

* ENABLE = 11

/\ oo A XRIXRRRRIRR

STANDBY

\

128 x 16 = 6 DON'T CARE BITS

DISABLE =00 256 x 8 =7 DON"T CARE BITS

5046 FHD F06

Figure 6. ERAL Instruction Timing (1)

s NEREREREREEN POCKXHXHKXRIRCRCXIXHKXKIXHKIXKXX

I
R
cs _/ STATUS VERIFY |\ STANDBY
> +1cs
4{){}
128 x 16 =5 DON'T CARE BITS tgy — > tyz
256 x 8 = 6 DON'T CARE BITS
HIGH-Z
DO BUSY /| READY
HIGH-Z
- tEw >
5046 FHD F08
Note:

(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7.

When x16 organization is selected, AN = A6 and DN = D15.
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CAT93C57

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 CAT93C57 can be determined by
selecting the device and polling the DO pin. It IS NOT
necessary for all memory locations to be cleared before
the WRAL command is executed.

Figure 7. WRAL Instruction Timing (1)

S I I o 000NN

CS_/
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1o o /1 XX00000000(N )
128 x 16 = 5 DON'T CARE BITS
256 x8 = 6 DON'T CARE BITS

Note:

—
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—» tcs
D,
0 <
tsv —>l —> tHz
BUSY /| READY
HIGH-Z
e 2 A——

5046 FHD F09

(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7.
When x16 organization is selected, AN = A6 and DN = D15.

PIN CONFIGURATION

Notes:

| Prefix I Device #

CAT 93C57

Product
Number

» W0

Suffix

!

TE7

Temperature Range

Blank = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)

Tape & Reel
TE7: 500/Reel
TE13: 2000/Reel

Package
P = PDIP

S = SOIC (JEDEC)
J = SOIC (JEDEC)
K = SOIC (EIAJ)

Operating Voltage
Blank: 4.5 to 5.5V
2.7:2.7 to 6.0V
2.5:2.5t06.0V
1.8:1.810 6.0V

(1) The device used in the above example is a 93C57SI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage, Tape &

Reel)
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CAT64LC10/20/40

1K/2K/4K-Bit Serial EEPROM

FEATURES

B SPI Bus Compatible

m Low Power CMOS Technology

m 2.5V to 6.0V Operation

B Self-Timed Write Cycle with Auto-Clear
B Hardware Reset Pin

B Hardware and Software Write Protection

® Commercial and Industrial Temperature Ranges
B Power-Up Inadvertant Write Protection

m RDY/BUSY Pin for End-of-Write Indication

® 100,000 Program/Erase Cycles

E 100 Year Data Retention

DESCRIPTION

The CAT64LC10/20/40is a 1K/2K/4K-bit Serial E2PROM
which is configured as 64/128/256 registers by 16 bits.
Each register can be written (or read) serially by using
the DI (or DO) pin. The CAT64LC10/20/40 is manufac-
tured using Catalyst's advanced CMOS E2PROM float-

ing gate technology. 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 SOIC
packages.

PIN CONFIGURATION
DIP Package (P)

SOIC Package (J)

SOIC Package (S)

CS 1 8 [ vee RDY/BUSY []*1 8 [7 RESET  CS ]t 8 [ Vee
sk 2 7 |2 RDY/BUSY Ve 2 7 [ GND sk 2 7 11 RDY/BUSY
DIC] 3 6 [ RESET css 6 11 DO DI 3 6 [ RESET
por] 4 5 11 GND sk 4 57 DI por 4 5[] GND
5064 FHD FO1
PIN FUNCTIONS BLOCK DIAGRAM
Pin Name Function Vee GND
cs Chip Select ‘ ¢
SK Clock Input
MEMORY ARRAY ADDRESS
DI Serial Data Input 64/128/256 x 16 DECODER
A
DO Serial Data Output
Vce +2.5V to +6.0V Power Supply t
DATA
GND Ground REGISTER >
D OUTPUT
RESET Reset I T BURFER
RDY/BUSY Ready/BUSY Status RESET —» MODEODGECC:ODE
S o
CLOCK DO RDY/BUSY
SK—" GENERATOR

64L.C10/20/40 FO2

© 1996 by Catalyst Semiconductor, Inc.
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CAT64LC10/20/40

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
Vcc with Respect to Ground ............... -2.0V to +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) .......oeveeereerrreeeseersiennns 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
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
ILT®@ | Latch-Up 100 mA JEDEC Standard 17

CAPACITANCE (Ta = 25°C, f= 1.0 MHz, Vg =6.0V)

Symbol Test Max. Units Conditions
Cuo® Input/Output Capacitance (DO, RDY/BUSY) 8 pF Vio =0V
Cin® . Input Capacitance (CS, SK, DI, RESET) 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 Vcg +0.5V, which may overshoot to Vg +2.0V for periods of less than 20 ns.

(2) Output shorted for no more than one second. 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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D.C. OPERATING CHARACTERISTICS
Ve = +2.5V to +6.0V, unless otherwise specified.

Limits

Sym. Parameter Min. Typ. Max. Units Test Conditions
Icc Operating Current 2.5V 0.4 mA fsk = 250 kHz

EWEN, EWDS, READ|6.0V 1 mA fsk = 1 MHz
lccp  |Program Current 2.5V 2 mA

6.0V 3 mA
Isg(" |Standby Current 0 pA Vin = GND or Vce
CS =Vcc

Iu Input Leakage Current 2 pA Vin = GND to Vece
I,o  |Output Leakage Current 10 pHA Vout = GND to Vcc
ViL Low Level Input Voltage, DI -0.1 Vce x 0.3 \'
ViH High Level Input Voltage, DI Vce x 0.7 Vce + 0.5 \
ViL Low Level Input Voltage, -0.1 Vce x 0.2 \"

CS, SK, RESET
ViH  |High Level Input Voltage, Vce x 0.8 Vce + 0.5 \

CS, SK, RESET
Von(@ [High Level Output Voltage | 2.5V | Vcc—0.3 v loH = —10pA

6.0V | Vcc—-0.3 loH = —-10pA
2.4 lon = —400pA
VoL@ |Low Level Output Voltage | 2.5V 0.4 \Y loL = 10pA
6.0V 0.4 \) loL =2.1mA

Note:

(1) Standby Current (Igg) = OpuA (<900nA)
(2) Von and Vo spec applies to READY/BUSY pin also
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A.C. OPERATING CHARACTERISTICS
Vce = +2.5V to +6.0V, unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units
tcss CS Setup Time 100 ns
tosH CS Hold Time 100 ns
tois DI Setup Time 200 ns
toH DI Hold Time 200 ns
tPD1 Output Delay to 1 300 ns
trDo Output Delay to 0 300 ns
thz@ Output Delay to High Impendance 500 ns
tcsmin Minimum CS High Time 250 ns
tskHi Minimum SK High Time 2.5V 1000 ns
4.5V-6.0V 400
tskLow Minimum SK Low Time 2.5V 1000 ns
4.5V-6.0V 400
tsv Output Delay to Status Valid 500 ns
fsk Maximum Clock Frequency 2.5V 250 kHz
i 4.5V-6.0V 1000

treSS Reset to CS Setup Time 0 ns

tRESMIN Minimum RESET High Time 250 ns

tRESH RESET to READY Hold Time 0 ns
trc Write Recovery 100 ns
POWER-UP TIMING(1)(3)

Symbol Parameter Min. Max. Units
tPUR Power-Up to Read Operation 10 us
truw Power-Up to Program Operation 1 ms

WRITE CYCLE LIMIITS

Symbol Parameter Min. Max. Units

twr Program Cycle Time 2.5V 10 ms
4.5V-6.0V 5

Note:

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

(2) This parameter is sampled but not 100% tested.

(3) tpur and tpyw are the delays required from the time V¢ is stable until the specified operation can be initiated.
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INSTRUCTION SET
Instruction Opcode Address Data

Read 64LC10 10101000 A5A4A3A2A1A0 0 O D15 - DO
64LC20 10101000 A6 A5 A4 ABA2A1A0 O D15 - DO
64L.C40 10101000 A7 A6 A5 A4 AB A2 A1 AO D15 - DO

Write 64LC10 10100100 A5A4 A3A2A1A00 O D15 - DO
64LC20 10100100 A6 A5 A4 A3BA2A1A0 O D15 - DO
64LC40 10100100 A7 A6 A5 A4 A3 A2 A1 AO D15 - DO

Write Enable 10100011 XXXXXXXX

Write Disable 10100000 XXXXXXXX

[Write All Locations](") 10100001 XXXXXXXX D15-DO

Figure 1. A.C. Testing Input/Output Waveform (2)(3(4) (C| = 100 pF)

Vcc x0.8

Ve x0.7
INPUT PULSE LEVELS REFERENCE POINTS
Vee x0.2 Vecx03
Note:

(1) (Write All Locations) is a test mode operation and is therefore not included in the A.C./D.C. Operations specifications.
(2) Input Rise and Fall Times (10% to 90%) < 10 ns.

(3) Input Pulse Levels = Ve x 0.2 and Vg x 0.8.

(4) Input and Output Timing Reference = Vgc x 0.3 and Vg x 0.7.

5064 FHD F03
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DEVICE OPERATION

The CAT64LC10/20/40 is a 1K/2K/4K-bit nonvolatile
memory intended for use with all standard controllers.
The CAT64LC10/20/40 is organized in a 64/128/256 x
16 format. All instructions are based on an 8-bit format.
There are four 16-bitinstructions: READ, WRITE, EWEN,
and EWDS. The CAT64LC10/20/40 operates onasingle
power supply ranging from 2.5V to 6.0V and it has an on-
chip voltage generatorto provide the high voltage needed
during a programming operation. Instructions, addresses

and data to be written are clocked into the DI pin on the
rising edge of the SK clock. The DO pin is normally in a
high impedance state except when outputting data in a
READ operation or outputting RDY/BUSY status when
polled during a WRITE operation.

The format for allinstructions sent to this device includes
a 4-bit start sequence, 1010, a 4-bit op code and an 8-
bit address field or dummy bits. For a WRITE operation,

Figure 2. Sychronous Data Timing
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Figure 3. Read Instruction Timing
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a 16-bit data field is also required following the 8-bit
address field.

The CAT64LC10/20/40 requires an active LOW CS in
order to be selected. Each instruction must be preceded
by a HIGH-to-LOW transition of CS before the input of
the 4-bit start sequence. Prior to the 4-bit start sequence
(1010), the device will ignore inputs of all other logical
sequence.

Read

Upon receivinga READ command and address (clocked
into the DI pin), the DO pin will output data one tpp after
the falling edge of the 16th clock (the last bit of the
address field). The READ operation is not affected by
the RESET input.

Write

After receiving a WRITE op code, address and data, the
device goes into the AUTO-Clear cycle and then the

Figure 4. Write Instruction Timing
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Figure 5. Ready/BUSY Status Instruction Timing
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WRITE cycle. The RDY/BUSY pin will output the BUSY
status (LOW) one tsy after the rising edge of the 32nd
clock (the last data bit) and will stay LOW until the write
cycle is complete. Then it will output a logical “1” until the
next WRITE cycle. The RDY/BUSY output is not af-
fected by the input of CS.

An alternative to get RDY/BUSY status is from the DO
pin. During a write cycle, assertinga LOW inputtothe CS
pin will cause the DO pin to output the RDY/BUSY
status. Bringing CS HIGH will bring the DO pin back to
a high impedance state again. After the device has
completed a WRITE cycle, the DO pin will output a

logical “1” when the device is deselected. The rising
edge of the first “1” input on the DI pin will reset DO back
to the high impedance state again.

The WRITE operation can be halted anywhere in the
operation by the RESET input. If a RESET pulse occurs
during a WRITE operation, the device will abort the
operation and output a READY status.

NOTE: Data may be corrupted if a RESET occurs while
the device is BUSY. If the reset occurs before the BUSY
period, no writing will be initiated. However, if RESET
occurs after the BUSY period, new data will have been
written over the old data.

Figure 6. RESET During BUSY Instruction Timing
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Figure 7. EWEN Instruction Timing
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RESET

The RESET pin, when set to HIGH, will reset or abort a
WRITE operation. When RESET is set to HIGH while the
WRITE instruction is being entered, the device will not
execute the WRITE instruction and will keep DO in High-
Z condition.

When RESET is set to HIGH, while the device is in a
clear/write cycle, the device will abort the operation and
will display READY status on the RDY/BUSY pin and on
the DO pin if CS is low.

The RESET input affects only the WRITE and WRITE
ALL operations. It does not reset any other operations

such as READ, EWEN and EWDS.
ERASE/WRITE ENABLE and DISABLE

The CAT64LC10/20/40 powers up in the erase/write
disabled state. After power-up or while the device isinan
erase/write disabled state, any write operation must be
preceded by an execution of the EWEN instruction.
Once enabled, the device will stay enabled until an
EWDS has been executed or a power-down has occured.
The EWDS is used to prevent any inadvertent over-
writing of the data. The EWEN and EWDS instructions
have no affect on the READ operation and are not
affected by the RESET input.

Figure 8. EWDS Instruction Timing
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5064 FHD F10

ORDERING INFORMATION

rPreﬁx | Device # Suffix 1
CAT 64LC10 S | -2.5 TE7

A T A
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
64LC10: 1K | = Industrial (-40°C to +85°C) TE13: 2000/Reel
64L.C20: 2K
64LC40: 4K

Package Operating Voltage

P: PDIP Blank: 2.7V to 6.0V

S: SOIC (JEDEC)
J: SOIC (JEDEC)

2.5: 2.5V to 6.0V

64L.C10/20/40 F11

Notes:

(1) The device used in the above example is a 64LC10SI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage,

Tape & Reel)
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CAT35C704

4K-Bit Secure Access Serial E2PROM

FEATURES

B Single 5V Supply

m Password READ/WRITE Protection: 1 to 8 Bytes
B Memory Pointer WRITE Protection

= Sequential READ Operation

B 256 x16 or 512 x 8 Selectable Serial Memory

® High Speed Synchronous Protocol

B Commercial and Industrial Temperature Ranges

B Operating Frequency: DC-3MHz

H Low Power Consumption:
—Active: 3mA
—~Standby: 250 pA

B 100,000 Program/Erase Cycles
B 100 Year Data Retention

DESCRIPTION

The CAT35C704 is a 4K-bit Serial E2PROM that safe-
guards stored data from unauthorized access by use of
a user selectable (1 to 8 byte) access code and a
movable memory pointer. Two operating modes provide
unprotected and password-protected operation allow-
ing the user to configure the device as anything from a

ROM to a fully protected no-access memory. The
CAT35C704 uses a unique serial-byte synchronous
communication protocol and has a Sequential Read
feature where data can be sequentially clocked out of
the memory array. The device is available in 8-pin DIP
or 16-pin SOIC packages.

PIN CONFIGURATION
DIP Package (P)

SOIC Package (J)

NC 1 16 77 NC
NC ] 2 15 7 NC
cs]s3 14 [ Voo
CLK ] 4 13 [ PE
DIC] 5 12 [ ERR
DO[] 6 11 7] GND
NC [ 7 10 [ NC
NC ] 8 9 [T NC

PIN FUNCTIONS

Pin Name Function

CS Chip Select
DOM Serial Data Output
CLK Clock Input
DIM Serial Data Input
PE Parity Enable
ERR Error Indication Pin
Vce +5V Power Supply
GND Ground

Note:

(1) DI, DO may be tied together to form a common I/O.

BLOCK DIAGRAM
Vce —
GND —> ]
64-BIT ACCESS CODE
[ &
CONTROL BLOCK
DO <
SERIAL
CLK = COMMUNI-
gg : CATION [*™
S 7] BLock 4K-BIT EEPROM
ARRAY
< AW ADDRESS
BUFFER | DECODER
INSTRUCTION
REGISTER [+

INSTRUCTION ADDRESS

ERR <1 pbECODER REGISTER
STATUS MEMORY
REGISTER POINTER
A

35C704 FO2

© 1996 by Catalyst Semiconductor, inc.

Characteristics subject to change without notice
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ABSOLUTE MAXIMUM RATINGS*

.................. —55°C to +125°C
—65°C to +150°C

Temperature Under Bias
Storage Temperature

Voltage on Any Pin with

Respect to Ground() —2.0V to +Vcc + 2.0V

—2.0V to +7.0V

Vce with Respect to Ground

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

*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.

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 Susceptability 2000 Volts MIL-STD-883, Test Method 3015
ILtTH®®@ | Latch-up 100 mA JEDEC Standard 17
D.C. CHARACTERISTICS
Vce = +5V +10%,unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcc Power Supply Current 3 mA Vece =5.5V, CS = Ve
(Operating) DO is Unloaded.
IsB Power Supply Current 250 pnA Vce =5.5V,CS =0V
(Standby) DI =0V, CLK =0V
ViL Input Low Voltage -0.1 0.8 \Y
ViH Input High Voltage 2 -V
VoL Output Low Voltage 0.4 \") loL=2.1mA
VoH Output High Voltage 2.4 \Y lon = —400pA
1L Input Leakage Current uA VN = 5.5V
ILo Output Leakage Current 10 HA Vout =5.5V, CS =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 Vg + 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) PE pin test conditions: Vi < VN < VL




Preliminary CAT35C704
A.C. CHARACTERISTICS
Vce = +5V £10%,unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
tcss CS Setup Time 150 ns
tesH CS Hold Time 0 ns CL = 100pF
tois DI Setup Time 50 ns VIN=ViHor ViL
toiH DI Hold Time 0 ns Vout = VoH or Vou
teD CLK to DO Delay 150 ns
tiz(V @ | CLK to DO High-Z Delay 50 ns
tew Program/Erase Pulse Width 12 ms
test CS Low Pulse Width 200 ns
tckH CLK High Pulse Width 165 ns
tek CLK Low Pulse Width 100 ns
tsv ERR Output Delay 150 ns CL = 100pF
tvccs(M | Vec to CS Setup Time 5 us CL = 100pF
tcsz(™M CS to DO High-Z Delay 50 ns
tcsp CS to DO Busy Delay 150 ns
foLk Clock Frequency DC 3 MHz
Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven.
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PASSWORD PROTECTION

The CAT35C704 is a 4K-bit E2PROM that features a
password protection scheme to prevent unauthorized
access to the information stored in the device. It contains
an access code register which stores one to eight bytes
of access code along with the length of thataccess code.
Additionally, a memory pointer register stores the ad-
dress that partitions the memory into protected and
unprotected areas. As shipped from the factory, the
device is unprogrammed and unprotected. The length of
the access code is equal to zero and the memory pointer
register points to location zero. Every byte of the device
is fully accessible without an access code. Setting a
password and moving the memory pointer register to
cover all or part of the memory secures the device. Once
secured, the memory is divided into a read/write area
and a read-only area with the entry of a valid access
code. If no access code is entered, the memory is

divided into a read-only area and a non-access area.
Figure 2illlustrates this partitioning of the memory array.

WRITE PROTECTION

Another feature of the CAT35C704 is WRITE-protection
without the use of an access code. If the memory pointer
register is set to cover all or part of the memory, without
setting the access code register, the device may be
divided into an area which allows full access, and an
area which allows READ-only access. To write into the
READ-only area, the user can override the memory
pointer register for every WRITE instruction or he can
simply move the address in the memory pointer register
to uncover this area, and then write into the memory.
This mechanism prevents inadvertent overwriting of
important data in the memory without the use of an
access code. Figure 3 illustrates this partitioning of the
memory array.

Figure 1. A.C. Timing

vVce f
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s> &~ *—{'oH | ] tHz
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Figure 2. Secure Mode
ACCESS REGISTER: ACCESS CODE (1-8 BYTES)
ACCESS CODE LENGTH: 1TO8
MEMORY POINTER: a..a
__ 255 (x16)
511 (x8)
READ-ONLY
ACCESS
POINTER
REGISTER a..a
ADDRESS
IN MEMORY PASSWORD-ONLY
ACCESS

5074 FHD F04
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READ SEQUENTIAL

To allow for convenient reading of blocks of contiguous
data, the device has a READ SEQUENTIAL instruction
which accepts a starting address of the block and
continuously outputs data of subsequent addresses
until the end of memory, or until Chip Select goes LOW.

The CAT35C704 communicates with external devices
viaa synchronous serial communication protocol (SECS)
that has a maximum transmission rate of 3 MHz. The
data transmission may be a continuous stream of data
or it can be packed by pulsing Chip Select LOW in
between each packet of information. (Except for the
SEQUENTIAL READ instruction where Chip Select
must be held high).

PIN DESCRIPTIONS

cs

Chip Select is a TTL compatible input which, when set
HIGH, allows normal operation of the device. Any time
Chip Selectis set LOW, it resets the device, terminating
all I/O communication, and puts the output in a high
impedance state. CS is used to reset the device if an
error condition exists or to put the device in a power-
down mode to minimize power consumption. It may also
be used to frame data transmission in applications
where the clock and data input have to be ignored from
time to time. Although CS resets the device, it does not
change the program/erase or the access-enable status,
nor does it terminate a programming cycle once it has
started. The program/erase and access-enable opera-
tions, once enabled, will remain enabled until specific
disabling instructions are sent or until power is removed.

Figure 3. Unprotected Mode(1)

ACCESS REGISTER: X...X
ACCESS CODE LENGTH: 0
MEMORY POINTER: a...a
—— 255 (x16)
511 (x8)
READ/WRITE/ERASE

ACCESS
POINTER
REGISTER a...a
ADDRESS
IN MEMORY READ-ONLY

ACCESS

5074 FHD F05

Figure 4. ERR Pin Timing
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Note:

(1) x=DON'T CARE; a = ADDRESS BIT.
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CLK

The System Clock is a TTL compatible input pin that
allows operation of the device over a frequency range of
DC to 3 MHz. :

3 ]]

The Data Input pin is TTL compatible and accepts data
and instructions in a serial format. Each instruction must
begin with “1” as a start bit. The device will accept as
many bytes as an instruction requires, including both
data and address bytes. With the SECS protocol, extra
bits will be disregarded if they are “0”s and misinter-
preted as the next instruction if they are “1”s. Aninstruc-
tion error will cause the device to abort operation and all
/O communication will be terminated until a reset is
received.

DO

The Data Output pin is a tri-state TTL compatible output.
It is normally in a high impedance state unless a READ
oran ENABLE BUSY instruction is executed. Following
the completion of a 16-bit or 8-bit data stream, the output
will return to the high impedance state. During a pro-
gram/erase cycle, if the ENABLE BUSY instruction has
been previously executed, the output will stay LOW
while the device is BUSY, and it will be set HIGH when
the program/erase cycle is completed. DO will stay
HIGH until the completion of the next instruction’s op-
code and, if the nextinstructionis a READ, DO will output
the appropriate data at the end of the instruction. If the
ENABLE BUSY instruction has not been previously
executed, DO will stay in a highimpedance state. DO will

Figure 5. Program/Erase Timing
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Figure 6. CS to DO Status Timing
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also go to the high impedance state if an error condition
is detected. If the ENABLE BUSY instruction has not
been executed, to determine whether the device is in a
program/erase cycle or in an error condition, a READ
STATUS instruction may be entered. When the device
is in a program/erase cycle it will output an 8-bit status
word. If it does not, it is in an error condition.

PE

The Parity Enable pinis a TTL compatible input. Ifthe PE
pinis set HIGH, the device will be configured to commu-
nicate using even parity, and if the pin is set LOW, it will

use no parity. In this case, instructions or data that
include parity bits will not be interpreted correctly. Note:
The PE input is internally pulled down to GND (i.e.
default = no parity). As with all CMOS devices, CS, CLK
and Dl inputs must be connected to either HIGH or LOW,
and not left floating.

ERR

The Error indication pin is an open drain output. If either
an instruction or parity error exists, the ERR pin will
output a “0” until the device is reset. This can be done by
pulsing CS LOW.

Figure 7. Read Timing
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Figure 8. Write Timing
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DEVICE OPERATION Seven instructions are used as control and status func-
tions:
INSTRUCTIONS DISBSY Disable B
. . . . isable Busy
t1"he CAT35C704 instruction set includes 19 instruc- ENBSY Enable Busy
1ons. EWEN  Program/Erase Enable
Six instructions are related to security or write protec- EWDS  Program/Erase Disable
tion: NOP No Operations
ORG Select Memory Organization
DISAC Disable Access RSR Read Status Register
ENAC Enable Access
MACC  Modify Access Code UNPROTECTED MODE
OVMPR  Override Memory Pointer Register As shipped from the factory, the CAT35C704 is in the
RMPR Read Memory Pointer Reg_lster unprotected mode. The access code length is set to 0,
WMPR  Write Memory Pointer Register and the memory pointer is at address 00 hex. While in
s . . . this mode, any portion of the E2PROM array can be read
Six instructions are READ/WRITE/ERASE instructions: or written to without an access code. A portion of the
ERAL Clear All Locations memory may be protected from any write or clear
ERASE Clear Memory Locations operation by setting the memory pointer to the appropri-
READ Read Memory ate address via the WMPR (Write Memory Pointer
RSEQ  Read Sequentially Register) instruction:
WRAL  Write All
WRITE  Write memory WMPR  [address]

Note: All write instructions will automatically perform a clear before
writing data.

Figure 9. EWEN/EWDS Timing
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Figure 10. Erase Timing
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As shown previously in Figure 3, memory locations
below the address set in the memory pointer will be
program/erase protected. Thus, unintentional clearing
or writing of data in this area will be prevented, while
memory locations at or above the protected area still
allow full access. This protection does not apply to the
ERAL and WRAL commands which are not blocked by
the memory pointer.

SECURE MODE

As shown previously in Figure 2, in the secure mode,
memory locations at or above the address set in the
memory pointer allow READ-only access. Memory loca-
tions beiow that address will require an access code
before they can be accessed. The secure mode is
activated with an MACC (Modify Access Code) instruc-
tion followed by a user access code which can be one to
eight bytes in length.

EWEN

MACC  [old code][new code][new code]

The EWEN instruction enables the device to perform
program/erase operations. The new access code must
be entered twice for verification. If the device already has
an access code, the old access code must be entered
before the new access code can be accepted. The
length of the password is incorporated into the MACC
portion of the instruction.

Once the secure mode is activated, access to memory
locations is under software control. Access (read, write,
and clear instructions) to the memory locations below
the address in the memory pointer is allowed only if the
ENAC (Enable Access) instruction followed by the cor-
rect access code has been previously executed.

O

The ENAC instruction, along with the access code,
enables access to the protected area of the device. The
EWEN instruction enables execution of the program/
erase operations. This portion of the memory is other-
wise inaccessible for any operation. Read-only access
is allowed without the access code for memory locations
at or above the address in the memory pointer.

The access code can be changed by the following
instruction:

ENAC [old access code]
EWEN
MACC [old code][new code][new code]

A two-tier protection scheme is implemented to protect
data against inadvertent clearing or writing. To write to
the memory, an EWEN (Program/Erase Enable) must
firstbe issued. The CAT35C704 will now allow program/
erase operations to be performed only on memory
locations at or above the address set in the memory
pointer. The remaining portion of the memory is still
protected. To override this protection, an OVMPR (Over-
ride Memory Pointer Register—see Memory Pointer
Register) must be issued for every program/erase in-
struction which accesses the protected area:

ENAC [access code]
EWEN

OVMPR

WRITE [address][ data]

As an alternative to the OVMPR instruction, the WMPR
(Write Memory Pointer Register) instruction may be
used to move the memory pointer address to uncover
the area where writing is to be performed:

ENAC [access code]
ENAC [access code] EWEN
EWEN WMPR  [address]
WRITE  [address][data] WRITE  [address ][data]
Figure 11. ERAL Timing
CS I
DON'T CARE
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1L ;
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READY
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As shipped from the factory, the device is in the unpro-
tected mode. The length of the access code is user
selectable from a minimum of one byte to a maximum of
eight bytes (> 1.84x10' combinations). Loading a zero-
length access code will disable protection.

MEMORY POINTER REGISTER

The memory pointer enables the user to segment the
E°PROM array into two sections. In the unprotected
mode, the array can be segmented between read-only
and full access, while in the secure mode, the memory
may be segmented between read-only access and
password-only access. Three instructions are dedicated
to the memory pointer operations. Thefirstoneis WMPR
(Write Memory Pointer Register). This instruction, fol-
lowed by an address, will load the memory pointer
register with a new address. This address will be stored
in the E2PROM and can be modified only by another
WMPR instruction. The second instruction is OVMPR
(Override Memory Pointer Register) which allows a
single program/erase to be performed to memory loca-
tions below the address set in the memory pointer. This
instruction allows the user to modify datain a segmented
array without having to move the memory pointer. Once
the operation is complete, the device returns to the
protected mode. If the device is in the secure mode both
of these instructions require the ENAC instructionand a
valid access code prior to their execution. The third
instruction is the RMPR (Read Memory Pointer Regis-
ter) which will place the current contents of the register
in the serial output buffer.

SECS PROTOCOL

The CAT35C704 implements the SECS communication
protocol which uses an 8-bit transmission format. As
shown in Figures 7-13, all instructions are 8 bits long

with the first bit being the start bit and the following 7 bits
being the op-code. Data can be one or two bytes long
depending on the instruction and the memory array
organization. Each address is one or two bytes long
depending on the organization of the memory array. In
this protocol, the transmission of the MSB is always first
and the LSB last. The CS (Chip Select) pin of the
CAT35C704 may be used to frame the data transmis-
sion packet or it may be set HIGH for the entire duration
of operation. If an error in op-code or parity (if enabled)
has been detected, the ERR output will be set LOW and
the CAT35C704 will stop receiving and sending data
until CS is toggled from HIGH to LOW to HIGH again.
Alternatively, an error condition may be detected by
interrogating the device for a status word. If an error
condition has been detected, the DO (Data Output) pin
will not respond. DO may be programmed to become tri-
stated or to output a RDY/BUSY status flag during
program/erase cycles (see ENBSY instruction).

STATUS REGISTER

An eight bit status register is provided to allow the user
to determine the status of the CAT35C704. The contents
of the first three bits of the register are 101 which allows
the user to quickly determine the condition of the device.
The next three bits indicate the status of the device; they
are parity error, instruction error and RDY/BUSY status.
The last two bits are reserved for future use.

CLEAR ALL AND WRITE ALL

As a precaution, the ERAL instruction has to be entered
twice before it is executed. This measure is required as
a redundancy check on the incoming instruction for
possible transmission errors. The WRAL instruction
requires sending an ERAL first (this sets a flag only) and
then the WRAL instruction. The CAT35C704 will accept

Figure 12. WRAL Timing
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the following commands:

ERAL ERAL An ERAL will be executed
ERAL WRAL A WRAL will be executed

Both the ERAL and WRAL commands will program/
erase the entire array and will not be blocked by the
memory pointer.

THE PARITY BIT

The SECS protocol supports an even parity bit if the PE
pin of the device is set HIGH, otherwise, there is no
parity. If PE is set LOW and the incoming instruction
contains a parity bit, it may be interpreted as the start bit
ofthe nextinstruction. When PE is HIGH, the CAT35C704
expects a parity bit at the end of every incoming instruc-
tion packet. For example, the RSEQ instruction will look
like this:

1100 1011
A15...A8
A7...A0P

Thadavica than o |‘

The device thenou o data continunt ml\’: untilitreaches

O UCUA VUT U TUU U LITQAUINICS

the end of the memory. The last byte of data contains 9
bits. The ninth bit is the parity bit calculated over the
entire transmitted data packet. The RSEQ instruction
may be terminated at any time by bringing CS low; the
output will then go to high impedance.

SYSTEM ERRORS

Whenever an error occurs, be it an instruction error
(unknown instruction), or parity error (perhaps caused
by transmission error), the device will stop its operation.
To return to normal operation, the device must be reset
by pulsing CS LOW and then set back to HIGH. Reset-
ting the device will not affect the ENAC, EWEN and
ENBSY status. The errormay be determined by entering
the READ STATUS REGISTER (RSR) instruction
immediatly following the reset. The status outputis an 8
bit word with the first three bits being 101. This three bit
pattern indicates that the device is functioning normally.
The fourth bit is “1” if a parity error occurred. The fifth bit
is a “1” if an instruction error occurred. The sixth bit is a
“1”if the device is in a program/erase cycle. The last two
bits are reserved for future use.

The reason for the “101” pattern is to distinguish be-
tween an error conditon (DO tri-stated) and a device
busy status. If an error condition exists, it will not respond
to any input instruction from DI. However, if the device is
ina program/erase cycle, it responds to the RSRinstruc-
tion by outputting “101 00100”. if RSR is executed at the
end of a program/erase cycle, the output will be “101000
00”".

101 X X X

AN

PARITY INSTRUCTION RDY/BUSY FUTURE USE
ERROR ERROR STATU
5074 FHD F09

Figure 13. Next Instruction Timing(1)

cs_I
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NEXT INSTRUCTION

ZX:)OOOC
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l«——— OP CODE ———;’
Gz READY tHz
DO ___....__.__..\ / '
BUSY
Note:

HIGH-Z

5074 FHD F16

(1) DO will be high impedance after the last instruction bit has been clocked in, unless the instruction is RSR or RMPR, in which case, DO will

become active.
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INSTRUCTION SET
DISAC Disable Access

This instruction will lock the memory from all program/
erase operations regardless of the contents of the memory
pointer. A write can be accomplished only by first enter-
ing the ENAC instruction followed by a valid access
code.

ENAC Enable Access
[Access Code]

In the protected mode, this instruction, followed by a
valid access code, unlocks the device for read/write/
clear access.

WMPR Write Memory Pointer Register
[A15-A8] [A7-A0] (x8 organization)
[A7-AQ] (x16 organization)

The WMPR instruction followed by 8 or 16 bits of
address (depending on the organization) will move the
pointer to the newly specified address.

MACC Modify Access Code
[Length] [Old code] [New code]

[New code]

This instruction requires the user to enter the old access
code, if one was set previously, followed by the new
access code and a re-entry of the new access code for
verification. Within the instruction format, the variable
[Length] designates the length of the access code as the
following:

[Length] = [0] No access code. Set device to unpro-
tected mode.

[Length] = [1-8] Length of access code is 1 to 8 bytes.

[Length]=[>8] lllegal number of bytes. The CAT35C704
will ignore the rest of the transmission.

RMPR Read Memory Pointer Register
1010

Output the content of the memory pointer register to the
serial output port.

OVMPR Override Memory Pointer Register
(1000 Joo11 ] '

Override the memory protection for the next instruction.

READ Read Memory

1100 [A15-A8] [A7-A0] (x8 organization)
[1100 [1001 ] [A7-A0] (x16 organization)

Output the contents of the addressed memory location
to the serial port.

WRITE Write Memory

0001 | [A15-A8] [A7-AQ] [D7-DO0] (x8 organization)
1100 [0001 | [A7-A0] [D15-D8] [D7-DO0] (x16 organization)

Write the 8 bit or 16 bit data to the addressed memory
location. After the instruction, address, and data have
been entered, the self-timed program/erase cycle will
start. The addressed memory location will be erased
before data is written. The DO pin may be used to output
the RDY/BUSY status by having previously entered the
ENBSY instruction. During the program/erase cycle, DO
will output a LOW for BUSY during this cycle and a HIGH
for READY after the cycle has been completed.

ERASE Clear Memory

0000 | [A15-A8] [A7-AQ] (x8 organization)
1100 | 0000 | [A7-A0] (x16 organization)

Erase datain the specified memory location (setmemory
to “1”). After the instruction and the address have been
entered, the self-timed clear cycle will start. The DO pin
may be used to output the RDY/BUSY status by having
previously entered the ENSBY instruction. During the
clear cycle, DO will output a LOW for BUSY during this
cycle and a HIGH for ready after the cycle has been
completed.

ERAL Clear All

1000
1000

1001
[1001 ]
Erase the data of all memory locations (all cells set to

“1”). For protection against inadvertent chip clear, the
ERAL instruction is required to be entered twice.

WRAL Write All

1000 [1001 |
[D15-D8] [D7-DO] (x16 organization)
[D7-DO0] (x8 organization)

Write one or two bytes of data to all memory locations.
An ERAL will be automatically performed before the

5-12
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WRAL is executed. For protection against inadvertent
clearing or writing of data, the ERAL instruction is
required to be entered preceding the WRAL instruction.

RSEQ Read Sequentially

[A15-A8] [A7—A0] (x8 organization)
1011 | [A7-A0] (x16 organization)

Read memory starting from specified address, sequen-
tially to the highest address or until CS goes LOW. The
instruction is terminated when CS goes LOW.

ENBSY Enable Busy

Enable the status indicator on DO during program/erase
cycle. DO goes LOW then HIGH once the write cycle is
complete. DO will go to HIGH-Z at the end of the next op
code transmission.

DISBSY Disable Busy
[1000 [0101 |

Disable the status indicator on DO during program/
erase cycle.

EWEN Program/Erase Enable
[1000 [0001 |

Enable program/erase to be performed on non-pro-
tected portion of memory. This instruction must be

entered before any program/erase instruction will be
carried out. Once entered, it will remain valid until power-
down or an EWDS (Program/Erase Disable) is ex-
ecuted.

EWDS Program/Erase Disable

Disable all write and clear functions.

ORG Select Memory Organization

(where R=0o0r1)

Set memory organization to 512x 8 if R=0.
Set memory organization to 256 x 16 if R = 1.
RSR Read Status Register

1000

Output the contents of the 8-bit status register. The
contents of the first three bits of the register are 101,
which allows the user to quickly determine whether the
device is listening or is in an error condition. The next
three bits indicate parity error, instruction errorand RDY/
BUSY status. The last two bits are reserved for future
use.

NOP No Operation
[1000 J0000

No Operation.

ORDERING INFORMATION

| Prefix | Device # | suffix |
CAT 35C704 J | TE7
A T
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel

Package
P: PDIP

J: SOIC (JEDEC)

Notes:

35C704 F17

(1) The device used in the above example is a 35C704JI-TE7 (SOIC, Industrial Temperature, Tape & Reel)
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Ilj|CATALYST

S EMICONDUCTOR

CAT33C704

4K-Bit Secure Access Serial E2PROM

FEATURES

W Single 3V Supply

m Password READ/WRITE Protection: 1 to 8 Bytes
B Memory Pointer WRITE Protection

W Sequential READ Operation

W 256 x16 or 512 x 8 Selectable Serial Memory

m High Speed Synchronous Protocol

W Operating Frequency: DC-1MHz

® Low Power Consumption:
Active: 3 mA
Standby: 250 1A

m 100,000 Program/Erase Cycles
B 100 Year Data Retention
B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT33C704 is a 4K-bit Serial E2PROM that safe-
guards stored data from unauthorized access by use of
a user selectable (1 to 8 byte) access code and a
movable memory pointer. Two operating modes provide
unprotected and password-protected operation allow-
ing the user to configure the device as anything from a

ROM to a fully protected no-access memory. The
CAT33C704 uses a unique serial-byte synchronous
communication protocol and has a Sequential Read
feature where data can be sequentially clocked out of
the memory array. The device is available in 8-pin DIP
or 16-pin SOIC packages.

PIN CONFIGURATION

DIP Package (P) SOIC Package (J)

Vee NC Je1 16 ] NC
PE NC [ 2 15 ] NC
ERR cs]3 14 [3Vvee
GND CLK[] 4 13 [ PE
DIiC] 5 12 [] ERR
por]6 11 [JGND
NC 7 10 73 NC
NC ] 8 9 [ NC
5074 FHD FO1
PIN FUNCTIONS
Pin Name Function
CS Chip Select
DOM Serial Data Output
CLK Clock Input
DI Serial Data Input
PE Parity Enable
ERR Error Indication Pin
Vce +3V Power Supply
GND Ground
Note:

(1) DI, DO may be tied together to form a common I/O.

BLOCK DIAGRAM
Vce > I
GND —>
64-BIT ACCESS CODE
&
CONTROL BLOCK
DO =
SERIAL
CLK —1  COMMUNI-
gg : CATION [*™]
S BLock 4K-BIT EEPROM
ARRAY
<] RW ADDRESS
BUFFER | DECODER
INSTRUCTION 7
REGISTER [+
INSTRUCTION ADDRESS
ERR <+ becODER REGISTER
A
STATUS MEMORY
REGISTER POINTER
4 A
\ 4 A4

5074 FHD FO2

TD 5072

© 1996 by Catalyst Semiconductor, Inc.
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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 +Vce + 2.0V
Vcc with Respect to Ground ............... -2.0V to +7.0V

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

*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.

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. CHARACTERISTICS
Vce = +3V +10%,unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcc Power Supply Current 3 mA Vee =3.3V, CS = Vee
(Operating) DO is Unloaded.
Is Power Supply Current 250 uA Vee =3.3V, CS =0V
(Standby) DI =0V, CLK =0V
ViL Input Low Voltage -0.1 0.8 \
ViH Input High Voltage 2 \
VoL Output Low Voltage 0.4 Vv loL=2.1mA
VoH Output High Voltage 2.4 Vv loH = —400pA
IL® Input Leakage Current 2 HA ViN =3.3V
ILo Output Leakage Current 10 A Vour = 3.3V, CS =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 Vg + 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) PE pin test conditions: Vi < Viny < VL

5-16
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A.C. CHARACTERISTICS

Vee = +3V £10%,unless otherwise specified.

