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Q@ Tusemi AT24C16

DESCRIPTION Two-Wire Serial EEPROM

The AT24C16 is 16,384 bits of serial Electrical Erasable and Programmable Read Only Memory, commonly
known as EEPROM. They are organized as 2,048 words of 8 bits (1 byte) each. The devices are fabricated with
proprietary advanced CMOS process for low power and low voltage applications. These devices are available in
standard 8-lead DIP, 8-lead SOP(SOIC-8),8-lead MSOP,8-lead TSSOP, 8-lead DFNand 5-lead SOT-23/TSOT-23
packages. A standard 2-wire serial interface is used to address all read and write functions. Our extended V¢
range (1.8V to 5.5V) devices enables wide spectrum of applications.

FEATURES

Low voltage and low power operations:

e AT24C16: VCC = 1.8V to 5.5V, Industrial temperature range (-40°C to 85°C).
Maximum Standby current < 1uA (typically 0.02uA and 0.06pA @ 1.8V and 5.5V respectively).
16 bytes page write mode.

Partial page write operation allowed.

Internally organized: 2048 X 8 (16K).

Standard 2-wire bi-directional serial interface.
Schmitt trigger, filtered inputs for noise protection.
Self-timed programming cycle (5ms maximum).

1 MHz (2.5-5V), 400 kHz (1.8V) Compatibility.
Automatic erase before write operation.

Write protect pin for hardware data protection.

High reliability: typically 1,000,000 cycles endurance.
100 years data retention.

Standard 8-pin DIP/SOP/MSOP/TSSOP/DFN and 5-pin SOT-23/TSOT-23 Pb-free packages.

PIN 1
TSOT-23-5L
P- IC-
SOT-23-5L SOP-§(SOIC-8)
PIN1
DIP-8

PIN 1 PIN 1

TSSOP-8 MSOP-8
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Two-Wire Serial EEPROM AT24C16
PIN CONFIGURATION

Pin Name Pin Function
SDA Serial Data Input / Open Drain Output
SCL Serial Clock Input
WP Write Protect
VCC Power Supply
GND Ground
NC No-Connect
Table 1

All these packaging types come in conventional or Pb-free certified.

AT24C16

— AT24C16
NC 1 8@ vce
NC [ 2 7B wp ;\%E; spwe
NC [ 3 6 SCL
GND [ ¢ s sbA SDAL ‘P vee
5L SOT-23
8L DIP
8L SOP(SOIC-8) 5L TSOT-23
8L TSSOP
8L MSOP
Figure 1: Package types
ABSOLUTE MAXIMUM RATINGS
Industrial operating temperature. ... ... ..o -40°C to 85C
Storage tEMPEratUIE. . ... . e -50°C to 125°C
Input voltage on any pin relative to ground.......... ..o -0.3V to V¢ + 0.3V
1Y =T 8 g T o] 1 r= e = T PP 8Vv
ESD proteCtion ON all Pins. ... ..o e >4000V

* Stresses exceed those listed under “Absolute Maximum Rating” may cause permanent damage to the
device. Functional operation of the device at conditions beyond those listed in the specification is not
guaranteed. Prolonged exposure to extreme conditions may affect device reliability or functionality.
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Two-Wire Serial EEPROM

AT24C16
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Two-Wire Serial EEPROM AT24C16
PIN DESCRIPTIONS

(A) SERIAL CLOCK (SCL)

The rising edge of this SCL input is to latch data into the EEPROM device while the falling edge of this clock is to
clock data out of the EEPROM device.

(B) SERIAL DATA LINE (SDA)

SDA data line is a bi-directional signal for the serial devices. It is an open drain output signal and can be wired-
OR with other open-drain output devices.

(C) WRITE PROTECT (WP)

The AT24C16 devices have a WP pin to protect the whole EEPROM array from programming. Programming
operations are allowed if WP pin is left un-connected or input to VIL. Conversely all programming functions are
disabled if WP pin is connected to VIH or VCC. Read operations is not affected by the WP pin’s input level. If left
unconnected, it is internally recognized as VIL. However, due to capacitive coupling that may appear in customer
applications, FMD recommends always connecting the WP pin to a known state. When using a pull-up or pull-
down resistor, FMD recommends using 10kQ or less.

