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M Features

® WideVoltage Operation
VCC=18Vto55V

® Operating Ambient Temperature: -40°C to +85°C
e Internally Organized:
- T24C02A, 256 X 8 (2K bhits)
- T24C04A, 512 X 8 (4K bhits)
- T24C08A, 1024 X 8 (8K hits)

T24C16A, 2048 X 8 (16K hits)
Two-wire Serial Interface
Schmitt Trigger, Filtered Inputs for Noise Suppression
Bidirectional Data Transfer Protocol
1 MHz (5V), 400 kHz (1.8V, 2.5V, 2.7V) Compatibility
Write Protect Pin for Hardware Data Protection
8-byte Page (2K), 16-byte Page (4K, 8K, 16K) Write Modes
Partial Page Writes Allowed
Sdf-timed Write Cycle (5 ms max)
High-reliability
- Endurance: 1 Million Write Cycles
- DataRetention: 100 Y ears
8-lead PDIP, 8-lead SOP and 8-lead TSSOP Packages
Die Sales: Wafer Form, Waffle Pack

B General Description

The T24C02A/T24C04A/T24C08A/T24C16A provides 2048/4096/8192/16384 hits of seria
electrically erasable and programmable read-only memory (EEPROM) organized as
256/512/1024/2048 words of 8 bits each. The deviceis optimized for usein many industrial and
commercial applications where low-power and low-voltage operations are essential. The
T24C02A/T24C04A/T24C08A/T24C16A is available in space-saving 8-lead PDIP, 8-lead SOP, and
8-lead TSSOP packages and is accessed via a two-wire serial interface.

B Pin Configuration
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B Pin Descriptions

Table 1: Pin Configuration

Pin Designation Type Name and Functions
A0-A2 I Address Inputs
SDA I/0 & Open-drain Serial Data
SCL I Serial Clock Input

WP | Write Protect

GND P Ground

VCC P Power Supply
NC NC No Connect

M Block Diagram

C16/C08/ C0D4 /CO2

NC / NC/ NC AD

MNC JNC /A1 A1

NC/ A2 1 A1 A2

U e
e START STOP
LoGIC
——H
EN
L § SERIAL CONTROL HIGH VOLTAGE
@ LoGIC | PUMPITIMING
LOAD 1
» Lo DATA RECOVERY
b § DEVICE ADDRESS
COMPARATOR
T |
I LOAD INC
m—

o

=

& DATA WORD Jd 5

ADDRESS COUNTER g EECRUM
(=]
>
s
¥ DECODER SERIAL MUX
DIN N DOUTIACKNOWLEDGE
L
DOUT

u

Shenzhen First-Rank Technology Co., Ltd

Version: 2.0

Date:22.Nov.2013
Page: 3 of 18



http://www.fs-rank.com/

S5 Tel:86-755-2666 3145 Fax:86-755-8345 252
/ Website: www.fs-rank.com/

B Pin Descriptions

DEVICE/PAGE ADDRESSES (A2, Al and AO): The A2, Al and AO pins are device address inputs
that are hard wired for the T24C02A.. Eight 2K devices may be addressed on a single bus system
(device addressing is discussed in detail under the Device Addressing section).

The T24C04A usesthe A2 and Al inputs for hard wire addressing and a total of four 4K devices may
be addressed on a single bus system. The A0 pinis ano connect and can be connected to ground.

The T24CO08A only uses the A2 input for hardwire addressing and atotal of two 8K devices may be
addressed on a single bus system. The A0 and A1 pins are no connects and can be connected to
ground.

The T24C16A does not use the device address pins, which limits the number of deviceson asingle
busto one The A0, Al and A2 pins are no connects and can be connected to ground.

SERIAL DATA (SDA): The SDA pinisbi-directiona for seria datatransfer. This pinisopen-drain
driven and may be wire-ORed with any number of other open-drain or open- collector devices.

SERIAL CLOCK (SCL): The SCL input is used to positive edge dock data into each EEPROM
device and negative edge dock data out of each device.

WRITE PROTECT (WP): The T24C02A/T24C04A/T24C08A/T24C16A has aWrite Protect pin
that provides hardware data protection. The Write Protect pin allows normal read/write operations
when connected to ground (GND). When the Write Protect pin is connected to VCC, thewrite
protection featureis enabled and operates as shown in the following Table 2.