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
tcss CS Setup Time 150 ns
tcsH CS Hold Time 0 ns CL = 100pF
tois DI Setup Time 50 ns Vin=ViHor Vi
toiH DI Hold Time 0 ns Vout = VoH or VoL
trD CLK to DO Delay 150 ns
tvz( @ | CLK to DO High-Z Delay 50 ns
tew Program/Erase Pulse Width 12 ms
tes CS Low Pulse Width 300 ns
tekH CLK High Pulse Width 300 ns
tekL CLK Low Pulse Width 140 ns
tsv ERR Output Delay 150 ns CL = 100pF
tvces™ | Vee to CS Setup Time 5 us CL = 100pF
tcsz(" CS to DO High-Z Delay 50 ns
tcsp CS to DO Busy Delay 150 ns
fok Frequency DC 1 MHz
Note:

(1) This barameter is tested initially and after a design or process change that affects the parameter.
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven.
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PASSWORD PROTECTION

The CAT33C704 is a 4K-bit E2PROM that features a
password protection scheme to prevent unauthorized
access to the information stored in the device. ltcontains
an access code register which stores one to eight bytes
of access code along with the length of that access code.
Additionally, a memory pointer register stores the ad-
dress that partitions the memory into protected and
unprotected areas. As shipped from the factory, the
device is unprogrammed and unprotected. The length of
the access code is equal to zero and the memory pointer
register points to location zero. Every byte of the device
is fully accessible without an access code. Setting a
password and moving the memory pointer register to
cover all or part of the memory secures the device. Once
secured, the memory is divided into a read/write area
and a read-only area with the entry of a valid access
code. If no access code is entered, the memory is

divided into a read-only area and a non-access area.
Figure 2 illlustrates this partitioning of the memory array.

WRITE PROTECTION

Another feature of the CAT33C704 is WRITE-protection
without the use of an access code. If the memory pointer
register is set to cover all or part of the memory, without
setting the access code register, the device may be
divided into an area which allows full access, and an
area which allows READ-only access. To write into the
READ-only area, the user can override the memory
pointer register for every WRITE instruction or he can
simply move the address in the memory pointer register
to uncover this area, and then write into the memory.
This mechanism prevents inadvertent overwriting of
important data in the memory without the use of an
access code. Figure 3 illustrates this partitioning of the
memory array.

Figure 1. A.C. Timing

Vce i

e tyccs
©s tckH ok tcsH \——-
tcss ———
oK I D R D N e s,
pis—> |+ fe—>{toiH l —>{ tHz
o 7//////N X XL
tPD—>] tPD >
HIGH-Z HIGH-Z
DO { X K
5074 FHD FO3
Figure 2. Secure Mode
ACCESS REGISTER: ACCESS CODE (1-8 BYTES)
ACCESS CODE LENGTH: 1TO 8
MEMORY POINTER: a..a
255 (x16)
511 (x8)
READ-ONLY
ACCESS
POINTER
REGISTER a.a
ADDRESS
IN MEMORY PASSWORD-ONLY
ACCESS
0

5074 FHD F04
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READ SEQUENTIAL

To allow for convenient reading of blocks of contiguous
data, the device has a READ SEQUENTIAL instruction
which accepts a starting address of the block and
continuously outputs data of subsequent addresses
until the end of memory, or until Chip Select goes LOW.

The CAT33C704 communicates with external devices
viaasynchronous serial communication protocol (SECS)
that has a maximum transmission rate of 1 MHz. The
data transmission may be a continuous stream of data
or it can be packed by pulsing Chip Select LOW in
between each packet of information. (Except for the
SEQUENTIAL READ instruction where Chip Select
must be held high).

PIN DESCRIPTIONS

Ccs

Chip Select is a TTL compatible input which, when set
HIGH, allows normal operation of the device. Any time
Chip Selectis set LOW, it resets the device, terminating
all /O communication, and puts the output in a high
impedance state. CS is used to reset the device if an
error condition exists or to put the device in a power-
down mode to minimize power consumption. It may also
be used to frame data transmission in applications
where the clock and data input have to be ignored from
time to time. Although CS resets the device, it does not
change the program/erase or the access-enable status,
nor does it terminate a programming cycle once it has
started. The program/erase and access-enable opera-
tions, once enabled, will remain enabled until specific
disabling instructions are sent or until power is removed.

Figure 3. Unprotected Mode(1)
ACCESS REGISTER:

X

ACCESS CODE LENGTH:
MEMORY POINTER: a
255 (x16)
511 (x8)
READ/WRITE/ERASE
ACCESS
POINTER
REGISTER __a.a
ADDRESS ,
IN MEMORY READ-ONLY
ACCESS
0
5074 FHD FO05
Figure 4. ERR Pin Timing
CS /
N P
HIGH-Z —> tsy [——tgy —>
ERR \. « /
5074 FHD F06
Note:

(1) x=DON'T CARE; a = ADDRESS BIT.
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CLK

The System Clock is a TTL compatible input pin that
allows operation of the device over a frequency range of
DC to 1 MHz.

DI

The Data Input pin is TTL compatible and accepts data
and instructions in a serial format. Each instruction must
begin with “1” as a start bit. The device will accept as
many bytes as an instruction requires, including both
data and address bytes. With the SECS protocol, extra
bits will be disregarded if they are “0”s and misinter-
preted as the next instruction if they are “1”s. An instruc-
tion error will cause the device to abort operation and all
/0O communication will be terminated until a reset is
received.

DO

The Data Output pin is a tri-state TTL compatible output.
It is normally in a high impedance state unless a READ
or an ENABLE BUSY instruction is executed. Following
the completion of a 16-bit or 8-bit data stream, the output
will return to the high impedance state. During a pro-
gram/erase cycle, if the ENABLE BUSY instruction has
been previously executed, the output will stay LOW
while the device is BUSY, and it will be set HIGH when
the program/erase cycle is completed. DO will stay
HIGH until the completion of the next instruction’s op-
code and, if the nextinstructionis a READ, DO will output
the appropriate data at the end of the instruction. If the
ENABLE BUSY instruction has not been previously
executed, DO will stay in a highimpedance state. DO will

Figure 5. Program/Erase Timing

cs /
> | tokH
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Figure 6. CS to DO Status Timing
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also go to the high impedance state if an error condition
is detected. If the ENABLE BUSY instruction has not
been executed, to determine whether the device is in a
program/erase cycle or in an error condition, a READ
STATUS instruction may be entered. When the device
is in a program/erase cycle it will output an 8-bit status
word. If it does not, it is in an error condition.

PE

The Parity Enable pinis a TTL compatible input. If the PE
pin is set HIGH, the device will be configured to commu-
nicate using even parity, and if the pin is set LOW, it will

use no parity. In this case, instructions or data that
include parity bits will not be interpreted correctly. Note:
The PE input is internally pulled down to GND (i.e.
default = no parity). As with all CMOS devices, CS, CLK
and Dl inputs mustbe connected to either HIGH or LOW,
and not left floating.

ERR

The Error indication pin is an open drain output. If either
an instruction or parity error exists, the ERR pin will
output a “0” until the device is reset. This can be done by
pulsing CS LOW.

Figure 7. Read Timing
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DEVICE OPERATION Seven instructions are used as control and status func-
tions:
INSTRUCTIONS )
;Ii’:;)SCATBSC7o4 instruction set includes 19 instruc- ngBBSSJ 2:::5':885:;
’ EWEN Program/Erase Enable
Six instructions are related to security or write protec- EWDS  Program/Erase Disable
tion: NOP No Operations
ORG Select Memory Organization
DISAC  Disable Access RSR Read Status Register
ENAC Enable Access
MACC  Modify Access Code UNPROTECTED MODE
OVMPR Override Memory Pointer Register As shipped from the factory, the CAT33C704 is in the
RMPR  Read Memory Pointer Register unprotected mode. The access code length is set to 0,
WMPR  Write Memory Pointer Register and the memory pointer is at address 00 hex. While in

this mode, any portion of the EZPROM array can be read

Six instructions are READ/WRITE/ERASE instructions: or written to without an access code. A portion of the

ERAL Clear All Locations memory may be protected from any write or clear
ERASE Clear Memory Locations operation by setting the memory pointer to the appropri-
READ Read Memory ate address via the WMPR (Write Memory Pointer
RSEQ  Read Sequentially Register) instruction:

WRAL  Write All

WRITE  Write memory WMPR  [address]

Note: All write instructions will automatically perform a clear before
writing data.

Figure 9. EWEN/EWDS Timing
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Figure 10. Erase Timing
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As shown previously in Figure 3, memory locations
below the address set in the memory pointer will be
program/erase protected. Thus, unintentional clearing
or writing of data in this area will be prevented, while
memory locations at or above the protected area still
allow full access. This protection does not apply to the
ERAL and WRAL commands which are not blocked by
the memory pointer.

SECURE MODE

As shown previously in Figure 2, in the secure mode,
memory locations at or above the address set in the
memory pointer allow READ-only access. Memory loca-
tions below that address will require an access code
before they can be accessed. The secure mode is
activated with an MACC (Modify Access Code) instruc-
tion followed by a user access code which can be one to
eight bytes in length.

EWEN

MACC  [old code]lnew code][new code]

The EWEN instruction enables the device to perform
program/erase operations. The new access code must
be entered twice for verification. If the device already has
an access code, the old access code must be entered
before the new access code can be accepted. The
length of the password is incorporated into the MACC
portion of the instruction.

Once the secure mode is activated, access to memory
locations is under software control. Access (read, write,
and clear instructions) to the memory locations below
the address in the memory pointer is allowed only if the
ENAC (Enable Access) instruction followed by the cor-
rect access code has been previously executed.

The ENAC instruction, along with the access code,
enables access to the protected area of the device. The
EWEN instruction enables execution of the program/
erase operations. This portion of the memory is other-
wise inaccessible for any operation. Read-only access
is allowed without the access code for memory locations
at or above the address in the memory pointer.

The access code can be changed by the following
instruction:

ENAC [old access code]
EWEN
MACC [old code][new code][new code]

A two-tier protection scheme is implemented to protect
data against inadvertent clearing or writing. To write to
the memory, an EWEN (Program/Erase Enable) must
first be issued. The CAT33C704 will now allow program/
erase operations to be performed only on memory
locations at or above the address set in the memory
pointer. The remaining portion of the memory is still
protected. To override this protection,an OVMPR (Over-

rida Mamans Daintar Raanigtar_caa Mamarns Daintar
NnGe viinGly +—OINel megiSiSi—sSCe wWiCiliOry Gty

Register) must be issued for every program/erase in-
struction which accesses the protected area:

ENAC [access code]
EWEN

OVMPR

WRITE [address][ data]

As an alternative to the OVMPR instruction, the WMPR
(Write Memory Pointer Register) instruction may be
used to move the memory pointer address to uncover
the area where writing is to be performed:

ENAC [access code]
ENAC [access code] EWEN
EWEN WMPR  [address]
WRITE [address][data] WRITE [address ][data ]
Figure 11. ERAL Timing
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As shipped from the factory, the device is in the unpro-
tected mode. The length of the access code is user
selectable from a minimum of one byte to a maximum of
eight bytes (> 1.84x10'® combinations). Loading a zero-
length access code will disable protection.

MEMORY POINTER REGISTER

The memory pointer enables the user to segment the
E2PROM array into two sections. In the unprotected
mode, the array can be segmented between read-only
and full access, while in the secure mode, the memory
may be segmented between read-only access and
password-only access. Three instructions are dedicated
tothe memory pointer operations. The firstone is WMPR
(Write Memory Pointer Register). This instruction, fol-
lowed by an address, will load the memory pointer
register with a new address. This address will be stored
in the E2PROM and can be modified only by another
WMPR instruction. The second instruction is OVMPR
(Override Memory Pointer Register) which allows a
single program/erase to be performed to memory loca-
tions below the address set in the memory pointer. This
instruction allows the user to modify data in a segmented
array without having to move the memory pointer. Once
the operation is complete, the device returns to the
protected mode. If the device is in the secure mode both
of these instructions require the ENAC instruction and a
valid access code prior to their execution. The third
instruction is the RMPR (Read Memory Pointer Regis-
ter) which will place the current contents of the register
in the serial output buffer.

SECS PROTOCOL

The CAT33C704 implements the SECS communication
protocol which uses an 8-bit transmission format. As
shown in Figures 7-13, all instructions are 8 bits long

with the first bit being the start bit and the following 7 bits
being the op-code. Data can be one or two bytes long
depending on the instruction and the memory array
organization. Each address is one or two bytes long
depending on the organization of the memory array. In
this protocol, the transmission of the MSB is always first
and the LSB last. The CS (Chip Select) pin of the
CAT33C704 may be used to frame the data transmis-
sion packet or it may be set HIGH for the entire duration
of operation. If an error in op-code or parity (if enabled)
has been detected, the ERR output will be set LOW and
the CAT33C704 will stop receiving and sending data
until CS is toggled from HIGH to LOW to HIGH again.
Alternatively, an error condition may be detected by
interrogating the device for a status word. If an error
condition has been detected, the DO (Data Output) pin
will not respond. DO may be programmed to become tri-
stated or to output a RDY/BUSY status flag during
program/erase cycles (see ENBSY instruction).

STATUS REGISTER

An eight bit status register is provided to allow the user
to determine the status of the CAT33C704. The contents
of the first three bits of the register are 101 which allows
the user to quickly determine the condition of the device.
The next three bits indicate the status of the device; they
are parity error, instruction errorand RDY/BUSY status.
The last two bits are reserved for future use.

CLEAR ALL AND WRITE ALL

As a precaution, the ERAL instruction has to be entered
twice before it is executed. This measure is required as
a redundancy check on the incoming instruction for
possible transmission errors. The WRAL instruction
requires sending an ERAL first (this sets a flag only) and
then the WRAL instruction. The CAT33C704 will accept

Figure 12. WRAL Timing
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the following commands:

ERAL ERAL An ERAL will be executed
ERAL WRAL A WRAL will be executed

Both the ERAL and WRAL commands will program/
erase the entire array and will not be blocked by the
memory pointer.

THE PARITY BIT

The SECS protocol supports an even parity bit if the PE
pin of the device is set HIGH, otherwise, there is no
parity. If PE is set LOW and the incoming instruction
contains a parity bit, it may be interpreted as the start bit
ofthe nextinstruction. When PE is HIGH, the CAT33C704
expects a parity bit at the end of every incoming instruc-
tion packet. For example, the RSEQ instruction will look
like this:

1100 1011
A15...A8
A7...A0 P

e PO T T T

I l e uevu,e ir Ie‘ll Uutputa udld bUHlHIUUUbly ulllll itreacnes

the end of the memory. The last byte of data contains 9
bits. The ninth bit is the parity bit calculated over the
entire transmitted data packet. The RSEQ instruction
may be terminated at any time by bringing CS low; the
output will then go to high impedance.

SYSTEM ERRORS

Whenever an error occurs, be it an instruction error
(unknown instruction), or parity error (perhaps caused
by transmission error), the device will stop its operation.
To return to normal operation, the device must be reset
by pulsing CS LOW and then set back to HIGH. Reset-
ting the device will not affect the ENAC, EWEN and
ENBSY status. The error may be determined by entering
the READ STATUS REGISTER (RSR) instruction
immediatly following the reset. The status outputis an 8
bit word with the first three bits being 101. This three bit
pattern indicates that the device is functioning normally.
The fourth bitis “1” if a parity error occurred. The fifth bit
is a “1” if an instruction error occurred. The sixth bit is a
“17if the device is in a program/erase cycle. The last two
bits are reserved for future use.

The reason for the “101” pattern is to distinguish be-
tween an error conditon (DO tri-stated) and a device
busy status. If an error condition exists, it will not respond
to any input instruction from DI. However, if the device is
ina program/erase cycle, it responds to the RSR instruc-
tion by outputting “101 00100”". If RSR is executed at the
end of a program/erase cycle, the output will be “101000
00”.

101 X X X X X

A NN

PARITY INSTRUCTION RDY/B § FUTURE USE
ERROR ERROR
5074 FHD F09

Figure 13. Next Instruction Timing()
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(1) DO will be high impedance after the last instruction bit has been clocked in, unless the instruction is RSR or RMPR, in which case, DO wnll

become active.
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INSTRUCTION SET
DISAC Disable Access
[1000 [1000 ]

This instruction will lock the memory from all program/
erase operations regardless of the contents of the memory
pointer. A write can be accomplished only by first enter-
ing the ENAC instruction followed by a valid access
code.

ENAC Enable Access
[Access Code]

In the protected mode, this instruction, followed by a
valid access code, unlocks the device for read/write/
clear access.

WMPR Write Memory Pointer Register
[A15—-A8] [A7-AO0] (x8 organization)

[1100 0100 ] [A7-A0] (x16 organization)

The WMPR instruction followed by 8 or 16 bits of
address (depending on the organization) will move the
pointer to the newly specified address.

MACC Modify Access Code
[Length] [Old code] [New code]

[New code]

This instruction requires the user to enter the old access
code, if one was set previously, followed by the new
access code and a re-entry of the new access code for
verification. Within the instruction format, the variable
[Length] designates the length of the access code as the
following: .

[Length] = [0] No access code. Set device to unpro-
tected mode.

[Length] = [1-8] Length of access code is 1 to 8 bytes.

[Length]=[>8] lllegal number of bytes. The CAT33C704
will ignore the rest of the transmission.

RMPR Read Memory Pointer Register
[1100 1010]

Output the content of the memory pointer register to the
serial output port.

OVMPR Override Memory Pointer Register
[1000 Jo011 ]

Override the memory protection for the next instruction.

READ Read Memory

1100 {1001 | [A15-A8] [A7-A0] (x8 organization)
1100 | 1001 | [A7-AO0] (x16 organization)

Output the contents of the addressed memory location
to the serial port.

WRITE Write Memory

[A15—-A8] [A7-A0] [D7-DO] (x8 organization)
[1100 J0001 | [A7-A0] [D15-D8] [D7-DO] (x16 organization)

Write the 8 bit or 16 bit data to the addressed memory
location. After the instruction, address, and data have
been entered, the self-timed program/erase cycle will
start. The addressed memory location will be erased
before data is written. The DO pin may be used to output
the RDY/BUSY status by having previously entered the
ENBSY instruction. During the program/erase cycle, DO
will outputa LOW for BUSY during this cycle and a HIGH
for READY after the cycle has been completed.

ERASE Clear Memory

0000 | [A15-A8] [A7—A0] (x8 organization)
1100 | 0000 | [A7-AO0] (x16 organization)

Erase datain the specified memory location (set memory
to “1”). After the instruction and the address have been
entered, the self-timed clear cycle will start. The DO pin
may be used to output the RDY/BUSY status by having
previously entered the ENSBY instruction. During the
clear cycle, DO will output a LOW for BUSY during this
cycle and a HIGH for ready after the cycle has been
completed.

ERAL Clear Al

1000 | 1001

Erase the data of all memory locations (all cells set to
“1”). For protection against inadvertent chip clear, the
ERAL instruction is required to be entered twice.

WRAL Write All

1000 | 1001
[D15-D8] [D7-D0] (x16 organization)
[D7-DO] (x8 organization)

Write one or two bytes of data to all memory locations.
An ERAL will be automatically performed before the
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WRAL is executed. For protection against inadvertent
clearing or writing of data, the ERAL instruction is
required to be entered preceding the WRAL instruction.

RSEQ Read Sequentially

, 11100 {1011 | [A15-A8] [A7-AO0] (x8 organization)
[A7-AO0] (x16 organization)

Read memory starting from specified address, sequen-
tially to the highest address or until CS goes LOW. The
instruction is terminated when CS goes LOW.

ENBSY Enable Busy
[1000o100]

Enable the status indicator on DO during program/erase
cycle. DO goes LOW then HIGH once the write cycle is
complete. DO will go to HIGH-Z at the end of the next op
code transmission.

DISBSY Disable Busy
(1000 [0101 ]

Disable the status indicator on DO during program/
erase cycle.

EWEN Program/Erase Enable
[1000 [0001 |

Enable program/erase to be performed on non-pro-
tected portion of memory. This instruction must be

entered before any program/erase instruction will be
carried out. Once entered, it will remain valid until power-
down or an EWDS (Program/Erase Disable) is ex-
ecuted.

EWDS Program/Erase Disable

Disable all write and clear functions.

ORG Select Memory Organization

(where R=0o0r1)

Set memory organization to 512x 8 if R = 0.
Set memory organization to 256 x 16 if R = 1.
RSR Read Status Register

(1100 [1000 ]

Output the contents of the 8-bit status register. The
contents of the first three bits of the register are 101,

which allows the user to quickly determine whether the

device is listening or is in an error condition. The next
three bits indicate parity error, instruction errorand RDY/
BUSY status. The last two bits are reserved for future
use.

NOP No Operation
[1000 0000 |

No Operation.

ORDERING INFORMATION

l Prefix l Device # Suffix I
CAT 33C704 ]J | TE7
| i
Product Temperature Range Tape & 'Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Package
P: PDIP

J: SOIC (JEDEC)

Notes:

(1) The device used in the above example is a 33C704JI-TE7 (SOIC, Industrial Temperature, Tape & Reel)

33C704 F17
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SEMICONDUCTOR

CAT35C804A

4K-Bit Secure Access Serial E2PROM

FEATURES

m Single 5V Supply

m Password READ/WRITE Protection: 1 to 8 Bytes
B Memory Pointer WRITE Protection

@ Sequential READ Operation

W 256 x16 or 512 x 8 Selectable Serial Memory

B UART Compatible Asynchronous Protocol

m 100,000 Program/Erase Cycles

B Commercial and Industrial Temperature Ranges

B /O Speed: 9600 Baud
—Clock Frequency: 4.9152 MHz Xtal

B Low Power Consumption:
—Active: 3mA
—-Standby: 250 1A

B 100 Year Data Retention

DESCRIPTION

The CAT35C804A is a 4K-bit Serial E2PROM that safe-
guards stored data from unauthorized access by use of
a user selectable (1 to 8 byte) access code and a
movable memory pointer. Two operating modes provide
unprotected and password-protected operation allow-
ing the user to configure the device as anything from a

ROM to a fully protected no-access memory. The
CAT35C804A uses a UART compatible asynchronous
protocol and has a Sequential Read feature where data
can be sequentially clocked out of the memory array.
The device is available in 8-pin DIP or 16-pin SOIC
packages.

PIN CONFIGURATION

DIP Package (P) SOIC Package (J)

Vee NC [Te1 16 1 NC
PE NC [ 2 15 7] NC
ERR cscl3 14 vee
GND CLK[] 4 13 [ PE
DIC]5 12 [JERR
por 6 11 3 GND
NC[7 10 73 NC
NC ] 8 9 NC
PIN FUNCTIONS
Pin Name Function
CS Chip Select
DOM Serial Data Output
CLK Clock Input
DI Serial Data Input
PE Parity Enable
ERR Error Indication Pin
Vce +5V Power Supply
GND Ground

Note:
(1) DI, DO may be tied together to form a common I/O.

BLOCK DIAGRAM
VCC — —
GND —
64:BIT ACCESS CODE
(] &
CONTROL BLOCK
DO -
SERIAL
CLK =1 COMMUNI-
gg : CATION [*™]
BLOCK 4K-BIT EEPROM
DI —
ARRAY
| PW ADDRESS
BUFFER | DECODER
INSTRUCTION
REGISTER [«
ZRR < NSTRUCTION ADDRESS
1 DECODER REGISTER
A
STATUS MEMORY
REGISTER POINTER
A
— ‘ -

35C804 FO2
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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 ............cc..c.... —65°C to +150°C Ratings” may cause permanent damage o the dgvuce.
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(™ ........... —2.0V to +Vcc + 2.0V listed in the operational sections of this specification is not
Vcc with Respect to Ground .............. 2.0V to +7.0V implied. Exposure to any absolute maximum rating for
o - extended periods may affect device performance and
Package Power Dissipation reliability
Capability (Ta =25°C) .ccoceeverereerrrieireeneeenes 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. CHARACTERISTICS
Vce = +5V £10%,unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Icc Power Supply Current 3 mA Vce =5.5V, CS =Vee
(Operating) DO is Unloaded.
Is Power Supply Current 250 pA Vce =5.5V,CS =0V
(Standby) DI =0V, CLK =0V
ViL Input Low Voltage -0.1 0.8 \Y
ViH Input High Voltage 2 Vv
VoL Output Low Voltage 0.4 Vv loL=2.1mA
VoH Output High Voltage 2.4 \' lon = —400uA
IL® Input Leakage Current 2 uA ViN = 5.5V
Lo Output Leakage Current 10 HA Vour = 5.5V, CS =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 Vg + 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.

(8) 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.

(5) PE pin test conditions: Vi < Viy < V)
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A.C. CHARACTERISTICS
Vce = +5V £10%,unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
tcsH CS Hold Time 0 ns CL = 100pF
to CLK to DO Delay 104 us Vin=VijHor Vi
trp CLK to DO Delay 150 ns Vourt = Von or VoL
tnz( @ | CLK to DO High-Z Delay 50 ns
tew Program/Erase Pulse Width 12 ms
test CS Low Pulse Width 100 ns
tsv ERR Output Delay 150 ns CL = 100pF
tvees | Vee to CS Setup Time 5 us CL = 100pF
fok Clock erquency DC 49152 MHz

Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven.
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PASSWORD PROTECTION

The CAT35C804A is a 4K-bit EZPROM that features a
password protection scheme to prevent unauthorized
access to the information stored in the device. It contains
an access code register which stores one to eight bytes
of access code along with the length of that access code.
Additionally, a memory pointer register stores the ad-
dress that partitions the memory into protected and
unprotected areas. As shipped from the factory, the
device is unprogrammed and unprotected. The length of
the access code is equal to zero and the memory pointer
register points to location zero. Every byte of the device
is fully accessible without an access code. Setting a
password and moving the memory pointer register to
cover all or part of the memory secures the device. Once
secured, the memory is divided into a read/write area
and a read-only area with the entry of a valid access
code. If no access code is entered, the memory is

divided into a read-only area and a non-access area.
Figure 2illlustrates this partitioning of the memory array.

WRITE PROTECTION

Another feature of the CAT35C804A is WRITE-protec-
tion without the use of an access code. If the memory
pointer register is set to cover all or part of the memory,
without setting the access code register, the device may
be divided into an area which allows full access, and an
area which allows READ-only access. To write into the
READ-only area, the user can override the memory
pointer register for every WRITE instruction or he can
simply move the address in the memory pointer register
to uncover this area, and then write into the memory.
This mechanism prevents inadvertent overwriting of
important data in the memory without the use of an
access code. Figure 3 illustrates this partitioning of the
memory array.

Figure 1. A.C. Timing
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READ SEQUENTIAL

To allow for convenient reading of blocks of contiguous
data, the device has a READ SEQUENTIAL instruction
which accepts a starting address of the block and
continuously outputs data of subsequent addresses
until the end of memory, or until Chip Select goes LOW.

The CAT35C804A communicates with external devices
via an asynchronous serial communication protocol.
The data transmission may be a continuous stream of
data or it can be packed by pulsing Chip Select LOW in
between each packet of information. (Except for the
SEQUENTIAL READ instruction where Chip Select
must be held high).

PIN DESCRIPTIONS

Ccs

Chip Select is a TTL compatible input which, when set
HIGH, allows normal operation of the device. Any time
Chip Select is set LOW, it resets the device, terminating
all /O communication, and puts the output in a high
impedance state. CS is used to reset the device if an
error condition exists or to put the device in a power-
down mode to minimize power consumption. It may also
be used to frame data transmission in applications
where the clock and data input have to be ignored from
time to time. Although CS resets the device, it does not
change the program/erase or the access-enable status,
nor does it terminate a programming cycle once it has
started. The program/erase and access-enable opera-
tions, once enabled, will remain enabled until specific
disabling instructions are sent or until power is removed.

Figure 2. Secure Mode

ACCESS REGISTER: ACCESS CODE (1-8 BYTES)
ACCESS CODE LENGTH:  1TO8
MEMORY POINTER: a.a
255 (x16)
511 (x8)
READ-ONLY
ACCESS
POINTER
REGISTER —a.a
ADDRESS
IN MEMORY PASSWORD-ONLY
ACCESS
0
5074 FHD F04
Figure 3. Unprotected Mode(1)
ACCESS REGISTER: X
ACCESS CODE LENGTH:
MEMORY POINTER: a
255 (x16)
511 (x8)
READ/WRITE/ERASE
ACCESS
POINTER
REGISTER .
ADDRESS
IN MEMORY READ-ONLY
ACCESS
0

Note:
(1) x=DON'T CARE; a = ADDRESS BIT.

5074 FHD F05
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CLK

The System Clock is a TTL compatible input pin that
allows operation of the device at a specified frequency.
The CAT35C804A is designed with an internal divider to
produce a 9600 baud output for an input clock frequency
of 4.9152 MHz.

DI

The Data Input pin is TTL compatible and accepts data
and instructions in a serial format. Each byte must begin
with “0” as a start bit. The device will accept as many
bytes as an instruction requires, including both data and
address bytes. Extra bits will be disregarded if they are
“1”s and extra “0”s will be misinterpreted as the start bit
of the next instruction. An instruction error will cause the
device to abort operation and all I/O communication will
be terminated until a reset is received.

DO

The Data Output pin is a tri-state TTL compatible output.
It is normally in a high impedance state unless a READ
or an ENABLE BUSY instruction is executed. Following
the completion of a 16-bit or 8-bit data stream, the output
will return to the high impedance state. During a pro-
gram/erase cycle, if the ENABLE BUSY instruction has
been previously executed, the output will stay LOW
while the device is BUSY, and it will be set HIGH when

. the program/erase cycle is completed. DO will stay

HIGH until the completion of the next instruction’s op-
code and, ifthe nextinstructionis a READ, DO will output
the appropriate data at the end of the instruction. If the
ENABLE BUSY instruction has not been previously
executed, DO will stay in a highimpedance state. DO will

Figure 4. Program/Erase Timing (x8 Format)

s [

OP CODE ADDRESS ADDRESS
OP0O-OP7 A8-A15 A0-A7

DATA
D0O-D7

Iy sinnnnm

DO HIGH-Z

5076 FHD FO7

Figure 5. Program/Erase Timing (x16 Format)

s |

oroorr] [ aow - ool [ovor
DI T gsinnnmnnnmnmm
DO HiGH-2 BUSY(1) S_/l_——____

(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the

High-Z condition.
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also go to the high impedance state if an error condition include parity bits will not be interpreted correctly. Note:
is detected. In the event an ENABLE BUSY instruction The PE input is internally pulled down to GND (i.e.
has not been sent, a READ STATUS register instruction default = no parity). As with all CMOS devices, CS, CLK
can be executed. This also tells the user whether the part and Dl inputs must be connected to either HIGH or LOW,
is in a program/erase cycle or an error condtion. When and not left floating.

the device is in a program/erase cycle it will output an ERR

8-bit status word. If it does not, it is in an error condition.

The Error indication pin is an open drain output. If either
PE an instruction or parity error exists, the ERR pin will
The Parity Enable pinis a TTL compatibie input. ifthe PE output a “0” until the device is reset. This can be done by
pin is set HIGH, the device will be configured to commu- pulsing CS LOW.
nicate using even parity, and if the pin is set LOW, it will
use no parity. In this case, instructions or data that

Figure 6. Read Timing (x8 Format)

Vcc__/
cu<HIHHHHHIIIlllHIlIIHIIHIHHIIIHIHHHHIIHHIHI!HHIIHIHHIIIII
s |

o\ TTIUTHITT LT

DO HIGH-Z I l I

5076 FHD F09

Figure 7. Read Timing (x16 Format)

Vcc_/
i NN nnnnnnnmnm
cs__]

o T

bo S UL, ™ —

5076 FHD F10
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DEVICE OPERATION

INSTRUCTIONS »
The CAT35C804A instruction set includes 19 instruc-
tions.

Six instructions are related to security or write protec-
tion:

DISAC Disable Access

ENAC Enable Access

MACC  Modify Access Code

OVMPR Override Memory Pointer Register
RMPR  Read Memory Pointer Register
WMPR  Write Memory Pointer Register

Six instructions are READ/WRITE/ERASE instructions:

ERAL Clear All Locations
ERASE Clear Memory Locations
READ Read Memory

RSEQ Read Sequentially
WRAL  Write All

WRITE  Write memory

Note: All write instructions will automatically perform a clear before
writing data.

Seven instructions are used as control and status func-
tions:

DISBSY Disable Busy

ENBSY Enable Busy

EWEN  Program/Erase Enable

EWDS  Program/Erase Disable

NOP No Operation

ORG Select Memory Organization

RSR Read Status Register
UNPROTECTED MODE

As shipped from the factory, the CAT35C804A is in the
unprotected mode. The access code length is set to 0,
and the memory pointer is at address 00 hex. While in
this mode, any portion of the E2EPROM array can be read
or written to without an access code. A portion of the
memory may be protected from any write or clear
operation by setting the memory pointer to the appropri-
ate address via the WMPR (Write Memory Pointer
Register) instruction:

WMPR [address]

Figure 8. EWEN/EWDS Timing (x8 Format)

CS__r

OP CODE
OPO-OP7
o]} | l ! l I
DO HIGH-Z

5076 FHD F11

Figure 9. EWEN/EWDS Timing (x16 Format)

CS____I

OP CODE
OP0-OP7
DI | I l l |
DO HIGH-Z

5076 FHD F11
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As. shown previously in Figure 3, memory locations
below the address set in the memory pointer will be
program/erase protected. Thus, unintentional clearing
or writing of data in this area will be prevented, while
memory locations at or above the protected area still
allow full access. This protection does not apply to the
ERAL and WRAL commands which are not blocked by
the memory pointer.

SECURE MODE

As shown previously in Figure 2, in the secure mode,
memory locations at or above the address set in the
memory pointer allow READ-only access. Memory loca-
tions below that address will require an access code
before they can be accessed. The secure mode is
activated with an MACC (Modify Access Code) instruc-
tion followed by a user access code which can be one to
eight bytes in length.

EWEN

MACC [old code]lnew code][new code]

The EWEN instruction enables the device to perform
program/erase operations. The new access code must
be entered twice for verification. If the device already has
an access code, the old access code must be entered
before the new access code can be accepted. The
length of the password is incorporated into the MACC
portion of the instruction.

Once the secure mode is activated, access to memory
locations is under software control. Access (read, write,
and clear instructions) to the memory locations below
the address in the memory pointer is allowed only if the
ENAC (Enable Access) instruction followed by the cor-
rect access code has been previously executed.

ENAC [access code]
EWEN
WRITE [address][data]

The ENAC instruction, along with the access code,
enables access to the protected area of the device. The
EWEN instruction enables execution of the program/
erase operations. This portion of the memory is other-
wise inaccessible for any operation. Read-only access
is allowed without the access code for memory locations
at or above the address in the memory pointer.

The access code can be changed by the following
instruction:

ENAC [old access code]
EWEN
MACC [old code][new code][new code]

A two-tier protection scheme is implemented to protect
data against inadvertent clearing or writing. To write to
the memory, an EWEN (Program/Erase Enable) must
first be issued. The CAT35C804A will now allow pro-
gram/erase operations to be performed only on memory
locations at or above the address set in the memory
pointer. The remaining portion of the memory is still
protected. To override this protection, an OVMPR (Over-
ride Memory Pointer Register—see Memory Pointer
Register) must be issued for every program/erase in-
struction which accesses the protected area:

ENAC [access code]
EWEN

OVMPR

WRITE [address][ data]

As an alternative to the OVMPR instruction, the WMPR
(Write Memory Pointer Register) instruction may be
used to move the memory pointer address to uncover
the area where writing is to be performed:

ENAC [access code]
EWEN

WMPR [address]
WRITE [address ]J[data ]

Figure 10. ERR Pin Timing

cs

g/

i nnmm

HIGH-Z

e \

tgy—>

/]

£
R
5076 FHD F06
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As shipped from the factory, the device is in the unpro-
tected mode. The length of the access code is user
selectable from a minimum of one byte to a maximum of
eight bytes (> 1.84x10'? combinations). Loading a zero-
length access code will disable protection.

MEMORY POINTER REGISTER

The memory pointer enables the user to segment the
E2PROM array into two sections. In the unprotected
mode, the array can be segmented between read-only
and full access, while in the secure mode, the memory
may be segmented between read-only access and
password-only access. Three instructions are dedicated
tothe memory pointer operations. The firstone is WMPR
(Write Memory Pointer Register). This instruction, fol-
lowed by an address, will load the memory pointer
register with a new address. This address will be stored
in the E2PROM and can be modified only by another
WMPR instruction. The second instruction is OVMPR
(Override Memory Pointer Register) which allows a
single program/erase to be performed to memory loca-
tions below the address set in the memory pointer. This
instruction allows the user to modify datain a segmented
array without having to move the memory pointer. Once

the operation is complete, the device returns to the
protected mode. If the device is in the secure mode both
of these instructions require the ENAC instruction and a
valid access code prior to their execution. The third
instruction is the RMPR (Read Memory Pointer Regis-
ter) which will place the current contents of the register
in the serial output buffer.

STATUS REGISTER

An eight bit status register is provided to allow the user
to determine the status of the CAT35C804A. The con-
tents of the first three bits of the register are 101 which
allows the user to quickly determine the condition of the
device. The next three bits indicate the status of the
device; they are parity error, instruction error and RDY/
BUSY status. The last two bits are reserved for future
use.

CLEAR ALL AND WRITE ALL

As a precaution, the ERAL instruction has to be entered
twice before it is executed. This measure is required as
a redundancy check on the incoming instruction for
possible transmission errors. The WRAL instruction
requires sending an ERAL first (this sets a flag only) and

Figure 11. Erase Timing (x8 Format)

s [

OP CODE ADDRESS ADDRESS
OP0-OP7 AB-A15 AO-A7 ‘e NEXT INSTRUCTION
)
oI LT LT T LT
<—~———le—————'>
Do HIGH-2 \_ BUSY(!) S-/
5076 FHD F12
Figure 12. Erase Timing (x16 Format)
©s ——j OP CODE ADDRESS
OP0-OP7 AO-A7 . NEXT INSTRUCTION
)
D! L LT T i innim
v <———tEW—>
Do HiGH-2 BUSY(1) S-/
5076 FHD F13
Note:

(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in High-Z

condition.
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then the WRAL instruction. The CAT35C804A will ac-
cept the following commands:

ERAL ERAL An ERAL will be executed
ERAL WRAL A WRAL will be executed

Both the ERAL and WRAL commands will program/
erase the entire array and will not be blocked by the
memory pointer.

THE PARITY BIT

The UART compatible protocol supports an even parity
bit if the PE pin of the device is set HIGH, otherwise,
there is no parity. If PE is set LOW and the incoming
instruction contains a parity bit, it may be interpreted as
the stop bit. When PE is HIGH, the CAT35C804A
expects a parity bit at the end of every byte. Forexample,
the RSEQ instruction will look like this:

01100 1011 11
0 A15...A8 P1
0 A7...A0 P1

The device then outputs data continuously untilitreaches
the end of the memory. Each byte of data contains 9 bits
with the ninth bit being the parity bit. The RSEQ instruc-
tion may be terminated at any time by bringing CS low;
the output will then go to high impedance.

SYSTEM ERRORS

Whenever an error occurs, be it an instruction error
(unknown instruction), or parity error (perhaps caused
by transmission error), the device will stop its operation.
To return to normal operation, the device must be reset
by pulsing CS LOW and then set back to HIGH. Reset-
ting the device will not affect the ENAC, EWEN and
ENBSY status. The error may be determined by entering
the READ STATUS REGISTER (RSR) instruction
immediatly following the reset. The status output is an
8-bit word with the first three bits being 101. This three
bit pattern indicates that the device is functioning nor-
mally. The fourth bit is “1” if a parity error occurred. The
fifth bit is a “1” if an instruction error occurred. The sixth
bit is a “1” if the device is in a program/erase cycle. The
last two bits are reserved for future use.

The reason for the “101” pattern is to distinguish be-
tween an error conditon (DO tri-stated) and a device
busy status. If an error condition exists, it will not respond
to any input instruction from DI. However, if the device is
inaprogram/erase cycle, it responds to the RSR instruc-
tion by outputting “101 00100”. If RSR is executed at the
end of a program/erase cycle, the output will be “101000
00”.

101 X X X

AN

PARITY INSTRUCTION RDY/BUSY  FUTURE USE
ERROR ERROR STATUS
5074 FHD FO9

Figure 13. Asynchronous Communication Protocol

CHARACTER n 7i~

——
—IT!||I!III

BITS 0-7

@]
1
START STOP

BIT BIT

Note:
(1) Parity bit if enabled; skipped if parity disabled.

