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NM24CO00 - 512-Bit Standard 2-Wire Bus

Interface Serial EEPROM

General Description

The NM24C00 devices are 512 bits of CMOS non-volatile electri-
cally erasable memory. This device conforms to all specifications
in the 2C™ 2-wire protocol and is designed to minimize device pin
count, and simplify PC board layout requirements.

This communications protocol uses CLOCK (SCL) and DATA I/O
(SDA) lines to synchronously clock data between the master (for
example a microprocessor) and the slave EEPROM device(s).

Fairchild EEPROMs are designed and tested for applications
requiring high endurance, high reliability and low power consump-
tion.

Features

B Extended operating voltage 2.7V — 5.5V
M 400 kHz clock frequency (F)

B 500pA active current typical

10pA standby current typical

1pA standby typical (L)

0.1pA standby typical (LZ)
MW 12C compatible interface

— Provides bidirectional data transfer protocol
B Self timed write cycle

Typical write cycle time of 6ms

B Endurance: 1,000,000 data changes
B Data retention greater than 40 years
B Packages available: 8-pin SO and 8-pin TSSOP

M Internal ERASE/WRITE logic is disabled if V. is below 3.8V
(Voo =5 £ 10%). Available on the 5V version NM24C00
(only).
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Connection Diagrams

Pin Names

Ne_ 1 ~— 8| vee
NC —| 2 71— NC
NG |5 NM2acOO |
Vgg —1 4 5— SDA
Top View

See Package
Number MO8SA and MTC8

SO Package (M8) and TSSOP Package (MT8)

DS500068-2

Ordering Information
NM 24

Vgs Ground
SDA Data I/O
SCL Clock Input
NC No Internal Connection
Vee Power Supply
C XX E LZ E Letter
Package M8
MT8
Temp. Range None
\Y
E
Voltage Operating Range Blank
L
Lz
SCL Clock Frequency Blank
F
Density 00
Cc
Interface 24
NM

Description

8-pin SOIC
8-pin TSSOP

0 to 70°C
-40 to +125°C
-40 to +85°C

4.5V to 5.5V
2.7V to 5.5V
2.7V to 5.5V and

<1pA Standby Current

100KHz
400KHz

512bit

CMOS Technology

IIC - 2 Wire

Fairchild Non-Volatile

Memory
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Absolute Maximum Ratings Operating Conditions
Ambient Storage Temperature —65°C to +150°C Ambient Operating Temperature
All Input or Output Voltages EmgjgggE . 48:8 :Z :;gg
with Respect to Ground 6.5V to 0.3V NM24C00V -40°C 1o +125°C
Lead(TS»‘?Jrlrc]f:iTs;tJr1eo seconds) +300°C P“"K&ZZZ;VSS Supely 4.5V t0 5.5V
ESD Rating 2000V min. NM24CooL 2.7V to 5.5V
NM24Co0LZ 2.7V to 5.5V
Standard V¢ (4.5V to 5.5V) DC Electrical Characteristics
Symbol Parameter Test Conditions Limits Units
Min Typ Max
(Note 1)
leca Active Power Supply Current fseL = 100 kHz 0.5 1.0 mA
lsg Standby Current Vin=GND or Vg 10 50 HA
Iy Input Leakage Current Viny = GND to Ve 0.1 1 LA
lo Output Leakage Current Vour = GND to V¢ 0.1 1 A
Vi Input Low Voltage -0.3 Voo x 0.3 A
Viy Input High Voltage Vee x 0.7 Vo + 0.5 \%
VoL Output Low Voltage lo =3 mA 0.4 \%
Low V¢ (2.7V to 5.5V) DC Electrical Characteristics
Symbol Parameter Test Conditions Limits Units
Min Typ Max
(Note 1)
leca Active Power Supply Current fscL = 100 kHz 0.5 1.0 mA
lsg Standby Current for L Viy=GND or Vg 1 10 LA
(Note 2) Standby Current for LZ Viy=GND or V¢ 0.1 1 LA
Iy Input Leakage Current Viy = GND to V¢ 0.1 1 LA
o Output Leakage Current Vour = GND to V¢ 0.1 1 A
Vi Input Low Voltage -0.3 Vgex 0.3 \%
Viy Input High Voltage Ve x0.7 Ve +0.5 A
VoL Output Low Voltage lo. =3 mA 0.4 A
Capacitance T, = +25°C, f = 1.0 MHz, V¢ = 5V (Note 1)
Symbol Test Conditions Max | Units
Cio Input/Output Capacitance (SDA) Vo =0V 8 pF
Cin Input Capacitance (A0, A1, A2, SCL) Viy =0V 6 pF
AC Conditions of Test
Input Pulse Levels Vo X 0.110 Ve x0.9
Input Rise and Fall Times 10 ns
Input & Output Timing Levels| Vg;x 0.5
Output Load 1 TTL Gate and C| = 100 pF
Note 1: Typical values are for Tp = 25°C and nominal supply voltage (5V).
3 www.fairchildsemi.com
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Read and Write Cycle Limits (Standard and Low V; Range - 2.7V-5.5V)