Table 2;: Write Protect

! Part of the Array Protected
WP Pin Status T24C02A T24C04A T24C08A T24CI6A
AtVCC Full (2K) Array Full (4K) Array Full (8K) Array Full (16K) Array
At GND Normal Read/Write Operations

B Memory Organization

T24C02A, 2K SERIAL EEPROM: Internally organized with 32 pages of 8 bytes each, the 2K
requires an 8-bit data word address for random word addressing.

T24C04A, 4K SERIAL EEPROM:: Internally organized with 32 pages of 16 bytes each, the 4K
requires a 9-bit data word address for random word addressing.

T24C08A, 8K SERIAL EEPROM : Internally organized with 64 pages of 16 bytes each, the 8K
requires a 10-bit data word address for random word addressing.

T24C16A, 16K SERIAL EEPROM: Internally organized with 128 pages of 16 bytes each, the 16K
requires an 11-bit data word address for random word addressing.

M Device Operation

CLOCK and DATA TRANSITIONS: The SDA pinisnormally pulled high with an external device.
Data on the SDA pin may change only during SCL low time periods (see to Figure 1 on page 5). Data
changes during SCL high periods will indicate a start or stop condition as defined below.

START CONDITION: A high-to-low transition of SDA with SCL high is a start condition which
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must precede any other command (seeto Figure 2 on page 5).

STOP CONDITION: A low-to-high transition of SDA with SCL high isastop condition. After a
read sequence, the stop command will place the EEPROM in a standby power mode (see Figure 2 on
page 5).

ACKNOWLEDGE: All addresses and datawords are serially transmitted to and from the EEPROM
in 8-bit words. The EEPROM sends a 0" to acknowl edge that it has received each word. This
happens during the ninth clock cycle.

STANDBY MODE: The T24C02A/T24C04A/T24C08A/T24C16A features a low-power standby
mode which is enabled: (a) upon power-up and (b) after the receipt of the STOP bit and the
compl etion of any internal operations.

MEMORY RESET: After an interruption in protocol, power 10ss or system reset, any two-wire part
can be reset by following these steps:

1. Clock up to 9 cycles.

2. Look for SDA high in each cyclewhile SCL is high.

3. Create a gtart condition.

e Figurel: DataValidity

I
P
~pote

i I |
! 11 !
sCL 1 1
I ]
jr— ODATASTABLE —¥¢—— DATASTASLE —H
DATA
CHANGE

1 Figure2: Start and Stop Definition

I/‘—'\\I
SDA N
SCL N / / A v,

— —
START sTOP
Shenzhen First-Rank Technology Co., Ltd Date:22.Nov.2013

Version: 2.0 Page: 5 of 18


http://www.fs-rank.com/

S5 Tel:86-755-2666 3145 Fax:86-755-8345 252
/ Website: www.fs-rank.com/

@ Figure3:; Output Acknowledge

N D+

- i _
DATA QUT ! . ;
START [ !

ACKNOWLEDGE

M Device Addressing

The 2K, 4K, 8K and 16K EEPROM devices all require an 8-bit device address word following a start
condition to enablethe chip for aread or write operation (seeto Figure 4 on page 8).

The device address word consists of a mandatory "1", "0" sequence for the first four most significant
bits as shown. Thisis common to all the Serial EEPROM devices.

Thenext 3 bits arethe A2, A1 and AO device address bits for the 2K EEPROM. These 3 bits must
compareto ther corresponding hardwired input pins.

The4K EEPROM only uses the A2 and A1l device address bits with the third bit beng a memory page
address bit. The two device address bits must compareto their corresponding hardwired input pins.
The AO pinisno connect.

The 8K EEPROM only uses the A2 device address bit with the next 2 bits being for memory page
addressing. The A2 bit must compareto its corresponding hard-wired input pin. The A1 and AO pins
are no connect.

The 16K does not use any device address bits but instead the 3 bits are used for memory page
addressing. These page addressing bits on the 4K, 8K and 16K devices should be considered the most
significant bits of the data word address which follows. The A0, Al and A2 pins are no connect.

The eighth bit of the device addressis the read/write operation sdect bit. A read operation is initiated
if thisbit ishigh and awrite operation isinitiated if this bit islow.

Upon acompare of the device address, the EEPROM will output a"0". If a compareis not made, the
chip will return to a standby state.