CHARACTER n+1 ’—DI

5076 FHD F14
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INSTRUCTION SET MACC Modify Access Code
DISAC Disable Access [Length] [Old code] [New code]
[New code]

[1000 [1000

This instruction requires the user to enter the old access
This instruction will lock the memory from all program/ code, if one was set previously, followed by the new
erase operations regardless of the contents of the memory access code and a re-entry of the new access code for
pointer. A write can be accomplished only by first enter- verification. Within the instruction format, the variable
ing the ENAC instruction followed by a valid access [Length] designates the length of the access code as the
code. following:
ENAC Enable Access [Length] = [0] No access code. Set device to unpro-
[Access Code] tected mode.

In the protected mode, this instruction, followed by a [Length] = [1-8] Length of access code is 1 to 8 bytes.
valid access code, unlocks the device for read/write/ [Length] = [>8] lllegal number of bytes. The

clear access. CAT35C804A will ignore the rest of the transmission.
WMPR Write Memory Pointer Register RMPR Read Memory Pointer Register
[A15-A8] [A7-A0] (x8 organization) [1100 [1010]

[1100 10100 [A7-A0] (x16 organization) Output the content of the memory pointer register to the

The WMPR instruction followed by 8 or 16 bits of  Serial output port.

address (depending on the organization) will move the OVMPR Override Memory Pointer Register
pointer to the newly specified address. :

Figure 14. ERAL Timing (x8 Format)

CS_J

OP CODE OP CODE
OP0-OP7 OP0-OP7 P NEXT INSTRUCTION
)
DI LT LT I
. <————tEW —_—
- bo HiGH-Z BUSY(1) J
5076 FHD F15
Figure 15. ERAL Timing (x16 Format)
©s —-l OP CODE OP CODE
OP0O-OP7 OP0-OP7 NEXT INSTRUCTION

oI LT ” LT

[e——tgw —>

HIGH-Z
Do BUSY(1) S_/

5076 FHD F16

Note:
(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the
High-Z condition.
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Override the memory protection for the next instruction.
READ Read Memory

1100 [A15-A8] [A7-AO] (x8 organization)
1100 | 1001 | [A7-AQ] (x16 organization)

Output the contents of the addressed memory location
to the serial port.

WRITE Write Memory

1100 [0001 | [A15-A8] [A7-A0] [D7-DO] (x8 organization)
1100 [ 0001 | [A7-AO0] [D15-D8] [D7-DO0] (x16 organization)

Write the 8-bit or 16-bit data to the addressed memory
location. After the instruction, address, and data have
been entered, the self-timed program/erase cycle will
start. The addressed memory location will be erased
before data is written. The DO pin may be used to output
the RDY/BUSY status by having previously entered the
ENBSY instruction. During the program/erase cycle, DO
will outputa LOW for BUSY during this cycle and aHIGH
for READY after the cycle has been completed.

ERASE Clear Memory

1100 [A15-A8] [A7-AOQ] (x8 organization)
1100 | 0000 | [A7-AO0] (x16 organization)

Erase datain the specified memory location (set memory
to “1”). After the instruction and the address have been
entered, the self-timed clear cycle will start. The DO pin
may be used to output the RDY/BUSY status by having
previously entered the ENSBY instruction. During the
clear cycle, DO will output a LOW for BUSY during this
cycle and a HIGH for ready after the cycle has been
completed.

ERAL Clear All

1000
1000

1001
1001
Erase the data of all memory locations (all cells set to

“1”). For protection against inadvertent chip clear, the
ERAL instruction is required to be entered twice.

Figure 16. WRAL Timing (x8 Format)
OP CODE OP CODE

cs __J
opo-op7 | | oPo-oP7

NEXT INSTRUCTION

o | | LT

—

DO

‘)S———I | I

5076 FHD F17

Figure 17. WRAL Timing (x16 Format)

CS__I

OP CODE OP CODE DATA
OP0-OP7 OP0-OP7 D8-D15

NEXT INSTRUCTION

o LTI L O LT S
DO HIGH 2 . BUSY(!) S—/

(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the

High-Z condition.
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WRAL Write All

[1000 [ 1001 ]
[D15-D8] [D7-DO] (x16 organization)
[D7-D0] (x8 organization)

Write one or two bytes of data to all memory locations.
An ERAL will be automatically performed before the
WRAL is executed. For protection against inadvertent
clearing or writing of data, the ERAL instruction is
required to be entered preceding the WRAL instruction.

RSEQ Read Sequentially

1100 [1011 | [A15-A8] [A7-AQ] (x8 organization)
[A7-A0] (x16 organization)

Read memory starting from specified address, sequen-
tially to the highest address or until CS goes LOW. The
instruction is terminated when CS goes LOW.

ENBSY Enable Busy
[1000 Jo100]

Enable the status indicator on DO during program/erase
cycle. DO goes LOW then HIGH once the write cycle is
complete. DO will go to HIGH-Z at the end of the next op
code transmission.

DISBSY Disable Busy
(1000 [o101]

Disable the status indicator on DO during program/
erase cycle.

EWEN Program/Erase Enable
0001

Enable program/erase to be performed on non-pro-
tected portion of memory. This instruction must be
entered before any program/erase instruction will be
carried out. Once entered, it will remain valid until power-
down or an EWDS (Program/Erase Disable) is ex-
ecuted.

EWDS Program/Erase Disable

[1000 [0010]

Disable all write and clear functions.

ORG Select Memory Organization

(where R=0o0r 1)

Set memory organization to 512 x 8 if R=0.
Set memory organization to 256 x 16 if R = 1.
RSR Read Status Register

[1100 [1000]

Output the contents of the 8-bit status register. The
contents of the first three bits of the register are 101,
which allows the user to quickly determine whether the
device is listening or is in an error condition. The next
three bits indicate parity error, instruction errorand RDY/
BUSY status. The last two bits are reserved for future
use.

NOP No Operation

No Operation.

ORDERING INFORMATION

| Prefix | Device # | suffix |
CAT 35C804A J | TE7

I i !
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel

| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Package
P: PDIP

J: SOIC (JEDEC)

Notes:

(1) The device used in the above example is a 35C804AJI-TE7 (SOIC, Industrial Temperature, Tape & Reel)

33C804 F19
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CAT33C804A

4K-Bit Secure Access Serial E2PROM

FEATURES

H Single 3V Supply

m Password READ/WRITE Protection: 1 to 8 Bytes
B Memory Pointer WRITE Protection

B Sequentiai READ Operation

W 256 x 16 or 512 x 8 Selectable Serial Memory

B UART Compatible Asynchronous Protocol

® Commercial and Industrial Temperature Ranges
m 100,000 Program/Erase Cycles

H /O Speed: 9600 Baud
—Clock Frequency: 4.9152 MHz Xtal

B Low Power Consumption:
—Active: 3 mA
-Standby: 250 pA

B 100 Year Data Retention

DESCRIPTION

The CAT33C804A is a 4K-bit Serial E2PROM that safe-
guards stored data from unauthorized access by use of
a user selectable (1 to 8 byte) access code and a
movable memory pointer. Two operating modes provide
unprotected and password-protected operation allow-
ing the user to configure the device as anything from a

ROM to a fully protected no-access memory. The
CAT33C804A uses a UART compatible asynchronous
protocol and has a Sequential Read feature where data
can be sequentially clocked out of the memory array.
The device is available in 8-pin DIP or 16-pin SOIC
packages.

PIN CONFIGURATION

DIP Package (P) SOIC Package (J)
NC et 16 [ NC
NC [ 2 15 [ NC
cs[]s3 14 71 Voo
CLK ] 4 13 [ PE
DIC] 5 12 17 ERR
DO []6 11 7] GND
NC [ 7 10 [ NC
NC 8 9 O NC
PIN FUNCTIONS R
Pin Name Function
CS Chip Select
DOM Serial Data Output
CLK Clock Input
DIM Serial Data Input
PE Parity Enable
ERR Error Indication Pin
Vce +3V Power Supply
GND Ground

Note:
(1) DI, DO may be tied together to form a common I/O.

BLOCK DIAGRAM
Vce —> —
GND —
64-BIT ACCESS CODE
> &
N CONTROL BLOCK
ae ] sema
COMMUNI-
EE : CATION [*™
S| sock 4K-BIT EEPROM
ARRAY
< AW ADDRESS
BUFFER | DECODER
INSTRUCTION 7y
REGISTER |+
— | insTRUCTION ADDRESS
ERR < DECODER REGISTER
4
STATUS MEMORY
REGISTER POINTER
4 4
— ‘
33C804 F02

© 1996 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 o he dgwce.
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™ ........... —2.0V to +Vce + 2.0V listed 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
o extended periods may affect device performance and
Package Power Dissipation reliability.
Capability (Ta = 25°C) ..covvreerereeerrerisererseesenns 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
Tpr® 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. CHARACTERISTICS
Vce = +3V £10%,unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
lcc Power Supply Current 3 mA Vee =3.3V, CS = Vee
(Operating) DO is Unloaded.
Is Power Supply Current 250 pA Vee =3.3V,CS =0V
(Standby) DI = 0V, CLK = 0V
ViL Input Low Voltage -0.1 0.8 Vv
ViH Input High Voltage 2 \'
VoL Output Low Voltage 0.4 \ loL=2.1mA
VoH Output High Voltage 24 \" loH = —400pA
IL® Input Leakage Current HA ViN = 3.3V
ILo Output Leakage Current 10 A Vout =3.3V,CS =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 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) PE pin test conditions: Vi < ViN < Vi
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A.C. CHARACTERISTICS
Vce = +3V £10%,unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
tcsH CS Hold Time 0 ns CL = 100pF
to CLK to DO Delay 104 us Vin=ViHor ViL
trp CLK to DO Delay 150 ns Vourt = VoH or VoL
tnz(V @ | CLK to DO High-Z Delay 50 ns
tew Program/Erase Pulse Width 12 ms
tesL CS Low Pulse Width 100 . ns
tsv ERR Output Delay 150 ns CL = 100pF
tvces(M | Vcc to CS Setup Time 5 us CL = 100pF
fok Clock Frequency DC 49152 MHz

Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) tnz is measured from the falling edge of the clock to the time when the output is no longer driven.
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PASSWORD PROTECTION

The CAT33C804A is a 4K-bit EZPROM that features a
password protection scheme to prevent unauthorized
access to the information stored in the device. It contains
an access code register which stores one to eight bytes
of access code along with the length of thataccess code.
Additionally, a memory pointer register stores the ad-
dress that partitions the memory into protected and
unprotected areas. As shipped from the factory, the
device is unprogrammed and unprotected. The length of
the access code is equal to zero and the memory pointer
register points to location zero. Every byte of the device
is fully accessible without an access code. Setting a
password and moving the memory pointer register to
cover all or part of the memory secures the device. Once
secured, the memory is divided into a read/write area
and a read-only area with the entry of a valid access
code. If no access code is entered, the memory is

divided into a read-only area and a non-access area.
Figure 2illlustrates this partitioning of the memory array.

WRITE PROTECTION

Another feature of the CAT33C804A is WRITE-protec-
tion without the use of an access code. If the memory
pointer register is set to cover all or part of the memory,
without setting the access code register, the device may
be divided into an area which allows full access, and an
area which allows READ-only access. To write into the
READ-only area, the user can override the memory
pointer register for every WRITE instruction or he can
simply move the address in the memory pointer register
to uncover this area, and then write into the memory.
This mechanism prevents inadvertent overwriting of
important data in the memory without the use of an
access code. Figure 3 illustrates this partitioning of the
memory array.

Figure 1. A.C. Timing

Vcc f
'4— tvccs

&

cs

oK HHIIHIHIlIIIlIHIHlUIHIL

IHHIIIHHIHIHIHIHIIHHIIIHHIIITIH

————1
Di START BIT 1 } STOP BIT
tHz
DO HIGH-Z HIGH-Z
MARK _‘ N O
DATATIMING N T R R N T T T
==| DO D1 D2 D3 D4 D5 D6 D7 EI-_— ok
BIT TIME Em Em Em
104 pus = %)
2] g
[¢———— CHARACTER TIME @ 9600 BAUD ———
Note: 330804 FO3
(1) ¥PEpin=1.
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READ SEQUENTIAL

To allow for convenient reading of blocks of contiguous
data, the device has a READ SEQUENTIAL instruction
which accepts a starting address of the block and
continuously outputs data of subsequent addresses
until the end of memory, or until Chip Select goes LOW.

The CAT33C804A communicates with external devices
via an asynchronous serial communication protocol.
The data transmission may be a continuous stream of
data or it can be packed by pulsing Chip Select LOW in
between each packet of information. (Except for the
SEQUENTIAL READ instruction where Chip Select
must be held high).

PIN DESCRIPTIONS

Ccs

Chip Select is a TTL compatible input which, when set
HIGH, allows normal operation of the device. Any time
Chip Select is set LOW, it resets the device, terminating
all /O communication, and puts the output in a high
impedance state. CS is used to reset the device if an
error condition exists or to put the device in a power-
down mode to minimize power consumption. It may also
be used to frame data transmission in applications
where the clock and data input have to be ignored from
time to time. Although CS resets the device, it does not
change the program/erase or the access-enable status,
nor does it terminate a programming cycle once it has
started. The program/erase and access-enable opera-
tions, once enabled, will remain enabled until specific
disabling instructions are sent or until power is removed.

Figure 2. Secure Mode
ACCESS REGISTER:

ACCESS CODE (1-8 BYTES)

ACCESS CODE LENGTH: 1708
MEMORY POINTER: a.a
__255 (x16)
511 (x8)
READ-ONLY
ACCESS
POINTER
REGISTER a..a
ADDRESS
IN MEMORY PASSWORD-ONLY
ACCESS
—o0
5074 FHD F04
Figure 3. Unprotected Mode(1)
ACCESS REGISTER: x
ACCESS CODE LENGTH:
MEMORY POINTER: a
255 (x16)
511 (x8)
READ/WRITE/ERASE
ACCESS
POINTER
REGISTER a.a
ADDRESS
IN MEMORY READ-ONLY
ACCESS
0

Note:
(1) x=DON'T CARE; a = ADDRESS BIT.

5074 FHD FO5
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CLK

The System Clock is a TTL compatible input pin that
allows operation of the device at a specified frequency.
The CAT33C804A is designed with an internal divider to
produce a 9600 baud output for an input clock frequency
of 4.9152 MHz.

Di

The Data Input pin is TTL compatible and accepts data
and instructions in a serial format. Each byte must begin
with “0” as a start bit. The device will accept as many
bytes as an instruction requires, including both data and
address bytes. Extra bits will be disregarded if they are
“1”s and extra “0”s will be misinterpreted as the start bit
of the next instruction. An instruction error will cause the
device to abort operation and all I/O communication will
be terminated until a reset is received.

DO

The Data Output pin is a tri-state TTL compatible output.
Itis normally in a high impedance state unless a READ
or an ENABLE BUSY instruction is executed. Following
the completion of a 16-bit or 8-bit data stream, the output
will return to the high impedance state. During a pro-
gram/erase cycle, if the ENABLE BUSY instruction has
been previously executed, the output will stay LOW
while the device is BUSY, and it will be set HIGH when
the program/erase cycle is completed. DO will stay
HIGH until the completion of the next instruction’s op-
code and, if the nextinstructionis a READ, DO will output
the appropriate data at the end of the instruction. If the
ENABLE BUSY instruction has not been previously
executed, DO will stay in a highimpedance state. DO will

5
. Figure 4. Program/Erase Timing (x8 Format)

OP CODE

OPO-OP7

ADDRESS

cs |
‘ AB-A15 '

ADDRESS

AO0-A7

DATA

DO-D7 }

HIGH-Z

s i

C—tEw——P

DO

BUSY(1) J

5076 FHD FO7

Figure 5. Program/Erase Timing (x16 Format)

CS_J

OP CODE

OP0-OP7

ADDRESS

AO-A7

DATA

D8-D15

DATA

DO-D7

DI

RNy snnpnnm

DO HIGH-Z

tew

Note:

BUSY(1) J

5076 FHD F08

(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the

High-Z condition.
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also go to the high impedance state if an error condition include parity bits will not be interpreted correctly. Note:
is detected. In the event an ENABLE BUSY instruction The PE input is internally pulled down to GND (i.e.
has notbeen sent,a READ STATUS register instruction default = no parity). As with all CMOS devices, CS, CLK
can be executed. This also tells the user whether the part and Dlinputs must be connected to either HIGH or LOW,
is in a program/erase cycle or an error condtion. When and not left floating.

the device is in a program/erase cycle it will output an 8 ERR

bit status word. If it does not, it is in an error condition.

The Error indication pin is an open drain output. If either
PE an instruction or parity error exists, the ERR pin will
The Parity Enable pinis a TTL compatible input. Ifthe PE output a “0” until the device is reset. This can be done by
pin is set HIGH, the device will be configured to commu- pulsing CS LOW.
nicate using even parity, and if the pin is set LOW, it will
use no parity. In this case, instructions or data that

Figure 6. Read Timing (x8 Format)

Vcc__/
cu<IIIIIHIHHIHIIHIIHIIIIIIIIHHIIIIIII!llllll\IIIIHIIIIIIIIHIIIHIHIIIH

cs I
OP0-OP7 A8-A15 AO-A7
DATA

o LT T LT
Do HIGH-Z ”I ] HH

5076 FHD F09

Figure 7. Read Timing (x16 Format)

Vcc_/
oK UIHHHUHIHIHIIIIHHIHHHIIHIHHHHIIIIllllllllHllIIIIIHIIIHIHI
os [

SR i8R0 —
o0 SRR

5076 FHD F10
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DEVICE OPERATION

INSTRUCTIONS
The CAT33C804A instruction set includes 19 instruc-
tions.

Six instructions are related to security or write protec-
tion:

DISAC Disable Access

ENAC Enable Access

MACC  Modify Access Code

OVMPR Override Memory Pointer Register
RMPR Read Memory Pointer Register
WMPR  Write Memory Pointer Register

Six instructions are READ/WRITE/ERASE instructions:

ERAL Clear All Locations
ERASE Clear Memory Locations
READ Read Memory

RSEQ Read Sequentially
WRAL  Write All

WRITE  Write memory

Note: All write instructions will automatically perform a clear before
writing data.

Seven instructions are used as control and status func-
tions:

DISBSY Disable Busy

ENBSY Enable Busy

EWEN  Program/Erase Enable
EWDS  Program/Erase Disable
NOP No Operation

ORG Select Memory Organization
RSR Read Status Register

UNPROTECTED MODE

As shipped from the factory, the CAT33C804A is in the
unprotected mode. The access code length is set to 0,
and the memory pointer is at address 00 hex. While in
this mode, any portion of the EPROM array can be read
or written to without an access code. A portion of the
memory may be protected from any write or clear
operation by setting the memory pointer to the appropri-
ate address via the WMPR (Write Memory Pointer
Register) instruction:

WMPR  [address]

Figure 8. EWEN/EWDS Timing (x8 Format)

s |

OP CODE
OP0-OP7
DI I | ‘ |
DO HIGH-Z

5076 FHD F11

Figure 9. EWEN/EWDS Timing (x16 Format)

cs |

OP CODE
OP0-OP7
DI I | l
DO HIGH-Z

5076 FHD F11
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As shown previously in Figure 3, memory locations
below the address set in the memory pointer will be
program/erase protected. Thus, unintentional clearing
or writing of data in this area will be prevented, while
memory locations at or above the protected area still
allow full access. This protection does not apply to the
ERAL and WRAL commands which are not blocked by
the memory pointer.

SECURE MODE

As shown previously in Figure 2, in the secure mode,
memory locations at or above the address set in the
memory pointer allow READ-only access. Memory loca-
tions below that address will require an access code
before they can be accessed. The secure mode is
activated with an MACC (Modify Access Code) instruc-
tion followed by a user access code which can be one to
eight bytes in length.

EWEN

MACC  [old code][new code][new code]

The EWEN instruction enables the device to perform
program/erase operations. The new access code must
be entered twice for verification. If the device already has
an access code, the old access code must be entered
before the new access code can be accepted. The
length of the password is incorporated into the MACC
portion of the instruction.

Once the secure mode is activated, access to memory
locations is under software control. Access (read, write,
and clear instructions) to the memory locations below
the address in the memory pointer is allowed only if the
ENAC (Enable Access) instruction followed by the cor-
rect access code has been previously executed.

ENAC [access code]
EWEN
WRITE [address][data]

The ENAC instruction, along with the access code,
enables access to the protected area of the device. The
EWEN instruction enables execution of the program/
erase operations. This portion of the memory is other-
wise inaccessible for any operation. Read-only access
is allowed without the access code for memory locations
at or above the address in the memory pointer.

The access code can be changed by the following
instruction:

ENAC [old access code]
EWEN
MACC [old code][new code][new code]

A two-tier protection scheme is implemented to protect
data against inadvertent clearing or writing. To write to
the memory, an EWEN (Program/Erase Enable) must
first be issued. The CAT33C804A will now allow pro-
gram/erase operations to be performed only on memory
locations at or above the address set in the memory
pointer. The remaining portion of the memory is still
protected. To override this protection, an OVMPR (Over-
ride Memory Pointer Register—see Memory Pointer
Register) must be issued for every program/erase in-
struction which accesses the protected area:

ENAC [access code]
EWEN

OVMPR

WRITE [address][ data]

As an alternative to the OVMPR instruction, the WMPR
(Write Memory Pointer Register) instruction may be
used to move the memory pointer address to uncover
the area where writing is to be performed:

ENAC [access code]
EWEN

WMPR  [address]
WRITE [address ][data ]

Figure 10. ERR Pin Timing
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N

HIGH-Z
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o

5076 FHD F06
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As shipped from the factory, the device is in the unpro-
tected mode. The length of the access code is user
selectable from a minimum of one byte to a maximum of
eight bytes (> 1.84x10'? combinations). Loading a zero-
length access code will disable protection.

MEMORY POINTER REGISTER

The memory pointer enables the user to segment the
E2PROM array into two sections. In the unprotected
mode, the array can be segmented between read-only
and full access, while in the secure mode, the memory
may be segmented between read-only access and
password-only access. Three instructions are dedicated
tothe memory pointer operations. The firstone is WMPR
(Write Memory Pointer Register). This instruction, fol-
lowed by an address, will load the memory pointer
register with a new address. This address will be stored
in the E2PROM and can be modified only by another
WMPR instruction. The second instruction is OVMPR
(Override Memory Pointer Register) which allows a
single program/erase to be performed to memory loca-
tions below the address set in the memory pointer. This
instruction allows the user to modify datain a segmented
array without having to move the memory pointer. Once

the operation is complete, the device returns to the
protected mode. If the device is in the secure mode both
of these instructions require the ENAC instruction and a
valid access code prior to their execution. The third
instruction is the RMPR (Read Memory Pointer Regis-
ter) which will place the current contents of the register
in the serial output buffer.

STATUS REGISTER

An eight bit status register is provided to allow the user
to determine the status of the CAT33C804A. The con-
tents of the first three bits of the register are 101 which
allows the user to quickly determine the condition of the
device. The next three bits indicate the status of the
device; they are parity error, instruction error and RDY/
BUSY status. The last two bits are reserved for future
use.

CLEAR ALL AND WRITE ALL

As a precaution, the ERAL instruction has to be entered
twice before it is executed. This measure is required as
a redundancy check on the incoming instruction for
possible transmission errors. The WRAL instruction
requires sending an ERAL first (this sets a flag only) and

Figure 11. Erase Timing (x8 Format)

os |

OP CODE ADDRESS ADDRESS
OPO-OP7 A8-A15 AO-A7 e NEXT INSTRUCTION
Rl
R I, L
Do HIGH-2 BUSY(1) J
—
5076 FHD F12
Figure 12. Erase Timing (x16 Format)
s —J OP CODE ADDRESS
OP0-OP7 AO-A7 , NEXT INSTRUCTION
)
o LT T 1 |
| e——teyw —>
Do HicH £ Busy(1) S-/
5076 FHD F13
Note:

(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in High-Z

condition.
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then the WRAL instruction. The CAT33C804A will ac-
cept the following commands:

ERAL ERAL An ERAL will be executed
ERAL WRAL A WRAL will be executed

Both the ERAL and WRAL commands will program/
erase the entire array and will not be blocked by the
memory pointer.

THE PARITY BIT

The UART compatible protocol supports an even parity
bit if the PE pin of the device is set HIGH, otherwise,
there is no parity. If PE is set LOW and the incoming
instruction contains a parity bit, it may be interpreted as
the stop bit. When PE is HIGH, the CAT33C804A
expects a parity bit at the end of every byte. Forexample,
the RSEQ instruction will look like this:

01100 1011 11
0 A15...A8 P1
0 A7...A0 P1

Thedevicethenoutputs data cgnhnuouslv untilitreaches
the end of the memory. Each byte of data contains 9 bits
with the ninth bit being the parity bit. The RSEQ instruc-
tion may be terminated at any time by bringing CS low;

the output will then go to high impedance.

SYSTEM ERRORS

Whenever an error occurs, be it an instruction error
(unknown instruction), or parity error (perhaps caused
by transmission error), the device will stop its operation.
To return to normal operation, the device must be reset
by pulsing CS LOW and then set back to HIGH. Reset-
ting the device will not affect the ENAC, EWEN and
ENBSY status. The error may be determined by entering
the READ STATUS REGISTER (RSR) instruction
immediatly following the reset. The status output is an
8-bit word with the first three bits being 101. This three
bit pattern indicates that the device is functioning nor-
mally. The fourth bit is “1” if a parity error occurred. The
fith bit is a “1” if an instruction error occurred. The sixth
bit is a “1” if the device is in a program/erase cycle. The
last two bits are reserved for future use.

The reason for the “101” pattern is to distinguish be-
tween an error conditon (DO tri-stated) and a device
busy status. If an error condition exists, it will not respond
to any input instruction from DI. However, if the device is
ina program/erase cycle, itresponds to the RSRinstruc- -
tion by outputting “i01 00100". if RSR is executed at the
end of a program/erase cycle, the output will be “101000
00".

101 X X X

AN

PARITY INSTRUCTION HDY/BUSY FUTURE USE
ERROR ERROR STATUS
5074 FHD F09

Figure 13. Asynchronous Communication Protocol

r— CHARACTER n vr

LT T T T T

i BITS 0-7 $
START STOP
BIT BIT

Note:
(1) Parity bit if enabled; skipped if parity disabled.

CHARACTER n+1 ——»‘

[ [T | BT

5076 FHD F14
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INSTRUCTION SET
DISAC Disable Access
(1000 [1000 |

This instruction will lock the memory from all program/
erase operations regardless of the contents of the memory
pointer. A write can be accomplished only by first enter-
ing the ENAC instruction followed by a valid access
code.

ENAC Enable Access
[Access Code]

In the protected mode, this instruction, followed by a
valid access code, unlocks the device for read/write/
clear access.

WMPR Write Memory Pointer Register

8] [7700 [0100] [A15-A8] [A7-AO] (x8 organization)

[A7-AQ] (x16 organization)

The WMPR instruction followed by 8 or 16 bits of
address (depending on the organization) will move the
pointer to the newly specified address.

MACC Modify Access Code

[Length] [Old code] [New code]
[New code]

This instruction requires the user to enter the old access
code, if one was set previously, followed by the new
access code and a re-entry of the new access code for
verification. Within the instruction format, the variable
[Length] designates the length of the access code as the
following:

[Length] = [0] No access code. Set device to unpro-
tected mode.

[Length] = [1-8] Length of access code is 1 to 8 bytes.

[Length] = [>8] lllegal number of bytes. The
CAT33CB804A will ignore the rest of the transmission.

RMPR Read Memory Pointer Register

Output the content of the memory pointer register to the
serial output port.

OVMPR Override Memory Pointer Register

Figure 14. ERAL Timing (x8 Format)

s |

OP CODE OP CODE
OP0O-OP7 OP0-OP7 ) NEXT INSTRUCTION
)
oo LT "I
4——-—tEw-—>
DO HiSh 2 BUSY(1)
5076 FHD F15
Figure 15. ERAL Timing (x16 Format)
cs —'J OP CODE OP CODE
OPO-OP7 OP0-OP7 ‘e NEXT INSTRUCTION
o UL U o L
[e——tew —>
DO Hon 2 Busy(1) S—/
5076 FHD F16
Note:

(1) DO becomes low to indicate busy status if ENBSY was previously executed.

High-Z condition.

If ENBSY was not previously executed, DO will be in the
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Override the memory protection for the next instruction.
READ Read Memory

1100 | 1001 | [A15—-A8] [A7—-A0] (x8 organization)
1100 | 1001 | [A7-AQ] (x16 organization)

Output the contents of the addressed memory location
to the serial port.

WRITE Write Memory

1100 {0001 | [A15-A8] [A7-A0] [D7-DO0] (x8 organization)
1100 [0001 | [A7-A0] [D15-D8] [D7-DO0] (x16 organization)

Write the 8-bit or 16-bit data to the addressed memory
location. After the instruction, address, and data have
been entered, the self-timed program/erase cycle will
start. The addressed memory location will be erased
before data is written. The DO pin may be used to output
the RDY/BUSY status by having previously entered the
ENBSY instruction. During the program/erase cycie, DO
will output a LOW for BUSY during this cycle and a HIGH
for READY after the cycle has been completed.

ERASE Clear Memory

1100 {0000 | [A15-A8] [A7-AQ] (x8 organization)
1100 {0000 | [A7-AQ] (x16 organization)

Erase datain the specified memory location (setmemory
to “1”). After the instruction and the address have been
entered, the self-timed clear cycle will start. The DO pin
may be used to output the RDY/BUSY status by having
previously entered the ENSBY instruction. During the
clear cycle, DO will output a LOW for BUSY during this
cycle and a HIGH for ready after the cycle has been
completed.

ERAL Clear All

[1000 1001 ]

Erase the data of all memory locations (all cells set to
“1”). For protection against inadvertent chip clear, the
ERAL instruction is required to be entered twice.

WRAL Write All

Figure 16. WRAL Timing (x8 Format)

CS__]

OP CODE OP CODE DATA
OP0O-OP7 | OPO-OP7 DO-D7

NEXT INSTRUCTION

g s

LG
RS |I l ]l

<————tEW —
HIGH-Z
Do BUSY(1)
5076 FHD F17
Figure 17. WRAL Timing (x16 Format)
cs
——r OP CODE OP CODE DATA DATA
t OP0O-OP7 OP0-OP7 D8-D15 D0-D7 NEXT INSTRUCTION

oo [T LTE T AT T L T T ”

DO HIGH-Z

[ tew —>]

Note:

BusY(1)

5076 FHD F18

(1) DO becomes low to indicate busy status if ENBSY was previously executed. |f ENBSY was not previously executed, DO will be in the

High-Z condition.
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[D15-D8] [D7-DO0] (x16 organization)

[D7-DO] (x8 organization)

Write one or two bytes of data to all memory locations.
An ERAL will be automatically performed before the
WRAL is executed. For protection against inadvertent

clearing or writing of data, the ERAL instruction is
required to be entered preceding the WRAL instruction.

RSEQ Read Sequentially

1100 {1011 | [A15~A8] [A7-AQ] (x8 organization)
1100 | 1011 | [A7-A0] (x16 organization)

Read memory starting from specified address, sequen-
tially to the highest address or until CS goes LOW. The
instruction is terminated when CS goes LOW.

ENBSY Enable Busy

Enable the status indicator on DO during program/erase
cycle. DO goes LOW then HIGH once the write cycle is
complete. DO will go to HIGH-Z at the end of the next op
code transmission.

DISBSY Disable Busy

Disable the status indicator on DO during program/
erase cycle.

EWEN Program/Erase Enable

1000 ] 0001 |

Enable program/erase to be performed on non-pro-
tected portion of memory. This instruction must be
entered before any program/erase instruction will be
carried out. Once entered, it will remain valid until power-
down or an EWDS (Program/Erase Disable) is ex-
ecuted.

EWDS Program/Erase Disable

[ 1000 Joo010 |

Disable all write and clear functions.

ORG Select Memory Organization

[1000 J[011R] (where R=0o0r1)

Set memory organization to 512 x 8 if R = 0.
Set memory organization to 256 x 16 if R = 1.
RSR Read Status Register

[1100 1000 |

Output the contents of the 8-bit status register. The
contents of the first three bits of the register are 101,
which allows the user to quickly determine whether the
device is listening or is in an error condition. The next
three bits indicate parity error, instruction errorand RDY/
BUSY status. The last two bits are reserved for future
use.

NOP No Operation
[1000 J0000
No Operation.

ORDERING INFORMATION

| Prefix | Device # Suffix |
CAT 33C804A J | TE7
A T T
Product Temperature Range Tape & Reel

Number

Blank = Commercial (0°C to +70°C)
| = Industrial (-40°C to +85°C)

TE7: 500/Reel
TE13: 2000/Reel

Package
P: PDIP

J: SOIC (JEDEC)

Notes:

(1) The device used in the above example is a 33C804AJI-TE7 (SOIC, Industrial Temperature, Tape & Reel)

33C804 F19
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CAT22C10

256-Bit Nonvolatile CMOS Static RAM

FEATURES

B Single 5V Supply

MW Fast RAM Access Times:
-200ns
-300ns

H Infinite E2PROM to RAM Recall
B CMOS and TTL Compatible /O
m Power Up/Down Protection

B Low CMOS Power Consumption:
—Active: 40mA Max.
-Standby: 30 pA Max.

B JEDEC Standard Pinouts:
-18-pin DIP
-16-pin SOIC

N 10,000 Program/Erase Cycles (E2PROM)
B 10 Year Data Retention
B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT22C10NVRAM s a 256-bit nonvolatile memory
organized as 64 words x 4 bits. The high speed Static
RAM array is bit for bit backed up by a nonvolatile
E2PROM array which allows for easy transfer of data
from RAM array to E2PROM (STORE) and from
E2PROM to RAM (RECALL). STORE operations are
completed in 10ms max. and RECALL operations typi-
cally within 1.5us. The CAT22C10 features unlimited
RAM write operations either through external RAM

.
writes or internal recalls from E2PROM. Internal false “
store protection circuitry prohibits STORE operations

when Vcg is less than 3.0V.

The CAT22C10 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. It is designed
to endure 10,000 program/erase cycles (E2PROM) and
has a data retention of 10 years. The device is available
in JEDEC approved 18-pin plastic DIP and 16-pin SOIC
packages.

PIN CONFIGURATION

DIP Package (P) SOIC Package (J)

—

Ne1 18 Vee ~Vee
As]2 17ENC -1As
A3]3 16 [1As 1104
As 4 1503 -11/03
As 14102 1102
Ao6 13 |1 1/04 [ 11/01
cs7 12 [ 1/0g FOWE
Ves 1 8 1B we LI RECALL
STORE [ 9 10 {—1 RECALL

PIN FUNCTIONS

Pin Name Function
Ao—As Address
1/O0—1/O3 Data In/Out
WE Write Enable
Cs Chip Select
RECALL Recall
STORE Store
Vce +5V
Vss Ground

B NC No Connect

© 1996 by Catalyst Semiconductor, Inc.
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BLOCK DIAGRAM

I E?PROM ARRAY

Ag ROW STATIC RAM /ST’ORE
A1 }4
A2 SELECT ARRAY » RECALL
Az
Ay COLUMN SELECT
As
STORE —»{ CONTROL READ/WRITE
— LOGIC CIRCUITS
RECALL —
I [
CS WE 10y /04 1Oy 1/Og
5153 FHD F02
MODE SELECTION()(2®)
Input
'Mode cs WE RECALL | STORE Vo
Standby H X H H Output High-Z
RAM Read L H H H Output Data
RAM Write L L H H Input Data
(E2PROM—RAM) X H L H Output High-Z RECALL
(E2PROM—RAM) H X L H Output High-Z RECALL
(RAM—E2PROM) X H H L Output High-Z STORE
(RAM—E2PROM) H X H L Output High-Z STORE
POWER-UP TIMING®
Symbol Parameter Min. Max. Units
VCCSR Vcc Slew Rate 0.5 0.005 V/ms
Note:

(1) RECALL signal has priority over STORE signal when both are applied at the same time.

(2) STORE is inhibited when RECALL is active.
(3) The store operation is inhibited when V¢ is below =~ 3.0V.
(4) This parameter is tested initially and after a design or process change that affects the parameter.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias.... ....=55°C to +125°C
Storage Temperature .............c.ue..... —65°C to +150°C
Voltage on Any Pin with

Respect to Ground®@ ............. -2.0 to +VCC +2.0V
Vce with Respect to Ground ................ -2.0V to +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 specifica-
tion is not implied. Exposure to any absolute maximum
rating for extended periods may affect device perfor-
mance and reliability.

Capability (Ta = 25°C) ....ccoervenrererirerienrcneenns 1.0W
Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® .............cco.c... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max Units Reference Test Method
Nenp(" Endurance 10,000 Cycles/Byte MIL-STD-883, Test Method 1033
Tor™M Data Retention 10 Years MIL-STD-883, Test Method 1008
Vzap(1) ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILtHM®@® | Latch-Up 100 mA JEDEC Standard 17
D.C. OPERATING CHARACTERISTICS
Vce = +5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. Typ. Max. Unit Conditions
lcc Current Consumption 40 mA All Inputs = 5.5V
(Operating) Ta=0°C
All I/O’s Open
IsB Current Consumption 30 HA CS =Vee
(Standby) All I/O’s Open
L Input Current 10 nA 0<ViNS5.5VY
to Output Leakage Current 10 uA 0<Vour<5.5V
Vi High Level Input Voltage Vce Vv
ViL Low Level Input Voltage 0.8 \Y
VoH High Level Output Voltage 2.4 \ loH = —-2mA
VoL Low Level Output Voltage 0.4 \ loL = 4.2mA
VbH RAM Data Holding Voltage 1.5 5.5 \Y Vce
CAPACITANCE Ta =25°C, f=1.0 MHz, Vgc =5V
Symbol Parameter Max. Unit Conditions
CyoM Input/Output Capacitance 10 pF Vio = 0V
cinM Input Capacitance 6 pF Vin= 0V
Note:

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

(2) 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¢c +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns.

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

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vg +1V.
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A.C. CHARACTERISTICS, Write Cycle
Vce = +5V £10%, unless otherwise specified.

22C10-20 22C10-30
Symbol Parameter Min. | Max. Min. Max. Unit Conditions

twe Write Cycle Time 200 300 ns
tow CS Write Pulse Width 150 150 ns
tas Address Setup Time 50 50 ns CL = 100pF
twp Write Pulse Width 150 150 ns +1TTL gate
twr Write Recovery Time 25 25 ns VoH = 2.2V
tow Data Valid Time 100 100 ns VoL = 0.65V
ton Data Hold Time 0 0 ns Vig=2.2V

twz(" Output Disable Time 100 100 ns ViL = 0.65V
tow Output Enable Time 0 0 ns

n A.C. CHARACTERISTICS, Read Cycle
Vce = +5V £10%, unless otherwise specified.
22C10-20 22C10-30
Symbol Parameter Min. | Max. Min. Max. Unit Conditions

trc Read Cycle Time 200 300 ns CL = 100pF
taa Address Access Time 200 300 ns +1TTL gate
tco CS Access Time 200 300 ns VoHn =2.2V
ton Output Data Hold Time 0 0 ns VoL = 0.65V

tLz() CS Enable Time 0 0 ns ViH = 2.2V

tuz(1) CS Disable Time 100 100 ns ViL=0.65V °

Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
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A.C. CHARACTERISTICS, Store Cycle
Vce = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Max. Units Conditions
tstc Store Time 10 ms
tstp Store Pulse Width 200 ns CL=100pF + 1TTL gate
terz(M Store Disable Time 100 ns - Vou = 2.2V, VoL = 0.65V
tost¥ | Store Enable Time 0 ns ViH=2.2V, VL= 0.65V
A.C. CHARACTERISTICS, Recall Cycle
Vce = +5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. Max. Units Conditions
trcc Recall Cycle Time 1.4 us
trcp Recall Pulse Width 300 ns CL=100pF + 1TTL gate
trcz Recall Disable Time 100 ns Von = 2.2V, VoL = 0.65V
torc Recall Enable Time 0 ns ViH =2.2V, VL= 0.65V
tarc Recall Data Access Time 1.1 us

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

The configuration of the CAT22C10 allows a common
address bus to be directly connected to the address
inputs. Additionally, the Input/Output (I/O) pins can be
directly connected to a common I/O bus if the bus has
less than 1 TTL load and 100pF capacitance. If not, the
I/0 path should be buffered.

When the chip select (CS) pin goes low, the device is
activated. When CS is forced high, the device goes into
the standby mode and consumes very little current. With
the nonvolatile functions inhibited, the device operates
like a Static RAM. The Write Enable (WE) pin selects a
write operation when WE is low and a read operation
when WE is high. In either of these modes, an array byte
(4 bits) can be addressed uniquely by using the address
lines (Ao—As), and that byte will be read or written to
through the Input/Output pins (1//Oo—1/O3).

