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16K (8 x 256 x 8) CMOS Serial Electrically Erasable PROM

FEATURES

« Single supply with programming operation down to

4.5 volts

+ Low power CMOS technology
— 2 mA active cumrent typical
— 100 pA standby current at 5.5 V

— Commercial:

Organized as 8 blocks of 256 bytes (8 x 256 x 8)
Two wire serial interface bus

Seli-timed write cycle (including auto-erase)
Page-write buffer for up to 16 bytes
2 ms typical write cycle time for page-write
Hardware write protect for entire memory
Can be operated as a serial ROM
Factory programming (QTP) available
ESD protection > 4,000 V
10,000 erase/write cycles
Data retention > 10 years
8 pin DIP or 14 pin SOIC package
Available for extended temperature ranges
0'C to +70°C

— Industrial: -40°C to +85°C
— Automotive: -40°C to +125°C
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Preliminary Information

DESCRIPTION

The Microchip Technology Inc. 24C16 is a 16K bit
Electrically Erasable PROM. The device isorganized as
8 blocks of 256 x 8 bit memory with a two wire serial
interface. Advanced CMOS technology allows a sig-
nificant reduction in power over NMOS serial devices.
The 24C16 also has a page-write capability for up to 16
bytes of data. The 24C16 is available in the standard 8-
pin DIP and a 14-pin surface mount SOIC package.
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ARACTERISTICS
ELECTRICAL CH PIN FUNCTION TABLE
Maximum Ratings*
Name Function
All inputs and outputs w.r.. Vss ...... 03Vto+6.25V
Storage temperature  ...........cccceceeses -65°C10+150°C AOWP Write Protect input
Ambient temp. with power applied .....-65'C10 +125°C A1, A2 Grounded for Normal Operation
Soldering temperature of leads (10 seconds) ..+300°C Vss Ground
ESD protection on all pins 24 kV SDA Serial Address/Data VO
*Notice: Stresses above those lsted under “Maximum ratings” may SCL Serial Clock i
mmﬂmnummumm&:: TEST Grounded for Normal Operation
funcional operation of the device atthose or Power Supply
mmmmummm?ummum x‘: ggnmch;n
implied. Exposure 1o maximum rating conditions for extended periods
may affect device reliability.
Vee = +5.0VE 10%

DC CHARACTERISTICS

Commercial (C): Tamb= 0°C10+70°C

industrial (I} : Tamb = -40°C 10 +85°C
Automotive (E): Tamb = 40°C 10 +126°C
Parameter Symbol Min Max Unlits Conditions
AOWP, SCL and SDA pins:
High level input voliage Vi .7 Vce v
Low level input voltage viL 3vee Vv
Low level output voltage VoL .40 \ loL=32mA
Vec=25V
input leakage current w -10 10 pA Vn=.1VtoVce
Output leakage current ko -10 10 pA Vour = .1 Vto Vcc
Internal capacitance CINT 10 pF Vcc = 5.0 V (Note 1)
(all inputs/outputs) Tamb = 25°C, Fcik= 1 MHz
Operating current lcco 3 mA Veec=55V
SCL = 100 KHz
Standby current lccs 100 nA Vcc=55V
SDA = SCL = Vce

Note 1: This parameter is periodically sampled and not 100% tested.

BUS TIMING START/STOP
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AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency Felx 100 kHz

Ciock high time THIGH 4000 ns

Clock low time Tiow 4700 ns

SDA and SCL rise time TR 1000 ns

SDA and SCL fall time TF 300 ns

START condition hold time THD:STA 4000 . ns | After this period the first
clock puise is generated

START condition setup time Tsu:STA 4700 ns | Only relevant for repeated

: START condition

Data input hold time THO:DAT 0 ns

Data input setup time Tsu:DAT | 250 ns

STOP condition hold time THD:STO 4000 ns

STOP condition setup time Tsu:stO 4700 ns

Output valid from clock Taa 300 3500 ns | See Note 1

Bus free time TBUF 4700 ns | Time the bus must be free
before a new transmission
can start

Input filter time constant T 100 ns

(SDA and SCL pins)
Write cycle time TwWR 2 10 ms | Byte or Page mode

Note 1: As atransmitter, the device must provide this internal minimum delay time to bridge the undefined region (min.
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.
Note 2: When writing data to the 24C16, an automatic internal erase then write cycie is executed.
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FUNCTIONAL DESCRIPTION

The 24C16 supports a bidirectional two wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as transmitter, and a device
receiving data as 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 24C16 works as
slave. Both, master and slave can operate as transmit-
ter or receiver but the master device determines which
mode is activated.

BUS CHARACTERISTICS

The following bus protocol has been defined:

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

- During data transfer, the data line must remain
stable whanever 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 (see Figure 1):

Bus not Busy (A)
Both data and clock lines remain HIGH.