Symbol Parameter 100 kHz 400kHz Units
Min Max Min Max
fscL SCL Clock Frequency 100 400 kHz
T, Noise Suppression Time Constant at
SCL, SDA Inputs (Minimum Vg 100 50 ns
Pulse width)
tan SCL Low to SDA Data Out Valid 0.3 3.5 0.1 0.9 us
tsur Time the Bus Must Be Free before 4.7 13 us
a New Transmission Can Start
tipsTA Start Condition Hold Time 4.0 0.6 us
tow Clock Low Period 47 15 us
thigH Clock High Period 4.0 0.6 us
tsusta Start Condition Setup Time 4.7 0.6 us
(for a Repeated Start Condition)
DAt Data in Hold Time 0 0 us
tsu.pDaT Data in Setup Time 250 100 ns
tr SDA and SCL Rise Time 1 0.3 us
te SDA and SCL Fall Time 300 300 ns
tsusTo Stop Condition Setup Time 4.7 0.6 us
ton Data Out Hold Time 300 50 ns
twr Write Cycle Time - NM24C00 10 10 ms
(Note 2) - NM24C00L, NM24C00LZ 15 15

Note 2. The write cycle time (tywg) is the time from a valid stop condition of a write sequence to the end of the internal erase/program cycle. During the write cycle, the
NM24C00 bus interface circuits are disabled, SDA is allowed to remain high per the bus-level pull-up resistor, and the device does not respond to its slave address.

BUS TIMING
te R

Baipll tHiGH e :
fLow

7

) tsu:sTo
tHp.pAT T tsu.DAT ’
y‘
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SYSTEM LAYOUT Veor Voo

SDA $ L

| 1 1 ! 1

Master Slave Master
Transmitter/ RSIa\(e Transmitter/ Trg,lnasi?trter Transmitter/
Receiver ecelver Receiver Receiver
Note 3: Due to open drain configuration of SDA, a bus-level pull-up resistor is called for, (typical value = 4.7 k<) D8500068-5
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DEFINITIONS

WORD 8 bits (byte) of data

MASTER Any 12C device CONTROLLING the
transfer of data (such as a
microprocessor)

SLAVE Device being controlled
(EEPROMs are always considered
Slaves)

TRANSMITTER Device currently SENDING data on
the bus (may be either a Master or

Slave).

RECEIVER Device currently receiving data on

the bus (Master or Slave)

Pin Descriptions
SCL Serial Clock

This input is used to synchronize the data transfer from and to the
device.

SDA Serial Data

This is a bi-directional pin used to transfer addresses and data into
and data out of the device. It is an open drain terminal, therefore
the SDA bus requires a pull-up resistor to V.

For normal data transfer SDA is allowed to change only during
SCL low. Changes during SCL high are reserved for indicating the
START and STOP conditions.

Noise Protection

The SCL and SDA inputs have Schmitt trigger and filter circuits
which suppress noise spikes to assure proper device operation
even on a noisy bus.

Device Operation

The NM24C00 supports a bi-directional 2-wire bus and data
transmission protocol. A device that sends data onto the bus is
defined as a transmitter, and a device receiving data as a receiver.

The bus has to be controlled by a master device which generates
the serial clock (SCL), controls the bus access, and generates the
START and STOP conditions, while the NM24C00 works as slave.
Both master and slave can operate as transmitter or receiver, but
the master device determines which mode is activated.

Bus Characteristics
The following bus protocol has been defined:

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

2. During data transfer, the data line must remain stable
whenever the clock line is HIGH. Changes in the data line
while the clock line is HIGH will be interpreted as a START
or STOP condition.

Accordingly, the following bus conditions have been defined

(Figure 1).

Bus not Busy

Both data and clock lines remain HIGH.

Start Condition

A HIGH to LOW transition of the SDA line while the clock (SCL) is
HIGh determines a START condition. All commands must be
preceded by a START condition.