The nonvolatile functions are inhibited by holding the
STORE input and the RECALL input high. When the

DECAIL inniitic talkkan law it initiatae a ranall Anaratinn
TIDUALL HPULIS ARSIV, iLhuai®o a iolan UpSrauuii

which transfers the contents of the entire E2PROM array
into the Static RAM. When the STORE input is taken low,

it initiates a store operation which transfers the entire
Static RAM array contents into the E2PROM array.

Standby Mode

The chip select (CS) input controls all of the functions of
the CAT22C10. When a high level is supplied to the CS
pin, the device goes into the standby mode where the
outputs are put into a high impendance state and the
power consumption is drastically reduced. With Isg less
than 100pA in standby mode, the designer has the
flexibility to use this part in battery operated systems.

Read

When the chip is enabled (CS = low), the nonvolatile
functions are inhibited (STORE = high and RECALL =
high). With the Write Enable (WE) pin held high, the data
inthe Static RAM array may be accessed by selectingan
address with input pins Ag—As. This will occur when the
outputs are connected to a bus which is loaded by no
more than 100pF and 1 TTL gate. Ifthe loading is greater
than this, some additional buffering circuitry is recom-

Figure 1. Read Cycle Timing
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Write

With the chip enabled and the nonvolatile functions
inhibited, the Write Enable (WE) pin will select the write
mode when driven to a low level. In this mode, the
address must be supplied for the byte being written.
After the set-up time (tas), the input data must be
supplied to pins 1/Op—1/O3. When these conditions, in-

cluding the write pulse width time (twp) are met, the data
will be written to the specified location in the Static RAM.
A write function may also be initiated from the standby
mode by driving WE low, inhibiting the nonvolatile func-
tions, supplying valid addresses, and then taking CS low
and supplying input data.

Figure 2. Write Cycle Timing
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Figure 3. Early Write Cycle Timing
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Recall

At anytime, except during a store operation, taking the
RECALL pin low will initiate a recall operation. This is
independent of the state of CS, WE, or Aoc—As. After the
RECALL pin has been held low for the duration of the
Recall Pulse Width (trcr), the recall will continue inde-
pendent of any other inputs. During the recall, the entire
contents of the E2PROM array is transferred to the Static
RAM array. The first byte of data may be externally
accessed after the recalled data access time from end of
recall (tarc) is met. After this, any other byte may be
accessed by using the normal read mode.

If the RECALL pin is held low for the entire Recall Cycle
time (trcc), the contents of the Static RAM may be
immediately accessed by using the normal read mode.
A recall operation can be performed an unlimited num-
ber of times without affecting the integrity of the data.

The outputs 1/00—-1/O3 will go into the high impedance
state as long as the RECALL signal is held low.
Store

At any time, except during a recall operation, taking the
STORE pin low will initiate a store operation. This takes

place independent of the state of CS, WE or Ag—As. The
STORE pin must be held low for the duration of the Store
Pulse Width (tstp) to ensure that a store operation is
initiated. Once initiated, the STORE pin becomes a
“Don’t Care”, and the store operation will complete its
transfer of the entire contents of the Static RAM array
into the E2PROM array within the Store Cycle time
(tsTc). If a store operationis initiated during a write cycle,
the contents of the addressed Static RAM byte and its
corresponding byte in the E2PROM array will be un-
known. .

During the store operation, the outputs are in a high
impedance state. A minimum of 10,000 store operations
can be performed reliably and the data written into the
E2PROM array has a minimum data retention time of 10
years.

DATA PROTECTION DURING POWER-UP AND
POWER-DOWN

The CAT22C10 has on-chip circuitry which will prevent
a store operation from occurring when Vcc falls below
3.0V typ. This function eliminates the potential hazard of
spurious signals initiating a store operation when the
system power is below 3.0V typ.

Figure 4. Recall Cycle Timing
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Figure 5. Store Cycle Timing
soe TN I
L e sTZ »>tosT
DATA /O HIGHZ ¢ (
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ORDERING INFORMATION

| Prefix | Device # Suffix |
CAT 22C10 J | -20 TE7
A T T
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
I = Industrial (-40°C to +85°C) TE13: 2000/Reel
|
Package Speed
P: PDIP 20: 200ns
J: SOIC (JEDEC) 30: 300ns
22C10 FO8

Notes:
(1) The device used in the above example is a 22C10JI-20TE7 (SOIC, Industrial Temperature, 200ns Access Time, Tape & Reel)
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SEMICONDUCTOR

CAT24C44

256-Bit Serial Nonvolatile CMOS Static RAM

FEATURES

B Single 5V Supply
B Infinite E3PROM to RAM Recall
H CMOS and TTL Compatible I/O

B Low CMOS Power Consumption:
—Active: 3 mA Max.
-Standby: 30 uA Max.

m Power Up/Down Protection

m Commercial and Industrial Temperature Ranges

® JEDEC Standard Pinouts:
-8-pin DIP
-8-pin SOIC

m 10,000 Program/Erase Cycles (E2PROM)
B 10 Year Data Retention
m Auto Recall on Power-up

DESCRIPTION

The CAT24C44 Serial NVRAM is a 256-bit nonvolatile
memory organized as 16 words x 16 bits. The high
speed Static RAM array is bit for bit backed up by a
nonvolatile E2PROM array which allows for easy trans-
fer of data from RAM array to E2PROM (STORE) and
from E2PROM to RAM (RECALL). STORE operations
are completed in 10ms max. and RECALL operations
typically within 1.5us. The CAT24C44 features unlimited
RAM write operations either through external RAM
writes or internal recalls from E2PROM. Internal false

store protection circuitry prohibits STORE operations yuss

data integrity.

when Vcc is less than 3.5V (typical) ensuring E2PROM “

The CAT24C44 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. Itis designed to
endure 10,000 program/erase cycles (E2PROM) and
has a data retention of 10 years. The device is available
in JEDEC approved 8-pin plastic DIP and SOIC pack-
ages.

PIN CONFIGURATION

DIP Package (P) SOIC Package (S)
CE [t 8 [ Vee
sk 2 7 |3 STORE
DIi]3 6 |77 RECALL
por] 4 5 VSS

5157 FHD FO1

PIN FUNCTIONS

Pin Name Function

SK Serial Clock

DI Serial Input

DO Serial Data Output
CE Chip Enable
RECALL Recall

STORE Store

Vce +5V

Vss Ground

© 1996 by Catalyst Semiconductor, Inc.

Characteristics subject to change without notice



CAT24C44

BLOCK DIAGRAM
E’PROM ARRAY
/ RE?ALL
ROW STATIC RAM >—_1
STORE -
DECODE 9;'3;\.\-(; / CONTROL [+ STORE
LOGIC |e  RECALL
CE——»
DI INSTRUCTION COLUMN ™ O
REGISTER DECODE Lt
SK Vce
Vss
INSTRUCTION | aBIT
DECODE | COUNTER
i !
5157 FHD F09
MODE SELECTION¥?
- Software Write Enable |Previous Recall
Mode STORE RECALL Instruction Latch Latch
Hardware Recall®) 1 0 NOP X X
Software Recall 1 1 RCL X X
Hardware Store(®) 0 1 NOP SET TRUE
Software Store 1 1 STO SET TRUE
X = Don't Care
POWER-UP TIMING®
Symbol Parameter Min, May, Units
VCCSR " Vcc Slew Rate 0.5 0.005 V/m
tour Power-Up to Read Operations 200 us
touw Power-Up to Write or Store Operation 5 ms
Note:

(1) The store operation has priority over all the other operations.

(2) The store operation is inhibited when V¢ is below = 3.5V.

(3) NOP designates that the device is not currently executing an instruction.

(4) This parameter is tested initially and after a design or process change that affects the parameter.
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ABSOLUTE MAXIMUM RATINGS*

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

Respect to Ground® ............. —2.0 to +VCC +2.0V
Vce with Respect to Ground ............... -2.0V to +7.0V
Package Power Dissipation

Capability (Ta =25°C) ..c.coceeiveririeirerecneenne 1.0W
Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® ..............ccc.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 specifica-
tion is not implied. Exposure to any absolute maximum
rating for extended periods may affect device perfor-
mance and reliability.

Symbol Parameter Min. Max. Units Reference Test Method
Nenp( Endurance 10,000 Cycles/Byte MIL-STD-883, Test Method 1033
Tor™ Data Retention 10 Years MIL-STD-883, Test Method 1008
Vzap(M ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILrM@ | Latch-Up 100 mA JEDEC Standard 17

D.C. OPERATING CHARACTERISTICS
Vee = 5V £10%, unless otherwise specified.
Limits

Symbol Parameter Min. | Typ. Max. | Unit Conditions

lcco Current Consumption (Operating) 3 mA Inputs = 5.5V, Ta = 0°C

All Outputs Unloaded

IsB Current Consumption (Standby) 30 uUA CE=Vy

Iui Input Current 2 pHA 0<Vin<5.5V

ILo Output Leakage Current 10 pA 0<Vour<5.5V

ViH High Level Input Voltage Vce \Y

Vi Low Level Input Voltage 0.8 \

VoH High Level Output Voltage 24 \Y lon =-2mA

VoL Low Level Output Voltage 0.4 \' loL = 4.2mA
CAPACITANCE Tp =25°C, f=1.0 MHz, Vcc =5V

Symbol Parameter Max. Unit Conditions
CyoM Input/Output Capacitance 10 pF Vio =0V
CiNm Input Capacitance 6 pF Vin= 0V

Note:

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

(2) 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 Ve +2.0V for periods of less than 20 ns.

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

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

Vce = 5V £10%, unless otherwise specified.

Symbol Parameter Min. Max. Units Conditions
Fsk SK Frequency DC 1 MHz
tskH SK Positive Pulse Width 400 ns
tskL SK Negative Pulse Width 400 ns CL = 100pF + 1TTL gate
tps Data Setup Time 400 ns VoH = 2.2V, VoL = 0.65V
ton Data Hold Time 80 ns Vi =2.2V, V)L =0.65V
trD SK Data Valid Time 375 ns Input rise and fall times = 10ns
tz CE Disable Time 1 us
tces CE Enable Setup Time 800 ns
tceH CE Enable Hold Time 400 ns
tcos CE De-Select Time 800 ns
A.C. CHARACTERISTICS, Store Cycle
Veg = 5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. Max. Units Conditions
tsT Store Time 10 ms CL =100pF + 1TTL gate
tstp Store Pulse Width 200 ns VoH = 2.2V, VoL = 0.65V
ts1z Store Disable Time 100 ns Vig = 2.2V, ViL = 0.65V
A.C. CHARACTERISTICS, Recall Cycle
Vce = 5V £10%, unless otherwise specified.
Symbol Parameter Min. Max. Units Conditions
trcc Recall Cycle Time 2.5 us
trep Recall Pulse Width 500 ns CL = 100pF + 1TTL gate
trcz Recall Disable Time 500 ns VoH = 2.2V, VoL = 0.65V
torc Recall Enable Time 10 ns Vi =2.2V, ViL = 0.65V
tarc Recall Data Access Time 1.5 us
INSTRUCTION SET
Format
Instruction Start Bit | Address | OP Code Operation
WRDS 1 XXXX 000 Reset Write Enable Latch (Disables, Writes and Stores)
STO 1 XXXX 001 Store RAM Data in E2PROM
WRITE 1 AAAA 011 Write Data into RAM Address AAAA
WREN 1 XXXX 100 Set Write Enable Latch (Enables, Writes and Stores)
RCL 1 XXXX 101 Recall E2PROM Data into RAM
READ 1 AAAA 11X Read Data From RAM Address AAAA

X = Don't care
A = Address bit
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DEVICE OPERATION

The CAT24C44 is intended for use with standard micro-
processors. The CAT24C44 is organized as 16 registers
by 16 bits. Seven 8-bit instructions control the device’s
operating modes, the RAM reading and writing, and the
E2PROM storing and recalling. It is also possible to
control the E2PROM store and recall functions in hard-
ware with the STORE and RECALL pins. The CAT24C44
operates on a single 5V supply and will generate, on
chip, the high voltage required during a RAM to E2PROM
storing operation.

Instructions, addresses and write data are clocked into
the DI pin on the rising edge of the clock (SK). The DO
pin remains in a high impedance state except when
outputting data from the device. The CE (Chip Enable)
pin must remain high during the entire data transfer.

The format for all instructions sent to the CAT24C44 is
a logical ‘1’ start bit, 4 address bits (data read or write
operations) or 4 “Don’t Care” bits (device mode opera-
tions), and a 3-bit op code (see Instruction Set). For data
write operations, the 8-bit instruction is followed by 16
bits of data. For data read instructions, DO will come out
of the high impedance state and enable 16 bits of data
to be clocked from the device. The 8th bit of the read
instruction is a “Don’t Care” bit. This is to eliminate any
bus contention that would occur in applications where
the DI and DO pins are tied together to form a common
DI/DO line. A word of caution while clocking data to and

from the device: If the CE pin is prematurely deselected
while shifting in an instruction, that instruction will not be
executed, andthe shift registerinternal tothe CAT24C44
will be cleared. If there are more than or less than 16
clocks during a memory data transfer, an improper data
transfer will result. The SK clock is completely static
allowing the user to stop the clock and restart it to
resume shifting of data.

Read

Upon receiving a start bit, 4 address bits, and the 3-bit
read command (clocked into the DI pin), the DO pin of
the CAT24C44 will come out of the highimpedance state
and the 16 bits of data, located at the address specified
in the instructions, will be clocked out of the device.
When clocking data from the device, the first bit clocked
out (DO) is timed from the falling edge of the 8th clock,
all succeeding bits (D1-D15) are timed from the rising
edge of the clock.

Write

After receiving a start bit, 4 address bits, and the 3-bit
WRITE command, the 16-bit word is clocked into the
device for storage into the RAM memory location speci-
fied. The CE pin must remain high during the entire write
operation.

Figure 1. RAM Read Cycle Timing
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Figure 2. RAM Write Cycle Timing
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Note:
(1) Bit 8 of READ instruction is “Don’t Care”.

5157 FHD F03
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WREN/WRDS

The CAT24C44 powers up in the program disable state
(the “write enable latch” is reset). Any programming
after power-up or after a WRDS (RAM write/E2PROM
store disable) instruction must first be preceded by the
WREN (RAM write/E2PROM store enable) instruction.
Once writing/storing is enabled, it will remain enabled
until power to the device is removed, the WRDS instruc-
tion is sent, or an E2PROM store has been executed

(STO). The WRDS (write/store disable) can be used to
disable all CAT24C44 programming functions, and will
prevent any accidental writing to the RAM, or storing to
the E2PROM.

Data can be read normally from the CAT24C44 regard-
less of the “write enable latch” status.

Figure 3. Read Cycle Timing

SKCYCLE# 6

s [\ o/
VIH 4
CE e 1o \
oI ANANN \\\\\\\\\\\\\‘j;\\\\\\\\\\\
tPD e tz
5o HIGH-Z oo - X::: o }HIGH-Z

5157 FHD F04

Figure 4. Write Cycle Timing
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RCL/RECALL

Data is transferred from the E2PROM data memory to
RAM by either sending the RCL instruction or by pulling
the RECALL input pin low. A recall operation must be
performed before the E2PROM store, or RAM write
operations can be executed. Either a hardware or soft-
ware recall operation will set the “previous recall” latch
internal to the CAT24C44.

POWER-ON RECALL

The CAT24C44 has a power-on recall function that
transfers the E2PROM data to the RAM. After Power-up,
ali functions are inhibited for at ieast 200ns (Tpur) from
stable Vcc.

STO/STORE

Data in the RAM memory area is stored in the E2PROM
memory either by sending the STO instruction or by
pulling the STORE input pin low. As security against any

inadvertent store operations, the following conditions
must each be met before data can be transferred into
nonvolatile storage:

e The “previous recall” latch must be set (either a
software or hardware recall operation).

* The “write enable” latch must be set (WREN
instruction issued).

¢ STO instruction issued or STORE input low.

During the store operation, all other CAT24C44 func-
tions are inhibited. Upon completion of the store opera-
tion, the “write enable” latch is reset. The device also
provides false store protection whenever Vcc falls below
a 3.5V level. If Vcc falls below this level, the store
operation is disabled and the “write enable” latch is
reset.

Figure 5. Recall Cycle Timing
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Figure 6. Hardware Store Cycle Timing
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Figure 7. Non-Data Operations
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OP-CODE
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Start Bit Timing

The CAT24C44 features an alternate start bit timing
where the device will accept a start bit that is generated
when both SK and DI are high with respect to a low to

high transition of CE (see Figure 8). Once this start bit is
generated all subsequent data is clocked into the device
on the positive clock edge of SK.

Figure 8. Alternate Start Bit Timing Example: Read Instruction
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ORDERING INFORMATION

IPrefix I Device #

CAT 24C44

Product
Number

Notes:

Suffix |
S | TE7
A T T
Temperature Range Tape & Reel
Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Package
P: PDIP

S: SOIC (JEDEC)

24C44 F11

(1) The device used in the above example is a 24C44SI-TE7 (SOIC, Industrial Temperature, Tape & Reel)
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S EMICONDUCTOR

CAT28F512

512K-Bit CMOS Flash Memory

FEATURES

B Fast Read Access Time: 90/120/150 ns

m Low Power CMOS Dissipation:
—Active: 30 mA max (CMOS/TTL levels)
-Standby: 1 mA max (TTL levels)
~Standby: 100 LA max (CMOS levels)

m High Speed Programming:
~10 us per byte
-1 Sec Typ Chip Program

B 12.0V + 5% Programming and Erase Voltage
m Commercial and Industrial Temperature Ranges

W Stop Timer for Program/Erase
B On-Chip Address and Data Latches

m JEDEC Standard Pinouts:
-32-pin DIP
-32-pin PLCC
-32-pin TSOP (8 x 14; 8 x 20)

m 100,000 Program/Erase Cycles
B 10 Year Data Retention
H Electronic Signature

DESCRIPTION

The CAT28F512 is a high speed 64K x 8-bit electrically
erasable and reprogrammable Flash memory ideally
suited for applications requiring in-system or after-sale
code updates. Electrical erasure of the full memory
contents is achieved typically within 0.5 second.

It is pin and Read timing compatible with standard
EPROM and E2PROM devices. Programming and
Erase are performed through an operation and verify
algorithm. The instructions are input via the /O bus,

using a two write cycle scheme. Address and Data are

latched to free the I/O bus and address bus during the 7
write operation.

The CAT28F512 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. It is designed
toendure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 32-pin plastic DIP, 32-pin PLCC or 32-pin
TSOP packages.
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CAT28F512 Preliminary
PIN CONFIGURATION PIN FUNCTIONS
Pin Name Type Function
Ao—A1s Input Address Inputs for
memory addressing
DIP Package (P) PLCC Package (N)
1/Oo—1/07 e} Data Input/Output
R e e Cf Input Chip Enable
Ft= B OE Input | Output Enable
feds WE Input | Write Enable
As ] & 27
AsC] 7 26 Vece Voltage Supply
Aq] 8 25
AzC] 9 24 Vss Ground
A2 10 23
:;E no= Vpp Program/Erase
o] 13 20 Voltage Supply
Vo 14 19
o] 15 18
vgs ] 16 17
5108 FHD FO1
TSOP Package (Standard Pinout 8mm x 20mm) (T)
TSOP Package (Standard Pinout 8mm x 14mm) (T14)
Aq =J10 32 b= OF
Ag T2 31 [ Ao
Ag 133 30 F3 CE
A3 44 29 31 1/07
A4 =5 28 =1 1/0g
o === I3 27 [ /05
WE 7 26 [T 1/04
Ve =8 25 FT=1 1/03
Vpp 149 24 T Vgs
NC =4 10 23 I3 102
A5 ] 11 22 11 1/04
Aqp 12 21 fT3 1109
A7 13 20 3 Ag
Ag =] 14 19 =1 A4
As ] 15 18 = Ay
A4 =T 16 17 =1 A3
TSOP Package (Reverse Pinout) (TR)
OE {1+ 32 3 Aqq
Aqg 2 31 3 Ag
CE {3 30 [ Ag
/07 14 4 29 [T Aq3
1/10g —115 28 [T Aq4
/05 16 27 fr= NC
1104 =7 26 fI WE
/03 —14 8 25 [ Voo
Vgs 9 24 F—3 Vpp
/02 1410 23 fI NC
1101 =4 11 22 13 A5
/0 =4 12 21 3 Aq2
Ag 113 20 I3 A7
Ay T 14 19 [T Ag
Ap T 15 18 = Ag
Az T 16 17 = Ag

5108 FHD F14




Preliminary

CAT28F512

ABSOLUTE MAXIMUM RATINGS*
Temperature Under Bias .................... -55°C to +95°C

Storage Temperature .......c....ccccceennee —65°C to +150°C
Voltage on Any Pin with

Respect to Ground™ ........... —2.0V to +Vcc + 2.0V
Voltage on Pin Ag with

Respect to Ground™ ................... —2.0V to +13.5V

Vpep with Respect to Ground

during Program/Erase(") —2.0V to +14.0V

~2.0V to +7.0V

Vcc with Respect to Ground()

Package Power Dissipation

Capability (Ta = 25°C) 10w

*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.

Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® ........................ 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp® Endurance 100K Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 10 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
CAPACITANCE Ta =25°C, f = 1.0 MHz
Limits
Symbol Test Min Max. Units Conditions
CiN® Input Pin Capacitance 6 pF ViN= 0V
Coutt® Output Pin Capacitance 10 pF Vout = 0V
Cvpp® Vpp Supply Capacitance 25 pF Vpp = 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 Vg + 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.
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CAT28F512

Preliminary

D.C. OPERATING CHARACTERISTICS
Vgc = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Max. Unit Test Conditions
I Input Leakage Current + HA ViIN = Vcc or Vss
Vcec =5.5V, OE = Vi
o Output Leakage Current +1 pA Vourt = Vcc or Vss,
Vcc =5.5V, OE = VIH
IsB1 Vce Standby Current CMOS 100 uA CE = Vcc 0.5V,
Vce =5.5V
IsB2 Vce Standby Current TTL 1 mA CE = Vin, Vce = 5.5V
Icct Vce Active Read Current 30 mA Vce = 5.5V, CE = Vi,
lout =0mA, f=6 MHz
lcc2" | Vee Programming Current 15 mA Vce = 5.5V,
Programming in Progress
lccaM | Vec Erase Current 15 mA Vcec =5.5V,
Erasure in Progress
lccaW | Vcc Prog./Erase Verify Current 15 mA Vce = 5.5V, Program or
Erase Verify in Progress
lpps Vpp Standby Current +10 HA Vep = VppL
IpP1 Vep Read Current 200 pA Vpp = VppH
Ipr2(M | Vpp Programming Current 30 mA Vpp = VppH,
Programming in Progress
Ippa( | Vpp Erase Current 30 mA Vpp = VppH,
Erasure in Progress
Ipp4M | Vpp Prog./Erase Verify Current 5 mA Vpp = VppH, Program or
Erase Verify in Progress
ViL Input Low Level TTL -0.5 0.8 \"
Vie Input Low Level CMOS -0.5 0.8 \
VoL Output Low Level 0.45 \") loL =5.8mA, Vcc = 4.5V
VIH Input High Level TTL 2 Vcc+0.5 \
ViHe Input High Level CMOS Vee*0.7 | Vec+0.5 \
VoH1 Output High Level TTL 2.4 \Y lon = —2.5mA, Vcc = 4.5V
VoHz Output High Level CMOS Vce-0.4 \Y lon = —400uA, Vce = 4.5V
Vip Ag Signature Voltage 11.4 13 \ Ag=Vip
lip™M Ao Signature Current 200 HA Ao = ViD
Vio Vcc Erase/Prog. Lockout Voltage 2.5 \
Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
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Preliminary CAT28F512

SUPPLY CHARACTERISTICS

Limits
Symbol Parameter Min Max. Unit
Vce Vce Supply Voltage 45 55 Y
VepL Vpp During Read Operations 0 6.5 \"
VpPH Vep During Read/Erase/Program 114 12.6 \
A.C. CHARACTERISTICS, Read Operation
Vce = +5V £10%, unless otherwise specified.
JEDEC |Standard 28F512-90 | 28F512-12 | 28F512-15
Symbol | Symbol Parameter Min. | Max. | Min. | Max.| Min. | Max. | Unit
tavav trc Read Cycle Time 90 120 150 ns
teLav tce CE Access Time 90 120 150 | ns
tavav tacc Address Access Time 920 1120 150 | ns
taLav toe OE Access Time 35 50 55 | ns
taxax toH Output Hold from Address OE/CE Change 0 0 0 ns
taLax toz(1®)| OE to Output in Low-Z 0 0 0 ns
teLax t.z(1® | CE to Output in Low-Z 0 0 0 ns
taHaz tor(N@ | OE High to Output High-Z 20 30 35 | ns
teHaz tor(M@ | CE High to Output High-Z 30 40 45 | ns
twhaL() | - Write Recovery Time Before Read 6 6 6 us
Figure 1. A.C. Testing Input/Output Waveform(3}4)(5)
2av \ 20V
INPUT PULSE LEVELS REFERENCE POINTS
0.45V >< 08V
5108 FHD F03
Figure 2. A.C. Testing Load Circuit (example) 1.3V
i 1N914
3.3K
DEVICE
u_lr_\JEDSri_R J_ o0UT
I Cy =100 pF
== C| INCLUDES JIG CAPACITANCE 5108 FHD Fos

Note:

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

(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer.
(3) Input Rise and Fall Times (10% to 90%) < 10 ns.

(4) Input Pulse Levels = 0.45V and 2.4V.

(5) Input and Output Timing Reference = 0.8V and 2.0V.

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid.

7-5



CAT28F512 Preliminary

A.C. CHARACTERISTICS, Program/Erase Operation
Vcce = +5V £10%, unless otherwise specified.

JEDEC [Standard 28F512-90 | 28F512-12 | 28F512-15

Symbol | Symbol Parameter Min. |Max.| Min. |Max.| Min. [Max. | Unit
tavav twe Write Cycle Time 90 120 150 ns
tavwi tas Address Setup Time 0 0 0 ns
twiax taH Address Hold Time 40 40 40 ns
tovwH tos Data Setup Time 40 40 40 ns
twHDX toH Data Hold Time 10 10 10 ns
teLwL tcs CE Setup Time 0 0 0 ns
twHEH tcH CE Hold Time 0 0 0 ns
twLwH twp WE Pulse Width 40 40 40 ns
twHwWL twen | WE High Pulse Width 20 20 20 ns
twHwH1® | - Program Pulse Width 10 10 10 us
twHWH2@ | - Erase Pulse Width 9.5 9.5 9.5 ms
twHGL - Write Recovery Time Before Read 6 6 6 us
taHWL - Read Recovery Time Before Write 0 0 0 us
tvPEL - Vpp Setup Time to CE 100 100 100 ns

ERASE AND PROGRAMMING PERFORMANCE(1)

28F512-90 28F512-12 28F512-15
Parameter Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Unit
Chip Erase Time®)®) 05 10 05 10 0.5 10 sec
Chip Program Time(®)(4) 1 6 1 6 1 6 sec

Note:

(1) Please refer to Supply characteristics for the value of Vppy and VppL. The Vpp supply can be either hardwired or switched. If Vpp is switched,
VppL can be ground, less than V¢c + 2.0V or a no connect with a resistor tied to ground.

(2) Program and Erase operations are controlled by internal stop timers.

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp.

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 ps program + 6 us write recovery), while maximum is 400 ps/
byte (16 pus x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since
most bytes program significantly faster than the worst case byte.

(5) Excludes 00H Programming prior to Erasure.
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Preliminary CAT28F512
FUNCTION TABLE(")
Pins
Mode CE OE WE Vep Vo Notes

Read Vi ViL ViH VepL Dour

Output Disable ViL ViH ViH X High-Z

Standby ViH X X VepL High-Z

Signature (MFG) Vi ViL Vi X 31H Ao = Vi, Ag =12V

Signature (Device) ViL ViL VIH X B8H Ao =V, Ag =12V

Program/Erase Vi ViH Vi VPPH Din See Command Table

Write Cycle ViL ViH ViL VPPH Din During Write Cycle

Read Cycle ViL ViL ViH VppH Dour During Write Cycle
WRITE COMMAND TABLE

Commands are written into the command register in one or two write cycles. The command register can be altered
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch
addresses and data required for programming and erase operations.

Pins
First Bus Cycle Second Bus Cycle

Mode Operation Address Din Operation Address Din Dout
Set Read Write X 00H Read AN Dourt
Read Sig. (MFG) Write X 90H Read 00 31H
Read Sig. (Device) Write X 90H Read 01 B8H
Erase Write X 20H Write X 20H
Erase Verify Write AIN AOH Read X Dout
Program Write X 40H Write AIN Din
Program Verify Write X CoH Read X Dout
Reset Write X FFH Write X FFH

Note:

(1) Logic Levels: X = Logic ‘Do not care’ (V4, ViL, VepL, VPPH)
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CAT28F512

Preliminary

READ OPERATIONS

Read Mode

A Read operation is performed with both CE and OE low
and with WE high. Vep can be either high or low,
however, if Vpe is high, the Set READ command has to
be sent before reading data (see Write Operations). The
data retrieved from the I/O pins reflects the contents of
the memory location corresponding to the state of the 16
address pins. The respective timing waveforms for the
read operation are shown in Figure 3. Refer to the AC
Read characteristics for specific timing parameters.

Signature Mode

The signature mode allows the user to identify the IC
manufacturer and the type of device while the device
resides in the target system. This mode can be activated
in either of two ways; through the conventional method
of applying a high voltage (12V) to address pin Ag or by
sending an instruction to the command register (see
Write Operations).

The conventional mode is entered as a regular READ
mode by driving the CE and OE pins low (with WE high),
and applying the required high voltage on address pin Ag
while all other address lines are held at V).

A Read cycle from address 0000H retrieves the binary
code for the IC manufacturer on outputs 1/Og to 1/O7:

CATALYST Code = 00110001 (31H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs /Og to 1/O7.

28F512 Code = 1011 1000 (B8H)

Standby Mode

With CE at a logic-high level, the CAT28F512 is placed
in a standby mode where most of the device circuitry is
disabled, thereby substantially reducing power con-
sumption. The outputs are placed in a high-impedance
state.

Figure 3. A.C. Timing for Read Operation

POWER UP STANDBY DEVICE AND OUPUTS DATAVALID  STANDBY  POWER DOWN
ADDRESS SELECTION ENABLED
Iq¢
)
)
- tavav (tre) >

CE (E) / \ « /| \__

)
[e—eHQZ (tDF)—>]
—_— 4

OE (G) / ‘¢ /| \__

)
- tWHGL letaHaz (tDF)
£
— 27
WE (W) / taLav toe) \
- teLav (tce) taxax (tom)
taLax toL2) -~
re——teLax (L) —>
HIGH-Z —55 Y HIGH-Z

DATA (VO) L oururvan D))PI——

V)
[e————tavav tacc) ———— >

28F512 F06




Preliminary

CAT28F512

WRITE OPERATIONS

The following operations are initiated by observing the
sequence specified in the Write Command Table.

Read Mode

The device can be put into a standard READ mode by
initiating a write cycle with O0H on the data bus. The
subsequent read cycles will be performed similar to a
standard EPROM or E2PROM Read.

Signature Mode

An alternative method for reading device signature (see
Read Operations Signature Mode), is initiated by writing
the code 90H into the command register while keeping
Vep high. A read cycle from address 0000H with CE and
OE low (and WE high) will output the device signature.

CATALYST Code

00110001 (31H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs 1/Op to 1/07.

28F512 Code = 1011 1000 (B8H)

Erase Mode

During the first Write cycle, the command 20H is written
into the command register. In order to commence the
erase operation, the identical command of 20H has tobe
written again into the register. This two-step process
ensures against accidental erasure of the memory con-
tents. The final erase cycle will be stopped at the rising
edge of WE, at which time the Erase Verify command
(AOH) is sent to the command register. During this cycle,
the address to be verified is sent to the address bus and
latched when WE goes low. An integrated stop timer
allows for automatic timing control over this operation,
eliminating the need for a maximum erase timing speci-
fication. Refer to AC Characteristics (Program/Erase)
for specific timing parameters.

Figure 4. A.C. Timing for Erase Operation

VCC POWER-UP SETUP ERASE ERASE ERASING ERASE VERIFY ERASE V C POWER-DOWN/
& STANDBY COMMAND COMMAND COMMAND VERIFICATION STANDBY
(e twec —>te—1we —twe| e—tRc —
tAS|e—>leritaH
— ‘ —
CE® / N /_\ / \ \ ,/_\_
—H |+Tcs —fletcn
»le—tCH > tEHQZ
tcH — tcs l—
LC L
—_— ) R
OE (G) { j{ N /] _\_
{GHWL ] |
re———tWHWH2 tWHGL—> e IDF
tWPH [«—
WE (W Y —55 46
wew /0 / N N \
twp e > twp wpte—s toE 1>
[e—>ltDH «—{ipH e-tDH-»
tDg|e tpgle—s tbg|e toLz 1+
HIGH-Z
DATA IN DATA IN DATAIN %
DATA (1/0) / = 20H ,H; =20H 4 { = AOH
VALID
iz DATAOUT
CE
oV \
Voo 50
ov r—» tvPEL
vpp VPPH \
VPpL 28F512 F11
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CAT28F512 Preliminary

Figure 5. Chip Erase Algorithm(1)

START ERASURE BUS
OPERATION | COMMAND COMMENTS
APPLY Vopm Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
— v ALL BYTES SHALL BE
PROGRAM ALL PROGRAMMED TO 00
BYTES TO 00H STANDBY BEFORE AN ERASE
I OPERATION
INITIALIZE
INSTIALIZE INITIALIZE ADDRESS
INITIALIZE
PLSCNT = 0 PLSCNT = PULSE COUNT
1
y
WRITE ERASE
T A o WRITE ERASE DATA = 20H
WRITE ERASE _
AITE ERAS WRITE ERASE DATA = 20H
TIME OUT 10ms WAIT
7 e ’
WRITE ERASE wrire | ERase |APDRESSCEVIE 1O VERIFY
VERIFY COMMAND VERIFY | STOPS ERASE OPERATION
TIME OUT 6us WAIT
INCREMENT I
ADDRESS
READ DATA
READ READ BYTE TO
FROM DEVICE VERIFY ERASURE
NO
INC PLSCNT STANDBY COMPARE OUTPUT TO FF
= 10007 INCREMENT PULSE COUNT
YES
LAST
ADDRESS?
DATA = 00H
V‘g‘{ﬁﬂiﬁ) WRITE READ RESETS THE REGISTER
T FOR READ OPERATION
Vpp RAMPS TO Vppy_
Y
APPLY VppL APPLY VppL STANDBY (OR Vpp HARDWIRED)
ERASURE ERASE
COMPLETED ERROR
Note: 5108 FHD F10

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
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Preliminary

CAT28F512

Erase-Verify Mode

The Erase-verify operation is performed on every byte
after each erase pulse to verify that the bits have been
erased.

Programming Mode

The programming operation is initiated using the pro-
gramming algorithm of Figure 7. During the first write
cycle, the command 40H is written into the command
register. During the second write cycle, the address of
the memory location to be programmed is latched on the
falling edge of WE, while the data is latched on the rising
edge of WE. The program operation terminates with the
next rising edge of WE. An integrated stop timer allows
for automatic timing control over this operation, eliminat-
ing the need for a maximum program timing specifica-
tion. Refer to AC Characteristics (Program/Erase) for
specific timing parameters.

Program-Verify Mode

A Program-verify cycle is performed to ensure that all
bits have been correctly programmed following each
byte programming operation. The specific address is
already latched from the write cycle just completed, and
stays latched until the verify is completed. The Program-
verify operation is initiated by writing COH into the
command register. An internal reference generates the
necessary high voltages so that the user does not need
to modify Vcc. Refer to AC Characteristics (Program/
Erase) for specific timing parameters.

Figure 6. A.C. Timing for Programming Operation

Vee POWER-UP SETUP PROGRAM LATCHADDRESS PROGRAM PROGRAM V, POWER-DOWN/
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND
le——twe —
tAS le—>te
e _/ & A / \
—|i-l le—tcg
. tEHQZ
toH —»]
cE@ _ / _:l/ _\_
tGHWL | [«
bF
twrH >
—_— s %‘r 1)()
WE W) / / \ / N/ ____
twps twp twple—s o
[e—>tpH »tDH Fe-tDH->
tpgle—» tpgles Ds|e> toLz1
HIGH-Z
DATA(IO) /- DATAIN b—{  DATAIN DATAIN
VALID
:‘—Z DATA OUT
CE
veo 5% \
ov r—"tVPEL
vpp VPPH \

28F512 F08
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CAT28F512 Preliminary
Figure 7. Programming Algorithm(1)
START BUS
PROGRAMMING OPERATION | COMMAND COMMENTS
APPLY Vppy STANDBY Vpp RAMPS TO Vppy
T (OR Vpp HARDWIRED)
INITIALIZE
;t‘ooness INITIALIZE ADDRESS
|
—
PLSCNT =0 INITIALIZE PULSE COUNT
PLSCNT = PULSE COUNT
le
)
WRITE SETUP 1STWRITE | WRITE
PROG. COMMAND CYCLE SETUP DATA = 40H
WRITE PROG. CMD 2ND WRITE :
DDFLAND DATA oL - | PROGRAM | VALID ADDRESS AND DATA
TIME OUT 10ps WAIT
WRITE PROGRAM 1STWRITE | PROGRAM
VERIFY COMMAND CYCLE VERIFY DATA = COH
TIME OUT 6us WAIT
READ DATA READ READ BYTE TO VERIFY
FROM DEVICE PROGRAMMING
NO
INC COMPARE DATA OUTPUT
Piszg'f STANDBY TO DATA EXPECTED
YES
INCREMENT LAST
ADDRESS ADDRESS?
DATA=00H
Mé%ﬁ,.’:ﬁ? 18T WF‘I'ET E| READ | SETSTHEREGISTERFOR
Cycul READ OPERATION
' ,
APPLY Vpp|_ APPLY Vpp|_ STANDBY Vpp RAMPS TO Vpp
(OR Vpp HARDWIRED)
PROGRAMMING PROGRAM
COMPLETED ERROR
Note:

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.

5108 FHD F06
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Preliminary

CAT28F512

Abort/Reset

An Abort/Reset command is available to allow the user
to safely abort an erase or program sequence. Two
consecutive program cycles with FFH on the data bus
will abort an erase or a program operation. The abort/
reset operation can interrupt at any time in a program or
erase operation and the device is reset to the Read
Mode.

POWER SUPPLY DECOUPLING

To reduce the effect of transient power supply voltage
spikes, it is good practice to use a 0.1uF ceramic
capacitor between Vcc and Vssand Vepand Vss. These
high-frequency capacitors should be placed as close as
possible to the device for optimum decoupling.

POWER UP/DOWN PROTECTION

The CAT28F512 offers protection against inadvertent
programming during Vpp and Vcc power transitions.
When powering up the device there is no power-on
sequencing necessary. In other words, Vpp and Vcc
may power up in any order. Additionally Vep may be
hardwired to VppH independent of the state of Vcc and
any power up/down cycling. The internal command
register of the CAT28F512 is reset to the Read Mode on
power up.