Start Data Transfer (B)

AHIGH 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 Data Transfer (C)

ALOW1o HIGH transition of the SDA line while the clock
(SCL) is HIGH determines a STOP condition. Allopera-
tions must be ended with a STOP condition. '

MICROCHIP TECHNOLOGY INC

Data Valid (D)

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 clock pulse per
bit of data.

Each data transfer is initiated with & STARTcondition
and terminated with a STOP condition. The number of
the data bytes transferred between the START and
STOP conditions is determined by the master device
and is theoretically uniimited, akhough only the last
sixteen will be stored when doing a write operation.
When anoverwrite does occur it will replace datainafirst
in first out fashion.

Acknowledge

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

Note: The 24C16 does not generate any acknowiedge
bits if an internal programming cycle is in progress.

The device that acknowledges, has to pull downthe 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 last byte that has
been clocked out of the slave. In this case, the slave
must leave the data line HIGH to enable the master to
generate the STOP condition.

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS
scL wn ® © W
SDA ==t —\ b
START CONDITION ADDRESS  DATA ALLOWED 8TOP
OR TO CHANGE CONDITION
ACKNOWLEDGE
VALID
DS11022A-4

© 1991 Microchip Technology inc.




L1E D EE 5103201 000G4LA 7?99 EEMCHP 240170
' MICROCHIP TECHNOLOGY INC

BUS CHARACTERISTICS

Device Addressing and Qperation

A control byte is the first byte received following the start
condition from the master device. The control byte
consists of a four bit control code, for the 24C16 this is
set as 1010 binary for read and write operations. The
next three bits of the control byte are the block select bits
(B2, B1, BO). They are used by the master device to
select which of the eight 256 word blocks of memory are
to be accessed. These bits are in effect the three most
significant bits of the word address. It should be noted
that the protocol kimits the size of the memory to eight

blocks of 256 words, therefore the protocol can support
only one 24C16 per system.

The last bitof the control byte defines the operation to be
performed. When set to 6ne a read operation is se-
lected, when set to zero a write operation is selected.
Following the start condition, the 24C16 monitors the
SDA bus checking the device type identifier being trans-
mitted, upon a 1010 code the slave device outputs an
acknowiedge signal on the SDA line. Depending onthe
state of the R/W bit, the 24C16 will select a read or write
operation.

Read 1010 Block Address

Operation | Control Code | BlockSelect | RW
1
Write 1010 _Block Address 0

FIGURE 2 - CONTROL BYTE
ALLOCATION
START READ/WRITE

S:LAVE: ADE:RESIS : AW A

WRITE OPERATION

Byte Write

Following the start condition| from the master, the device
code (4 bits), the block address (3 bits), and the RAW bit
which is a logic low is placed onto the bus by the master
transmitter. This indicates to the addressed slave re-
ceiver that a byte with a word address will follow after it
has generated an acknowiedge 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 24C16. Alter receiving ancther acknowl-
edge signal from the 24C16 the master device will
transmit the data word 10 be written into the addressed
memory location. The 24C16 acknowledges again and
the master generates a stop condition. This initiates the
internal write cycle, and during this time the 24C18 will
not generate acknowledge signals. (See Figure 3).

Page Write

The write control byte, word address and the first data
byte are transmitted to the 24C16 in the same way as in
a byte write. But instead of generating a stop condition
the master transmits up 10 sixteen data bytes to the
24C16 which are temporarily stored in the on-chip page
buffer and will be written into the memory after the
master has transmitted a stop condition. After the
receipt of each word, the four lower order address
pointer bits are internally incremented by one. The
higher order seven bits of the word address remains
constant. K the master shoukd transmit more than
sixteen words prior to generating the stop condition, the
address counter will roll over and the previously received
data willbe overwritten. As with the byte write operation,
once the stop condition is received an intemal write cycle
will begin. (See Figure 4).

FIGURE 3 - BYTE WRITE
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FIGURE 4 - PAGE WRITE
]
T

CONTROL
BYTE

BUS ACTIVITY:

A WORD
MASTER R ADDRESS (n)
T

DATAn

DATAN +1

DATANn + 18

SDALINE

UL

rrr1riv 1711
| S N U O B

T1 11 T7T1
O O T I |

| [

LI LI
[ |

[©] vwo-n

BUS ACTVITY: A

0
xO>

z0>

V¥

xO>

xO>

FIGURE 5 - CURRENT ADDRESS READ
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WRITE PROTECTION

The 24C16 can be used as a serial ROM when WP pin
is connected to Vcc (+5V). Programming will be inhib-
ited and the entire memory (2K bytes) will be write-
protected.