Stop Condition

A LOW to HIGH transition of the SDA line while the clock (SCL) is
HIGH determines a STOP condition. All operations must be ended
with a STOP condition.

Data Valid

The state of the data line represents valid data when, after a
START condition, the data line is stable for the duration of the
HIGH period of the clock signal.

The data on the line must be changed during the LOW period of
the clock signal. There is one bit of data per clock pulse.

Each data transfer is initiated with a START condition and termi-
nated with a STOP condition. The number of the data bytes
transferred between the START and STOP conditions is deter-
mined by the master device and is theoretically unlimited.

www.fairchildsemi.com
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Bus Characteristics (Continued)
Acknowledge

Each receiving device, when addressed, is obliged to generate an
acknowledge after the reception of each byte. The master device
must generate an extra clock pulse which is associated with this
acknowledge bit.

Note: The NM24C00 does not generate any acknowledge bits if an internal
programming cycle is in progress,

w1 ® ©)

\—7

SCL

The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse in such a way that the SDA line is
stable LOW during the HIGH period of the acknowledge-related
clock pulse. Of course, setup and hold times must be taken into
account. A master must signal an end of data to the slave by not
generating an acknowledge bit on the lastbyte that ha been clocked
outofthe slave. In this case, the slave mustleave the data line HIGH
to enable the master to generate the STOP condition (Figure 2).

DATA TRANSFER SEQUENCE ON THE SERIAL BUS (Figure 1)

/—IDI—\ © | ®»

[
o

SDA ——\

/]

<
(e

Device Addressing

After generating a START condition, the bus master transmits a
control byte consisting of a slave address and an R/W bit that
indicates what type of operation is to be performed. The slave
address for the NM24C00 consists of a 4-bit device code (1010)
followed by three "don't care" bits.

CONTROL BYTE FORMAT (FIGURE 3)

allowing the Receiver to pull the SDA line low to
acknowledge the previous eight bits of data

N N
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ~ALLOWED CONDITION
VALID TO CHANGE DS500068-7
ACKNOWLEDGE TIMING (Figure 2)
Acknowledge
Bit
1
SCL 1 2 3 4 5 6 7 8 \_/; 1 2 3
SDA | Data from transmitterl [ Data from transmiﬂa:l |
Transmitter must release the SDA line at this point ’ f Receiver must release the SDA line at this point

so the Transmitter can continue sending data

DS500068-8

The last bit of the control byte determines the operation to be
performed. When set to a one a read operation is selected, and
when set to a zero a write operation is selected (Figure 3). The
NM24C00 monitors the bus for its corresponding slave address all
the time. It generates an acknowledge bit if the slave address was
true and it is not in a programming mode.

Power ed by | Cniner.com El ectronic-Library Service

Start Device Select "Don't Care" Acknowledge

Bit Bits Bits Bit

I I I I I I I
S 1 0 1 0 X X X RW | ACK

I | | I I I

Slave Address ReacI:IB/i\tNrite
DS500068-9
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Write Operations
Byte Write

Following the start signal from the master, the device code (4 bits),
the "don't care" bits (3 bits), and the R/W bit (which is a logic low)
are placed onto the bus by the master transmitter. This indicates
to the addressed slave receiver that a byte with aword address will
follow after is has generated an acknowledge bit during the ninth
clock cycle. Therefore, the next byte transmitted by the master is
the word address and will be written into the address pointer of the
NM24C00. Only the lower six address bits are used by the device,
and the upper four bits are "don't cares." The NM24C00 will
acknowledge the address byte and the master device will then
transmit the data word to be written into the addressed memory
location. The NM24C00 acknowledges again and the master
generates a stop condition. This intiates the internal write cycle,
and during this time the NM24C00 will not generate acknowledge
signals (Figure 4) . After a byte write command, the interal address
counter will not be incremented and will point to the same address
location that was just written. If a stop bit is transmitted to the
device at any point in the write command sequence before the
entire sequence is complete, then the command will abort and no
data will be written. If more than 8 data bits are transmitted before

BYTE WRITE (FIGURE 4)

the stop bit is sent, then the device will clear the previously loaded
byte and begin loading the data buffer again. If more than one data
byte is transmitted to the device and a stop bit is sent before a fill
eight data bits have been transmitted, then the write command will
abort and no data will be written. The NM24CO0OM8/MT8 employs
a V¢ threshold detector circuit which disables the internal pro-
gramming circuit if Vo is below 3.8V.