.Write Operations

BYTE WRITE: A write operation requires an 8-bit dataword address following the device address
word and acknowledgment. Upon receipt of this address, the EEPROM will again respond with a"0"

and then dock in thefirst 8-bit data word. Following receipt of the 8-bit data word, the EEPROM wiill
output a"0" and the addressing device, such as a microcontroller, must terminate the write sequence
with a stop condition. At thistime the EEPROM enters an internally timed write cycle, tws, to the
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nonvolatile memory. All inputs are disabled during this write cycle and the EEPROM will not respond
until thewriteis complete (see Figure 5 on page 7).

PAGE WRITE: The 2K EEPROM s capable of an 8-byte page write, and the 4K, 8K and 16K
devices are capable of 16-byte page writes.

A pagewriteisinitiated the same as a byte write, but the microcontroller does not send a stop
condition after the first dataword is clocked in. Instead, after the EEPROM acknowl edges receipt of
thefirst data word, the microcontroller can transmit up to seven (2K) or fifteen (4K, 8K, 16K) more
data words. The EEPROM will respond with a"0" after each data word received. The microcontroller
must terminate the page write sequence with a stop condition (see Figure 6 on page 8).

The data word address lower three (2K) or four (4K, 8K, 16K) bits areinternally incremented
following the receipt of each data word. The higher data word address bits are not incremented,
retaining the memory page row location. When the word address, internally generated, reaches the
page boundary, the following byteis placed at the beginning of the same page. If more than eight (2K)
or sixteen (4K, 8K, 16K) data words are transmitted to the EEPROM, the data word address will "roll
over" and previous data will be overwritten.

ACKNOWLEDGE POLLING: Oncethe internally timed write cycle has started and the EEPROM
inputs are disabled, acknowledge polling can beinitiated. This involves sending a start condition
followed by the device address word. The read/write bit is representative of the operation desired.
Only if the internal write cycle has completed will the EEPROM respond with a"0", allowing the read
or write sequence to continue.

B Read Operations

Read operations are initiated the same way as write operations with the exception that the read/write
select bit in the device address word isset to "1". There are three read operations. current address read,
random address read and sequential read.

CURRENT ADDRESS READ: Theinternal data word address counter maintains the last address
accessed during the last read or write operation, incremented by one. This address stays valid between
operations as long as the chip power is maintained. The address "roll over" during read is from the last
byte of the last memory pageto the first byte of the first page. The address "roll over" during writeis
fromthelast byte of the current pageto the first byte of the same page.

Oncethe device address with the read/write sel ect bit set to 1" is clocked in and acknowledged by the
EEPROM, the current address data word is serially clocked out. The microcontroller does not respond
with an input "0" but does generate a following stop condition (see Figure 7 on page 8).

RANDOM READ: A random read requires a"dummy" byte write sequence to load in the data word
address. Once the device address word and data word address are clocked in and acknowledged by the
EEPROM, the microcontroller must generate another start condition. The microcontroller now
initiates a current address read by sending a device address with the read/write sel ect bit high. The
EEPROM acknowl edges the device address and serially clocks out the data word. The microcontroller
does not respond with a 0" but does generate a following stop condition (see Figure 8 on page 9).

SEQUENTIAL READ: Sequential reads areinitiated by either a current address read or arandom

address read. After the microcontroller receives a dataword, it responds with an acknowledge. As
long as the EEPROM receives an acknowledge, it will continue to increment the data word address
and serially clock out sequential data words. When the memory address limit is reached, the data word
address will "roll over" and the sequential read will continue. The sequential read operation is
terminated when the microcontroller does not respond with a"0" but does generate a following stop
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condition (see Figure 9 on page 9).

1 Figure4: Device Address
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1 Figure8: Random Read
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B Electrical Characteristics
1 Absolute Maximum Stress Ratings
DC Supply Voltage . .. ..............-0.3Vto +6.5V Input / Output Voltage . . .. ....GND-0.3V to Vcc+0.3V
Operating Ambient Temperature . .. .. -40°C to+85°C Storage Temperature . ........... -65C to+150°C

I  Comments

Stresses above those listed under " Absolute Maximum Ratings' may cause permanent damage to this
device. These are stress ratings only. Functional operation of this device at these or any other
conditions above thoseindicated in the operational sections of this specification is not implied or
intended. Exposure to the absolute maximum rating conditions for extended periods may affect device
rdiability.
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B DC Electrical Characteristics