Figure 8. Alternate A.C. Timing for Program Operation

VCC POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM PROGRAM V, POWER-DOWN/
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND
\YAVAVAVAVAVAVAV, VAVAVAVAVAVAVA o e X ol
ADDRESSES m XOQOOO000 XOQOOOOORERARE
le——twe —— le—1twe le—tRc —
tAVEL lemte—tELAX .
—— )
we _/ N /N [/ [ \
—>I twLEL J — L— tEHWH
e twLEL >l EEHWH le-»{tEHQZ
tEHWH —> tWLEL -
L £
—_— 4 )7 )
OE (G) y/
{GHEL —>| [« - tEHEH —>e—IEHGL — -
tEHEL [« . »
4 X y T )
cEW) [ \ / \ \
«—1 IELEH tELEH | toE —
l«—»{tEHDX | le—{ tEHDX - tEHDX
tDVEH [+—> le—>| tDVEH tDVEH [*+> toLz—»|
HIGH-Z
DATA(I0) /- { DAAN b— DATAIN b —{ DATYN b
tLz —»
tcE —
5.0V
vee /
OV fe—sitvPEL
vpp VPPH 7
VPPL

28F512F10
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CAT28F512 Preliminary

ALTERNATE CE-CONTROLLED WRITES

JEDEC |Standard 28F512-90 | 28F512-12 | 28F512-15

Symbol | Symbol Parameter Min. | Max. | Min. |Max. |Min. |Max. | Unit
tavav twe Write Cycle Time 90 120 120 ns
tAvEL tas Address Setup Time 0 0 0 ns
teLAx tAH Address Hold Time 40 40 40 ns
tbveH tos Data Setup Time 40 40 40 ns
teHDx toH Data Hold Time 10 10 10 ns
tEHGL - Write Recovery Time Before Read 6 6 6 us
tGHEL - Read Recovery Time Before Write 0 0 0 us
twLEL tws WE Setup Time Before CE 0 0 0 ns
tEHWH - WE Hold Time After CE 0 0 0 ns
teLEH tcp Write Pulse Width 40 40 40 ns
teHEL tcPH Write Pulse Width High 20 20 20 ns
tvPEL - Vpp Setup Time to CE Low 100 100 100 ns

ORDERING INFORMATION

I Prefix I Device # Suffix j
CAT 28F512 N | -90 TE7
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Optional Package Speed
Company ID N: PLCC 90: 90ns
P: PDIP 12: 120 ns
T: TSOP (8mmx20mm) 15: 150 ns
TR: TSOP (Reverse Pinout)
T14: TSOP (8mm x 14mm)

28F512 F12

Notes: .
(1) The device used in the above example is a CAT28F512NI-90TE7 (PLCC, Industrial Temperature, 90ns Access Time, Tape & Reel)
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Ilj|CATALYST

S EMICONDUCTOR

CAT28F010

1 Megabit CMOS Flash Memory

FEATURES

m Fast Read Access Time: 90/120/150 ns

B Low Power CMOS Dissipation:
—Active: 30 mA max (CMOS/TTL levels)
—Standby: 1 mA max (TTL levels)
—-Standby: 100 HA max (CMOS levels)

B High Speed Programming:

-10 us per byte
—2 Sec Typ Chip Program

m 0.5 Seconds Typical Chip-Erase
m 12.0V + 5% Programming and Erase Voltage

B Commercial and Industrial Temperature Ranges
B Stop Timer for Program/Erase
B On-Chip Address and Data Latches

B JEDEC Standard Pinouts:
-32-pin DIP
-32-pin PLCC
—32-pin TSOP (8 x 14; 8 x 20)

m 100,000 Program/Erase Cycles
m 10 Year Data Retention
m Electronic Signature

DESCRIPTION

The CAT28F010is a high speed 128K x 8-bit electrically
erasable and reprogrammable Flash memory ideally
suited for applications requiring in-system or after-sale
code updates. Electrical erasure of the full memory
contents is achieved typically within 0.5 second.

It is pin and Read timing compatible with standard
EPROM and E2PROM devices. Programming and
Erase are performed through an operation and verify
algorithm. The instructions are input via the I/O bus,

using a two write cycle scheme. Address and Data are
latched to free the /O bus and address bus during the
write operation.

The CAT28F010 is manufactured using Catalyst's ad-
vanced CMOS floating gate technology. It is designed
to endure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 32-pin plastic DIP, 32-pin PLCC or 32-pin
TSOP packages.

1/0g-1
BLOCK DIAGRAM 0~/07
/O BUFFERS
.| ERASE voLTAGE AN
SWITCH
_ { |
WE ———>]
COMMAND | , | PROGRAM VOLTAGE | | == = DATA | [ SENSE
1 REGISTER SWITCH E,OELOGIC - [ aTCH| | AMP
oE | :
O_E 7
35 >  Y-GATING
& | Y-DECODER
N\ 2
Ag-A 2 1,048,576 BIT
o6 8 MEMORY  [<—
8 X-DECODER ARRAY
<
VOLTAGE VERIFY 5108 FHD F02
SWITCH ’

TD 5108

© 1996 by Catalyst Semiconductor, inc.
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CAT28F010

PIN CONFIGURATION PIN FUNCTIONS
DIP Package (P) Pin Name | Type Function
—
‘:\PP E'; :f g %‘3 Ao-Ats Input | Address Inputs for
16 ;
a3 20 Pe PLCC Pac:age (N) memory addressing
o
Az 4 20 P A FEEeoES 1/00-1/O7 o) Data Input/Output
A7§ 5 28 [ A3 —
As] 6 27 g Ag /‘D‘D‘D'D‘D‘D‘D_4 3 2 1323150 CE Input Chip Enable
AsC}]7 26 A9 A7 5 29[ A4 —
A8 25 [Ag a6 287 Aqa OE Input Output Enable
Ag]9 24 O OE 7 27 — -
AQE 10 23 (A0 iig 8 2 3 :2 WE Input Write Enable
A1 22 [3CE 9 25
a1z 21 oy :ZE 10 ot g AO—‘E1 Vce Voltage Supply
0o} 13 20 [1Og d n =D
vo1 ] 14 19 3105 :; d 12 I Vss Ground
W02 ] 15 18 (1104 o, 13 213 1o, Vpp Program/Erase
Vgs ] 16 17 (3 /03 14 1516 17 18 19 20 Voltage Supply

5108 FHD FO1

TSOP Package (Standard Pinout 8mm x 20mm) (T)
TSOP Package (Standard Pinout 8mm x 14mm) (T14)

Ay =10 32 T3 OE
Ag T2 31 1 Aq
Ag {3 30 [r= CE

A3 =4 29 Fr=1 /07

Aqs =5 28 1 1/0g
NC 6 27 I3 1/05
WE 7 26 =1 1/04

Vcc /8 25 [T11/03

Vpp ]9 24 14 Vss

A1 =] 10 23 1 1/0o

A ] 11 22 [T 1/04

Aqp =12 21 [T 1/0g
A7 ] 13 20 fr Ag
Ag ] 14 19 =1 A4
Ag T 15 18 = Ao
Aq4 T 16 17 1 A3

TSOP Package (Reverse Pinout) (TR)

OE 1 v 32 1 Aqy

Aqp 2 31 13 Ag
CE —3 30 [T Ag

/o7 44 29 11 Aq3

/0 135 28 T Aq4

1105 =4 6 27 == NC

/04 =7 26 T3 WE

1103 {8 25 T Vg

Vgg 9 24 31 Vpp

/05 =14 10 23 A

/o4 =4 1 22 A1s

1/0g =14 12 21 I3 Aq2

Ag =13 20 f=1 A7
Ay =14 19 [T Ag
Ap T 15 18 131 Ag
A3 {16 17 3 Ay

5108 FHD F14
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CAT28F010

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias.................... —55°C to +95°C Stresses above those listed under “Absolute Maximum
Storage Temperature ...................... —65°C to +150°C Ratings” may cause permanent damage to the device.
S 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™ ........... —2.0V to +Vce + 2.0V listed in the operational sections of this specification is not
Voltage on Pin Ag with implied. Exposure to any absolute maximum rating for
Respect to Ground™ ................... 2.0V to +13.5V extended periods may affect device performance and
eliability.
Vpp with Respect to Ground reliabilty
during Program/Erase(") .............. —2.0V to +14.0V
Vce with Respect to Ground™ ........... —2.0V to +7.0V
Package Power Dissipation
Capability (Ta = 25°C) ..eooreereeerereerreersene 1.0W
Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® ...................... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp® Endurance 100K Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 10 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
CAPACITANCE Ta =25°C, f=1.0 MHz
Limits
Symbol Test Min Max. Units Conditions
Cin® Input Pin Capacitance ' 6 pF ViN= 0V
Cout® Output Pin Capacitance 10 pF Vout = OV
Cvpp® Vpp Supply Capacitance 25 pF Vpp = OV
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 Vg + 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.
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CAT28F010

D.C. OPERATING CHARACTERISTICS
Vee = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. Max. Unit Test Conditions
] Input Leakage Current +1 UA ViN = Vcc or Vss
Vce = 5.5V, OE = ViH
o Output Leakage Current +1 pA Vour = Vce or Vss,
Vce =5.5V, OE = Vi
IsB1 Vce Standby Current CMOS 100 pA CE = Vgc +0.5V,
Vece =5.5V
IsB2 Ve Standby Current TTL 1 mA CE = ViH, Voc = 5.5V
lect Vcc Active Read Current 30 mA Voc = 5.5V, CE = Vi,
lout = 0mA, f=6 MHz
Icc2M | Vcc Programming Current 15 mA Vce =55V,
Programming in Progress
lcca(M | Vcc Erase Current 15 mA Vce =5.5V,
Erasure in Progress
Iccal") | Vcc Prog./Erase Verify Current 15 mA Vce = 5.5V, Program or
Erase Verify in Progress
Ipps Vpp Standby Current +10 pA Ve = VppL
Ipp1 Vep Read Current 200 A Vpp = VppH
lpp2( | Vpp Programming Current 30 mA Vpp = VepH,
Programming in Progress
Ippa | Vpp Erase Current 30 mA Vpp = VppH,
Erasure in Progress
Ipra() | Vpp Prog./Erase Verify Current 5 mA Vpp = VppH, Program or
Erase Verify in Progress
ViL Input Low Level TTL -0.5 0.8 Vv
Vie Input Low Level CMOS -0.5 0.8 \
VoL Output Low Level 0.45 \' loL=5.8mA, Vcc = 4.5V
ViH Input High Level TTL 2 Vce+0.5 \'
ViHc Input High Level CMOS Vec*0.7 | Vee+0.5 Vv
VoH1 Output High Level TTL 2.4 Vv lon = -2.5mA, Vcc = 4.5V
VoHz2 Output High Level CMOS Vce-0.4 Vv lon =—400pA, Vcc = 4.5V
Vip Ag Signature Voltage 11.4 13 \' Ag =Vip
Iipt" Ag Signature Current 200 HA Ag=Vip
Vio Vcc Erase/Prog. Lockout Voltage 2.5 \
Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
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CAT28F010

SUPPLY CHARACTERISTICS
Limits
Symbol Parameter Min Max. Unit
Vce Vcc Supply Voltage 4.5 5.5 \
VppL Vep During Read Operations 0 6.5 \%
VPPH Vpp During Read/Erase/Program 11.4 12.6 \%
A.C. CHARACTERISTICS, Read Operation
Ve = +5V £10%, unless otherwise specified.
JEDEC |Standard 28F010-90 | 28F010-12 | 28F010-15
Symbol | Symbol Parameter Min. | Max. | Min. | Max.| Min. | Max. |Unit
tavav tre Read Cycle Time 90 120 150 ns
teLqv tce CE Access Time 90 120 150 | ns
tavav tacc Address Access Time 90 120 150 | ns
taLav toe OE Access Time 35 50 55 | ns
taxax toH Output Hold from Address OE/CE Change 0 0 0 ns
teLax torz(1®)| OE to Output in Low-Z 0 0 0 ns
teLax t.z(1® | CE to Output in Low-Z 0 0 0 ns
taHQz tor(M@ | OE High to Output High-Z 20 30 35 ns
tenaz torM@ | CE High to Output High-Z 30 40 45 | ns
twraL( | - Write Recovery Time Before Read 6 6 6 us
Figure 1. A.C. Testing Input/Output Waveform(3)(4)(5)
24V >< 2.0V
INPUT PULSE LEVELS REFERENCE POINTS
0.45V 08V
5108 FHD F03
Figure 2. A.C. Testing Load Circuit (example) 1.3V
g 1N914
3.3K
DEVICE
UTNEQSETR J_ o OUT
I C =100 pF
= C|_ INCLUDES JIG CAPACITANCE 5108 FHD Foa

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

(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer.
(3) Input Rise and Fall Times (10% to 90%) < 10 ns.

(4) Input Pulse Levels = 0.45V and 2.4V.

(5) Input and Output Timing Reference = 0.8V and 2.0V.

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid.
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CAT28F010

A.C. CHARACTERISTICS, Program/Erase Operation
Ve = +5V £10%, uniess otherwise specified.

JEDEC |Standard 28F010-90 | 28F010-12 | 28F010-15

Symbol | Symbol Parameter Min. |Max.| Min. |Max.| Min. |Max. | Unit
tavav twe Write Cycle Time 90 120 150 ns
tavwL tas Address Setup Time 0 0 0 ns
twLax taH Address Hold Time 40 40 40 ns
tovwH tos Data Setup Time 40 40 40 ns
twHDX toH Data Hold Time 10 10 10 ns
tELwL tcs CE Setup Time 0 0 0 ns
twHEH tcH CE Hold Time 0 0 0 ns
twLwH twe WE Pulse Width 40 40 40 ns
twHWL twpPH WE High Pulse Width 20 20 20 ns
twHwH1® | - Program Pulse Width 10 10 10 us
twHwH2@ | - Erase Pulse Width 9.5 9.5 9.5 ms
twHaGL - Write Recovery Time Before Read 6 6 6 us
taHWL - Read Recovery Time Before Write 0 0 0] us
tvPeL - Vpp Setup Time to CE 100 100 100 ns

ERASE AND PROGRAMMING PERFORMANCE(1)

28F010-90 28F010-12 28F010-15
Parameter Min. | Typ.| Max.| Min. {Typ. | Max.| Min. | Typ. | Max.| Unit
Chip Erase Time®)®) 05| 10 0.5 | 10 0.5 | 10 | sec
Chip Program Time®® 2 125 2 | 125 2 |12.5] sec

Note:

(1) Please refer to Supply characteristics for the value of Vppy and Vpp. The Vpp supply can be either hardwired or switched. If Vpp is switched,
VppL can be ground, less than Vgc + 2.0V or a no connect with a resistor tied to ground.

(2) Program and Erase operations are controlled by internal stop timers.

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp.

(4) Minimum byte programming time (excluding system overhead) is 16 pus (10 us program + 6 ps write recovery), while maximum is 400 us/
byte (16 ps x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since
most bytes program significantly faster than the worst case byte.

(5) Excludes 00H Programming prior to Erasure.
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CAT28F010

FUNCTION TABLE(")
Pins
Mode CE OE WE Vep T[o] Notes
Read ViL ViL ViH VepL Dour
Output Disable ViL VIH ViH X High-Z
Standby VIH X X VepL High-Z
Signature (MFG) ViL ViL ViH X 31H Ao = Vi, Ag =12V
Signature (Device) ViL Vi VIH X B4H Ao = ViH, Ag = 12V
Program/Erase ViL ViH Vi VPPH Din See Command Table
Write Cycle ViL ViH ViL VepPH Din During Write Cycle
Read Cycle ViL ViL ViH VppH Dout During Write Cycle
WRITE COMMAND TABLE

Commands are written into the command register in one or two write cycles. The command register can be altered
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch
addresses and data required for programming and erase operations.

Pins
First Bus Cycle Second Bus Cycle

Mode Operation Address Din Operation Address Din Dout
Set Read Write X O0H Read AN Dout
Read Sig. (MFG) Write X 90H Read 00 31H
Read Sig. (Device) Write X 90H Read 01 B4H
Erase Write X 20H Write X 20H
Erase Verify Write AN AOH Read X Dout
Program Write X 40H Write AIN DN
Program Verify Write X COH Read X Dout
Reset Write X FFH Write X FFH

Note:

(1) Logic Levels: X = Logic ‘Do not care’ (Vi4, Vi, VepL, VPPH)
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CAT28F010

READ OPERATIONS

Read Mode

A Read operation is performed with both CE and OE low
and with WE high. Vep can be either high or low,
however, if Vpp is high, the Set READ command has to
be sent before reading data (see Write Operations). The
data retrieved from the I/O pins reflects the contents of
the memory location corresponding to the state of the 17
address pins. The respective timing waveforms for the
read operation are shown in Figure 3. Refer to the AC
Read characteristics for specific timing parameters.

Signature Mode

The signature mode allows the user to identify the IC
manufacturer and the type of device while the device
resides in the target system. This mode can be activated
in either of two ways; through the conventional method
of applying a high voltage (12V) to address pin Ag or by
sending an instruction to the command register (see
Write Operations).

The conventional mode is entered as a regular READ
mode by driving the CE and OE pins low (with WE high),
and applying the required high voltage on address pin Ag
while all other address lines are held at VL.

A Read cycle from address 0000H retrieves the binary
code for the IC manufacturer on outputs I/Og to I/O7:

CATALYST Code = 00110001 (31H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs 1/Og to 1/O7.

28F010 Code = 1011 0100 (B4H)

Standby Mode

With CE at a logic-high level, the CAT28F010 is placed
in a standby mode where most of the device circuitry is
disabled, thereby substantially reducing power con-
sumption. The outputs are placed in a high-impedance
state.

Figure 3. A.C. Timing for Read Operation

POWER UP STANDBY DEVICE AND OUPUTS DATA VALID STANDBY POWER DOWN
ADDRESS SELECTION ENABLED
I |
aporesses - XX XXX mooresssmae  RXOOCOCKOXXX

S VN VAV U= o) L —

\ | \

@
7
*—teHQz(DF)—]

£ ¢ /
7))
[ e————— tWHGL etaHaz (tpF)

£ ¢
1)

_/
_/

o

taLav (toE)

WE (W) /

) J

tecav (tce) taxaxtion)
taLax (toLz) [« > -~

(L

[e—————tavav tacc) ——— >

[¢
M

( ) e

HIGH-Z

OUTPUT VALID
Y

DATA (1/0)

N

28F010 FO5
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CAT28F010

WRITE OPERATIONS

The following operations are initiated by observing the
sequence specified in the Write Command Table.

Read Mode

The device can be put into a standard READ mode by
initiating a write cycle with OOH on the data bus. The
subsequent read cycles will be performed similar to a
standard EPROM or E2PROM Read.

Signature Mode

An alternative method for reading device signature (see
Read Operations Signature Mode), is initiated by writing
the code 90H into the command register while keeping
Vee high. A read cycle from address 0000H with CE and
OE low (and WE high) will output the device signature.

CATALYST Code = 00110001 (31H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs 1/Og to 1/O7.

28F010 Code = 1011 0100 (B4H)

Figure 4. A.C. Timing for Erase Operation

SETUP ERASE
COMMAND

ERASE
COMMAND

Vo POWER-UP
& STANDBY

ERASING ERASE VERIFY

POWER-DOWN/

ERASE V
ce STANDBY

COMMAND VERIFICATION

le——twe — |e— thc —
tAsle—>tetay
— ———ry
e _/ N 7\ I \__
-+ |+lcs —{leton
> ICH > IEHQZ
tcH— tcs -
£ £ ¢
— ) )
E® _Z__jf ]\
IGHWL ] [«
e———tWHWH2 »—WHGL—*] e IDF
WPH f+—
_ 1)1 ()l,
WE (W) / / N / \_ |
twps ~—>riwp twple—s l0E > |-
re—>tDH <—>{tpH <-{DH-> ~> |e-toH
pgfe—> tpgle—> tpgfe—s loLz 1> fe-
HIGH-Z
DATAIN DATA IN { DATAIN
DATA(O) /- =200 % =200} = AOH
7 VALID
X DATA OUT
CE e—>
Y
vee 20 1
ov tyPEL
vpp VPPH \
VPPL

28F010 F11
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CAT28F010

Figure 5. Chip Erase Algorithm(1)

B
START ERASURE OPERﬁ,ON COMMAND COMMENTS
APPLY Vppyy Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
SROG F} AMALL ALLBYTES SHALL BE
PROGRAMMED TO 00
BYTES TO 00H STANDBY BEFORE AN ERASE
i OPERATION
',2‘3,33;‘55 INITIALIZE ADDRESS
INITIALIZE
PLSCNT =0 PLSCNT = PULSE COUNT
1
v
WRITE ERASE
SETUP COMMAND WRITE ERASE DATA = 20H
ngﬁ,\f Eﬁg E WRITE ERASE DATA = 20H

!

e TIME OUT 10ms WAIT
>
(]

ADDRESS = BYTE TO VERIFY

WRITE ERASE ERASE
VERIFY COMMAND WRITE | VERIFY DATA= AOH
T STOPS ERASE OPERATION
TIME OUT 6ps WAIT
INCREMENT I
ADDRESS
READ DATA
FROM DEVICE READ  AEADBYTE TO_
VERIFY EMADUHE
NO
INC PLSCNT STANDBY COMPARE OUTPUT TO FF
= 10007 INCREMENT PULSE COUNT
YES
LAST
ADDRESS?
WRITE READ WRITE READ RESETS THE REGISTER
COMMAND
T FOR READ OPERATION
Vpp RAMPS TO V.
APPLY V, APPLY V PP PPL
PPL PPL STANDBY (OR Vpp HARDWIRED)

! !

ERASURE ERASE
COMPLETED ERROR

Note: 5108 FHD F10
(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
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Erase Mode

During the first Write cycle, the command 20H is written
into the command register. In order to commence the
erase operation, the identical command of 20H has to be
written again into the register. This two-step process
ensures against accidental erasure of the memory con-
tents. The final erase cycle will be stopped at the rising

edge of WE, at which time the Erase Verify command -

(AOH) is sent to the command register. During this cycle,
the address to be verified is sent to the address bus and
latched when WE goes low. An integrated stop timer
allows for automatic timing control over this operation,
eliminating the need for a maximum erase timing speci-
fication. Refer to AC Characteristics (Program/Erase)
for specific timing parameters.

Erase-Verify Mode

The Erase-verify operation is performed on every byte
after each erase pulse to verify that the bits have been
erased.

Programming Mode

The programming operation is initiated using the pro-
gramming algorithm of Figure 7. During the first write
cycle, the command 40H is written into the command
register. During the second write cycle, the address of
the memory location to be programmed is latched on the
falling edge of WE, while the data is latched on the rising
edge of WE. The program operation terminates with the
next rising edge of WE. An integrated stop timer allows
for automatic timing control over this operation, eliminat-
ing the need for a maximum program timing specifica-
tion. Refer to AC Characteristics (Program/Erase) for
specific timing parameters.

Figure 6. A.C. Timing for Programming Operation

VCC POWER-UP SETUP PROGRAM LATCHADDRESS PROGRAM PROGRAM V, POWER-DOWN/
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND
VAVAVAVAVAVAV, N AVAVAVAVAVAVAV,
ADDRESSES sz A’A‘A’A’A‘A‘A‘ XXX A‘A’A‘A’A‘A‘A‘ m__
[e——twe — le——tRC —
tAg je—>le
— g
CE (E) / N\ /_\ \ £ \
—|>1 le—tcs
e tEHQZ
tcH —»]
— y X
cE@ _ / j/ \— _\____
tGHWL — fe—
le———tWHWH1 tWHGL—> e DF
YWPH fe—>
_ —5 45—
WE (W) / \ / N N \
letwps] > twp twple— 10E 1>
re—>{tDH «—>{tDH [-{DH->1 +toH
tpgle—> tpgle—s] pgje toLz1
HIGH-Z
DATA(IO)  / DATAIN 54 DATAIN } { DATAN
VALID
:LZ DATAOUT
CE
5.0V,
Vee \
ov VPEL
v
Vvpp VPPH \
VPPL

28F010 FO8
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Figure 7. Programming Algorithm(1)

START BUS
PROGRAMMING OPERATION | COMMAND COMMENTS
APPLY Vppy STANDBY Vpp RAMPS TO VppH
(OR Vpp HARDWIRED)
INITIALIZE
ADDRESS INITIALIZE ADDRESS
]
v
PLSCNT =0 INITIALIZE PULSE COUNT
PLSCNT = PULSE COUNT
1
(2
WRITE SETUP 1STWRITE |  WRITE
PROG. COMMAND CYCLE SETUP DATA = 40H
WRITE PROG. CMD 2ND WRITE
ADDR AND DATA OvoLE | PROGRAM | VALID ADDRESS AND DATA
TIME OUT 10us WAIT
WRITE PROGRAM 1STWRITE | PROGRAM
VERIFY COMMAND CYCLE VERIFY DATA = COH
TIME OUT 6ps WAIT
READ DATA READ READ BYTE TO VERIFY
FROM DEVICE PROGRAMMING
T
NO
VERIFY INC COMPARE DATA OUTPUT
DATA ? Pstzg')‘,T STANDBY TO DATA EXPECTED
YES
INCREMENT LAST
ADDRESS ADDRESS?
DATA = 00H
W%Tiﬂ';‘\i‘t‘)o ISTWRITE | Reap | SETS THE REGISTER FOR
c M¢ CYCLE READ OPERATION
APPLY vPPL APPLY vpp,_ STANDBY Vpp RAMPS TO Vpp_
(OR Vpp HARDWIRED)
PROGRAMMING PROGRAM
COMPLETED ERROR
Note:

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
5108 FHD F06
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Program-Verify Mode

A Program-verify cycle is performed to ensure that all
bits have been correctly programmed following each
byte programming operation. The specific address is
already latched from the write cycle just completed, and
stays latched until the verify is completed. The Program-
verify operation is initiated by writing COH into the
command register. An internal reference generates the
necessary high voltages so that the user does not need
to modify Vcc. Refer to AC Characteristics (Program/
Erase) for specific timing parameters.

Abort/Reset

An Abort/Reset command is available to allow the user
to safely abort an erase or program sequence. Two
consecutive program cycles with FFH on the data bus
will abort an erase or a program operation. The abort/
reset operation can interrupt at any time in a program or
erase operation and the device is reset to the Read
Mode.

POWER UP/DOWN PROTECTION

The CAT28F010 offers protection against inadvertent
programming during Vpp and Vcc power transitions.
When powering up the device there is no power-on
sequencing necessary. In other words, Vpp and Vcc
may power up in any order. Additionally Vep may be
hardwired to VppH independent of the state of Vcc and
any power up/down cycling. The internal command
register of the CAT28F010 is reset to the Read Mode on
power up.

POWER SUPPLY DECOUPLING

To reduce the effect of transient power supply voltage
spikes, it is good practice to use a 0.1uF ceramic
capacitorbetween Vcc and Vss and Vpp and Vss. These
high-frequency capacitors should be placed as close as
possible to the device for optimum decoupling.

Figure 8. Alternate A.C. Timing for Program Operation
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ALTERNATE CE-CONTROLLED WRITES

JEDEC |Standard 28F010-90 | 28F010-12 | 28F010-15
Symbol | Symbol Parameter Min. | Max. | Min. |Max. |Min. |Max. | Unit
tavav twe Write Cycle Time 90 120 120 ns
taveL tas Address Setup Time 0 0 0 ns
teLax taH Address Hold Time 40 40 40 ns
toveH tos Data Setup Time 40 40 40 ns
tEHDX toH Data Hold Time 10 10 10 ns
teHGL - Write Recovery Time Before Read us
tGHEL - Read Recovery Time Before Write 0 us
twLEL tws WE Setup Time Before CE ns
teHwH | - WE Hold Time After CE 0 ns
teLEH tcp Write Pulse Width 40 40 40 ns
teHEL tcpH Write Pulse Width High 20 20 20 ns
tvPEL - Vpp Setup Time to CE Low 100 100 100 ns
ORDERING INFORMATION
| Prefix | Device # Suffix
CAT 28F010 N | -90 TT?
Product Temperature Range Tape & VReeI
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Optional Package Speed
Company ID N: PLCC 90: 90ns

P: PDIP 12: 120ns

T: TSOP (8mmx20mm) 15: 150ns

TR: TSOP (Reverse Pinout)

T14: TSOP (8mm x 14mm)

Note: 28F010 F12

(1) The device used in the above example is a CAT28F010NI-90TE7 (PLCC, Industrial Temperature, 90 ns access time, Tape & Reel).
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IlJ|CATALYST

SEMICONDUCTAOR

CAT28F020

2 Megabit CMOS Flash Memory

FEATURES

m Fast Read Access Time: 120/150/200 ns

m Low Power CMOS Dissipation:
- Active: 30 mA max (CMOS/TTL levels)
- Standby: 1 mA max (TTL levels)
- Standby: 100 pA max (CMOS levels)
m High Speed Programming:
- 10 us per byte
- 4 Seconds Typical Chip Program
m 0.5 Seconds Typical Chip-Erase

m 12.0V + 5% Programming and Erase Voltage

H Commercial and Industrial Temperature Ranges
m Stop Timer for Program/Erase
B On-Chip Address and Data Latches

B JEDEC Standard Pinouts:
~ 32-pin DIP
~32-pin PLCC
~ 32-pin TSOP (8 x 20)

m 100,000 Program/Erase Cycles
B 10 Year Data Retention
m Electronic Signature

DESCRIPTION

The CAT28F020 is a high speed 256K x 8-bit electrically
erasable and reprogrammable Flash memory ideally
suited for applications requiring in-system or after-sale
code updates. Electrical erasure of the full memory
contents is achieved typically within 0.5 second.

It is pin and Read timing compatible with standard
EPROM and E2PROM devices. Programming and
Erase are performed through an operation and verify
algorithm. The instructions are input via the I/O bus,

using a two write cycle scheme. Address and Data are

latched to free the I/O bus and address bus during the 7

write operation.

The CAT28F020 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. It is designed
to endure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 32-pin plastic DIP, 32-pin PLCC or 32-pin
TSOP packages.

[v4 am

BLOCK DIAGRAM

1/Og—1/07
/0 BUFFERS
.| ERASE VOLTAGE FAN
SWITCH
WE —»]
| COMMAND PROGRAM VOLTAGE e DATA SENSE
1 REGISTER SWITCH E,OELOGICI= | aTCH| | AmP
_ 7
cE J
OE ] |
- 5 »  Y-GATING
& | Y-DECODER
Ag-Aq7 > @ 2,097,152 BIT
w MEMORY  [«—
& | X-DECODER [ ARRAY
A
<
VOLTAGE VERIFY
SWITCH * 5115 FHD F02

© 1996 by Catalyst Semiconductor, Inc.
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CAT28F020

PIN CONFIGURATION

PIN FUNCTIONS

DIP Package (P) PLCC Package (N) Pin Name Type Function
Vpp (et 32 [ Vee £2Z ;t >8|§ z Ao-A17 Input | Address Inputs for
Ag] 2 31 [OWE anonnonn . memory addressing
As4 3 30 H Az (‘432 1323130 /Oo-O7 | VO | Data Input/Output
A2 4 29 [ Aq4 A7 5 29[ A4 —

A7 5 28 [ A3 Ag] 6 287 Aq3 CE Input Chip Enable
A6 27 L Ag As] 7 2711 Ag OE Input | Output Enable
As} 7 26 [ Ag A 8 267 Ag —
AqC] 8 25 [ Ay Az 9 25 [ Aq4 WE Input Write Enable
Az 9 24 [1 OE Ao ] 10 24 OE Vee Voltage Supply
A2} 10 23 [ Ay A 11 231 Aqg
AC] 11 22 [JCE Ag] 12 22 CE Vss Ground
Ao 12 21 0107 oo ] 13 13 voy
0o O] 13 20 [ vog 14 15 16 17 18 19 20 Vee C(’)‘l’ga:"éiras'e
oy 14 19 [1 105 oooooog ge Supply
WO [ 15 18 [ 1/04 3888388
vgs] 16 17 [T 1oz =======
5115 FHD FO1
TSOP Package (Standard Pinout) (T)
Ayy =10 32 1 OE
Ag T2 31 Fr3 Ao
Ag 3 30 =3 CE
A3z )4 29 [ 1/07
A1g4 5 28 T I/0g
A7 6 27 ™ 1/05
WE —{7 26 [T 1/04
Veoc =8 25 F1T11/03
Vpp =9 24 [T Vgg
Aig =410 23 1 1/02
A1 = 11 22 1 1/04
Ao 1] 12 21 T3 1/0g
A7 =] 13 20 Fr Ag
Ag T 14 19 = A4
Ag =15 18 = A
A4 =16 17 =1 Ag
TSOP Package (Reverse Pinout) (TR)
OECH1v 32 [ Aqq
A1g 42 31 =3 Ag
CE 3 30 =1 Ag
1107 13 4 29 1 Aq3
110g =I5 28 =3 A4
1105 =116 27 3 Aq7
1104 =7 26 = WE
/O3 =4 8 25 (T3 Voo
Vgs =49 24 T3 Vpp
/0o =1 10 23 [ A4
1104 T 11 22 fr Aq5
1/0g =] 12 21 [ Aq2
Ag =13 20 =1 A7
A 414 19 3 Ag
Ap T 15 18 =1 As
Ag T 16 17 T A4

5115 FHD F14
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ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias -55°C to +95°C Stresses above those listed under “Absolute Maximum
Storage Temperature.............ccccucenee. —65°C to +150°C Ralings™ may conse permanent damage to the dgvnce.
e 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(" ........... —2.0V to +Vcc + 2.0V listed in the operational sections of this specification is not
Voltage on Pin Ag with implied. Exposure to any absolute maximum rating for
Respect to Ground™ ................... 2.0V to +13.5V extended periods may affect device performance and
liability.
Vep with Respect to Ground rofabiliy
during Program/Erase(" .............. —2.0V to +14.0V
Vce with Respect to Ground(™) ............ —2.0V to +7.0V
Package Power Dissipation
Capability (Ta =25°C) .ccovvvvvvcririciriincnn 1.0W
Lead Soldering Temperature (10 secs) ............ 300°C
~ Output Short Circuit Current® ..............cooveeee. 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp®) Endurance 100K Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 10 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
CAPACITANCE Ta =25°C, f=1.0 MHz
Limits
Symbol Test Min Max. Units Conditions
CiN® Input Pin Capacitance 6 pF ViN= 0V
Cout® Output Pin Capacitance 10 pF Vout = 0V
Cvpp® Vpp Supply Capacitance 25 pF Vpp = OV
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 Vg + 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.

(8) 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.
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CAT28F020

D.C. OPERATING CHARACTERISTICS
Vce = +5V £10%, unless otherwise specified.

Limits
Symbol Parameter “Min. Max. Unit Test Conditions
1Ll Input Leakage Current 1 A VIN = Vcc or Vss
Vcec =5.5V, OE = V4
ILo Output Leakage Current +1 A Vout = Vcc or Vss,
Vce =5.5V, OE = Vi
IsB1 Vce Standby Current CMOS 100 HA CE =Vcc 0.5V,
Vcec =5.5V
IsB2 Vce Standby Current TTL 1 mA CE = Vi, Vcc = 5.5V
lcct Vcc Active Read Current 30 mA Vce = 5.5V, CE = Vi,
loutT=0mA, f =6 MHz
lcc2® | Vec Programming Current 15 mA Vce = 5.5V,
Programming in Progress
lcca" | Vcc Erase Current 15 mA Vce = 5.5V,
Erasure in Progress
lcca") | Vcc Prog./Erase Verify Current 15 mA Vcc = 5.5V, Program or
Erase Verify in Progress
7 Ipps Vpp Standby Current +10 HA Vpp = VppL
IPP1 Vpp Read Current 200 LA Vpp = VppH
lpp2(") | Vpp Programming Current 30 mA Vpp = VPPH,
Programming in Progress
lepa( | Vep Erase Current 30 mA Vpp = VPPH,
Erasure in Progress
IppsM | Vpp Prog./Erase Verify Current 5 mA Vep = VppH, Program or
Erase Verify in Progress
Vi Input Low Level TTL -0.5 0.8 \
Vie Input Low Level CMOS -0.5 0.8 \Y
VoL Output Low Level 0.45 \" loL =5.8mA, Vcc = 4.5V
ViH Input High Level TTL 2 Vce+0.5 \Y)
ViHe Input High Level CMOS Vcc*0.7 | Vec+0.5 \)
VoH1 Output High Level TTL 24 Vv lon =-2.5mA, Vcc = 4.5V
VoHz Output High Level CMOS Vee-0.4 \ loH = —400pA, Vece = 4.5V
Vip Ag Signature Voltage 11.4 13 \ Ag =Vip
lip™ Ag Signature Current 200 HA Ag = Vip
Vio Vcc Erase/Prog. Lockout Voltage 25 \Y
Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
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CAT28F020

SUPPLY CHARACTERISTICS

Limits
Symbol Parameter Min Max. Unit
Vece Vce Supply Voltage 4.5 5.5 \'%
VepL Vep During Read Operations 0 6.5 v
VepH Vpp During Read/Erase/Program 114 12.6 \%
A.C. CHARACTERISTICS, Read Operation
Ve = +5V £10%, unless otherwise specified.
JEDEC | Standard 28F020-12 |28F020-15 |28F020-20
Symbol | Symbol Parameter Min. | Max.| Min.| Max.| Min. | Max. | Unit
tavav trc Read Cycle Time 120 150 200 ns
teLav tce CE Access Time 120 150 200 | ns
tavav tacc Address Access Time 120 150 200 | ns
taLav toe OE Access Time 50 55 60 ns
taxax toH Output Hold from Address OE/CE Change ns
taLax torz(1® | OE to Output in Low-Z ns
tecax | tz("® |CE to Output in Low-Z 0 0 ns
taHaz tor(M®@ | OE High to Output High-Z 30 35 35 | ns
tenaz tor(M@ | CE High to Output High-Z 40 45 45 | ns
twral(D | - Write Recovery Time Before Read 6 6 6 us
Figure 1. A.C. Testing Input/Output Waveform(3X4)(5)
24V ><2_ 5V
INPUT PULSE LEVELS REFERENCE POINTS
0.45V 08V
5108 FHD F03
Figure 2. A.C. Testing Load Circuit (example) 1.3V
i 1N914
3.3K
DEVICE
UTNE%ﬁ_R i oOuT
Cy =100 pF
l Cy INCLUDES JIG CAPACITANCE 5108 FHD Fot

Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) Output floating (High-2) is defined as the state where the external data line is no longer driven by the output buffer.

(3) Input Rise and Fall Times (10% to 90%) < 10 ns.
(4) Input Pulse Levels = 0.45V and 2.4V.
(5) Input and Output Timing Reference = 0.8V and 2.0V.

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid.
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A.C. CHARACTERISTICS, Program/Erase Operation
Vce = +5V £10%, unless otherwise specified.

JEDEC |Standard 28F020-12 | 28F020-15 | 28F020-20

Symbol | Symbol Parameter Min. {Max.| Min. [Max.| Min. |Max. | Unit
tavav twe Write Cycle Time 120 150 200 ns
tavwL tas Address Setup Time 0 0 0 ns
twiLax taH Address Hold Time 40 40 40 ns
tovwH tos Data Setup Time 40 40 40 ns
twHDX toH Data Hold Time 10 10 10 ns
teLwL tcs CE Setup Time 0 0 0 ns
twHEH tcH CE Hold Time 0 0 0 ns
twLwH twe WE Pulse Width 40 40 40 ns
twHwL twen | WE High Pulse Width 20 20 20 ns
twHwH1® | - Program Pulse Width 10 10 10 us
twawh2® | - Erase Pulse Width 8.5 8.5 8.5 ms
twHaL - Write Recovery Time Before Read 6 6 6 us
taHwL - Read Recovery Time Before Write 0 0 0 us
tvPEL - Vpp Setup Time to CE 100 100 100 ns

ERASE AND PROGRAMMING PERFORMANCE(1)

28F020-12 28F020-15 28F020-20
Parameter Min. | Typ. | Max. | Min. | Typ. [ Max. | Min. | Typ. | Max. | Unit
Chip Erase Time®)®) 0.5 10 0.5 10 0.5 10 sec
Chip Program Time®)4) 4 25 4 25 4 25 sec

Note:

(1) Please refer to Supply characteristics for the value of Vpp and Vpp. The Vpp supply can be either hardwired or switched. If Vpp is switched,
VppL can be ground, less than Vg + 2.0V or a no connect with a resistor tied to ground.

(2) Program and Erase operations are controlled by internal stop timers.

(8) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp.

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 ps program + 6 pus write recovery), while maximum is 400 us/
byte (16 ps x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since
most bytes program significantly faster than the worst case byte.

(5) Excludes 00H Programming prior to Erasure.
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FUNCTION TABLE(")
Pins
Mode CE OE WE Vee vo Notes
Read Vi ViL ViH VppL Dout
Output Disable ViL Vi1 ViH X High-Z
Standby ViH X X VpepL High-Z
Signature (MFG) ViL ViL ViH X 31H Ao = Vi, Ag = 12V
Signature (Device) ViL ViL ViH X BDH Ao = ViH, Ag = 12V
Program/Erase Vi VIH Vi VepH Din See Command Table
Write Cycle ViL ViH ViL VpPH Din During Write Cycle
Read Cycle ViL Vi ViH VepH Dout During Write Cycle
WRITE COMMAND TABLE

Commands are written into the command register in one or two write cycles. The command register can be altered
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch
addresses and data required for programming and erase operations.

Pins
First Bus Cycle Second Bus Cycle

Mode Operation Address Din Operation Address Din Dout
Set Read Write X O0OH Read AN Dout
Read Sig. (MFG) Write X 90H Read 00 31H
Read Sig. (Device) Write X 90H Read 01 BDH
Erase Write X 20H Write X 20H
Erase Verify Write AN AOH Read X Dout
Program Write X 40H Write AN Din
Program Verify Write X COH Read X Dout
Reset Write X FFH Write X FFH

Note:

(1) Logic Levels: X = Logic ‘Do not care’ (Vi4, Vi, VepL, VPPH)
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CAT28F020

READ OPERATIONS

Read Mode

A Read operation is performed with both CE and OE low
and with WE high. Vpp can be either high or low,
however, if Vpp is high, the Set READ command has to
be sent before reading data (see Write Operations). The
data retrieved from the I/O pins reflects the contents of
the memory location corresponding to the state of the 18
address pins. The respective timing waveforms for the
read operation are shown in Figure 3. Refer to the AC
Read characteristics for specific timing parameters.

Signature Mode

The signature mode allows the user to identify the IC
manufacturer and the type of device while the device
resides in the target system. This mode can be activated
in either of two ways; through the conventional method
of applying a high voltage (12V) to address pin Ag or by
sending an instruction to the command register (see
Write Operations).