Low V¢ Lockout

NM24C00 provides data security against inadvertent writes that
could potentially happen during the time the device is being
powered on, powered down and brown out conditions by monitor-
ing the V. voltage during a write cycle. Whenever a write cycle
is started, the built-in circuitry starts to monitor the V. level
throughout the duration of the write command sequence until the
master issues the required STOP condition to start the actual
internal write operation. If the sensed V voltage is below 3.8V at
any point during this monitoring period, the device prohibits the
write operation and does not generate the ACK pulse. This low
V¢ lockout feature is only available for standard 5V device.

S
T S
Bus Activity: A CONTROL WORD T
Master R BYTE ADDRESS DATA O
T P
T T T°1 T I'T T TTTT
SDA Line I‘IO‘IOXXXO X X XX P
[ | I | L1 I I I I |
A A A
Bus Activity: C C C
NM24C00 K K K

X ="Don't Care" Bit

Acknowledge Polling

Since the device will not acknowledge during awrite cycle, this can
be used to determine when the cycle is complete (this feature can
be used to maximize bus throughput). Once the stop condition for
a write command has been issued from the master, the device
initiates the internally timed write cycle. ACK polling can be
initiated immediately. This involves the master sending a start
condition followed by the control byte for a write command (R/W
=0). Ifthe device is still busy with the write cycle, then no ACK will
be returned. If no ACK is returned, then the start bit and control
byte must be re-sent. If the cycle is complete,. then the device will
returnthe ACK and the master can then proceed with the nextread
or write command. See Figure & for flow diagram.

DS500068-10

ACKNOWLEDGE POLLING FLOW (FIGURE 5)

Send
Write Command

l

Send Stop
Condition to
Initiate Write Cycle

l

Send Start

l

Send Control Byte
withR'W =0

Did Device
Acknowledge
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Next
Qperation

DS500068-11
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Read Operations

Read operations are initiated in the same way as write operations
with the exception that the R/W bit of the slave address is set to
one. There are three basic types of read operations: current
address read, random read, and sequential read.

Current Address Read

The NM24CO00 contains an address counter that maintains the
address of the last word accessed, internally incremented by one.
Therefore, if the previous read operation was tp address n, the
next current address read operation would access data from
address n + 1. Upon receipt of the slave address with the R/W bit
set to one, the device issues an acknowledge and transmits the
eight bit data word. The master will not acknowledge the transfer
but does generate a stop condition and the device discontinues
transmission (Figure 6).

Random Read

Random read operations allow the master to access any memory
location in a random manner. To perform this type of read
operation, first the word address must be set. This is done by
sending the word address to the device as part of a write

CURRENT ADDRESS READ (Figure 6)

S

T
Bus Activity: A CONTROL
Master R BYTE

operation. After the word address is sent, the master generates a
start condition following the acknowledge. This terminates the
write operation, but not before the internal address pointer is set.
Then the master issues the control byte again but with the R/W bit
set to a one. The NM24C00 will then issue an acknowledge and
transmits the eight bit data word. The master will not acknowledge
the transfer but does generate a stop condition and the device
discontinues transmission (Figure 7). After this command, the
internal address counter will pointto the address location following
the one that was just read.

Sequential Read

Sequential reads are initiated in the same was as a random read
except that after the device transmits the first data byte, the master
issues an acknowledge as opposed to a stop condition in a
random read. This directs the device to transmit the next sequen-
tially addressed 8-bit word (Figure 8).

To provide sequential reads the NM24CO00 contains an internal
address pointer which is incrmented by one at the completion of
each read operation. This address pointer allows the entire
memory to be serially read during one operation.

© T |TO0O4H®W

T
SDA Line sf{1]o]|1|o xlxx
Bus Activity: é NA
NM24C00 DATA
K C
X = "Don't Care" Bit K DS500068-12
RANDOM READ (Figure 7)
S S
T S
A CONTROL WORD A CONTROL T
,3“5 Activity: 2 BYTE ADDRESS (n) R BYTE o
aster
T T—— T~ P
T 1 ILILINL T L |
SDA Line s(1|o]1 OX|X|X oI XIXIXIXI | s|1|o|1]|o X|X|X 1 Ll P
A A ATT—~—"""NO
Bus Activity: c C C DATAR A
NM24C00 K K K (}2
X ="Don' Care" Bit DS500068-13
SEQUENTIAL READ (Figure 8) S
I T
Bus Activity:
CONTROL O
Master BYTE P
J— 55
_ T T T T T 171 T T T 171 T T T 1T T 11 HI“IIIIIIIH
SDALine Ll L1111 N Lot ded 110011
A A A A A — e
Bus Activity: C Datan C Data n +1 C Datan+2 C Datan + x A
NM24C00 K K K g
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Read Operations (Continued)
Random Read (Figure 9)