MEMORY ORGANIZATION

The AT24C16 devices have 128 pages. Since each page has 16 bytes, random word addressing to
AT24C16 will require 11 bits data word addresses.

DEVICE OPERATION
(A) SERIAL CLOCK AND DATA TRANSITIONS

The SDA pin is typically pulled to high by an external resistor. Data is allowed to change only when Serial clock
SCL is at V|.. Any SDA signal transition may interpret as either a START or STOP condition as described below.

(B) START CONDITION

With SCL = V|4, a SDA transition from high to low is interpreted as a START condition. All valid commands
must begin with a START condition.

(C) STOP CONDITION

With SCL = V|4, a SDA transition from low to high is interpreted as a STOP condition. All valid read or write
commands end with a STOP condition. The device goes into the STANDBY mode if it is after a read command.
A STOP condition after page or byte write command will trigger the chip into the STANDBY mode after the self-
timed internal programming finish.

(D) ACKNOWLEDGE

The 2-wire protocol transmits address and data to and from the EEPROM in 8 bit words. The EEPROM
acknowledges the data or address by outputting a "0" after receiving each word. The ACKNOWLEDGE signal
occurs on the 9th serial clock after each word.
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Two-Wire Serial EEPROM AT24C16

(E) STANDBY MODE

The EEPROM goes into low power STANDBY mode after a fresh power up, after receiving a STOP bit in read
mode, or after completing a self-time internal programming operation.

(F) SOFT RESET

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

1. Creat a START condition,
2. Clock eighteen data bits “1”,

3. Creat a start condition as SDA is high.

scL \_/I—H'i_f‘/_’ v
\/ T\ |/

l
-

F 3
h
h 4
F 3
h
F 3
h 4

START Data Data STOP
Condition Valid Transition Condition

Figure 3: Timing diagram for START and STOP conditions

START Condition

VAVARWANA
N /X

Data out ACK i A

Figure 4: Timing diagram for output ACKNOWLEDGE
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Two-Wire Serial EEPROM AT24C16
DEVICE ADDRESSING

The 2-wire serial bus protocol mandates an 8 bits device address word after a START bit condition to invoke
valid read or write command. The first four most significant bits of the device address must be 1010, which is
common to all serial EEPROM devices. The next bit is device address bit. This device address bit (5”‘) is to
match with the external chip select/address pin states. If a match is made, the EEPROM device outputs an
ACKNOWLEDGE signal after the 8" read/write bit, otherwise the chip will go into STANDBY mode. The last or
8" bit is a read/write command bit. If the 8" bit is at VIH then the chip goes into read mode. If a “0” is detected,
the device enters programming mode. AT24C16 does not use any device address bit. Only one AT24C16
device can be used on the on 2-wire bus.

WRITE OPERATIONS
(A) BYTE WRITE

A byte write operation starts when a micro-controller sends a START bit condition, follows by a proper EEPROM
device address and then a write command. If the device address bits match the chip select address, the
EEPROM device will acknowledge at the 9" clock cycle. The micro-controller will then send the rest of the lower
8 bits word address. At the 18" cycle, the EEPROM will acknowledge the 8-bit address word. The micro-
controller will then transmit the 8 bit data. Following an ACKNOWLDEGE signal from the EEPROM at the 27"
clock cycle, the micro-controller will issue a STOP bit. After receiving the STOP bit, the EEPROM will go into a
self-timed programming mode during which all external inputs will be disabled. After a programming time of Ty,
the byte programming will finish and the EEPROM device will return to the STANDBY mode.

(B) PAGE WRITE

A page write is similar to a byte write with the exception that one to sixteen bytes can be programmed along the
same page or memory row. All AT24C16 are organized to have 16 bytes per memory row or page.