The conventional mode is entered as a regular READ
mode by driving the CE and OE pins low (with WE high),
and applying the required high voltage on address pin Ag
while all other address lines are held at V).

A Read cycle from address 0000H retrieves the binary
code for the IC manufacturer on outputs 1/Og to I/O7:

CATALYST Code = 00110001 (31H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs 1/Og to I/O7.

28F020 Code = 1011 1101 (BDH)

Standby Mode

With CE at a logic-high level, the CAT28F020 is placed
in a standby mode where most of the device circuitry is
disabled, thereby substantially reducing power con-
sumption. The outputs are placed in a high-impedance
state.

Figure 3. A.C. Timing for Read Operation

POWER UP STANDBY DEVICE AND

ADDRESS SELECTION

OUPUTS
ENABLED

DATA VALID STANDBY  POWER DOWN

£
aporesses XXXXKXXXKXANN rooresssmate MXXOOOOXXXXXX

le———————————tayay (gg) ———————————»

\ -

)
leteHaz (tDF)

L / \
27
[e————wHaL

letgHQZ (tDF)
¢
y Y

AN

CE (E)

_/
OF (©) _/

NN

WEW) taLav (o) \__
B teLqy (tce)
taLax toLz) (e > ——»{taxax (tom)
re——eLax (L) —>] N '
oaTa0) ——— (TR ) s
))
[e————tavav taco) ————»

28F020 FO5
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WRITE OPERATIONS

The following operations are initiated by observing the
sequence specified in the Write Command Table.

Read Mode

The device can be put into a standard READ mode by
initiating a write cycle with O0OH on the data bus. The
subsequent read cycles will be performed similar to a
standard EPROM or E2PROM Read.

Signature Mode

An alternative method for reading device signature (see
Read Operations Signature Mode), is initiated by writing
the code 90H into the command register while keeping
Vpp high. A read cycle from address 0000H with CE and
OE low (and WE high) will output the device signature.

CATALYST Code = 00110001 (31H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs I/Og to 1/07.

28F020 Code = 1011 1101 (BDH)

Erase Mode

During the first Write cycle, the command 20H is written
into the command register. In order to commence the
erase operation, the identical command of 20H has tobe
written again into the register. This two-step process
ensures against accidental erasure of the memory con-
tents. The final erase cycle will be stopped at the rising
edge of WE, at which time the Erase Verify command
(AOH) is sent to the command register. During this cycle,
the address to be verified is sent to the address bus and
latched when WE goes low. An integrated stop timer
allows for automatic timing control over this operation,
eliminating the need for a maximum erase timing speci-
fication. Refer to AC Characteristics (Program/Erase)
for specific timing parameters.

Figure 4. A.C. Timing for Erase Operation

Vo POWER-UP  SETUP ERASE ERASE ERASING ERASE VERIFY ERASE Vcc POWER-DOWN/
& STANDBY COMMAND COMMAND COMMAND VERIFICATION STANDBY
\VAVAVAVAVAVAVAV .VAVAVAVAVAVAVAY ¢ R 00y
ADDRESSES sz JXXXXOXXXXKK KRN
[e—twe —>te—1we —twc [+—'Rc —
tase—>tesiian
— Gy
E® /N SN\ T\ , N O\
—J-I le—tcs —» L—‘CH
<1cH >l tEHQZ
1cH — tcs -—
_— = J}‘I ‘)‘) |
kG _/ j[ / -—\_
tGHWL | [«
re——tWHWH2 tWHGL—> > tDF
tWPH +—>
£Q £ ¢
— ) Rl
wew) / \ ] N \ \
twps >t lwp twple—s tOE 1>
re—>{tDH <«—ipH «-tDH->
Ips|e—s tpgje—s psle— oLz
HIGH-Z \
DATAIN }{ DATAIN DATAIN %
DATA (1/0) / x = 20H = 20H 7 L= AOQH y 4
. 7 VALID
X DATA OUT
CE
oV,
vee 59 \
ov ,4—» tvPEL
v
vpp VPPH \
VPPL

28F020 F11
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Figure 5. Chip Erase Algorithm(1)

START ERASURE OPERATION| COMMAND COMMENTS

APPLY Vopn Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
! ALL BYTES SHALL BE
PROGRAM ALL PROGRAMMED TO 00
BYTES TO 00H STANDBY BEFORE AN ERASE
I OPERATION
INITIALIZE INITIALIZE ADDR
ADDRESS ESS
INITIALIZE
PLSONT 20 PLSCNT = PULSE COUNT
1
Y
WRITE ERASE ~
AL WRITE | ERASE DATA=20H
WRITE ERASE _
COMMAND WRITE | ERASE DATA = 20H
TIME OUT 10ms WAIT
l = VERI
WRITE ERASE WRITE | ERASE ADDRESS AT?\UEJS ERIFY
VERIFY COMMAND VERIFY | 51OPS ERASE OPERATION
TIME OUT 6us WAIT
INCREMENT T
ADDRESS
READ DATA P P,
READ DATA READ READ BYTE TO
FROM DEVICE VERIFY ERASURE
NO
INC PLSCNT STANDBY COMPARE OUTPUT TO FF
00 ? INCREMENT PULSE COUNT
YES
LAST
ADDRESS?
DATA = 00H
V‘(';F(‘)'Emﬁgo WRITE READ RESETS THE REGISTER
T FOR READ OPERATION
Vpp RAMPS TO V.
APPLY VepL APPLY VppL STANDBY (OEPVPP HARDWIRED)

!

ERASURE ERASE
COMPLETED ERROR

Note: 5108 FHD F10
(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
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Erase-Verify Mode

The Erase-verify operation is performed on every byte
after each erase pulse to verify that the bits have been
erased.

Programming Mode

The programming operation is initiated using the pro-
gramming algorithm of Figure 7. During the first write
cycle, the command 40H is written into the command
register. During the second write cycle, the address of
the memory location to be programmed is latched on the
falling edge of WE, while the data is latched on the rising
edge of WE. The program operation terminates with the
next rising edge of WE. An integrated stop timer allows
forautomatic timing control over this operation, eliminat-
ing the need for a maximum program timing specifica-
tion. Refer to AC Characteristics (Program/Erase) for
specific timing parameters.

Program-Verify Mode

A Program-verify cycle is performed to ensure that all
bits have been correctly programmed following each
byte programming operation. The specific address is
already latched from the write cycle just completed, and
stays latched until the verify is completed. The Program-
verify operation is initiated by writing COH into the
command register. An internal reference generates the
necessary high voltages so that the user does not need
to modify Vcc. Refer to AC Characteristics (Program/
Erase) for specific timing parameters.

Figure 6. A.C. Timing for Programming Operation

VCC POWER-UP SETUP PROGRAM LATCHADDRESS PROGRAM PROGRAM V, POWER-DOWN/
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND
ADDRESSES XXZXXXXXXXXEI XXX :XXXXXXX)‘:ZXXXX_
le—twe —»] le—1twc [e— tRC —>
tAS fe—>fe—{taH
@ _/ N /¢ N 2
—# j=tcs > fo—tcH
A . »>le—tCH (> {EHQZ
toH —»| e Ics | |=
_ e 4G 45
GEG@ _ / _j \ { _—\__
tGHWL —p (e
fe———tWHWH1 tWHGL—> e IDF
tWPH [e—
—_— \ \ ()1f \ ﬁ(%
WE (W) / \k i[ \ \ / \
letwps] «—>rtwp wple—s loE
e—>IDH <—>{IpH e-tDH->
‘DS > lDS lt— tDS [ tOLZ‘
HIGH-Z
DATA(IO) { DATAN B DATAIN { g
VALID
:LZ DATAOUT
CE
5.0V,
vVce \
ov tPEL
\ \
vpp VPPH
VPPL

28F020 FO7
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Figure 7. Programming Algorithm(1)

START BUS
PROGRAMMING OPERATION | COMMAND COMMENTS
APPLY Vppy STANDBY Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
T[',Eg'égg INITIALIZE ADDRESS
o]
PLSCNT =0 INITIALIZE PULSE COUNT
PLSCNT = PULSE COUNT
e
Y
WRITE SETUP 1ST WRITE WRITE
PROG. COMMAND CYCLE SETUP DATA = 40H
WRITE PROG. CMD 2ND WRITE
ADDR AND DATA OVOLE | PROGRAM | VALID ADDRESS AND DATA
!
TIME OUT 10ps WAIT
WRITE PROGRAM 1ST WRITE | PROGRAM
VERIFY COMMAND CYCLE VERIFY DATA = COH
TIME OUT 6us WAIT
READ DATA READ READ BYTE TO VERIFY
FROM DEVICE PROGRAMMING
NO
VERIFY INC COMPARE DATA OUTPUT
DATA? Piszg'f',T STANDBY TO DATA EXPECTED
YES
INCREMENT LAST
ADDRESS ADDRESS?
DATA = 00H
WRITE READ ISTWRITE | geap | SETS THE REGISTER FOR
COMMAND CYCLE READ OPERATION
| ‘
APPLY VPPL APPLY VPPL STANDBY Vpp RAMPS TO Vpp|_
(OR Vpp HARDWIRED)
PROGRAMMING PROGRAM
COMPLETED ERROR
Note:

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
5108 FHD F06
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Abort/Reset POWER SUPPLY DECOUPLING

An Abort/Reset command is available to allow the user
to safely abort an erase or program sequence. Two
consecutive program cycles with FFH on the data bus
will abort an erase or a program operation. The abort/
reset operation can interrupt at any time in a program or
erase operation and the device is reset to the Read
Mode.

To reduce the effect of transient power supply voltage
spikes, it is good practice to use a 0.1uF ceramic
capacitorbetweenVcc and Vssand Vppand Vss. These
high-frequency capacitors should be placed as close as
possible to the device for optimum decoupling.

POWER UP/DOWN PROTECTION

The CAT28F020 offers protection against inadvertent
programming during Vpp and Vcc power transitions.
When powering up the device there is no power-on
sequencing necessary. In other words, Vep and Vcc
may power up in any order. Additionally Vpp may be
hardwired to VppH independent of the state of Vcc and
any power up/down cycling. The internal command
register of the CAT28F020 is reset to the Read Mode on
power up.

Figure 8. Alternate A.C. Timing for Program Operation

Voo POWER-UP  SETUP PROGRAM LATCH ADDRESS PROGRAM PROGRAM Vi POWER-DOWN/ 7
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND

v VAVAVAVAVAVAVAY s ¢y Ry

ADDRESSES XXXXXZXZXXXXZX KX REREED

le——twc —> le—1twc e——tRc —

wew /[ \
—>| |<- tWLEL ’l — l-— tEHWH

. lt— tWLEL > [ tEHWH tEHQZ

TAVEL (e>te—ELAX

!
g

- ]
EHWH —>| YWLEL [
BE (6) 4 J)(r %{) ,F [—'_\_
tGHEL j -~ (e————EHEH ><—tlEHGL — > IDF
o EHEL]‘ " A (— \ ! qs y
CE®  / \ / \NE —\_
> tELEH ELEH le—>
le—>{tEHDX | le—{ tEHDX -~
{DVEH [«— le—{ tDVEH IDVEH [**>
HIGH-Z s \ r \
{ DATAIN { DATAIN
DATA (1/0) r 4 2o ,H DATAIN }- L _—COH 4
5.0V,
vee >0 \__
Ve WPEL
v \
Vpp VPPH 7
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ALTERNATE CE-CONTROLLED WRITES

JEDEC |Standard 28F020-12 | 28F020-15 | 28F020-20
Symbol | Symbol Parameter Min. | Max. | Min. |Max. |[Min. |Max. | Unit
tavav twc Write Cycle Time 120 150 200 ns
tavEL tas Address Setup Time 0 0 0 ns
tELAX tan Address Hold Time 40 40 40 ns
toveH tos Data Setup Time 40 40 40 ns
teHDX toH Data Hold Time 10 10 10 ns
teHGL — Write Recovery Time Before Read us
tGHEL — Read Recovery Time Before Write us
twiLEL twis WE Setup Time Before CE ns
tEHWH — WE Hold Time After CE ns
tELEH tcp Write Pulse Width 40 40 40 ns
tEHEL tcPH Write Pulse Width High 20 20 20 ns
tvpEL — Vep Setup Time to CE Low 100 100 100 ns
ORDERING INFORMATION
| Prefix | Device # Suffix |
CAT 28F020 N | -12 TE7
A A T A T
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Optional Package Speed
Company ID N: PLCC 12: 120ns
P: PDIP 15: 150ns
T: TSOP (8mmx20mm) 20: 200ns
TR: TSOP (Reverse Pinout)

Note:

28F020 F12

(1) The device used in the above example is a CAT28F020NI-12TE7 (PLCC, Industrial Temperature, 120 ns access time, Tape & Reel).
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Ill|CATALYST

SEMICONDUCTAOR

CAT28F102

1 Megabit CMOS Flash Memory

FEATURES

B Fast Read Access Time: 90/120/150 ns

m Low Power CMOS Dissipation:
—Active: 30 mA max (CMOS/TTL levels)
—-Standby: 1 mA max (TTL levels)
—Standby: 100 pA max (CMOS levels)

® High Speed Programming:

-10 ps per byte
-1 Sec Typ Chip Program

B 0.5 Seconds Typical Chip-Erase
H 12.0V +5% Programming and Erase Voltage
®m Commercial and Industrial Temperature Ranges

B 64K x 16 Word Organization
B Stop Timer for Program/Erase
B On-Chip Address and Data Latches

B JEDEC Standard Pinouts:
-40-pin DIP
—44-pin PLCC
-40-pin TSOP

m 100,000 Program/Erase Cycles
B 10 Year Data Retention
B Electronic Signature

DESCRIPTION

The CAT28F102is a high speed 64K x 16-bit electrically
erasable and reprogrammable Flash memory ideally
suited for applications requiring in-system or after-sale
code updates. Electrical erasure of the full memory
contents is achieved typically within 0.5 second.

It is pin and Read timing compatible with standard
EPROM and E2PROM devices. Programming and Erase
are performed through an operation and verify algo-
rithm. The instructions are input via the I/O bus, using a

two write cycle scheme. Address and Data are latched
to free the I/O bus and address bus during the write
operation.

The CAT28F102 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. Itis designed to
endure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 40-pin DIP, 44-pin PLCC, or 40-pin TSOP
packages.

BLOCK DIAGRAM 1/0g-1/O15
/O BUFFERS
»| ERASE vOLTAGE I
SWITCH
WE COMMAND PROGRAM VOLTAGE — DATA SENSE
—>| REGISTER [ | SWITCH CE, OELOGIC = | aTCH | | AMP
CE
OE |
-z —»  Y-GATING
% | V-DECODER
Ag-Aq5 > ] 1,048,576-BIT
o MEMORY  [*—
§ | X-DECODER ARRAY
<
VOLTAGE VERIFY

SWITCH

28F101-1

© 1996 Catalyst Semiconductor, Inc.
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CAT28F102 Preliminary
PIN CONFIGURATION PIN FUNCTIONS
Pin Name Type Function
Ao-Ais Input Address Inputs for
memory addressing
1/00—1/O /0 Data Input/Output
PLCC Package (N) oS ata Input/Outp
™ < W0 H
22 élg"‘;’ ;& o 8!'-” 0 v CE Input Chip Enable
== B Z < OF Input | Output Enabl
nooononoonn npu utput Enable
WE Input Write Enable
Vo127 6 5 4 3 2 144434 414039:“,”3
011 ] 8 38 [7 Aq2 Vee Voltage Supply
11019 9 371 Ay Vss Ground
I/Og!j 10 36 [ A10
10g . 11 357 Ag Vpp Program/Erase
vgs O 12 341 vgg Voltage Supply
NC ] 18 331 NC NC No Connect
/074 14 32 Ag
1106 ] 15 310 A7
105 ] 16 307 Ag
1104 17 29[ A5
18 19 20 21 22 23 26 27 28
[ ERERRRERE] oy
SSgSBe eE2ex
- - 28F101-2
DIP Package (P)
vpp O 1 \ 40 [ Vee Ag 10 40 T3 Vss
cE 2 a9 1 We Ao 2 39 T Ag
Ay 43 38 [T A7
vo1s ] 3 38[INC A1p =4 a7 = Ag
1014 ] 4 37 |1 A5 A3 45 36 T A5
11013 O 5 36 [ A4 214':‘:6 35 3‘—3:4
15 137 34 [T A3
012 L 6 35 [ A13 NC =8 33 Ay
Vo 44 7 34 L1 Aq2 WE —{9 32 1 A4
11010 ] 8 33 [3 Ay vee =10 31 A9
vog O 9 32 [ Arg vpp ] 11 TSOP Package (T) 30 = 0
I10og [ 10 31 [ Ag VOCE ] ::25 g: -] I;go
15 I T3 1/04
Vgs Lf 1 80 g Vss 11014 =] 14 27 Fr=3 105
o7 Lj 12 291 Ag 11013 = 15 26 =1 1/03
1/0g ] 13 28 [ A7 11012 =116 25 1104
/105 ] 14 27 [ As /1041 =417 24 [T 1/05
1104 ] 15 26 [ A5 l/%o 418 23 [T 1/0g
25 9 {19 22 Fr1/07
Vo3 L4 16 - Ad 1/0g =120 21 Fravgg

110p 1 17 24 [ Az
Vo4 ] 18 23 [ Ap
Vog O 19 22 [ A4
OE ] 20 21 [0 Ag

28F101-2

28F101-3
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CAT28F102

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias..........c......... -55°C to +95°C Stresses above those listed under “Absolute Maximum
Storage Temperature .........c..ccceeueene -65°C to +150°C Ratings” may cayso permanent damage to.the dgwce.
R 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" ........... -0.6V to +Vcc + 2.0V listed in the operational sections of this specification is not
Voltage on Pin Ag with implied. Exposure to any absolute maximum rating for
Respect to Ground™ .................. —2.0V to +13.5V extended periods may affect device performance and
reliability.
Vpp with Respect to Ground b
during Program/Erase(") .............. —0.6V to +14.0V
Vcc with Respect to Ground(™ ............ —2.0V to +7.0V
Package Power Dissipation
Capability (Ta =25°C) ...cooveririiinriiiiiiiiiens 1.0W
Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® ....................... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp® Endurance 100K Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 10 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
CAPACITANCE Ta =25°C,f=1.0 MHz
Limits
Symbol Test Min Max. Units Conditions
Cin® Input Pin Capacitance 6 pF Vin=0V
Cout® Output Pin Capacitance 10 pF Vout = 0V
Cvpp® Vpp Supply Capacitance 25 pF Vep = OV
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 Vg + 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.

(8) 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.
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Preliminary

D.C. OPERATING CHARACTERISTICS
Vee = +5V £10%, unless otherwise specified

Limits
Symbol Parameter Min. Max. Unit Test Conditions
I Input Leakage Current +1 pA Vin = Vcc or Vss
Vce =5.5V, OE = Vi
Io Output Leakage Current +1 pA Vour = Vcc or Vss,
Vcc =5.5V, OE = Vi
IsB1 Ve Standby Current CMOS 100 pA CE = Vcc +0.5V,
Vce = 5.5V
IsB2 Vce Standby Current TTL 1 mA CE = Vin, Vce = 5.5V
Icc Vce Active Read Current 50 mA Vce = 5.5V, CE = Vi,
lout = OMA, f = 6 MHz
lcc2 | Vee Programming Current 30 mA Vce = 5.5V,
Programming in Progress
lccsM | Vcc Erase Current 30 mA Vce = 5.5V,
Erasure in Progress
lccat" | Vcc Prog./Erase Verify Current 30 mA Vce = 5.5V, Program or
Erase Verify in Progress
IpPs Vpp Standby Current +10 pA Vep = VppL
IPP1 Vep Read Current 100 pA Vep = VppH
Ipp2(" | Vpp. Programming Current 50 mA Vpp = VpPH,
Programming in Progress
lppa(" | Vpp Erase Current 30 mA Vep = VppH,
Erasure in Progress
Ippal") | Vpp Prog./Erase Verify Current 5 mA Vep = VppH, Program or
) Erase Verify in Progress
Vi Input Low Level TTL -0.5 0.8 \"
ViLe Input Low Level CMOS -0.5 0.8 \Y
VoL Output Low Level 0.45 vV loL =5.8mA, Vce = 4.5V
ViH Input High Level TTL 2 Vce+0.5 \
ViHe Input High Level CMOS Vcc*0.7 | Vec+0.5 \Y
VoH1 Output High Level TTL 24 Vv loH =-2.5mA, Vcc = 4.5V
VoHz Output High Level CMOS Vce-0.4 Vv lon = —400uA, Ve = 4.5V
Vio Ag Signature Voltage 11.4 13.0 \ Ag =Vip
o™ Ag Signature Current 200 pA Ag =Vip
Vio Vcc Erase/Prog. Lockout Voltage 25 \"

Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
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Preliminary CAT28F102
SUPPLY CHARACTERISTICS
Limits
Symbol Parameter Min Max. Unit
Vce Vce Supply Voltage 4.5 5.5 \
VprL Vpp During Read Operations 0 6.5 \
VPPH Vpp During Read/Erase/Program 11.4 12.6 \'
A.C. CHARACTERISTICS, Read Operation
Ve = +5V £10%, unless otherwise specified
JEDEC | Standard 28F102-90 |28F102-12| 28F102-15
Symbol | Symbol Parameter Min. | Max.| Min.|Max.| Min. |[Max. | Unit
tavav trc Read Cycle Time 90 120 150 ns
teLav tce CE Access Time 90 120 150 | ns
tavav tacc Address Access Time 90 120 150 | ns
taLav toe OFE Access Time 45 50 55 | ns
taxax toH Output Hold from Address OE/CE Change ns
taLax toz(1® | OE to Output in Low-Z 0 ns
teLax tL2(1)®) CE to Output in Low-Z ns
taHaz tor(M(@ OE High to Output High-Z 20 30 35 | ns
tenaz(M@ | - CE High to Output High-Z 30 40 45 | ns
twhaL(" - Write Recovery Time Before Read 6 6 6 us
Figure 1. A.C. Testing Input/Output Waveform(3)(4)(5)
24V =5V
INPUT PULSE LEVELS REFERENCE POINTS
045V ><o.s \Y
5108 FHD FO3
Figure 2. A.C. Testing Load Circuit (example) 1.3V
g 1N914
3.3K
DEVICE
U_|I_\IEDS§|_R l o OUT
I Cy =100 pF
— C_ INCLUDES JIG CAPACITANCE 5108 FHD Fos

Note:

(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer.
(3) Input Rise and Fall Times (10% to 90%) < 10 ns.

(4) Input Pulse Levels = 0.45V and 2.4V.

(5) Input and Output Timing Reference = 0.8V and 2.0V.
(6) Low-Zis defined as the state where the external data may be driven by the output buffer but may not be valid.
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A.C. CHARACTERISTICS, Program/Erase Operation
Vce = +5V £10%, unless otherwise specified.

JEDEC |Standard 28F102-90 | 28F102-12 | 28F102-15

Symbol | Symbol Parameter Min. |Max.| Min. |Max.| Min. |Max. | Unit
tavav twe Write Cycle Time 90 120 150 ns
tavwL tas Address Setup Time 0 0 0 ns
twLax tAH Address Hold Time 40 40 40 ns
tovwH tos Data Setup Time 40 40 40 ns
twHDX toH Data Hold Time 10 10 10 ns
teLwL tcs CE Setup Time 0 0 0 ns
twHEH tc CE Hold Time 0 0 0 ns
twiLwH twp WE Pulse Width 40 40 40 ns
tWHWL twen | WE High Pulse Width 20 20 20 ns
twHwH1® | - Program Pulse Width 10 10 10 us
twHwH2® | - Erase Pulse Width 9.5 9.5 9.5 ms
twHGL - Write Recovery Time Before Read 6 6 6 us
taHwL - Read Recovery Time Before Write 0 0 0 us
tvPEL - Vpp Setup Time to CE 100 100 100 ns

ERASE AND PROGRAMMING PERFORMANCE(1)

28F102-90 28F102-12 28F102-15
Parameter Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.| Unit
Chip Erase Time®)(®) 0.5 10 0.5 10 0.5 10 sec
Chip Program Time(®)4) 1 6.5 1 6.5 1 6.5 sec

Note:

(1) Please refer to Supply characteristics for the value of Vppy and Vpp. The Vpp supply can be either hardwired or switched. If Vpp is switched,
VppL can be ground, less than V¢c + 2.0V or a no connect with a resistor tied to ground.

(2) Program and Erase operations are controlled by internal stop timers.

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp.

(4) Minimum byte programming time (excluding system overhead) is 16 ps (10 us program + 6 ps write recovery), while maximum is 400 us/
byte (16 us x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since
most bytes program significantly faster than the worst case byte.

(5) Excludes 00H Programming prior to Erasure.
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FUNCTION TABLE(1)
Pins
Mode CE OE WE Vep Vo Notes
Read ViL Vi ViH VppL Dout
Output Disable Vi VIH ViH X High-Z
Standby VIH X X VepL High-Z
Signature (MFG) ViL ViL Vin VepL 0031H Ag = Vi, Ag =12V
Signature (Device) Vi Vi ViH X 0051H Ao =ViH, Ag =12V
Program/Erase ViL ViH ViL VepH Din See Command Table
Write Cycle ViL ViH ViL VPpPH Din During Write Cycle
Read Cycle Vi Vi ViH VepH Dout During Write Cycle
O/P Disable ViL ViH ViH VPPH High-Z During Write Cycle
Standby ViH X X VppH High-Z During Write Cycle

WRITE COMMAND TABLE
Commands are written into the command register in one or two write cycles. The command register can be altered

only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch
addresses and data required for programming and erase operations.

Pins
First Bus Cycle Second Bus Cycle
Mode Operation Address Din Operation Address Din Dout
Set Read Write X XX00H Read AN Dourt
Read Sig. (MFG) Write X XX90H Read 0000 0031H
Read Sig. (Device) Write X XX90H Read 0001 0051H
Erase Write X XX20H Write X XX20H
Erase Verify Write AN XXAOH Read X Dout
Program Write X XX40H Write AN Din
Program Verify Write X XXCOH Read X Dourt
Reset Write X XXFFH Write X XXFFH

Note:
(1) Logic Levels: X = Logic ‘Do not care’ (ViH, ViL, VepL, VPPH)
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Preliminary

READ OPERATIONS

Read Mode

A Read operation is performed with both CE and OE low
and with WE high. Vpp can be either high or low,
however, if Vpp is high, the Set READ command has to
be sent before reading data (see Write Operations). The
data retrieved from the 1/O pins reflects the contents of
the memory location corresponding to the state of the 16
address pins. The respective timing waveforms for the
read operation are shown in Figure 3. Refer to the AC
Read characteristics for specific timing parameters.

Signature Mode

The signature mode allows the user to identify the IC
manufacturer and the type of device while the device
resides in the target system. This mode can be activated
in either of two ways; through the conventional method
of applying a high voltage (12V) to address pin Ag or by
sending an instruction to the command register (see
Write Operations).

The conventional mode is entered as a regular READ
mode by driving the CE and OE pins low (with WE high),
and applying the required high voltage on address pin Ag
while all other address lines are held at V..

A Read cycle from address 0000H retrieves the binary
code for the IC manufacturer on outputs 1/Og to I/O1s:

CATALYST Code = 0000 0000 0011 0001 (0031H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs /Og to 1/O1s.

28F102 Code = 0000 0000 0101 0001 (0051H)

Standby Mode

With CE at a logic-high level, the CAT28F102 is placed
in a standby mode where most of the device circuitry is
disabled, thereby substantially reducing power con-
sumption. The outputs are placed in a high-impedance
state.

Figure 3. A.C. Timing for Read Operation

POWER UP STANDBY

DEVICE AND
ADDRESS SELECTION

OUPUTS DATA VALID

ENABLED

STANDBY  POWER DOWN

Ve

OO0

() /r—_\—

[ —tepazt(pp)—

NN

<'GHaz (F) >

£ G
)

K qd / \__
L

taLqv (tog)

' v

teLav (tce) taxaxtion)

HIGH-Z

ApDRESSES YOO ADDRESS STABLE
le————————tavav (tro)
CE® _/ \
OE (G) /
- tyHGL————>
WE (W) Vi
taLax (tol2) e >
le——teLax (L) —
HIGH-Z
DATA (1/0)
le———tavav tace) ————»

T M)

)

28F102 FO5
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CAT28F102

WRITE OPERATIONS

The following operations are initiated by observing the
sequence specified in the Write Command Table.

Read Mode

The device can be put into a standard READ mode by
initiating a write cycle with XX00H on the data bus. The
subsequent read cycles will be performed similar to a
standard EPROM or E2PROM Read.

Signature Mode

An alternative method for reading device signature (see
Read Operations Signature Mode), is initiated by writing
the code XX90H into the command register while keep-
ing Vpp high. A read cycle from address 0000H with CE
and OE low (and WE high) will output the device signa-
ture.

CATALYST Code

0000 0000 0011 0001 (0031H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs I/Og to 1/07.

28F102 Code = 0000 0000 0101 0001 (0051H)
Erase Mode

During the first Write cycle, the command XX20H is
written into the command register. In orderto commence
the erase operation, the identical command of XX20H
has to be written again into the register. This two-step
process ensures against accidental erasure of the
memory contents. The final erase cycle will be stopped
at the rising edge of WE, at which time the Erase Verify
command (XXAOQH) is sent to the command register.
During this cycle, the address to be verified is sent to the
address bus and latched when WE goes low. An inte-
grated stop timer allows for automatic timing control over
this operation, eliminating the need for a maximum
erase timing specification. Refer to AC Characteristics
(Program/Erase) for specific timing parameters.

Figure 4. A.C. Timing for Erase Operation

VCC POWER-UP  SETUP ERASE ERASE ERASING ERASE VERIFY ERASE V, POWER-DOWN/
& STANDBY COMMAND COMMAND COMMAND VERIFICATION STANDBY
\VAVAVAVAVAVAVA "¢ R YO 00
ADDRESSES mmm XOQOOOORRRAER
re—twec—re—1twec —1twe [e— tRc —
s e tay
— \ L ——
CE@® |/ N 7\ ) N 2
—-4 le—tcs — l-—‘CH
>l tCcH e tEHQZ
tcH — tcs —
L £C
—— — )] ) |
OE (G) { j/ \ F —_\_
tGHWL | |
[e———tWHWH2 > WHGL—> (e tDF
YWPH f[«—>
& L ¢
— 4 l—_'s )] \ )Y
WE (W) / \ / 1 / N/ \
letwps >t twp twpie—s o
re—>{tDH < tpH «-!DH->]
psje—s tpgle—> Ds|e—s toLz;
HIGH-Z I \
# DATAIN ¥ DATAIN DATAIN %
DATA(0) 25oor 4 2Xkpon L= XXAOH
4z VALID
X DATA OUT
CE
5.0V,
vee 30 \
ov t
|<—— VPEL
vpp VPPH \
VPPL

28F101-06
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Figure 5. Chip Erase Algorithm(1)

BUS
URE
START ERAS OPERATION| COMMAND COMMENTS
APPLY Vpppy Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
' ALL BYTES SHALL BE
PROGRAM ALL STANDBY PROGRAMMED TO 00
BYTES TO 0000H BEFORE AN ERASE
I OPERATION
INITIALIZE INITIALIZE ADDRESS
ADDRESS
INITIALIZE
ANTTIALIZE PLSCNT = PULSE COUNT
|
y DATA = XX20H
WRITE ERASE WRITE ERASE B
SETUP COMMAND
WRITE ERASE
D =
RITE ERAS WRITE | ERASE ATA = XX20H
TIME OUT 10ms WAIT
|
ADDRESS = BYTE TO VERIFY
WRITE ERASE WRITE ERASE D?\TA = XXA(;?—{
VERIFY COMMAND VERIFY | sTOPS ERASE OPERATION
TIME OUT 6ps WAIT
INCREMENT I
ADDRESS
READ DATA READ READ BYTE TO
FROM DEVICE VERIFY ERASURE
NO
iNC PLSCNT STANDBY COMPARE OUTPUT TO FF
00 ? INCREMENT PULSE COUNT
YES
LAST
ADDRESS?
DATA = 0000H
V\gmﬁ‘\i’? WRITE READ RESETS THE REGISTER
T FOR READ OPERATION
A
APPLY V APPLY V. Vpp RAMPS TO VppL
PPL PPL STANDBY (OR Vpp HARDWIRED)
ERASURE ERASE
COMPLETED ERROR
Note: 28F101-07

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
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Erase-Verify Mode

The Erase-verify operation is performed on every byte
after each erase pulse to verify that the bits have been
erased.

Programming Mode

The programming operation is initiated using the pro-
gramming algorithm of Figure 7. During the first write
cycle, the command XX40H is written into the command
register. During the second write cycle, the address of
the memory location to be programmed is latched on the
falling edge of WE, while the data is latched on the rising
edge of WE. The program operation terminates with the
next rising edge of WE. An integrated stop timer allows
forautomatic timing control over this operation, eliminat-
ing the need for a maximum program timing specifica-
tion. Refer to AC Characteristics (Program/Erase) for
specific timing parameters.

Program-Verify Mode

A Program-verify cycle is performed to ensure that all
bits have been correctly programmed following each
byte programming operation. The specific address is
already latched from the write cycle just completed, and
stays latched until the verify is completed. The Program-
verify operation is initiated by writing XXCOH into the
command register. An internal reference generates the
necessary high voltages so that the user does not need
to modify Vcc. Refer to AC Characteristics (Program/
Erase) for specific timing parameters.

Figure 6. A.C. Timing for Programming Operation

Vcc POWER-UP SETUP PROGRAM  LATCH ADDRESS

PROGRAM PROGRAM V, POWER-DOWN/

& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND
\VAVAVAVAVAVAV,
ADDRESSES XXXX)‘ XXX
twe
tas
&® _/ N A
—l-l le—tcs |
tCH ] f
OE (G) f :l{
tGHWL — |—
e——WHWH1 tWHGL—> [ tDF -
twpH
WE (W 4 4 55 R o>
WE (W) / / \r ,? S[ i[ \
twps fe—>rrtwp twp toE 1
le—>{tDH e-tDH-»>]
tps tpgle—n 'Ds<—4 toLz 1>
DATA (110 HiGH2 { DATAIN { DATAIN DATA IN
oy = XX 40H k k= XX COH
t VALID
=z DATAOUT
CE
vee 59 \
ov tvPEL
vpp VPPH \
VPPL

28F102 FO7
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Figure 7. Programming Algorithm(1)
START BUS
PROGRAMMING OPERATION | COMMAND COMMENTS
APPLY Vppy STANDBY Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
INITIALIZE
ADDRESS INITIALIZE ADDRESS
>l
v
PLSCNT =0 INITIALIZE PULSE COUNT
PLSCNT = PULSE COUNT
1
v
WRITE SETUP 1ISTWRITE | WRITE
PROG. COMMAND CYCLE SETUP DATA = XX40H
WRITE PROG. CMD 2ND WRITE
ADDR AND DATA volE | PROGRAM | VALID ADDRESS AND DATA
TIME OUT 10ps WAIT
. WRITE PROGRAM 1STWRITE | PROGRAM
VERIFY COMMAND CYCLE VERIFY DATA = XXCOH
TIME OUT 6pis WAIT
READ DATA READ READ BYTE TO VERIFY
FROM DEVICE PROGRAMMING
T
NO
INC COMPARE DATA OUTPUT
P';sé?}” STANDBY TO DATA EXPECTED
YES
INCREMENT | LAST
ADDRESS ADDRESS?
DATA = XX00H
V\ggTE Ri’go ISTOVAITE | READ | SETSTHE REGISTER FOR
MMA Cye READ OPERATION
' ‘
APPLY VPPL APPLY VppL STANDBY Vpp RAMPS TO Vpp_
(OR Vpp HARDWIRED)
PROGRAMMING PROGRAM
COMPLETED ERROR

Note:

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.

28F101-09
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Abort/Reset

An Abort/Reset command is available to allow the user
to safely abort an erase or program sequence. Two
consecutive program cycles with XXFFH on the data
bus will abort an erase or a program operation. The
abort/reset operation can interrupt at any time in a
program or erase operation and the device is resetto the
Read Mode.

DATA PROTECTION

1. Power Supply Voltage

When the power supply voitage (Vcc) is less than 2.5V,
the device ignores WE signal.

2. Write Inhibit

When CE and OE are terminated to the low level, write
mode is not set.

POWER UP/DOWN PROTECTION

The CAT28F102 offers protection against inadvertent
programming during Vpp and Vcc power transitions.
When powering up the device there is no power-on
sequencing necessary. In other words, Vpp and Vcc
may power up in any order. Additionally Vpp may be
hardwired to VppH independent of the state of Vcc and
any power up/down cycling. The internal command
register of the CAT28F 102 is reset to the Read Mode on
power up.

POWER SUPPLY DECOUPLING

To reduce the effect of transient power supply voltage
spikes, it is good practice to use a 0.1uF ceramic
capacitor between Vcc and Vss and Vpp and Vss. These
high-frequency capacitors should be placed as close as
possible to the device for optimum decoupling.

Figure 8. Alternate A.C. Timing for Program Operation
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CE (W) / A\ /1 N / \ / \ 3 _—\_
<« tELEH ELEH fe—> toE —»
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ALTERNATE CE-CONTROLLED WRITES

JEDEC (Standard 28F102-90 | 28F102-12 | 28F102-15
Symbol | Symbol Parameter - Min. | Max. | Min. |Max. [Min. |Max. | Unit
tavav twe Write Cycle Time 90 120 150 ns
taver tas Address Setup Time 0 0 0 ns
teLAx tAH Address Hold Time 40 40 40 ns
toveH tos Data Setup Time 40 40 40 ns
teHDX ton Data Hold Time 10 10 10 ns
teHGL - Write Recovery Time Before Read 6 6 6 us
taHEL - Read Recovery Time Before Write 0 | 0 0 us
twiLEL tws WE Setup Time Before CE 0 0 0 ns
teHwH | twH - WE Hold Time After CE 0 0 0 ns
tELEH tep Write Pulse Width 40 40 40 ns
teHEL tcpH Write Pulse Width High 20 20 20 ns
tvPEL - Vep Setup Time to CE Low 100 100 100 ns

ORDERING INFORMATION

| Prefix I Device # | Suffix |
CAT 28F102 N + -90 TE7
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
I = Industrial (-40°C to +85°C) TE13: 2000/Reel
Optional Package Speed
Company 1.D. N: PLCC 90: 90ns
P: PDIP 12: 120ns
T. TSOP 15: 150ns
TR: TSOP (Reverse Pinout)

Note:
(1) The device used in the above example is a CAT28F102NI-90TE7 (PLCC, Industrial Temperature, 90 ns access time, Tape & Reel).
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IlJ|CATALYST

S EMICONDUCTAOR

CAT28F202

2 Megabit CMOS Flash Memory

FEATURES

B Fast Read Access Time: 120/150/200 ns

m Low Power CMOS Dissipation:
~Active: 30 mA max (CMOS/TTL levels)
—Standby: 1 mA max (TTL levels)
—Standby: 100 A max (CMOS levels)

m High Speed Programming:

-10 pus per byte
-2 Sec Typ Chip Program

m 0.5 Seconds Typical Chip-Erase
B 12.0V *+ 5% Programming and Erase Voltage
m Commercial and Industrial Temperature Ranges

m 128K x 16 Word Organization
m Stop Timer for Program/Erase
B On-Chip Address and Data Latches

m JEDEC Standard Pinouts:
—40-pin DIP
—44-pin PLCC
-40-pin TSOP

| 100,000 Program/Erase Cycles
m 10 Year Data Retention
B Electronic Signature

DESCRIPTION

The CAT28F202 is a high speed 128K x 16-bit electri-
cally erasable and reprogrammable Flash memory ide-
ally suited for applications requiring in-system or after-
sale code updates. Electrical erasure of the full memory
contents is achieved typically within 0.5 second.

It is pin and Read timing compatible with standard
EPROM and E2PROM devices. Programming and Erase
are performed through an operation and verify algo-
rithm. The instructions are input via the I/O bus, using a

two write cycle scheme. Address and Data are latched
to free the I/O bus and address bus during the write
operation.

The CAT28F202 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. Itis designed to
endure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 40-pin DIP, 44-pin PLCC, or 40-pin TSOP
packages.