READ OPERATION

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 24C16 contains an address counter that maintains
the address of the last word accessed, internally
incremented by one. Therefors, if the previous access
(either a read or write operation) was to address n, the
next current address read operation would access data
from address n + 1. Upon receipt of the slave address
with RW bit set to one, the 24C16 issues an acknowl-
edge and transmits the eight bit data word. The master
will not acknowledge the transfer but does generate a
stop condition and the 24C16 discontinues transmis-
sion. {See Figure 5).

Bandom 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
24C16 as part of a write 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 setto a one. The 24C16 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 24C16 discontinues
transmission. (See Figure 6).

Sequential Read

Sequential reads are initiated in the same way as a
random read except that after the 24C16 transmits the
first data byte, the master issues an acknowledge as
opposed 10 a stop condition in a random read. This
directs the 24C16 to transmit the next sequentially
addressed 8 bit word. (See Figure 7).

To provide sequential reads the 24C16 contains an
internal address pointer which is incremented by one at
the completion of each operation. This address pointer
allows the entire memory contents to be serially read
during one operation.

Noise Protection

The SCL and SDA inputs have fiter circuits which
suppress noise spikes to assure proper device opera-
tion even on a noisy bus.

PIN DESCRIPTIONS

AQ/WP Write Protect input

This pin must be connected 1o elther Vss or Vcc.

¥ tied to Vcc, WRITE operations are iphbited. The
entire 2K bytes memory will be write-protected. Read
operations are possible.

¥tiedto Vss, normal memory operation is enabled (read/
write the entire memory 000-7FF).

This feature aliows the user to use the 24C16 as a serial
ROM when WP is enabled (tied to VCC).

A1, A2 Chip Addreas Inpuis

The A1 and A2 inputs are unused by the 24C16. They
must be connected to VsS 1o insure proper device op-
eration.

SDA Serial Address/Data input/Qutput

This is a bidirectional pin used to transfer addresses and
data into and data out of the device. It is an open drain
terminal.

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.

SCL Serial Clock

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

IEST
This pin must be connected to Vss.

© 1991 Microchip Technology Inc.
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SALES AND SUPPORT
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To order or to obtain information, @.g., on pricing or delivery, please use the listed part numbers, and refer to the factory

or the listed sales offices.

PART NUMBERS

Hcre.

PACKAGE: P PLASTIC DIP
8L  PLASTIC SOIC (0.150 mil Body)
—————I TEMPERATURE Bank 0°Clo+70°C
RANGE: | -40°Cilo+85°C
E 40Cw+125°C
| DEVKCE: 24C16 16K CMOS Serial EEPROM
24C16T 16K CMOS Serial EEPROM (in Tape and Resi Form)
Microchip Technology incorporated Printed In USA © 9108
ASIA / PACIFIC UNITED STATES South-East Reglon
Microchip Technology Inc.
Japan Corporate Office ;?1 .1|o7l'°mon Ferry Road NE
Microchip Technology Inc. Microchip Technology Inc. o
4F Madre Matsuda Building 2356 West Chandior a:vng. Mariotta, GA 30062
gaﬁKChg ky 2 Chander. AZ 85224-6199 Tol: 404 508-8800 Fax: 404 509-8600
iy v, Tokyo 10 Tel: 602 963-7373 Fax: 602 899-9210

Tol 332348774 Fax: 332348540 ax 92 North-Central Reglon

North-East Region Microchip Technology Inc.

Microchip Technology Inc. Sglm1m1‘$"’ ¢
EUROPE ,'f,:';n:,h;h”wm i Foad. Suite 120 Tol: 708 741-0171 Fax: 708 741-0638
Unhted Kingdom Tel: 608 8203334 Fax: 5086204326 goun.Cantral Reglon
Arizona Microchip Technology LTD. Mid-Atlantic Reglon Microchip Technology inc.
Unit 3, Meadow Bank, Furlong Road Microchip Technology Inc. 17480 N Dellas Parkway, Suite 114
Boume End, Bucks SLB 5AJ . 300 Wheeler Road su‘h.ZOG Dallas, TX 75287
Tol: 0628850303 Fax: 0628850178  pauncauge, NY 11788 Tol: 214 733-0391 Fax: 214 250-4631
Germany Tol: 5162321990 Fax: 516232-1935  \onn west Reglon
Arizona Microchip Technology GMBH Microchip Technology Inc.
Alle Landstrasse 12-14 2107 N First Street, Suite 410

D-8012 Otiobrunn, Germany
Tel: 089 609 6072 Fax: 089 609 1997

France

Asizona Microchip Technology SARL

2, Rue Du Buisson aux Fraises
F-91300 Massy, France

Tel: 186309090 Fax: 169309079
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Microchlip

San Jose, CA 95131
Yeol: 408 436-7950 Fax: 408 436-7955

South-West Region

Microchip Technology inc.

1411 W 190th Street, Suite 230
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Tel: 213 323-1888 Fax: 213 323-1424
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