With the same write command as the byte write, the micro-controller does not issue a STOP bit after sending the
1% byte data and receiving the ACKNOWLEDGE signal from the EEPROM on the 27" clock cycle. Instead it
sends out a second 8-bit data word, with the EEPROM acknowledging at the 36" cycle. This data sending and
EEPROM acknowledging cycle repeats until the micro-controller sends a STOP bit after the n X 9" clock cycle.
After which the EEPROM device will go into a self-timed partial or full page programming mode. After the page
programming completes after a time of Ty, the devices will return to the STANDBY mode.

The least significant 4 bits of the word address (column address) increments internally by one after receiving
each data word. The rest of the word address bits (row address) do not change internally, but pointing to a
specific memory row or page to be programmed. The first page write data word can be of any column address.
Up to 16 data words can be loaded into a page. If more then 16 data words are loaded, the 17" data word will
be loaded to the 1% data word column address. The 18" data word will be loaded to the 2™ data word column
address and so on. In other word, data word address (column address) will “roll” over the previously loaded data.

(C) ACKNOWLEDGE POLLING

ACKNOWLEDGE polling may be used to poll the programming status during a self-timed internal programming.
By issuing a valid read or write address command, the EEPROM will not acknowledge at the 9" clock cycle if the
device is still in the self-timed programming mode. However, if the programming completes and the chip has
returned to the STANDBY mode, the device will return a valid ACKNOWLEDGE signal at the 9" clock cycle.
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Two-Wire Serial EEPROM AT24C16
READ OPERATIONS

The read command is similar to the write command except the 8™ read/write bit in address word is set to “1”.
The three read operation modes are described as follows:

(A) CURRENT ADDRESS READ

The EEPROM internal address word counter maintains the last read or write address plus one if the power
supply to the device has not been cut off. To initiate a current address read operation, the micro-controller
issues a START bit and a valid device address word with the read/write bit (8") set to “1”. The EEPROM will
response with an ACKNOWLEDGE signal on the o™ serial clock cycle. An 8-bit data word will then be serially
clocked out. The internal address word counter will then automatically increase by one. For current address
read the micro-controller will not issue an ACKNOWLEDGE signal on the 18" clock cycle. The micro-controller
issues a valid STOP bit after the 18™ clock cycle to terminate the read operation. The device then returns to
STANDBY mode.

(B) SEQUENTIAL READ

The sequential read is very similar to current address read. The micro-controller issues a START bit and a valid
device address word with read/write bit (8") set to “1”. The EEPROM will response with an ACKNOWLEDGE
signal on the 9" serial clock cycle. An 8-bit data word will then be serially clocked out. Meanwhile the internally
address word counter will then automatically increase by one. Unlike current address read, the micro-controller
sends an ACKNOWLEDGE signal on the 18™ clock cycle signaling the EEPROM device that it wants another
byte of data. Upon receiving the ACKNOWLEDGE signal, the EEPROM will serially clocked out an 8-bit data
word based on the incremented internal address counter. If the micro-controller needs another data, it sends out
an ACKNOWLEDGE signal on the 27" clock cycle. Another 8-bit data word will then be serially clocked out.
This sequential read continues as long as the micro-controller sends an ACKNOWLEDGE signal after receiving
a new data word. When the internal address counter reaches its maximum valid address, it rolls over to the
beginning of the memory array address. Similar to current address read, the micro-controller can terminate the
sequential read by not acknowledging the last data word received, but sending a STOP bit afterwards instead.

(C) RANDOM READ

Random read is a two-steps process. The first step is to initialize the internal address counter with a target read
address using a “dummy write” instruction. The second step is a current address read.

To initialize the internal address counter with a target read address, the micro-controller issues a START bit first,
follows by a valid device address with the read/write bit (8”‘) set to “0”. The EEPROM will then acknowledge.
The micro-controller will then send the address word. Again the EEPROM will acknowledge. Instead of sending
a valid written data to the EEPROM, the micro-controller performs a current address read instruction to read the
data. Note that once a START bit is issued, the EEPROM will reset the internal programming process and
continue to execute the new instruction - which is to read the current address.
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Two-Wire Serial EEPROM

AT24C16
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Two-Wire Serial EEPROM AT24C16
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Figure 10: SCL and SDA Bus Timing
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Two-Wire Serial EEPROM AT24C16

Electrical Specifications

(A)Power-Up Requirements

During a power-up sequence, the VCC supplied to the device should monotonically rise from GND to the
minimum VCC level, with a slew rate no faster than 0.05 V/us and no slower then 0.1 V/ms. A decoupling cap

should be connected to the VCC PAD which is no smaller than 10nF.