CONTROL WORD
BYTE ADDRESS (n)

T T T T T
1|ﬂT|0|XlXIX|OI |XIXIXIXI

CONTROL
BYTE
—_—

T 1 T T T T T
o[ o X |
1 | 111 11 11

Bus Activity:
Master

o l4I>-0

SDA Line

DT> H®

II||

1 1 1
A
C

0>

Bus Activity:
NM24C00

X = "Don't Care" Bit

K

DS500068-18

Sequential Read (Figure 10)

Bus Activity:

CONTROL
Master B

YTE
P ——
_ ||||||||
SDALine I
A

C Data n
K

Datan+2 C Data n+x

A A L A— o
c A
K K c

K

Bus Activity:
NM24Co00

DS500068-19
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0.150- 0.157

0.010-0.020
T x 450
(0.254-0508) ™|

\ B
L
0.0075 - 0.0098

(0.190-0.249)  All
Typ. All Leads

0.04
(©.102)

(3.810 - 3.988)

<

lead tips

8° Max, Typ.
All leads

0.016 - 0.050
0.406 - 1.270)

Typ. All Leads

Physical Dimensions inches (millimeters) unless otherwise noted

0.189-0.197
" (4.800 - 5.004)

8 7 6 5

fﬂﬂﬂﬂ

0.228 - 0.244
(5.791-6.198

v

Lead #1
IDENT

12 3 4

0.053 - 0.069
a .346;1.753)

0.004-0.010
(0.102- 0.254)

+— ‘I-E-E- F * Seating
[} ) * Plane
0.014
(0.356)
0.050 0.014 - 0.020 Typ.

(1.270)
Typ

8-Pin Molded Small Outline Package (M8)
Package Number MOSA

(0.356 - 0.508)

10
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Power ed

0.114-0.122
(2.90 - 3.10)

Physical Dimensions inches (millimeters) unless otherwise noted

DUUL

625-65 3——F+———————1

|

F==1 -

_ (4.16)Typ (7.72) Typ

v

.

|

|

|

|

| | 0.169-0.477
0.246 - 0.256 (4.30- 4.50)

} (1.78) Typi
0.123-0.128 } ©42 Typ>
(3.13-3.30)

|

i T |
1 | 4
vy TR

Pin #1 IDENT

0.0433

(ﬂ)M

0. 0256 o 65) -t-p

;

0002 0.006
(0.05-0.15)

E}

| «— (0.65) Typ

Land pattern recommendation

0.0035 - 0.0079

|« 0.0075-0.0098 Glage
(0.19- 0.30) 0°.8° pfne ¢
DETAIL A % oy
Typ. Scale: 40X 0.0075 - 0.0098
0.020 - 0.028 Seating ~ (0-19-025)
(0.50 - 0.70) plane

Notes: Unless otherwise specified
1. Reference JEDEC registration MO153. Variation AA. Dated 7/93

8-Pin Molded TSSOP, JEDEC (MT8)

Package Number MTCO08

Life Support Policy

injury to the user.

1. Life support devices or systems are devices or systems which,
(a)areintendedfor surgicalimplantinto 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
labeling, can be reasonably expected to result in a significant

Fairchild's products are not authorized for use as critical components in life support devices or systems without the express written
approval of the President of Fairchild Semiconductor Corporation. As used herein:

2. A critical component is any component of a life support device
or system whose failure to perform can be reasonably ex-
pected to cause the failure of the life support device or system,
or to affect its safety or effectiveness.

Fairchild Semiconductor

Americas Europe

Customer Response Center

Tel. 1-888-522-5372 Deutsch
English
Frangais
ltaliano

Fairchild Semiconductor

Fax:
Tel:
Tel:
Tel:
Tel:

Hong Kong
+44 (0) 1793-856858
+49 (0) 8141-6102-0
+44 (0) 1793-856856
+33 (0) 1-6930-3696
+39 (0) 2-249111-1

Fairchild Semiconductor

8/F, Room 808, Empire Centre
68 Mody Road, Tsimshatsui East
Kowloon. Hong Kong

Tel; +852-2722-8338

Fax: +852-2722-8383

Fairchild Semiconductor
Japan Ltd.

4F, Natsume Bldg.

2-18-6, Yushima, Bunkyo-ku
Tokyo, 113-0034 Japan

Tel: 81-3-3818-8840

Fax: 81-3-3818-8841

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves the right at any time without notice to change said circuitry and specifications.
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