Applicable over recommended operating range from: TA =-40C to +85C, VCC = +1.8V to +5.5V

(unless otherwi se noted)

Parameter Symbol Min. Typ. Max. Unit Condition
Supply Voltage e 18 - 55 \%
Supply Current Vcc=5.0V lccl - 04 1.0 mA | Read @100KHz
Supply Current Vcc=5.0V lcc2 - 20 3.0 mA | Write @100KHz
Standby Current Iss - - 20 UA Vin=Vcc or GND
Input Leakage Current ILi - - 3.0 UA Vin=Vcc or GND
Output Leakage Current lo - 0.05 3.0 UA Vout=Vcc or GND
Input Low Level Vi 0.6 - Vcex 0.3 \%
Input High Level ViH VeeX 0.7 - Vcec+ 05 \%
Output Low Level Vcc=5.0V Vous - - 04 \% lor=3.0mA
Output Low Level Vcc=3.0V Vorz - - 04 \% lor=2.1mA
Output Low Level Vce=1.8V Vou - - 0.2 \ lo.=0.15mA

B Pin Capacitance

Applicable over recommended operating range from TA =25C, f = 1.0 MHz, VCC = +1.8V
Parameter Symbol Min. Typ. Max. Unit Condition
Input/Output Capacitance (SDA) Cio - - 8 pF Vio =0V
Input Capacitance (A0, A1, A2, SCL) Cin - - 6 pF Vin =0V

B AC Electrical Characteristics

Applicable over recommended operating range from TA =
CL =1 TTL Gate and 100 pF (unless otherwise noted)

-40°C to+85C,VCC =+1.8V to +5.5V,

1.8-volt 5.0-volt .
Parameter Symbol Min. Typ. Max. Min. Typ. Max. Units

Clock Frequency, SCL fscL - - 400 - - 1000 | KHz
Clock Pulse Width Low fLow 12 - - 0.6 - - us

Clock Pulse Width High thiGH 0.6 - - 04 - - us

Noise Suppression Time t - - 50 - - 40 us
Clock Low to DataOut Vdid taa 0.05 - 0.9 0.05 - 055 | us

Start Hold Time tHp.sTA 0.6 - - 0.25 - - us

Start Setup Time tsusta 0.6 - - 0.25 - - us
Dataln Hold Time tHo.0AT 0 - - 0 - - us
Dataln Setup Time tsupat 100 - - 100 - - ns

Inputs Rise Time(1) tr - - 0.3 - - 0.3 us

Inputs Fall Time(1) te - - 300 - - 100 | ns

Stop Setup Time tsusto 0.6 - - 0.25 - - us
DataOut Hold Time ton 50 - - 50 - - ns

Write Cycle Time twr - - 5 - - 5 ms

5.0V, 25°C, Byte Mode Endurance M - - - - - Write Cycles
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Note

1. This parameter is characterized and is not 100% tested.

2. AC measurement conditions: RL (connectsto VCC): 1.3kQ (2.5V,5V),10kQ (1.8V)
Input pulse voltages: 0.3 VCCt0 0.7 VCC

Input riseand fall time: <50 ns

Input and output timing reference voltages. 0.5 VCC

Thevalue of RL should be concerned according to the actual loading on the user's system.

BBusTiming

Figure 10: SCL: Serial Clock, SDA: Serial Data l/O
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1 Figure 11: SCL: Seria Clock, SDA: Serial Data l/O
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Note
1. Thewrite cycletimetwr is the time from avalid stop condition of a write sequence to the end of the
internal clear/write cycle.
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B Ordering Information

Code Number

Part Number T 24 XXX - X X

1 2 3 4 5

1.Prefix
2.Series Name
24:Two-wire(I12C) Interface
3.EEPROM Density
C02=2K bits
C04=4K bits
C08=8K bits
C16=16K bits
4.0perating Votage

A=1.8V-5.5V
5.Temperature Range

I=Ind Temp(-40°C-85C)
E=Exp Temp(-40C -1257C)

Shenzhen First-Rank Technology Co., Ltd Date:22.Nov.2013
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B Packaging | nfor mation