(B)Device Reset

To prevent inadvertent write operations or any other spurious events from occurring during a power-up
sequence, this device includes a Power-on Reset (POR) circuit. Upon power-up, the device will not respond to
any commands until the VCC level crosses the internal voltage threshold (Vpog) that brings the device out of
Reset and into Standby mode. The system designer must ensure the instructions are not sent to the device until
the VCC supply has reached a stable value greater than or equal to the minimum VCC level.

e |5 L.

/—m ﬂflﬂfl [\

Flgure 11: Power on and Power down

~
~

If an event occurs in the system where the VCC level supplied to the device drops below the maximum Vpor
level specified, it is recommended that a full power cycle sequence be performed by first driving the VCC pin to
GND, waiting at least the minimum tporr time and then performing a new power-up sequence in compliance with
the requirements defined in this section.
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Two-Wire Serial EEPROM

AT24C16

AC CHARACTERISTICS

1.8V 2.5V - 5.5V ]
Symbol Parameter Unit
Min Max Min Max
fsaL Clock frequency, SCL 400 1000 kHz
tow Clock pulse width low 1.3 0.4 15
thicn Clock pulse width high 0.6 0.4 15
t, Noise suppression time!" 50 50 ns
taa Clock low to data out valid 0.2 0.9 0.2 0.55 V3]
Time the bus must be free
taur before a new transmission can 1.3 0.5 V3]
start
tho.sTa START hold time 0.6 0.25 V3
tsusta START set-up time 0.6 0.25 13
tho.oaT Data in hold time 0 0 13
tsupat Data in set-up time 100 100 ns
tx Input rise time' 0.3 0.3 15
te Input fall time 300 100 ns
tsusto STOP set-up time 0.6 0.25 s
ton Date out hold time 50 50 ns
towr R Vce slew rate at power up 0.1 50 0.1 50 V/ms
tpyp!" Time required after VCC is
stable before the device can 100 100 |5
accept commands
(1) ini I =
teorr Minimum time at Vcc=0V 500 500 ms
between power cycles
twr Write cycle time 5 5 ms
Endurance" 25°C, Page Mode, 3.3V 1,000,000 Write Cycles
Notes: 1. This Parameter is expected by characterization but is not fully screened by test.

2. AC Measurement conditions:
R (Connects to Vcc): 1.3KQ

Input Pulse Voltages: 0.3Vcc to 0.7Vcc

Input and output timing reference Voltages: 0.5Vcc
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Two-Wire Serial EEPROM AT24C16
DC CHARACTERISTICS

Symbol Parameter Test Conditions Min Typical Max Ugit
Veer Power supply Vce 1.8 5.5 \%
Icct Supply read current Vee @ 5.0V SCL =400 kHz 0.5 1.0 mA
lcco Supply write current Vee @ 5.0V SCL =400 kHz 20 3.0 mA
IsB1 Supply current Vee @ 1.8V, Vin = Ve or Vss 1.0 [VAN
IsB2 Supply current Vee @ 2.5V, Vin = Ve or Vss 1.0 VA
Isg3 Supply current Vee @ 5.0V, Vin = Ve or Vss 0.07 1.0 [VAN
I Input leakage current | Vin = Vcc or Vss 3.0 VA
lLo COuurtrr;l:]tt leakage Vin = Vce or Vss 3.0 WA
Vi Input low level -0.6 Vee X 0.3 \Y,
Vin Input high level Vee X 0.7 Vec +0.5 \
VoLt Output low level Vee @ 1.8V, loL = 0.15 mA 0.2 \Y
Vo2 Output low level Vee @ 3.0V, oL = 2.1 mA 0.4 \Y
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Two-Wire Serial EEPROM