BLOCK DIAGRAM YO0y
1/0 BUFFERS
»| ERASE VOLTAGE 7aN
SWITCH
WE ——»
COMMAND | _| PROGRAM VOLTAGE | [ == == DATA | [ SENSE
—»] REGISTER SWITCH CE, 0e LoGicH | arch | | amp
- J
OE ‘ y
"3 > Y-GATING
iz | Y-DECODER
AoA1e > 3 2,097,152-BIT
T MEMORY  [<—
S| XDECODER [  ARRAY
y
<
VOLTAGE VERIFY

SWITCH

f

28F202-1

© 1996 Catalyst Semiconductor, Inc.
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CAT28F202 Preliminary
PIN CONFIGURATION PIN FUNCTIONS
Pin Name Type Function
Ao-A1s Input Address Inputs for
memory addressing
1/00-1/O le} Data Input/Output
PLCC Package (N) 015 putoutp
® <o CE Input Chip Enable
§3SmEoBuess
Qoo Le S I; << OE Input Output Enable
OooonpoQnonn N
WE Input Write Enable
6 5 4 3 2 14443424140
110120 7 391 A3 Vce Voltage Supply
V0118 3817 A2
o100 o 37 Aqy Vss Ground
1109 T 10 361 A10 Vep Program/Erase
og . 11 3517 Ag Voltage Supply
VSS J12 347 VSS
Ne o 13 33 No NC No Connect
107 14 3217 Ag
110 ] 15 31 A7
1105 ] 16 301 Ag
1104 ] 17 29171 As
18 19 20 21 22 23 24 25 26 27 28
[ERRERERERNRERERERRRE!
8858Me2z222
DIP Package (P)
vep O] 1~ 40 [ vge AA9§;O ;gits
GE WE 10
CE 2 39 [J WE A3 =3 38 fr A7
015 O 3 38 [1 A6 Aqp T4 37 = Ag
/1014 ] 4 37 [ A5 Aq3 =I5 36 T A
o3 O 5 36 [ Aqq A14 =16 35T Ay
11012 T 6 35 [ A3 A15 7 34 FrAg
01y O 7 34 A Ate =48 S F=A2
1 12 WE {9 32 1 Aq
11010 O 8 33 [ Aqq vee =10 31 froAg
1109 ] 9 32 [3 Ao Vpp = 11 TSOP Package (T) 30 F— OF
110g ] 10 31 [0 Ag CE {12 29 FT1/0g
Vss O 1 30 [ Vgg /015 =14 13 28 13 1/04
oyl 12 20014 V014 14 27 =31 1/03
7 8 /013 =15 26 T3 1/03
I/0g . 13 28 1 A7 11012 =116 25 FT11/04
1105 ] 14 27 [ Ag 1041 =17 24 b1 1/05
1104 O] 15 26 [ Ag I/Oéo —T]18 23 T 1/0g
1/0g 1419 22 11 1/0
Vo ] 16 25 [ Aq 9 7
vop O 17 24 11 Ag /0g =420 21 fTVgg
10q ] 18 23 1 A2 28F202 F02
10g C 19 22 [ A
OE ] 20 21 [0 Ag
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CAT28F202

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias.................... -55°C to +95°C
Storage Temperature .............cc....c.... —65°C to +150°C
Voltage on Any Pin with

Respect to Ground(" ........... —0.6V to +Vcc + 2.0V
Voltage on Pin Ag with

Respect to Ground(") ................... —2.0V to +13.5V
Vpep with Respect to Ground

during Program/Erase(" .............. —-0.6V to +14.0V
Vce with Respect to Ground™ ............ —2.0V to +7.0V
Package Power Dissipation

Capability (TA =25°C) ..ccocvreeererreereenrenenes 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 Test Method
Neno® Endurance 100K Cycles/Byte | MIL-STD-883, Test Method 1033
Tor® Data Retention 10 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
CAPACITANCE Tp =25°C,f=1.0 MHz
Limits
Symbol Test Min Max. Units Conditions
Cin® Input Pin Capacitance 6 pF ViN= 0V
Cout® Output Pin Capacitance 10 pF Vout = 0V
Cvpp® Vpp Supply Capacitance 25 pF Vpp = 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 Vi + 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 Vgc +1V.
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D.C. OPERATING CHARACTERISTICS
Vce = +5V £10%, unless otherwise specified

Limits
Symbol Parameter Min. Max. Unit Test Conditions
N Input Leakage Current +1 HA VIN = Vce or Vss
Vcec =5.5V, OE = VIH
Lo Output Leakage Current +1 uA Vour = Vcc or Vss,
Vcc =5.5V, OE = V|4
IsB1 Vcc Standby Current CMOS 100 pA CE = Vcc 0.5V,
Vce = 5.5V
IsB2 Vcc Standby Current TTL 1 mA CE = Vi, Vcc = 5.5V
lcct Vcc Active Read Current 50 mA Vce =5.5V, CE= Vi,
lout = 0mA, f =6 MHz
lcc2(W | Vcc Programming Current 30 mA Vce =5.5V,
Programming in Progress
lccat" | Vec Erase Current 30 mA Vce =5.5V,
Erasure in Progress
Icca(" | Vcc Prog./Erase Verify Current 30 mA Vce = 5.5V, Program or
Erase Verify in Progress
IpPs Vpep Standby Current +10 A Vpp = VppL
lpP1 Vpp Read Current 100 HA Vpp = VPPH
lpp2(M | Vpp Programming Current 50 mA Vpp = VppH,
Programming in Progress
Ipps) | Vpp Erase Current 30 mA Vpp = VppH,
Erasure in Progress
Ipr4(M | Vpp Prog./Erase Verify Current 5 mA Vep = VppH, Program or
Erase Verify in Progress
ViL Input Low Level TTL -0.5 0.8 Vv
ViLe Input Low Level CMOS -0.5 0.8 \
VoL Output Low Level 0.45 \ loL = 5.8mA, Vcc = 4.5V
ViH Input High Level TTL 2 Vce+0.5 \Y
ViHe Input High Level CMOS Vcc*0.7 | Vce+0.5 \'
VoH1 Output High Level TTL 2.4 \Y lon = —2.5mA, Vcc = 4.5V
VoH2 Output High Level CMOS Vcc-0.4 \) lon = —400uA, Vce = 4.5V
Vip Ag Signature Voltage 11.4 13 \ Ag =Vipp
o™ Ag Signature Current 200 pA Ag = Vip
VLo Vcc Erase/Prog. Lockout Voltage 2.5 Vv

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

7-60



Preliminary CAT28F202
SUPPLY CHARACTERISTICS
Limits
Symbol Parameter Min Max. Unit
Vce Vcc Supply Voltage 4.5 5.5 \'
VepL Vep During Read Operations 0 6.5 \Y
VPPH Vpp During Read/Erase/Program 11.4 12.6 Vv
A.C. CHARACTERISTICS, Read Operation
Vce = +5V £10%, unless otherwise specified
JEDEC | Standard 28F202-12 |28F202-15| 28F202-20
Symbol | Symbol Parameter Min. | Max.| Min.|Max.| Min. |Max. | Unit
tavav trc Read Cycle Time 120 150 200 ns
teLav tce CE Access Time 120 150 200 | ns
tavav tacc Address Access Time 120 150 200 | ns
taLav toe OE Access Time 50 55 55 | ns
taxax toH Output Hold from Addgess OE/CE Change 0 ns
taLax torz()®) | OE to Output in Low-Z ns
teLax tLz(1(©) CE to Output in Low-Z 0 ns
taHaz tor(M@) OE High to Output High-Z 30 35 35 | ns
tenaz(V@ | - CE High to Output High-Z 40 45 45 | ns
twual™ | - Write Recovery Time Before Read 6 6 6 us
Figure 1. A.C. Testing Input/Output Waveform(3)(4)(5)
24V :><z20v
INPUT PULSE LEVELS REFERENCE POINTS
0.45V 08V
5108 FHD F03
Figure 2. A.C. Testing Load Circuit (example) 1.3V
é; 1N914
3.3K
DEVICE
UNDER I oOUT
L

Note:
This parameter is tested initially and after a design or process change that affects the parameter.
Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer.
Input Rise and Fall Times (10% to 90%) < 10 ns.
Input Pulse Levels = 0.45V and 2.4V.

Input and Output Timing Reference = 0.8V and 2.0V.
Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid.

(1)
(2)
(3)
4)
(5)
(6)

TEST

Cy =100 pF

C INCLUDES JIG CAPACITANCE

5108 FHD F04
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A.C. CHARACTERISTICS, Program/Erase Operation
Vce = +5V £10%, unless otherwise specified.

JEDEC |[Standard 28F202-12 | 28F202-15 | 28F202-20

Symbol | Symbol Parameter Min. [Max.| Min. (Max.| Min. |[Max. | Unit
tavav twe Write Cycle Time 120 150 200 ns
tavwi tas Address Setup Time 0 0 0 ns
twLax taH Address Hold Time 40 40 40 ns
tovwH tos Data Setup Time 40 40 40 ns
twHDX toH Data Hold Time 10 10 10 ns
teLwL tcs CE Setup Time 0 0 0 ns
twHEH ten CE Hold Time 0 0 0 ns
twLwH twp | WE Pulse Width 40 40 40 ns
twHwWL tweH | WE High Pulse Width 20 20 20 ns
twHwH1@ | - Program Pulse Width 10 10 10 us
twHwH2@ | - Erase Pulse Width 9.5 9.5 9.5 ms
twHGL - Write Recovery Time Before Read 6 6 6 us
taHwL - Read Recovery Time Before Write 0 0] 0 us
tvPEL - Vep Setup Time to CE 100 100 100 ns

ERASE AND PROGRAMMING PERFORMANCE(1)

28F202-12 28F202-15 28F202-20
Parameter Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Unit
Chip Erase Time®)®) 0.5 10 0.5 10 0.5 10 sec
Chip Program Time(®)4) 2 125 2 125 2 125 | sec

Note:

(1) Please refer to Supply characteristics for the value of Vppy and Vppy . The Vpp supply can be either hardwired or switched. If Vpp is switched,
VppL can be ground, less than Vcc + 2.0V or a no connect with a resistor tied to ground.

(2) Program and Erase operations are controlled by internal stop timers.

(38) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp.

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 pus program + 6 ps write recovery), while maximum is 400 us/
byte (16 ps x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since
most bytes program significantly faster than the worst case byte.

(5) Excludes 00H Programming prior to Erasure.
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FUNCTION TABLE(1)
Pins
Mode CE OE WE Vpp Vo Notes
Read ViL ViL ViH VepL Dout
Output Disable ViL ViH ViH X High-Z
Standby ViH X X VppL High-Z
Signature (MFG) Vi ViL Vin VppL 0031H Ao = Vi, Ag = 12V
Signature (Device) Vi Vi ViH X 0051H Ag = ViH, Ag = 12V
Program/Erase ViL ViH ViL VepH Din See Command Table
Write Cycle Vi ViH ViL VepH Din During Write Cycle
Read Cycle Vi Vi ViH VPPH Dout During Write Cycle
O/P Disable ViL ViH ViH VppH High-Z During Write Cycle
Standby ViH X X VepH High-Z During Write Cycle
WRITE COMMAND TABLE

Commands are written into the command register in one or two write cycles. The command register can be altered
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch
addresses and data required for programming and erase operations.

Pins
First Bus Cycle Second Bus Cycle
Mode Operation Address Din Operation | Address Din Dout
Set Read Write X XX00H Read AN Dout
Read Sig. (MFG) Write X XX90H Read 0000 0031H
Read Sig. (Device) Write X XX90H Read 0001 0051H
Erase Write X XX20H Write X XX20H
Erase Verify Write AN XXAOH Read X Dout
Program Write X XX40H Write AN Din
Program Verify Write X XXCOH Read X Dour
Reset Write X XXFFH Write X XXFFH

Note:
(1) Logic Levels: X = Logic ‘Do not care’ (Vin, V|, VppL, VPPH)
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READ OPERATIONS

Read Mode

A Read operation is performed with both CE and OE low
and with WE high. Vpp can be either high or low,
however, if Vpp is high, the Set READ command has to
be sent before reading data (see Write Operations). The
data retrieved from the I/O pins reflects the contents of
the memory location corresponding to the state of the 16
address pins. The respective timing waveforms for the
read operation are shown in Figure 3. Refer to the AC
Read characteristics for specific timing parameters.

Signature Mode

The signature mode allows the user to identify the IC
manufacturer and the type of device while the device
resides in the target system. This mode can be activated
in either of two ways; through the conventional method
of applying a high voltage (12V) to address pin Ag or by
sending an instruction to the command register (see
Write Operations).

The conventional mode is entered as a regular READ
mode by driving the CE and OE pins low (with WE high),
and applying the required high voltage on address pin Ag
while all other address lines are held at V..

A Read cycle from address 0000H retrieves the binary
code for the IC manufacturer on outputs 1/Oo to 1/015:

CATALYST Code = 0000 0000 0011 0001 (0031H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs 1/Og to 1/01s.

28F202 Code = 0000 0000 0101 0010 (0052H)

Standby Mode

With CE at a logic-high level, the CAT28F202 is placed
in a standby mode where most of the device circuitry is
disabled, thereby substantially reducing power con-
sumption. The outputs are placed in a high-impedance
state.

Figure 3. A.C. Timing for Read Operation

POWER UP STANDBY DEVICE AND OUPUTS  DATAVALID  STANDBY POWER DOWN
‘ ADDRESS SELECTION ENABLED
L
=5 \VAVAVAVAVAVAVAVAVAVAVAV
ADDRESSES mm ADDRESS STABLE (. ). XXOOOOOXXX

le——tyay t(rg) ——8M8M8 >

cE® / \ g /I
_/

J
<—teHaz!(DF—]

N /|
RS
|¢—————twHaL ltaHaz (tpF)-»

— y —5
WE (W) 4 tarav toe)

- eLav ce) | tayaxton
taLax (toL2) -~

««««g‘ IBUTPUT VALID :»»»»E_H'Gi

(
J
[e————tavav taco) ———»

d

Y
4

HIGH-Z

DATA (1/0)

ol

28F100 FO5
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CAT28F202

WRITE OPERATIONS

The following operations are initiated by observing the
sequence specified in the Write Command Table.

Read Mode

The device can be put into a standard READ mode by
initiating a write cycle with XX00H on the data bus. The
subsequent read cycles will be performed similar to a
standard EPROM or E2PROM Read.

Signature Mode

An alternative method for reading device signature (see
Read Operations Signature Mode), is initiated by writing
the code XX90H into the command register while keep-
ing Vep high. A read cycle from address 0000H with CE
and OE low (and WE high) will output the device signa-
ture.

CATALYST Code = 0000 0000 0011 0001 (0031H)

A Read cycle from address 0001H retrieves the binary
code for the device on outputs 1/Og to 1/O7.

28F202 Code = 0000 0000 0101 0010 (0052H)

Erase Mode

During the first Write cycle, the command XX20H is
written into the command register. In ordertocommence
the erase operation, the identical command of XX20H
has to be written again into the register. This two-step
process ensures against accidental erasure of the
memory contents. The final erase cycle will be stopped
atthe rising edge of WE, at which time the Erase Verify
command (XXAOH) is sent to the command register.
During this cycle, the address to be verified is sent to the
address bus and latched when WE goes low. An inte-
grated stop timer allows for automatic timing control over
this operation, eliminating the need for a maximum
erase timing specification. Refer to AC Characteristics
(Program/Erase) for specific timing parameters.

Figure 4. A.C. Timing for Erase Operation

VCC POWER-UP  SETUP ERASE ERASE ERASING ERASE VERIFY ERASE VCC POWER-DOWN/
& STANDBY COMMAND COMMAND COMMAND VERIFICATION STANDBY
\VAVAVAVAVAVAVA ¢ ¢ ¥4 04 | :
aooresses JO00O0O000000RCOCO0CORERS
e—twe—>te—1we —twc le— tRc —
tAs le—>leritaAH
Ed /N S\ /7 \ N [N\
- [+tcs >l tcH
. tcH el tEHQZ
toH —» tcs | |
L ¢ L
—— 12 )
cE@ _ / :]! \ £ —\__
tGHWL—P {e—
re———tWHWH2 »e—WHGL—> leIDF
WPH +—>
—— c— )| J)() ‘)()
wew) / \ / N SN \
l«twps . twp . twple—s . toE ]
le—{tDH <«—>{IpH -tDH->
tpgje—> tpgle—s tDS<—J toLz
HIGH-Z i
DATA IN DATAIN DATAIN %
DATA(/O) _ 7 —XX20H ¥ = XX20H {_ =XXAOH
tLz VALID
' DATA OUT
CE
0V,
vee >0 \
ov tyPEL
v
Vpp VPPH \
VPPL

28F100 FO6
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Figure 5. Chip Erase Algorithm(1)

START ERASURE BUS
- OPERATION| COMMAND COMMENTS
APPLY Vppy Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
! ALL BYTES SHALL BE
PROGRAM ALL STANDBY PROGRAMMED TO 00
BYTES TO 0000H BEFORE AN ERASE
I OPERATION
INITIALIZE
INTTIALIZE INITIALIZE ADDRESS
INITIALIZE
PLSCNT =0 PLSCNT = PULSE COUNT
#
WRITE ERASE WRITE ERASE DATA = 020N
SETUP COMMAND
WRITE ERASE
s WRITE ERASE DATA = XX20H
TIME OUT 10ms WAIT
~
WRITE ERASE WRITE ERASE ADDRE%i;A%Y;%%VER'W
VERIFY COMMAND VERIFY | ST0PS ERASE OPERATION
TIME OUT 6us WAIT
INCREMENT I
ADDRESS
READ DATA
READ READ BYTE TO
FROM DEVICE VERIFY ERASURE
NO
INC PLSCNT STANDBY COMPARE OUTPUT TO FF
=1000? INCREMENT PULSE COUNT
YES
LAST
ADDRESS?
DATA = 0000H
WRITE READ
COMMAND WRITE READ RESETS THE REGISTER
‘ FOR READ OPERATION
Vpp RAMPS TO V,
APPLY VPPL APPLY VF’P'— STANDBY (o';‘x':’vPP HARDWIRED)
ERASUHE ERASE
COMPLETED ERROR
Note: 28F101-07

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
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Erase-Verify Mode

The Erase-verify operation is performed on every byte
after each erase pulse to verify that the bits have been
erased.

Programming Mode

The programming operation is initiated using the pro-
gramming algorithm of Figure 7. During the first write
cycle, the command XX40H is written into the command
register. During the second write cycle, the address of
the memory location to be programmed is latched on the
falling edge of WE, while the data is latched on the rising
edge of WE. The program operation terminates with the
next rising edge of WE. An integrated stop timer allows
for automatic timing control over this operation, eliminat-
ing the need for a maximum program timing specifica-
tion. Refer to AC Characteristics (Program/Erase) for
specific timing parameters.

Program-Verify Mode

A Program-verify cycle is performed to ensure that all
bits have been correctly programmed following each
byte programming operation. The specific address is
already latched from the write cycle just completed, and
stays latched until the verify is completed. The Program-
verify operation is initiated by writing XXCOH into the
command register. An internal reference generates the
necessary high voltages so that the user does not need
to modify Vcc. Refer to AC Characteristics (Program/
Erase) for specific timing parameters.

Figure 6. A.C. Timing for Programming Operation

VCC POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM PROGRAM VCC POWER-DOWN/
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY
PROGRAMMING COMMAND
YYYYYYY
aporesses XOOODOQCOR X0
lwc tRC
tas e—>{tAH
CE® _/_—’N /N / ’ N / \
—-FI le—tcs | > fe—toH
tcH el tEHQZ
tcH —> "— tcs ——D‘ |a—
L C £ ¢
— = 25 27
CE (G) / :II \ 4 _\___
tGHWL | [«
re———tWHWH1 tWHGL—> e tDF
'WPH —> .
R 5 —%5
WE (W) / / \r ,? \t fi \
twp e je—>rrtwp twp tOE 1
re—1DH - -t
Dgje—> tpgje—s| tDg|e> toLz1
HIGH-Z
DATA(I0) DXX40H J—4 DATAIN A
, 1z VALID
h DATAOUT
CE
vee Y \
ov PEL
vpp VPPH \
VPPL

28F101-08
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Figure 7. Programming Algorithm(1)

START BUS
PROGRAMMING OPERATION | COMMAND COMMENTS
APPLY Vppy STANDBY Vpp RAMPS TO Vppy
(OR Vpp HARDWIRED)
INITIALIZE
ADDRESS INITIALIZE ADDRESS
|
PLSCNT =0 INITIALIZE PULSE COUNT
S PLSCNT = PULSE COUNT
1
Y
WRITE SETUP 1STWRITE | WRITE _
PROG. COMMAND CYCLE SETUP DATA = XX40H
WRITE PROG. CMD 2ND WRITE v S AND DATA
ADDR AND DATA OvoLe | PROGRAM |VALID ADDRES A
TIME OUT 10ps WAIT
WRITE PROGRAM 1STWRITE | PROGRAM
VERIFY COMMAND CYCLE VERIFY DATA = XXCOH
TIME OUT 6ps WAIT
READ DATA READ READ BYTE TO VERIFY
FROM DEVICE PROGRAMMING
NO
INC
COMPARE DATA OUTPUT
"Ei‘;“”f STANDBY TO DATA EXPECTED
YeS
INCREMENT LAST
ADDRESS ADDRESS?
WRITE READ 1ST WRITE DATA = XXO0H
SETS THE REGISTER FOR
COMMAND CYCLE READ READ OPERATION
APPLY VPPL APPLY Vpp._ STANDBY Vpp RAMPS TO Vpp_
(OR Vpp HARDWIRED)
PROGRAMMING PROGRAM
COMPLETED ERROR
Note:

(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
28F101-09
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Abort/Reset

An Abort/Reset command is available to allow the user
to safely abort an erase or program sequence. Two
consecutive program cycles with XXFFH on the data
bus will abort an erase or a program operation. The
abort/reset operation can interrupt at any time in a
program or erase operation and the device is resetto the
Read Mode.

POWER UP/DOWN PROTECTION

The CAT28F202 offers protection against inadvertent
programming during Vep and Vcc power transitions.
When powering up the device there is no power-on
sequencing necessary. In other words, Vpp and Vcc
may power up in any order. Additionally Vep may be
hardwired to VppH independent of the state of Vcc and
any power up/down cycling. The internal command
register of the CAT28F202 is reset to the Read Mode on
power up.

POWER SUPPLY DECOUPLING

To reduce the effect of transient power supply voltage
spikes, it is good practice to use a 0.1uF ceramic
capacitor between Vcc and Vss and Vpp and Vss. These
high-frequency capacitors should be placed as close as
possible to the device for optimum decoupling.

DATA PROTECTION
1. Power Supply Voltage

When the power supply voltage (Vcc) is less than 2.5V,
the device ignores WE signal.

2. Write Inhibit

When CE and OE are terminated to the low level, Write
Mode is not set.

Figure 8. Alternate A.C. Timing for Program Operation

Vo POWER-UP SETUP PROGRAM  LATCH ADDRESS

PROGRAM
VERIFY

PROGRAM V,
VERIFICATION

POWER-DOWN/
STANDBY

PROGRAMMING COMMAND

& STANDBY COMMAND & DATA
[——twe —>
tAVEL fe->te—{tELAX

Jrre TR
IXSDNY

XOORO00

re—1twc

le——tRc —

wo /N N\ \__
I | T
- ‘WLEL —| [+ ‘EHWH
r_ L:.! e tWLEL J »{le— TEHWH e>{tEHQZ
tEHWH —> ‘IWLEL | y
- 27 27
OE (G) { r /
tGHEL > [« - tEHEH »le—tEHGL —> ]
tEHEL = » "
- ) ! )
CEW) [ N / N N /
- tELEH ELEH |«
le—{tEHDX |le— tEHDX R
tDVEH > le—| tDVEH tDVEH <>
HIGH-Z r
DATA IN DATA IN
DATA (1/0) / L 2XX40H —{ DATAIN XXE
5.0V,
Vee /
ov > tVPEL
vpp VPPH
VPPL

28F202 F10
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CAT28F202

Preliminary
ALTERNATE CE-CONTROLLED WRITES
JEDEC |[Standard 28F202-12 | 28F202-15 | 28F202-20
Symbol | Symbol Parameter Min. | Max. | Min. {Max. |Min. |Max. | Unit
tavav twc Write Cycle Time 120 150 200 ns
taveL tas Address Setup Time 0 0 0 ns
teLAX tAH Address Hold Time 40 40 40 ns
tbveH tps Data Setup Time 40 40 40 ns
teHDX toH Data Hold Time 10 10 10 ns
tEHGL - Write Recovery Time Before Read us
tGHEL - Read Recovery Time Before Write us
twLEL tws WE Setup Time Before CE ns
teHwH | twH WE Hold Time After CE ns
teLEH tcp Write Pulse Width 40 40 40 ns
teHEL tcPH Write Pulse Width High 20 20 20 ns
tvPEL - Vpp Setup Time to CE Low 100 100 100 ns
ORDERING INFORMATION
|Prefix | Device# |  suffix |
CAT 28F202 jI -12 TE7
Product Temperature Range Tape & Reel
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Optional Package Speed
Company 1.D. N: PLCC 12: 120ns
P: PDIP 15: 150ns
T: TSOP 20: 200ns
TR: TSOP (Reverse Pinout)

Note:

(1) The device used in the above example is a CAT28F202NI-12TE7 (PLCC, Industrial Temperature, 120 ns access time, Tape & Reel).
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Ill|CATALYST

SEMICONDUCTAOR

CAT28F001

1 Megabit CMOS Boot Block Flash Memory

FEATURES

m Fast Read Access Time: 90/120/150 ns
B On-Chip Address, Data Latches, Programming
and Erase Algorithms
m Blocked Architecture:
— One 8 KB Boot Block w/ Lock Out
— Two 4 KB Parameter Blocks
— One 112 KB Main Block
m Low Power CMOS Operation
W 12.0V £ 5% Programming and Erase Voltage
m Embedded Algorithms Program & Erase
m High Speed Programming

B Deep Powerdown Mode
— 0.05 pA I, Typical
— 0.8 pA |, Typical
B Electronic Signature
m 100,000 Program/Erase Cycles and 10 Year
Data Retention
® JEDEC Standard Pinouts:
— 32 pin DIP
— 32 pin PLCC
— 32 pin TSOP
B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT28F001 is a high speed 128K X 8 bit electrically
erasable and reprogrammable Flash memory ideally
suited for applications requiring in-system or after sale
code updates.

The CAT28F001 has a blocked architecture with one 8
KB Boot Block, two 4 KB Parameter Blocks and one 112
KB Main Block. The Boot Block section optionally can be
at the top or bottom of the memory map and includes a
reprogramming write lock out feature to guarantee data
integrity. Itis designed to contain secure code which will
bring up the system minimally and download code to
other locations of CAT28F001.

The CAT28F001 is designed with a signature mode
which allows the user to identify the IC manufacturer and
device type. The CAT28F001 is also designed with on-
Chip Address Latches, Data Latches, Programming and
Erase Algorithms.

The CAT28F001 is manufactured using Catalyst's ad-
vanced CMOS floating gate technology. It is designed
to endure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 32-pin PDIP, PLCC or TSOP packages.

VOG-0
> ADDRESS
COUNTER
————{ 110 BUFFERS
EMBEDDED ERASE VOLTAGE
ALGORITHMS SWITCH
_ STATUS
P * J\ i T REGISTER
WE [ commanp PROGRAM VOLTAGE | | == ==
3| REGISTER SWITCH CE, OE LOGIC

o
OE

3 Y-GATING

&| v-DECODER >

Ag-Asg | A4 8K-BYTE BOOT BLOCK
L w 4K-BYTE PARAMETER BLOCK|
5 | X-DECODER [ 4K-BYTE PARAMETER BLOCK
VOLTAGE VERIFY 8 —
SWITCH 2 112K-BYTE MAIN BLOCK
X

28F001 FO1

© 1996 by Catalyst Semiconductor, Inc.
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Ill|CATALYST

EMICONDUCTOR

CAT28F002

2 Megabit CMOS Boot Block Flash Memory

FEATURES

B Fast Read Access Time: 120/150/200 ns
B On-Chip Address, Data Latches, Programming
and Erase Algorithms
B Blocked Architecture:
— One 16 KB Boot Block
— Two 8 KB Parameter Blocks
— One 96 KB Main Block
— One 128 KB Main Block
B Low Power CMOS Operation
B 12.0V +5% Programming and Erase Voltage

B Electronic Signature
B 100,000 Program/Erase Cycles and 10 Year
Data Retention
m JEDEC Standard Pinouts:
— 32-pin DIP
— 32-pin PLCC
— 32-pin TSOP
— 40-pin TSOP, 44-pin PSOP
B High Speed Programming
® Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT28F002 is a high speed 256K X 8-bit electrically
erasable and reprogrammable Flash memory ideally
suited for applications requiring in-system or after sale
code updates.

The CAT28F002 has a blocked architecture with one 16
KB Boot Block, two 8 KB Parameter Blocks, one 96 KB
Main Block and one 128 KB Main Block. The Boot Block
section optionally can be at the top or bottom of the
memory map. The Boot Block section includes a repro-
gramming write lock out feature to guarantee data
integrity. Itis designed to contain secure code which will
bring up the system minimally and download code to
other locations of CAT28F002.

The CAT28F002 is designed with a signature mode
which allows the user to identify the IC manufacturer and
device type. The CAT28F002 is also designed with on-
Chip Address Latches, Data Latches, Programming and
Erase Algorithms.

The CAT28F002 is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. It is designed
to endure 100,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 32-pin PDIP, PLCC or TSOP packages, 40-
pin TSOP packages and 44-pin PSOP packages.

0G40
>l ADDRESS
COUNTER )
————| /0 BUFFERS
._I EMBEDDED ERASE VOLTAGE 1
ALGORITHMS —I SWITCH
STATUS
L[ 1 REGISTER
WE >{ commanp PROGRAM VOLTAGE | | == == DATA
| REGISTER SWITGH CE, OE LOGIC LAT
Y Y
cE L
OE
3 Y-GATING
| Y-DECODE{ >
3 CODER 16K-BYTE BOOT BLOCK
A1z [ @ 8K-BYTE PARAMETER BLOCK
L 0
L w 8K-BYTE PARAMETER BLOCK
& | X-DECODER Y 96K-BYTE MAIN BLOCK
l VOLTAGE VERIFY | g — y
SwiTeLt 2 128K-BYTE MAIN BLOCK
| [}

28F002 FO1
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Il|CATALYST

SEMICONDUCTAOR

CAT28C16A

16K-Bit CMOS E*PROM

FEATURES

B Fast Read Access Times: 200 ns

m Low Power CMOS Dissipation:
-Active: 25 mA Max.
~Standby: 100 1A Max.

M Simple Write Operation:
-On-Chip Address and Data Latches
-Self-Timed Write Cycle with Auto-Clear

m Fast Write Cycle Time: 10ms Max

m End of Write Detection: DATA Polling

m Hardware Write Protection

B CMOS and TTL Compatible /O

= 10,000 Program/Erase Cycles

m 10 Year Data Retention

B Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT28C16A is a fast, low power, 5V-only CMOS
E2PROM organized as 2K x 8-bits. It requires a simple
interface for in-system programming. On-chip address
and data latches, self-timed write cycle with auto-clear
and Vcc power up/down write protection eliminate addi-
tional timing and protection hardware. DATA Polling
signals the start and end of the self-timed write cycle.
Additionally, the CAT28C16A features hardware write
protection.

The CAT28C16A is manufactured using Catalyst’s ad-
vanced CMOS floating gate technology. Itis designed to
endure 10,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 24-pin DIP and SOIC or 32-pin PLCC pack-
ages.

BLOCK DIAGRAM
ADDR. BUFFER ROW 2,048x8
AgA \ E2PROM
4~A10 DECODER
& LATCHES — -2PRON
3
INADVERTENT HIGH VOLTAGE
Voo —————» WRITE GENERATOR
PROTECTION
E__ ? v
OFE — 5 CONTROL
WE—— & LOGIC
3 [} —J—————{ /O BUFFERS
TIMER DATA POLLING ” t 3 : t : f
1/0g—1/O
e
DECODER
5089 FHD F02
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CAT28C16A

PIN CONFIGURATION

DIP Package (P) SOIC Package (J,K) PLCC Package (N)
—\_J ] Q
A7 et 24 Ovec  A7rdet 24 [IVee $222 9k
As] 2 23 [JAg As]2 23 [JAg nAOoaonnnn
As] 3 22 [Ag AsC]3 22 [OAg (43 2 1323130
A4 21 OWE Al 4 21 [OWE Ag] 5 29[ Ag
A3l 5 20 [1OE A3C]5 2010E As[] 6 287 Ag
Ax ] 6 19 [ Aqq Ax[] 6 19 [ A10 Aq 7 27 71 NC
Aq}7 18 [JCE Aic]7 18[aCE Az] 8 26 1 NC
Aol 8 17[woy  AgCl8 17007 A9 TOP VIEW 251 OE
o] 9 16[1W0g WOo]9 16 [ 1/0g A ] 10 2417 Aqp
o1 10 15 [J W05 WOt 10 15 1105 Ao M 23 CE
Voo ] 11 14 [J 104 WOo] 11 14 QW04 NC[] 12 2217 107
Vgs[] 12 13 /0 \Y 12 13 /0 10 ] 18 21 M1 110,
ss - V03 ss ] ~ V03 0 14 15 16 17 18 19 20 6
gouooouny
PIN FUNCTIONS <) §' §% g"’ § é’
Pin Name Function 5086 FHD Fo1
Ao—A10 Address Inputs
1/O0—1/O7 Data Inputs/Outputs
CE Chip Enable
OE Output Enable
WE Write Enable
Vce 5V Supply
Vss Ground
NC No Connect
MODE SELECTION
Mode CE WE OE Vo Power
Read L H L Dout ACTIVE
Byte Write (WE Controlled) L N/ H Din ACTIVE
Byte Write (CE Controlled) \/ L H Din ACTIVE
Standby, and Write Inhibit H X - X High-Z STANDBY
Read and Write Inhibit X H H High-Z ACTIVE
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vg =5V
Symbol Test Max. Units Conditions
Cio™ Input/Output Capacitance 10 pF Vio = 0V
cint® Input Capacitance 6 pF Vin =0V

Note:

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




CAT28C16A

ABSOLUTE MAXIMUM RATINGS*

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

Storage Temperature
Voltage on Any Pin with

*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

Respect to Ground® ........... —2.0Vto+Vcc +2.0V  those listed in the operational sections of this specifica-
Ve with Respect to Ground ............... —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum
Package Power Dissipation rating for extended periods may affect device perfor-

Capability (Ta =25°C) .....ccoevrereerieerrreesrennns 1.0W mance and reliability.

Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® ..............c..c...... 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp™ Endurance 10,000 Cycles/Byte MIL-STD-883, Test Method 1033
Tor(™ Data Retention 10 Years MIL-STD-883, Test Method 1008
Vzap() ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ItvM@ | Latch-Up 100 mA JEDEC Standard 17
D.C. OPERATING CHARACTERISTICS
Vce = 5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. | Typ. Max. |[Units Test Conditions

lcc Vcc Current (Operating, TTL) 35 mA | CE=0E=Vy,

f = 1/trc min, All I/O’s Open
lccc®) Vce Current (Operating, CMOS) 25 mA | CE=0E = Vg,
f = 1/trc min, All I/O’s Open
IsB Vcc Current (Standby, TTL) 1 mA | CE = Viu, All /O’s Open
Isec(® Vcc Current (Standby, CMOS) 100 pA | CE=Vie,
All I/O’s Open

N Input Leakage Current -10 10 pA ViN = GND to Vce

ILo Output Leakage Current -10 10 pA Vout = GND to Vcc,
CE=VH

ViH(©) High Level Input Voltage 2 Vcc +0.3| V

ViL® Low Level Input Voltage -0.3 0.8 \%

VoH High Level Output Voltage 24 \" lon = —400pA

Vou Low Level Output Voltage 0.4 \Y loL=2.1mA

Vwi Write Inhibit Voltage 3.0 \Y

Note:

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

(2) 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 Vcc +2.0V for periods of less than 20 ns.

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

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

(5) ViLc=-0.3Vto +0.3V.
(6) Vinc = Ve —0.3V to Ve +0.3V.




CAT28C16A

A.C. CHARACTERISTICS, Read Cycle
Vce = 5V £10%, unless otherwise specified.

28C16A-20
Symbol Parameter Min. | Max. | Units
trc Read Cycle Time 200 ns
tce CE Access Time . 200 ns
taa Address Access Time 200 ns
toe OE Access Time 80 ns
tz(M CE Low to Active Output 0 ns
torz(" OE Low to Active Output 0 ns
tHz(M@ CE High to High-Z Output 55 ns
tonz(1@ | OE High to High-Z Output 55 ns
ton( Output Hold from Address Change 0 ns
Figure 1. A.C. Testing Input/Output Waveform(3)
24V >< 55V
INPUT PULSE LEVELS REFERENCE POINTS
0.45V 08V

Figure 2. A.C. Testing Load Circuit (example)

1.3v
1N914
3.3K
DEVICE
UNDER oOUT
TEST _T_
I Cy_ = 100 pF

C_ INCLUDES JIG CAPACITANCE
5089 FHD F04

Note:

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

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer.
(3) Input rise and fall times (10% and 90%) < 10 ns.




CAT28C16A

A.C. CHARACTERISTICS, Write Cycle
Vce = 5V £10%, unless otherwise specified.

28C16A-20
Symbol Parameter Min. | Max. Units
twe Write Cycle Time 10 ms
tas Address Setup Time 10 ns
tAH Address Hold Time 100 ns
tcs CE Setup Time 0 ns
tcH CE Hold Time 0 ns
tow(® CE Pulse Time 150 ns
toes OE Setup Time 15 ns
toen OE Hold Time 15 ns
twp®@ WE Pulse Width 150 ns
tps Data Setup Time 50 ns
toH Data Hold Time 10 ns
toL Data Latch Time 50 ns
(M Write Inhibit Period After Power-up 5 20 ms

Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) A write pulse of less than 20ns duration will not initiate a write cycle.
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n Figure 4. Byte Write Cycle [WE Controlled]

CAT28C16A

DEVICE OPERATION

Read

Data stored in the CAT28C16A is transferred to the data
bus when WE is held high, and both OE and CE are held

low. The data bus is set to a high impedance state when
either CE or OE goes high. This 2-line control architec-
ture can be used to eliminate bus contention in a system
environment.

Figure 3. Read Cycle

ADDRESS X X 3(
e tCE ————»
E T\ /
le—— 1OE —»]
— e
OE \ /)
ViH
WE le—— | 7 ——»
[«—tOHZ—>]
*-toLZ l4—toH —» re—tHzZ—>
HIGH-Z J.
DATA OUT { DATA VALID DATAVALID  —

le——tAA

28C16A FO5

[ twe

5 44444444{ N ‘ ::2;\\\\\\\\\&;‘,Ax\\\\\v
W \ /] ALY N

HIGH-Z

DATAIN

DS ——-»l« tDH

5089 FHD F06
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CAT28C16A

Byte Write

Awrite cycle is executed when both CE and WE are low,

~and OE is high. Write cycles can be initiated using either
WE or CE, with the address input being latched on the
falling edge of WE or CE, whichever occurs last. Data,
conversely, is latched on the rising edge of WE or CE,
whichever occurs first. Once initiated, a byte write cycle
automatically erases the addressed byte and the new
data is written within 10 ms.

DATA Polling

DATA polling is provided to indicate the completion of a
byte write cycle. Once a byte write cycle is initiated,
attempting to read the last byte written will output the
complement of that data on /07 (I/Oo—1/Oe are indeter-
minate) until the programming cycle is complete. Upon
completion of the self-timed byte write cycle, all I/O’s will
output true data during a read cycle.

Figure 5. Byte Write Cycle [CE Controlled]

tAi—o<—-—————— tAH

ADDRESS

\

QOORCKXKXKXRXXXXXX

_J JARRARRKANNANNY,

| twe
wo

le— tDL —>

re—tOES

« 7]

tcs
WY

tCH [+

M )
T LY
7T TTTTTITTT TN

HIGH-Z

£ ¢

DATA OUT

)J

DATAIN

tps tDH
5089 FHD FO7

Figure 6. DATA Polling
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X

£ Q
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1
[ OEH—_:

(e tOE

TN/

tOES—>

1107

twe >

5089 FHD F08
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CAT28C16A

HARDWARE DATA PROTECTION

The following is a list of hardware data protection fea-
tures that are incorporated into the CAT28C16A.

(1) Vcc sense provides for write protection when Voc

falls below 3.0V min.

(2) A poweron delay mechanism, tiniT (see AC charac-

teristics), provides a 5 to 20 ms delay before a write

sequence, after Vcc has reached 3.0V min.

(3) Write inhibit is activated by holding any one of OE
low, CE high or WE high.

(4) Noise pulses of less than 20 ns on the WE or CE

inputs will not result in a write cycle.

ORDERING INFORMATION

I Prefix ] Device # Suffix I
CAT 28C16A N % ﬁo TE7
Optional Product Temperature Range Tape & Reel
Company ID Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel

Package Speed

P: PDI 20: 200ns

N: PLCC

J: SOIC (JEDEC)

K: SOIC (EIAJ)

Notes:

28C16A F09

(1) The device used in the above example is a CAT28C16ANI-20TE7 (PLCC, Industrial temperature, 200 ns Access Time, Tape & Reel).




IIlICATALYST

SEMICONDUCTOR

CAT28C17A

16K-Bit CMOS E?PROM

FEATURES

H Fast Read Access Times: 200 ns

B Low Power CMOS Dissipation:
~Active: 25 mA Max.
~Standby: 100 pHA Max.