1. SOP
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SYMBOL MILLIMETER
MIN | NOM MAX
A — — 1.77
Al 0.08 | 0.18 0.28
A2 1.20 | 1.40 1.60
A3 0.55 | 0.65 0.75
b 0.39 — 0.48
b1 0.3 | 0.41 0.43
c 0.21 — 0.26
a1 0.19 | 0.20 0.21
D 4.70 | 4.9 5.10
E 5.80 | 6.00 6.20
E1 3.70 | 3.90 4.10
1.27BSC
0.50 | 0.65 | 0.80
L1 1.05BSC
0 o | — | @
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2. PDIP

b o™ ]

c ) b
eh
e
SYMBOL MILLIMETER
MIN NOM MAX
A 3.60 3.80 4,00
Al 051 — —
A2 3.10 3.30 3.50
A3 1.50 1.60 1.70
b 0.44 — 0.53
bl 0.43 0.46 0.48
B1 1.52BSC
40— c 0.25 - 0.31
b
A cl 0.24 0.25 0.26
o A D 9.05 9.25 9.45
1
R EL | 6.5 | 6.35 6.55
BASE METAL e 2.54BSC
WITH PLATING
SECTION B-B eA 7.62BSC
eB 7.62 — 9.50
eC 0 — 0.94
L 3.00 — —
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3. SOT23-5

L

7
[

Symbol Dimensions In Millimeters Dimensions In Inches
Min Mazx Mim Max

A 1.050 1.250 0.041 00443
A 0.000 0.100 0.000 0004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 o.o12 0.020
[ 0.100 0200 0.004 0.008
] 2.820 3.020 o111 0.114a
E 1.500 1.700 0.058 0.087
E1 2.850 2.850 0104 0114
e 0.850{B5C) 0.037(B5C)
el 1.800 2000 0.071 o078
L 0.300 0.800 ooi1z2 0024
g o a° o" i
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4. TSOT23-5L

h

el

A

A2

a

u

NOTES:

ALL DIMENSIONS MEET JEDEC STANDARD MO-193 AB
DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

(]

—— -t

Dimensions In Millimeters Dimensions In Inches
Symbol

Min Max Min Max
A -—- 0.800 -—- 0.035
A1 0.020 0.090 0.001 0.004
A2 0.700 0.800 0.028 0.031
b 0.350 0.500 0.014 0.020
C 0.080 0.200 0.003 0.008
2.820 3.020 0.111 0.119
E1 1.600 1.700 0.063 0.067
E 2.650 2.950 0.104 0.116

0.95 (BSC» 0.037(BSC)

el 1.90 (BSC) 0.075(BSC)
L 0.300 0.600 0.012 0.024

e 0° 8° 0° 8°
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5. TSSOP-8
€ A
b 5 [ e
b
ikl 3
=
PIN 1 — |
LC I
A2
ik -
g |
|||I
' D | ™ peraTL A
. _ —
L T J i ]
\ /
Al
Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
D 2. 900 3. 100 0.114 0.122
E 4. 300 4. 500 0. 169 0.177
b 0. 190 0, 300 0. 007 0.012
C 0. 090 0. 200 0. 004 0. 008
El 6. 250 6. 550 0. 246 0. 258
A 1. 200 0. 047
A2 0. 800 1. 000 0.031 0.039
Al 050 0. 150 0.002 0. 006
0. 65 (BSC) 0. 026 (BSC)
L 0. 500 0,700 0.020 0.028
H 0.25(TYP) 0.0I(TYP)
l) lﬂ 7\3 lD 70
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6. DFN
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM | MAX
g i A 0.70 | 075 | 080
; (W) g L A 0 002 | 005
| — A3 0.20REF
O 0O (] b 020 | 025 | 0.30
LASER MARK b1 0.20REF
Q
PIN 1 1D, o r D 190 | 200 | 210
C q ) | - i 290 | 300 | 310
¢l o D2 1.40 1.50 | 1.60
= Y £ 2 | 150 | 160 | 170
- £2 e 040 | 050 | 060
- g [ ets
E L 0.35 | 040 | 045
R 0.09 - -
TOP VIEW IDE VIEW BOTTOM VIEW
O O
SIDE VIEW
NOTE:
ALL DIMENSIONS REFER TO JEDEC STANDRAD MO=229 WCED=-2.
NANTONG FUJTSU MICROELECTRONICS CO.LTD
DFN8NT2+30-075
NTG.248,DF N=(8F i
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