AT24C16

DIP8 PACKAGE OUTLINE DIMENSIONS

SN

L
L

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 3.710 4.310 0.146 0.170
A1 0.510 0.020

A2 3.200 3.600 0.126 0.142
B 0.380 0.570 0.015 0.022

B1 1.524 (BSC) 0.060 (BSC)
C 0.204 0.360 0.008 0.014
D 9.000 9.400 0.354 0.370
E 6.200 6.600 0.244 0.260
E1 7.320 7.920 0.288 0.312

e 2.540 (BSC) 0.100 (BSC)
L 3.000 3.600 0.118 0.142
E2 8.400 9.000 0.331 0.354
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Two-Wire Serial EEPROM

AT24C16

TSSOP8 PACKAGE OUTLINE DIMENSIONS

ik

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
E1 6.250 6.550 0.246 0.258
A 1.100 0.043
A2 0.800 1.000 0.031 0.039
A1 0.020 0.150 0.001 0.006
e 0.65 (BSC) 0.026 (BSC)
L 0.500 | 0.700 0.020 | 0.028
H 0.25(TYP) 0.01 (TYP)
6 1° | 7° 1° | 7°
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Two-Wire Serial EEPROM

AT24C16

SOP8(SOIC-8) PACKAGE OUTLINE DIMENSIONS

1 0.4

|

.—-——T—

I

— 2
;1

e

Dimensions In Millimeters

Dimensions In Inches

Symbol - -

Min Max Min Max
A 1.350 1.750 0.053 0.069
A1 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
c 0.170 0.250 0.006 0.010
D 4.700 5.100 0.185 0.200
E 3.800 4.000 0.150 0.157
E1 5.800 6.200 0.228 0.244
e 1.270 (BSC) 0.050 (BSC)
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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Two-Wire Serial EEPROM

AT24C16

MSOP8 PACKAGE OUTLINE DIMENSIONS

——

Ll

[)

j

:

L J
Dimensions In Millimeters Dimensions In Inches
Symbol - -
Min Max Min Max
A 0.820 1.100 0.320 0.043
A1 0.020 0.150 0.001 0.006
A2 0.750 0.950 0.030 0.037
b 0.250 0.380 0.010 0.015
c 0.090 0.230 0.004 0.009
D 2.900 3.100 0.114 0.122
e 0.65 (BSC) 0.026 (BSC)

E 2.900 3.100 0.114 0.122
E1 4.750 5.050 0.187 0.199
L 0.400 0.800 0.016 0.031

0 0° 6° 0° 6°
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Two-Wire Serial EEPROM AT24C16
DFN8 PACKAGE OUTLINE DIMENSIONS
EXPOSED THERMA
|
|
!
| I
1
I - I
v =
l{}{lﬂDJ. 1y
|
Dimensions In Millimeters
Symbol -
Min Nom Max
A 0.70 0.75 0.80
A1l - 0.02 0.05
0.18 0.25 0.30
c 0.18 0.20 0.25
D 1.90 2.00 2.10
D2 1.50REF
e 0.50BSC
Nd 1.50BSC
E 2.90 3.00 3.10
E2 1.60REF
L 0.30 0.40 0.50
h 0.20 0.25 0.30
L/F Surface Electroplate NIPdAu (Nickel, Pd, Metal)
Dimension (mil) 67*75
www.tanisemi.com Copyright ©2025 TANI Corporation 17



Two-Wire Serial EEPROM
SOT-23-5 PACKAGE OUTLINE DIMENSIONS

AT24C16

g

- -

- - \

o ‘l
! ‘)
- - e

)| — —

ol t_...‘ ‘..._

—-—-'-_--\I
I
I
-._______’_____...--""
Al
A2
A

Dimensions In Millimeters Dimensions In Inches
Symbol - -
Min Max Min Max
A 1.050 1.250 0.041 0.049
A1 0.000 0.100 0.000 0.004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 0.012 0.020
c 0.100 0.200 0.004 0.008
2.820 3.020 0.111 0.119
E 1.500 1.700 0.059 0.067
E1 2.650 2.950 0.104 0.116
e 0.95 (BSC) 0.037 (BSC)

el 1.800 2.000 0.071 0.079
L 0.300 0.600 0.012 0.024

0 0° 8° 0° 6°
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Two-Wire Serial EEPROM AT24C16
TSOT-23-5 PACKAGE OUTLINE DIMENSIONS