W Simple Write Operation:
~On-Chip Address and Data Latches
~Self-Timed Write Cycle with Auto-Clear

B Fast Write Cycle Time: 10ms Max

M End of Write Detection:

-DATA Polling

-RDY/BUSY Pin

B Hardware Write Protection

B CMOS and TTL Compatible /O

m 10,000 Program/Erase Cycles

B 10 Year Data Retention

m Commercial and Industrial Temperature Ranges

DESCRIPTION

The CAT28C17A is a fast, low power, 5V-only CMOS
E2PROM organized as 2K x 8-bits. It requires a simple
interface for in-system programming. On-chip address
and data latches, self-timed write cycle with auto-clear
and Vcc power up/down write protection eliminate

The CAT28C17A is manufactured using Catalyst's ad-
vanced CMOS floating gate technology. It is designed to
endure 10,000 program/erase cycles and has a data
retention of 10 years. The device is available in JEDEC
approved 28-pin DIP and SOIC or 32-pin PLCC pack-

additional timing and protection hardware. DATA Poll- ages.
ing and a RDY/BUSY pin signal the start and end of the
self-timed write cycle. Additionally, the CAT28C17A
features hardware write protection.
BLOCK DIAGRAM
ADDR. BUFFER ROW 2,048 x 8
Ag—A10 & LATCHES ™  DEcoDER E2PROM
. ARRAY
INADVERTENT HIGH VOLTAGE
Voo —————» WRITE GENERATOR
PROTECTION -
B P v
OE — CONTROL
WE . LOGIC
3 ¥ —>|  VOBUFFERS |
DATA POLLING 1
TIMER & RDY/BUSY $¢f£¢3$3
Y 1/0g—1/07
ADDR. BUFFER
Ag-Ag ———» COLUMN
& LATCHES DECODER

RDY/BUSY <=~

5091 FHD F02
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CAT28C17A

PIN CONFIGURATION

DIP Package (P) SOIC Package (J,K) PLCC Package (N)
RDY/BUSY [fe1 28 [1Vcc RDY/BUSY[Jet 28 [JVce §
NC] 2 27 [OWE NC[d2 27 [QWE o]
A7C]3 26 [INC azc]3 26 fINe r0 B9 8|L£%
AgCl 4 25 [OaAg AsCl4 25 [Ag I:(I;HIEIFII‘IH
AsC]5 24 [OAg AsCl 5 24 [0 Ag /" 3 2 7323150
A6 23 [INC A4l 6 238 [ONC AsT] 5 20| Ag
A3 7 22 [JOE A3C]7 22 [0 OE AsC] 6 28 Ag
A2C] 8 21 [JA ACls 21 [ A1o AsC 7 27H1 ne
Ai] 9 20 [OCE AiC]9 20 [QCE Azl 8 26 1 NC
Ao 10 19 [ woy AoCj10 19 [IW07  ade  ToPviEw 251 OF
10g ] 11 18 [ 1/Og o] 11 18 1 10g A 10 241 Aqq
|/01 ] 12 17 3 1/05 /04 ] 12 17 [ |/05 Ag 1 1 23 E
Vgs ] 14 15 [1 103 Vss[] 14 15 [J 103 oo O] 13 211 yog
14 15 16 17 18 19 20
PIN FUNCTIONS gboooood
8§88 82888
Pin Name Function S=E>3=5=S
Ao—A10 Address inputs 5091 FHD FO1
1/0o—1/07 Data Inputs/Outputs
RDY/BUSY Ready/BUSY Status
CE Chip Enable
OE Output Enable
WE Write Enable
Vce 5V Supply
Vss Ground
NC No Connect
MODE SELECTION
Mode CE WE OE Vo Power
Read L H L Dout ACTIVE
Byte Write (WE Controlled) L \/ H Din ACTIVE
Byte Write (CE Controlled) \/ L H DiN ACTIVE
Standby, and Write Inhibit H X X High-Z STANDBY
Read and Write Inhibit X H H High-Z ACTIVE
CAPACITANCE Tp =25°C, f=1.0 MHz, Voo =5V
Symbol Test Max. Units Conditions
Cro" Input/Output Capacitance 10 pF Vio = 0V
ciNt Input Capacitance 6 pF ViN = OV
Note:

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

8-10




CAT28C17A

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias................... -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature ...........c.cccueeee. —-65°C to +150°C Ratings” may cause'permanent damagg lothe devif:e.
S These are stress ratings only, and functional operation
Voltage on Any Pin with of the device at these or any other conditions outside of
Respect to Ground® ........... —2.0Vto +Vcc +2.0V  those listed in the operational sections of this specifica-
Vce with Respect to Ground ............... —2.0Vto+7.0v tionis notimplied. Exposure to any absolute maximum
Package Power Dissipation rating for extended periods may affect device perfor-
Capability (Ta = 25°C) ....cccoverevereerierenirnenns 1.0W mance and reliability.
Lead Soldering Temperature (10 secs) ............ 300°C
Output Short Circuit Current® ........................ 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp(™ Endurance 10,000 Cycles/Byte MIL-STD-883, Test Method 1033
Tor(" Data Retention 10 Years MIL-STD-883, Test Method 1008
Vzap() ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILthW@ | Latch-Up 100 mA JEDEC Standard 17
D.C. OPERATING CHARACTERISTICS
Vce = 5V £10%, unless otherwise specified.
Limits
Symbol Parameter Min. | Typ. Max. |Units Test Conditions
lcc Vce Current (Operating, TTL) 35 mA | CE=OE=Vy,
f = 1/trc min, All I/O’s Open
lccc® Vce Current (Operating, CMOS) 25 mA | CE=O0E= Ve,
f = 1/trc min, All I/O’s Open
Is Vce Current (Standby, TTL) 1 mA CE = Vi, All I/O’s Open
IsBc(®) Vce Current (Standby, CMOS) 100 HA CE = Vi,
All I/O’s Open
Iui Input Leakage Current -10 10 pA Vin=GND to Vcc
Lo Output Leakage Current -10 10 pA Vour = GND to Vcc,
CE = Vi
ViH(©) High Level Input Voltage 2 Vec +0.3| V
VviL® Low Level Input Voltage -0.3 0.8 \'
VoH High Level Output Voltage 2.4 \ loH = —400pA
VoL Low Level Output Voltage 0.4 \" loL=2.1mA
Vwi Write Inhibit Voltage 3.0 \Y
Note:

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

(2) 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 Ve +2.0V for periods of less than 20 ns.

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

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

(5) ViLc =-0.3V to +0.3V.
(6) Vinc = Vce -0.3V to Vg +0.3V.
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CAT28C17A

A.C. CHARACTERISTICS, Read Cycle
Vce = 5V £10%, unless otherwise specified.

28C17A-20
Symbol Parameter Min. | Max. | Units
trc Read Cycle Time 200 ns
tce CE Access Time 200 ns
taA Address Access Time 200 ns
toe OE Access Time 80 ns
tz(M CE Low to Active Output ns
torz(" OE Low to Active Output ns
tHz(h@ CE High to High-Z Output 55 ns
tonz(V@ | OE High to High-Z Output 55 ns
' ton™ Output Hold from Address Change 0 ns
Figure 1. A.C. Testing Input/Output Waveform(3)
24V >< =5V
INPUT PULSE LEVELS REFERENCE POINTS
0.45V 08V
B

Figure 2. A.C. Testing Load Circuit (example)

1.3V
1N914
3.3K
DEVICE
UNDER l o OUT

TEST

Cy = 100 pF

C INCLUDES JIG CAPACITANCE

Note:

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

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer.
(3) Input rise and fall times (10% and 90%) < 10 ns.

5089 FHD F04
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CAT28C17A

A.C. CHARACTERISTICS, Write Cycle
Vce = 5V £10%, unless otherwise specified.

28C17A-20
Symbol Parameter Min. | Max. Units
twe Write Cycle Time 10 ms
tas Address Setup Time 10 ns
taH Address Hold Time 100 ns
tcs CE Setup Time 0 ns
tcw CE Hold Time : 0 ns
tow® CE Pulse Time 150 ns
toes OE Setup Time 15 ns
toen OE Hold Time 15 ns
twp@ WE Pulse Width 150 ns
tps Data Setup Time 50 ns
toH Data Hold Time 10 ns
toL Data Latch Time 50 ns
tinir() Write Inhibit Period After Power-up 5 20 ms
tos Time to Device Busy 80 ns

Note:
(1) This parameter is tested initially and after a design or process change that affects the parameter.
(2) A write pulse of less than 20ns duration will not initiate a write cycle.
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CAT28C17A

DEVICE OPERATION

Read

Data stored in the CAT28C17A is transferred to the data
bus when WE is held high, and both OE and CE are held
low. The data bus is set to a high impedance state when
either CE or OE goes high. This 2-line control architec-
ture can be used to eliminate bus contention in a system
environment.

Ready/BUSY (RDY/BUSY)

The RDY/BUSY pin is an open drain output which
indicates device status during programming. It is pulled
low during the write cycle and released at the end of
programming. Several devices may be OR-tied to the
same RDY/BUSY line.

Figure 3. Read Cycle

B tRC > |
ADDRESS X X X
CE >
— o
CE \ /l
le—— tOF —»
— r
OE \ /
VIH
WE Pu—
E Hz [e—tOHZ—>
L»tOLz 4 tOH—»] le—1Hz—»
HIGH-Z
DATA OUT DATA VALID DATAVALD  )—
—tAA 5089 FHD F05

Figure 4. Byte Write Cycle [WE Controlled]

X

e tAS — e taH —»]

tcs
g NI

ADDRESS

twe >

KRR XXX XX

T,

[¢

LtOES"<‘——"—' twp

ALARRARRARRVARRNRRNNY

toEH

¢
WE \ / ANARAVSRNRRNNY
le——tpL. ——
RDY/BUSY \ I /
27
B [
tps ——»L tDH

5091 FHD F06
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CAT28C17A

Byte Write DATA Polling

A write cycle is executed when both CE and WE are low, DATA polling is provided to indicate the completion of a
and OE is high. Write cycles can be initiated using either byte write cycle. Once a byte write cycle is initiated,
WE or CE, with the address input being latched on the attempting to read the last byte written will output the

falling edge of WE or CE, whichever occurs last. Data, complement of that data on /07 (I/Og—1/O¢ are indeter-
conversely, is latched on the rising edge of WE or CE, minate) until the programming cycle is complete. Upon
whichever occurs first. Once initiated, a byte write cycle completion of the self-timed byte write cycle, all I/O’s will

automatically erases the addressed byte and the new output true data during a read cycle.
data is written within 10 ms.

Figure 5. Byte Write Cycle [CE Controlled]

ADDRESS T
tAs je————1AH

=\ | ANARRRKARARNAV2n N
| | )
= ZZZII00] | LY

tCS fe— tcH

WE T [T77TT7 7T TTTTTT7777A

e twe
QROCROCOOKKXXAXX

le— DL —>]

RDY/BUSY \

Iq¢ /
27
DB [+
HIGH-Z

DATA OUT g

Ri
tps tDH
5091 FHD FO7

Figure 6. DATA Polling

=\ \__/ T\__/  \__

— (0 .
Y
- OEH—_: j r—tOES

-« tOE
= \ N/
twe >
Vo7 DN = X Dour =X ¢—{ bour=X )-

5089 FHD F08
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CAT28C17A

HARDWARE DATA PROTECTION

The following is a list of hardware data protection fea-
tures that are incorporated into the CAT28C17A.

(1) Vcc sense provides for write protection when Vce
falls below 3.0V min.

(2) A power ondelay mechanism, tiniT (see AC charac-

teristics), provides a 5 to 20 ms delay before a write
sequence, after Vcc has reached 3.0V min.

(3) Write inhibit is activated by holding any one of OE
low, CE high or WE high.

(4) Noise pulses of less than 20 ns on the WE or CE
inputs will not result in a write cycle.

ORDERING INFORMATION

I Prefix l Device # l Suffix |
CAT 28C17A N i -f}o TE7
Optional Product Temperature Range 7 Tape & Reel
Company ID Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel
| = Industrial (-40°C to +85°C) TE13: 2000/Reel
Package Speed
P: PDIP 20: 200ns

N: PLCC
J: SOIC (JEDEC)
K: SOIC (EIAJ)

28C17A F09

Notes:
(1)

The device used in the above example is a CAT28C17ANI-20TE7 (PLCC, Industrial temperature, 200 ns Access Time, Tape & Reel).
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Ill|CATALYST

SEMICONDUCTOO

CAT28C64B

64K-Bit CMOS E2PROM
FEATURES
B Fast Read Access Times: m Commerical and Industrial Temperature Ranges
- 120/150/200ns m Automatic Page Write Operation:
m Low Power CMOS Dissipation: -1 to 32 Bytes in 5ms
- Active: 25 mA Max. - Page Load Timer
- Standby: 100 pA Max. m End of Write Detection:
m Simple Write Operation: - Toggle Bit
- On-Chip Address and Data Latches — DATA Polling

~ Self-Timed Write Cycle with Auto-Clear

m Fast Write Cycle Time:
- 5ms Max. (3ms available)

m CMOS and TTL Compatible /O

B Hardware and Software Write Protection
B 100,000 Program/Erase Cycles
H 100 Year Data Retention

DESCRIPTION

The CAT28C64B is a fast, low power, 5V-only CMOS The CAT28C64B is manufactured using Catalyst’s ad-
E2PROM organized as 8K x 8-bits. It requires a simple vanced CMOS floating gate technology. Itis designed to
interface for in-system programming. On-chip address endure 100,000 program/erase cycles and has a data a
and data latches, self-timed write cycle with auto-clear retention of 100 years. The device is available in JEDEC-

and Vcc power up/down write protection eliminate addi- approved 28-pin DIP, TSOP and SOIC, or, 32-pin PLCC

tional timing and protection hardware. DATA Pollingand and TSOP packages.

Toggle status bits signal the start and end of the self-

timed write cycle. Additionally, the CAT28C64B features

hardware and software write protection.

BLOCK DIAGRAM
ADDR. BUFFER ROW 8,192x8
Ashz & LATCHES DECODER vs:;ggy
» f
INADVERTENT HIGH VOLTAGE J >
Voo — WRITE GENERATOR 32R?EY(;§TP€§E
PROTECTION . :
E___ ? v
OFE — CONTROL
WE— LOGIC
3 v _J__’l VO BUFFERS |
DATA POLLING
TIMER AND NN::::
TOGGLE BIT o on JOgiO;

ADDR. BUFFER

COLUMN
& LATCHES DECODER

Ag-Ay ————»

5094 FHD F02

© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice
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CAT28C64B

PIN CONFIGURATION

PIN FUNCTIONS

DIP Package (P) SOIC Package (J, K) Pin Name Function
[\ __ |
NC CJe1 28 [ vee NC [t 28 |1 Vce Ao-A12 Address Inputs
ATl 2 27 [IWE A4 2 27 | O WE
A 3 26 1 NG A7 ] 3 26 [27 NC 1/0o—1/07 Data Inputs/Outputs
AsC] 4 25 O Ag Ag ] 4 2510 Ag CE Chip Enable
AsC] 5 24 [0 Ag AsC{5 2410 Ag —
AsC] 6 23 [0 Ay AgC] 6 23 [0 A OE Output Enable
A3C]7 22 [0 GE A3{7 22 [JOE WE Write Enable
Az ] 8 21 [ Aqp A2 8 21:3610
Ai]9 20 [OCE AfC]9 20 [CE Vce 5V Supply
Aol 10 19 [T 107 Ap L4 10 19 1] 107 Vss Ground
oo ] 1 18 [ 10g WOop L] 11 18 £ 1/0g
vo1 ] 12 17 [ 1os Vo4 L 12 17 {3 V05 NC No Connect
V0o ] 13 16 [ 104 V02 T 13 16 [ 104
vgs ] 14 15 [0 1/03 Ves[] 14 15 [ 1 1/Og
PLCC Package (N) TSOP Package (8mm x 14mm) (T14)
> &‘1' Qoo TSOP Package (8mm x 20mm) (T)
/I_II_II_H—H_H_II—I Ap{10 32 Ag
4 32 132313 Ay =2 ==VW"
Ag ] 5 29 [] Ag Ag {3 30 1 Ag
5 o8 110g =i 4 29 = Ag
As 7 o7 - Ao 1101 =5 28 Fr A7
A4 O [ A1 1102 =] 6 27 F A
Az ] 8 26 [1 NC NC 7 26 FTI NC
A ] 9 TOP VIEW 25 [ OE Vﬁg EE: g :i E \I;JC
cc
A1 10 2411 Aqo 1103 = 10 23 = NG
ApC] 1 231 CE 1/04 = 11 22 FTI WE
NC ] 12 22 1/07 /05 ] 12 21 F= ne
1/0g = 13 20 = Ag
/10 ] 13 2117 1/0
O 415161718 1920 6 Vo7 = 14 19 A9
CE T 15 18 1 Aqq
[N ERERERERERN A1p =16 17 FT OE
- N NO O T W
S8&82d3¢
5094 FHD FO1
TSOP Package (8mm x 13.4mm) (T13)
OE {10 28 [T Aqg
Aq1 /2 27 (T3 CE
Ag T3 26 =31 1/07
Ag 4 25 1 1/0g
NC =15 24 T 1/0g
WE 16 23 T 104
Vece =47 22 [T 1/03
NC 1148 21 [T GND
Aqp 119 20 FT31 1/02
A7 =410 19 =31 104
Ag = 11 18 =1 1/0g
As 12 17 o Ag
A4 1413 16 Aq
Az =14 15 Fr=1 Ap

28C64B FO3
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CAT28C64B

MODE SELECTION
Mode CE WE OE Vo Power
Read L H L Dout ACTIVE
Byte Write (_W—E Controlled) L \_/ H Din ACTIVE
Byte Write (CE Controlled) \/ L H Din ACTIVE
Standby, and Write Inhibit H X X High-Z STANDBY
Read and Write Inhibit X H H High-Z ACTIVE
CAPACITANCE Ta =25°C, f = 1.0 MHz, Vo =5V
Symbol Test Max. Units Conditions
CuoM Input/Output Capacitance 10 pF Vio = 0V
cin Input Capacitance 6 pF VIN =0V
ABSOLUTE MAXIMUM RATINGS* *COMMENT
Temperature Under Bias.................. -55°C to +125°C 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 specifica-
tion is not implied. Exposure to any absolute maximum
rating for extended periods may affect device perfor-
mance and reliability.

Storage Temperature...........c.ccceuu... —65°C to +150°C

Voltage on Any Pin with
Respect to Ground®

Ve with Respect to Ground
Package Power Dissipation
Capability (Ta = 25°C) .....ccccevrinervcninniinnans 1.0W

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

........... —2.0V to +Vce + 2.0V
............... —2.0V to +7.0V

RELIABILITY CHARACTERISTICS

Symbol Parameter Min. Max. Units Test Method
Nenp(® Endurance 104 or 105 Cycles/Byte MIL-STD-883, Test Method 1033
Tor™M Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap() ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
IbthW@) | Latch-Up 100 mA JEDEC Standard 17
Note:

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

(2) 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.
(3) Output shorted for no more than one second. No more than one output shorted at a time.
(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vgc +1V.
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CAT28C64B

D.C. OPERATING CHARACTERISTICS
Vce = 5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. | Typ. Max. |Units Test Conditions

lcc Vcc Current (Operating, TTL) 30 mA CE=OE= ViL,

f = 1/trc min, All I/O’s Open
lcccM Vcc Current (Operating, CMOS) 25 mA | CE = OE = Vi.c,

f = 1/trc min, All I/O’s Open
Ise Vce Current (Standby, TTL) 1 mA CE = Vi, All /O’s Open
Isec® Vce Current (Standby, CMOS) 100 pA | CE = Ve,

All I/O’s Open
Iu Input Leakage Current -10 10 uHA ViNn = GND to Vee
o Output Leakage Current -10 10 pA Vout = GND to Vcc,

CE =VH
ViH@ High Level Input Voltage 2 Vcc+0.3 | V
Vil Low Level Input Voltage -0.3 0.8 \Y
VoH High Level Output Voltage 2.4 \' loH = —400pA
VoL Low Level Output Voltage 0.4 \Y loL=2.1mA
Vwi Write Inhibit Voltage 3.5 \

(1) ViLc =-0.3V to +0.3V.

(2) Vic = Vcc —0.3V to Ve +0.3V.
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CAT28C64B

A.C. CHARACTERISTICS, Read Cycle
Vce = 5V £10%, unless otherwise specified.

28C64B-12 28C64B-15 28C64B-20
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
tre Read Cycle Time 120 150 200 ns
tce CE Access Time 120 150 200 ns
taa Address Access Time 120 150 200 ns
toe OE Access Time 60 70 80 ns
tLz(M CE Low to Active Output 0 0 0 ns
torz(" OE Low to Active Output 0 0 0 ns
thz("® | CE High to High-Z Output 50 50 55 ns
tonz("®@ | OE High to High-Z Output 50 50 55 ns
ton(™M Output Hold from Address Change 0 0 0 ns

Figure 1. A.C. Testing Input/Output Waveform(3)

24V

20V
INPUT PULSE LEVELS >< REFERENCE POINTS

0.45V 08V

5096 FHD F03 E

Figure 2. A.C. Testing Load Circuit (example)

iN914

3.3K

DEVICE
UNDER
TEST

o OUT

Cp =100 pF

I =W —P— 8

C) INCLUDES JIG CAPACITANCE

5096 FHD F04

Note:

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

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer.
(3) Input rise and fall times (10% and 90%) < 10 ns.
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CAT28C64B

A.C. CHARACTERISTICS, Write Cycle
Vce = 5V £10%, unless otherwise specified.

28C64B-12 28C64B-15 28C64B-20
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
twe Write Cycle Time 5 5 5 ms
tas Address Setup Time 0 0 0 ns
taH Address Hold Time 100 100 100 ns
tcs CE Setup Time 0 0 0 ns
tch CE Hold Time 0 0 0 ns
tow® CE Pulse Time 110 110 110 ns
toes OE Setup Time 0 0 0 ns
toeH OE Hold Time 0 0 0 ns
twp® WE Pulse Width 110 110 110 ns
tos Data Setup Time 60 60 60 ns
toH Data Hold Time 0 0 0 ns
tiner() Write Inhibit Period After Power-up 5 10 5 10 5 10 ms
teLch® Byte Load Cycle Time .05 100 .05 100 .05 100 us

Note:
E (1)  This parameter is tested initially and after a design or process change that affects the parameter.
(2) A write pulse of less than 20ns duration will not initiate a write cycle. .
(3) A timer of duration tg c max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin;
however a transition from HIGH to LOW within tg) ¢ max. stops the timer.
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CAT28C64B

DEVICE OPERATION

Read

Data stored inthe CAT28C64B is transferred to the data
bus when WE is held high, and both OE and CE are held
low. The data bus is set to a high impedance state when
either CE or OE goes high. This 2-line control architec-
ture can be used to eliminate bus contention in a system
environment.

Byte Write

Awrite cycle is executed when both CE and WE are low,
and OE is high. Write cycles can be initiated using either
WE or CE, with the address input being latched on the
falling edge of WE or CE, whichever occurs last. Data,
conversely, is latched on the rising edge of WE or CE,
whichever occurs first. Once initiated, a byte write cycle
automatically erases the addressed byte and the new
data is written within 5 ms.

Figure 3. Read Cycle

tRC

v

ADDRESS

|¢——— ICE — ]

CE /]

|l&—— tOE —»
J— e
OE \ /

VIH
WE le—— 1 7
|«—tOHZ—>
le-toLZ [4—toH—>] e—tHZ—>
H -
DATA OUT IGH-Z DATA VALID

, R%?%g* DATAVALID  )—
e—tan

28C64B F06

Figure 4. Byte Write Cycle [ﬁ Controlled]

m tAS —»le——1tAH

tcs

ADDRESS

OUXX

twe
XXXOOOKXXXXX

i,

e /7777777 ,[ JARARARRRRARN \\\\\\\V
{OES »e———tWP > tOEH
we \ ARARRVSRRRRRNZR
DATA OUT m Hon2 55

DS —-’L~ tDH

j(XXXXXXXXZXXXXXXXXXXE—

5096 FHD F06
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CAT28C64B

Page Write

The page write mode of the CAT28C64B (essentially an
extended BYTE WRITE mode) allows from 1 to 32 bytes
of data to be programmed within a single E2PROM write
cycle. This effectively reduces the byte-write time by a
factor of 32.

Following aninitial WRITE operation (WE pulsed low, for
twe, and then high) the page write mode can begin by
issuing sequential WE pulses, which load the address
and data bytes into a 32 byte temporary buffer. The page
address where data is to be written, specified by bits As
to A12, is latched on the last falling edge of WE. Each
byte within the page is defined by address bits Ag to As

(which can be loaded in any order) during the first and
subsequent write cycles. Each successive byte load
cycle must begin within tsLc max of the rising edge of the
preceding WE pulse. There is no page write window
limitation as long as WE is pulsed low within tgLc MAXx.

Upon completion of the page write sequence, WE must
stay high a minimum of tsLc max for the internal auto-
matic program cycle to commence. This programming
cycle consists of an erase cycle, which erases any data
that existed in each addressed cell, and a write cycle,
which writes new data back into the cell. A page write will
only write data to the locations that were addressed and
will not rewrite the entire page.

Figure 5. Byte Write Cycle [CE Controlled]

ADDRESS T
tas e—————1tAH
nEmm—— 01 B
CE \ /

twe
RXKQOOOOXXXXXX

R

JARRARRFANAAN W

N

. tOEH<—>’ W
o ({{{Qéj’ . JANERRRRRARAVERRRRRRNN Y
osim_of* 1OES toH [ )
wE AN\ (LT TN
DATAIN —— INVYYYYY DATA VALID

N AR A
MAAAAAAN

'DH 5094 FHD FO7

Figure 6. Page Mode Write Cycle

£

OE

i

NN
r

Y

- \_LID_ [T\ [T\ ST\ LTI [T
twp tBLC
e S\
ADDRESS X X X X::X X L‘
o TRRRRRRRR XX XXX o —

5096 FHD F10
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CAT28C64B

DATA Polling Toggle Bit

DATA polling is provided to indicate the completion of In addition to the DATA Polling feature, the device offers
write cycle. Once a byte write or page write cycle is an additional method for determining the completion of
initiated, attempting to read the last byte written will a write cycle. While a write cycle is in progress, reading
output the complement of that data on 1/O7 (I/Oo—1/Os data from the device will result in I/Oe toggling between
are indeterminate) until the programming cycle is com- one and zero. However, once the write is complete, /Og
plete. Upon completion of the self-timed write cycle, all stops toggling and valid data can be read from the
1/O’s will output true data during a read cycle. device.

Figure 7. DATA Polling

R0 D 800 G
S N e N Y A

T\ i \

e—lOEH—1 | , OE tOES—»
o€ N/ T\ /

- twc -
Vo7 DiN = X Doyt =X —{ bour=Xx )

28C64B F10

Figure 8. Toggle Bit E
W._E \ a )

e /[ W S

RN
J

1/0g

(

/1) \— ] \ /
n__/ N
twc !

28C64B F11

Note:
(1) Beginning and ending state of I/Og is indeterminate.
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CAT28C64B

HARDWARE DATA PROTECTION

The following is a list of hardware data protection fea-
tures that are incorporated into the CAT28C64B.

(1) Vcc sense provides for write protection when Vcc
falls below 3.5V min.

(2) A power on delay mechanism, tiniT (see AC charac-
teristics), provides a 5 to 10 ms delay before a write
sequence, after Vcc has reached 3.5V min.

(3) Write inhibit is activated by holding any one of OE
low, CE high or WE high.

(4) Noise pulses of less than 20 ns on the WE or CE
inputs will not result in a write cycle.

SOFTWARE DATA PROTECTION

The CAT28C64B features a software controlled data
protection scheme which, once enabled, requires a data
algorithm to be issued to the device before a write canbe
performed. The device is shipped from Catalyst with the
software protection NOT ENABLED (the CAT28C64Bis
in the standard operating mode).

Figure 9. Write Sequence for Activating Software
Data Protection

WRITE DATA: AA
ADDRESS: 1555

WRITE DATA: 55
ADDRESS: 0AAA

WRITE DATA: A0
ADDRESS: 1555

l

SOFTWARE DATA )
PROTECTION ACTIVATED

|
WRITE DATA: XX
TO ANY ADDRESS

WRITE LAST BYTE
TO
LAST ADDRESS

5094 FHD F08

Note:

Figure 10. Write Sequence for Deactivating
Software Data Protection

WRITE DATA: AA
ADDRESS: 1555

WRITE DATA: 55
ADDRESS: 0AAA

WRITE DATA: 80
ADDRESS: 1555

A 4
WRITE DATA: AA
ADDRESS: 1555

WRITE DATA: 55
ADDRESS: 0AAA

WRITE DATA: 20
ADDRESS: 1555

5094 FHD FO9

(1)  Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tg; ¢

Max., after SDP activation.




CAT28C64B

To activate the software data protection, the device must
be sentthree write commands to specific addresses with
specific data (Figure 9). This sequence of commands
(along with subsequent writes) must adhere to the page
write timing specifications (Figure 11). Once thisis done,
all subsequent byte or page writes to the device must be
preceded by this same set of write commands. The data
protection mechanism is activated until a deactivate
sequence is issued regardless of power on/off transi-
tions. This gives the user added inadvertent write pro-
tection on power-up in addition to the hardware protec-
tion provided.

To allow the user the ability to program the device with
an E2PROM programmer (or for testing purposes) there
is a software command sequence for deactivating the
data protection. The six step algorithm (Figure 10) will
reset the internal protection circuitry, and the device will
return to standard operating mode (Figure 12 provides
reset timing). After the sixth byte of this reset sequence
has been issued, standard byte or page writing can
commence.

Figure 11. Software Data Protection Timing

DATA AA 55
ADDRESS 1555

CE

— %

WE

twe -

WRITES
ENABLED

5094 FHD F13

Figure 12. Resetting Software Data Protection Timing

DATA AA 55 80 AA 55 20 twc -+ spbpP
ADDRESS 1555 0AAA 1555 1555 0AAA 1555 RESET
CE
DEVICE
UNPROTECTED
. —5 L
WE
5094 FHD F14
ORDERING INFORMATION
|;eﬁx I Device # l Suffix |
CAT 28C64B F f ﬁo TE7
Product Write Cycle Time Temperature Range Tape & Reel
Number Blank = Standard Blank = Commercial (0°C to +70°C) TE7: 500/Reel
F = Fast (3ms Write | = Industrial (-40°C to +85°C) TE13: 2000/Reel
Cycle Time)
Optional Endurance Package Speed
Company Blank = 10,000 Cycle P: PDIP 12: 120ns
ID H = 100,000 Cycle J: SOIC (JEDEC) 15: 150ns

K: SOIC (EIAJ) 20: 200ns

N: PLCC

T: TSOP (8mmx20mm)

T13: TSOP (8mmx13.4mm)

T14: TSOP (8mmx14mm)

28C64B F15

Notes:

(1)

Industrial temperature, 200 ns Access Time, Tape & Reel).

The device used in the above example is a CAT28C64BHFNI-20TE7 (100,000 Cycle Endurance, 3ms Write Cycle Time, PLCC,
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Ill|ICATALYST

SEMICONDUCTOR

CAT28C65B

64K-Bit CMOS E2PROM
FEATURES
B Fast Read Access Times: ® Commercial and Industrial Temperature Ranges
- 120/150/200ns ® Automatic Page Write Operation:
B Low Power CMOS Dissipation: -1 to 32 Bytes in 5ms
- Active: 25 mA Max. - Page Load Timer
- Standby: 100 pA Max. B End of Write Detection:
B Simple Write Operation: - Toggle Bit
- On-Chip Address and Data Latches - DATA Polling
- Self-Timed Write Cycle with Auto-Clear - RDY/BUSY
B Fast Write Cycle Time: B Hardware and Software Write Protection

- 5ms Max. (3ms available)
B CMOS and TTL Compatible /O

m 100,000 Program/Erase Cycles
H 100 Year Data Retention

DESCRIPTION

The CAT28C65B is a fast, low power, 5V-only CMOS CAT28C65B features hardware and software write pro-
E2PROM organized as 8K x 8-bits. It requires a simple tection.

interface for in-system programming. On-chip address . . ,

and data latches, self-timed write cycle with auto-clear The CAT28C65B is manufactured using Catalyst's ad-
and Ve power up/down write protection eliminate addi- vanced CMOS floating gate technology. Itis designed to
tional timing and protection hardware. DATA Polling, a endure 100,000 program/erase cycles and has a data
RDY/BUSY pin and Toggle status bits signal the start retention of 100 years. The device is available in JEDEC-
and end of the self-timed write cycle. Additionally, the approved 28-pin DIP, TSOP and SOIC, or 32-pin PLCC

and TSOP packages.
BLOCK DIAGRAM

ADDR. BUFFER ROW » 8,192x8

AsA12 DECODER E2PROM

& LATCHES T =ZPRON
INADVERTENT HIGH VOLTAGE 1

Voo — WRITE GENERATOR 32RBEY;§$£§E

PROTECTION :

E__ oy

oE— .| conTtrOL

WE— LOGIC
1) 5 y —| /O BUFFERS
DATA POLLING,

TIMER | TOGGLEBIT & " 5: t ft :

RDY/BUSY LOGIC VOGO,
AgAg ———> A%D&T%‘i.fsE R > COLUMN
DECODER

RDY/BUSY 5099 FHD F02

© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice
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CAT28C65B

PIN CONFIGURATION PIN FUNCTIONS
DIP Package (P) SOIC Package (J, K) Pin Name Function
RDY/BUSY Cle1 28 [ Vee RDY/BUSY [f*1 28 L] Vce Ao-A12 Address Inputs
A2 27 OWE A2] 2 27 O WE
P 26 F1 NG A7 3 26 51 NC 1/00—1/07 Data Inputs/Outputs
AsC]4 25 [ Ag AeC]4 2510 Ag RDY/BUSY Ready/BUSY Status
AsC]5 24 [ Ag AsC]5 24 1 Ag — -
ATl 6 23 [ Aqq A4 6 23 [ Ary CE Chip Enable
Azl 7 22pDGCE 23 = ; ;f g 2'5 OE Output Enable
A} 8 21 Ato 2 A10 — -
= D 20 TE Acde 203 CE WE Write Enable
Aol 10 19 [T w0y AgCq 10 19 L7 107 Vee 5V Supply
Voo ] 11 18 1 vOg Voorq 11 18 |7 10g
vos T} 12 17 1 vos vo1 12 17 [ vOs Vss Ground
o] 13 16 [3 V04 Vo2 ] 13 16 |1 V/O4 NC No Connect
ves ] 14 15 [ 103 Vss ] 14 15 |1 VO3
PLCC Package (N)

b7 TSOP Package (8mm x 14mm) (T14)

a TSOP Package (8mm x 20mm) (T)
L\?EQBL“Q ac{10 2} A3
<< T Z>SZ Ay T2 g ==FW
O00nnnn Ag 13 30 o Ag

4 3 2 1323130 Voo =4 4 20 g
1 7
As] S zg - Ag 10y = 6 27 3 Ap
As[] 6 1 Ag NC =7 26 T RDY/BUSY
Ag] 7 277 Aqy Vgs T8 25 FI NG
Azl 8 26 L1 NC Vgc EEI: ?o gg ::E ‘rﬂ%c
~ 3
AxC] 9 TOP VIEW 251 OE 1104 = 11 22 F WE
mf 1o = = A=l
~c 6
Ag] M 23171 CE == 19 F Ag
NC [ 12 22 [ /07 CE {15 18 Fr Aqq
/0p ] 13 21 [ 10g Aqo 16 (4 ==K¢3
14 15 16 17 18 19 20
ooy
- NNQO O T WO
QLYz9292Q 5095 FHD FO1
TSOP Package (8mm x 13.4mm) (T13)
OE {10 28 1 Aqo
A1 42 27 (I3 CE
Ag 113 26 [T 1/07
Ag 114 25 T 1/0g
NC =5 24 F /05
WE 6 23 [T 1/04
Vcc 17 22 (T 1/03
RDY/BUSY =18 21 =1 GND
Ao =9 20 F= /0o
A7 CTH10 18 =3 1104
A 11 18 F=3 110
As 412 17 Ap
Aq =13 16 = A
Az 14 15 Fr A

28C65B FO3
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MODE SELECTION
Mode CE WE OE Vo Power
Read L H L Dout ACTIVE
Byte Write (WE Controlled) L \/ H DN ACTIVE
Byte Write (CE Controlled) —\_/— L H Din ACTIVE
Standby, and Write Inhibit H X X High-Z STANDBY
Read and Write Inhibit X H H High-Z ACTIVE
CAPACITANCE Ta = 25°C, F = 1.0 MHZ, V¢ = 5V
Symbol Test Max. Units Conditions
Cyo" | Input/Output Capacitance 10 pF Vijo =0V
ciN® Input Capacitance 6 pF Vin =0V
Note:

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

ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature Under Bias -55°C to +125°C Stresses above those listed under “Absolute Maximum
Storage Temperature .........cc...o..... —65°C to +150°C Ratings” may cause permanent damage to the device.
. These are stress ratings only, and functional operation
Voltage on Any Pin W|t(r21) of the device at these or any other conditions outside of
Respect to Ground®® ........... —2.0Vto +Vec + 2.0V those listed in the operational sections of this specifica-
Vcc with Respect to Ground ............... —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum
Package Power Dissipation rating for extended periods may affect device perfor-
Capability (Ta = 25°C) ....ceeveeriereerireeieereenene 1.0W mance and reliability.
Lead Soldering Temperature (10 secs) . 300°COutput
Short Circuit Current® ........c...cocoeverirrereen 100 mA
RELIABILITY CHARACTERISTICS
Symbol Parameter Min. Max. Units Test Method
Nenp( Endurance 104 or 105 Cycles/Byte MIL-STD-883, Test Method 1033
Tor(" Data Retention 100 Years MIL-STD-883, Test Method 1008
Vzap(h ESD Susceptibility 2000 Volts MIL-STD-883, Test Method 3015
ILth(M@ | Latch-Up 100 mA JEDEC Standard 17
Note:

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

(2) 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 Vg +2.0V for periods of less than 20 ns.

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

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vgc +1V.
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D.C. OPERATING CHARACTERISTICS
Vce = 5V £10%, unless otherwise specified.

Limits
Symbol Parameter Min. | Typ. Max. | Units Test Conditions
lcc Vcc Current (Operating, TTL) 30 mA | CE=O0E=Vy,
f = 1/trc min, All I/O’s Open
Iccc™ Vcc Current (Operating, CMOS) 25 mA | CE=0E = Vi,
f = 1/trc min, All I/O’s Open
Iss Vcc Current (Standby, TTL) 1 mA | CE = Vi, All I/O’s Open
Isec® Vec Current (Standby, CMOS) 100 pA | CE = Vinc,
All I/O’s Open
Iui Input Leakage Current -10 10 HA Vin = GND to Vce
Lo Output Leakage Current -10 10 HA Vout = GND to Vcc,
CE=VH
Vi@ High Level Input Voltage 2 Vcc +0.3| V
viL Low Level Input Voltage -0.3 0.8 \Y
VoH High Level Output Voltage 2.4 \Y lon = —400pA
VoL Low Level Output Voltage 0.4 Vv loL=2.1mA
Vwi Write Inhibit Voltage 3.5 \"

Note:
(1) ViLc =-0.3V to +0.3V.
(2) Vinc = Ve —0.3V to Ve +0.3V.
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A.C. CHARACTERISTICS, Read Cycle
Vce = 5V £10%, unless otherwise specified.

28C65B-12 28C65B-15 28C65B-20
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. Units
trc Read Cycle Time 120 150 200 ns
tce ‘CE Access Time 120 150 200 ns
taa Address Access Time 120 150 200 ns
toe OE Access Time 60 70 80 ns
tz(M) CE Low to Active Output ns
torz(! OE Low to Active Output ns
thz("® | CE High to High-Z Output 50 50 55 ns
torz(1@ | OE High to High-Z Output 50 50 55 ns
ton™ Output Hold from Address Change 0 0 0 ns
Figure 1. A.C. Testing Input/Output Waveform(3)
24V ><2.o v
INPUT PULSE LEVELS REFERENCE POINTS
0.45V 08v

5096 FHD F03 E

Figure 2. A.C. Testing Load Circuit (example)

1.3V
1N914
3.3K
DEVICE
UNDER o OUT
TEST _I_
___[: CL= 100 pF

C|_ INCLUDES JIG CAPACITANCE

Note:

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

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer.

(3) Input rise and fall times (10% and 90%) < 10 ns.

5096 FHD F04
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A.C. CHARACTERISTICS, Write Cycle
Vcc = 5V £10%, unless otherwise specified.

28C65B-12 28C65B-15 28C65B-20
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
twe Write C