. Dimensions In Millimeters | Dimensions In Inches
b Symbol - -
Min Max Min Max
= = A 0.700 0.900 0.028 0.035
| A1 0.000 0.100 0.000 0.004
- S ; 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
T U D 2.820 3.020 0.111 0.119
S — : E 1.600 1.700 0.063 0.067
< E1 2.650 2.950 0.104 0.116
. | e 0.95 (BSC) 0.037 (BSC)
— 1 = T e1 1.90 (BSC) 0.075 (BSC)
_ S R L 0.300 0.600 0.012 0.024
| % 0° g° 0° g°

Contact Information
TANI website: http://www.tanisemi.com Email:tani@tanisemi.com

For additional information, please contact your local Sales Representative.

@ ® is registered trademarks of TANI Corporation.

Product Specification Statement

The product specification aims to provide users with a reference regarding various product parameters, performance, and usage. It presents certain aspects of the product's
performance in graphical form and is intended solely for users to select product and make product comparisons, enabling users to better understand and evaluate the
characteristics and advantages of the product. It does not constitute any commitment, warranty, or guarantee.

The product parameters described in the product specification are numerical values, characteristics, and functions obtained through actual testing or theoretical calculations of the
product in an independent or ideal state. Due to the complexity of product applications and variations in test conditions and equipment, there may be slight fluctuations in
parameter test values. TANI shall not guarantee that the actual performance of the product when installed in the customer's system or equipment will be entirely consistent with
the product specification, especially concerning dynamic parameters. It is recommended that users consult with professionals for product selection and system design. Users
should also thoroughly validate and assess whether the actual parameters and performance when installed in their respective systems or equipment meet their requirements or
expectations. Additionally, users should exercise caution in verifying product compatibility issues, and TANI assumes no responsibility for the application of the product. TANI
strives to provide accurate and up -to- date information to the best of our ability. However, due to technical, human, or other reasons, TANI cannot guarantee that the information
provided in the product specification is entirely accurate and error-free. TANI shall not be held responsible for any losses or damages resulting from the use or reliance on any
information in these product specifications.

TANI reserves the right to revise or update the product specification and the products at any time without prior notice, and the user's continued use of the product specification is
considered an acceptance of these revisions and updates. Prior to purchasing and using the product, users should verify the above information with TANI to ensure that the prod
uct specification is the most current, effective, and complete. If users are particularly concerned about product parameters, please consult TANI in detail or request relevant
product test reports. Any data not explicitly mentioned in the product specification shall be subject to separate agreement.

Users are advised to pay attention to the parameter limit values specified in the product specification and maintain a certain margin in design or application to ensure that the
product does not exceed the parameter limit values defined in the product specification. This precaution should be taken to avoid exceeding one or more of the limit values, which
may result in permanent irreversible damage to the product, ultimately affecting the quality and reliability of the system or equipment.

The design of the product is intended to meet civilian needs and is not guaranteed for use in harsh environments or precision equipment. It is not recommended for use in
systems or equipment such as medical devices, aircraft, nuclear power, and similar systems, where failures in these systems or equipment could reasonably be expected to
result in personal injury. TANI shall assume no responsibility for any consequences resulting from such usage.

Users should also comply with relevant laws, regulations, policies, and standards when using the product specification. Users are responsible for the risks and liabilities arising
from the use of the product specification and must ensure that it is not used for illegal purposes. Additionally, users should respect the intellectual property rights related to the
product specification and refrain from infringing upon any third- party legal rights. TANI shall assume no responsibility for any disputes or controv ersies arising from the above-
mentioned issues in any form.

www.tanisemi.com Copyright ©2025 TANI Corporation 19





