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MICROCHIP
) TECHNOLOGY
Microchip INCORPORATED

Company Profile

FEATURES ‘ BUSINESS SCOPE

+ Fully integrated manufacturing Microchip Technology manufactures and markets very
* A global network of plants and facilities large scale integrated circuits (VLSI). The Company's
+ A hlstor_y of innovation strong experience in CMOS nonvolatile memories,
+ Strategic marketing focus programmable microcontrollers and peripheral devices
+ A product family of shared strengths has positioned the firm as a leading supplier to manufac-
* Quality without compromise turers of computer peripheral, automotive, consumer,
. Resdean;ch and development of high performance military and telecommunication products.

products

Performance alliance with customers
A solid executive team with an eye towards
innovation

.

Company headquarters in Chandler, Arizona; executive offices, R & D, and two wafer fabrication units occupy this 142,000
square-foot facility.

© 1990 Microchip Technology Inc. DS00027D-1
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.~ Microchip
GUIDING VALUES

Quﬂmww

We establish successful customer partnerships by ex-

_ ceeding customer expectations for products, services

and attitude. We earn our credibility through meeting
commitments and producing quality products and ser-
Vices in a timely fashion. We believe each empiayee
must effectively serve their internal customers in order
for Microchip’s external customers to be properly served,

 We will perform correctly the first time, maintain cus-

 reliable, inno-
pport current.

and fulture market oppartumms We undamtand that

,customers primarily view Microchip through the quality,

sewm, cost and xenhnolmioal le&ership of our pmd

We focus resources to optimize cycle times to our

_tomer satisfaction and ‘measure our quality agamstn -

‘ m'tpra’vemm methods, such as statlsuml process con-

trol to anticipate problems and implement root cause

solutions. We believe that when quamy comes first, .

‘ reduced cos:s ial!ew

custamers by empowering employees to achieve effi-

, »We plaee our ceneem for sa!aty of our oommunity and :

WE utthze the mncept af Vital Few” 1o astabhsh our 4
priorities. We concentrate our resources on continu- |
_ ously improving the Vital Few while empower&zg each ‘

. amplnyéa tﬁ make centtnucx S lmprovstnents in

empioyéesatmatarafmntamwdeensims paﬁcias and |
i ible
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Microchip Technology Incorporated

Propelled by customer
requirements....

...and powered by continuous
improvement...

...upfront the wave of
technological change.

MICROCHIP:
A FULLY INTEGRATED COMPANY
SERVING A GLOBAL MARKET

“Microchip Technology draws its impetus from the technology
expectations of a large base of longstanding customers. Micro-
chip is small enough to respond quickly with technology to equate
the customer’s need. Moreover, as a fully integrated IC Manufac-
turer, Microchip deploys its panoply of resources to act timely and
efficiently, and on a worldwide scale: Design, Technology Devel-
opment, Mask Shop, Wafer Fabrication, Assembly and Test,
Customer Support.

“World-wide competition leaves no room for divergence or medi-
ocrity. Therefore, Microchip Technology is committed to focus
and to continuously improve all the vital aspects of its business.
To improve performance, our employees are encouraged to
analyze their methods continually. ~ Personal empowerment
trespasses the limits of personal responsibility to act in anticipa-
tion.

“Our industry’s life-line is innovation. The fastpace of technologi-
cal change is inherent in our industry. Microchip Technology has
accelerated the rate of change of its technology and products to
the forefront of the economical feasibility.

“Change is our ally. Driving and managing change is our winning
strategy.”

S W Scwz&‘

President

© 1990 Microchip Technology Inc.
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A PRODUCT FAMILY OF
SHARED STRENGTHS

MICROCONTROLLERS

SERIAL EEPROMs

EEPROMs

Microchip's product focus is CMOS nonvolatile memories and
programmable microcontrollers. These product lines include
EEPROMSs, High Speed EPROMSs, Flash EPROMs, and PIC®
microcontrollers in a broad range of product densities, speeds
and packages.

Microchip is quick to capitalize on advances in one product line by
incorporating those breakthroughs into other product families.
The possibility of enhancing the performance levels of each
Microchip product family is explored with every innovation.

Microcontrollers from Microchip combine high performance, low
cost, and small package size. They offer the best price/performance
ratio in the industry. Large numbers of these devices are used in
computer peripherals, data entry, office automation, automotive
control systems, security, and cost-sensitive consumer products,
such as remote controls and appliances.

The widely accepted PIC16XX (over 75 million shipped) and
PIC16CXX series are the industry's only 8-bit based microcon-
trollers using a high speed RISC architecture. Microchip pioneered
the use of RISC architecture to obtain high speed and instruction
efficiency. The CMOS PIC16CXX is in volume production, and
has achieved over one thousand design wins.

The PIC family is supported by a range of user-friendly development
systems, including simulators and in-circuit emulators.

Future CMOS PIC generations will include advanced features,
such as higher speed, additional /O, sophisticated timers, em-
bedded A/D, extended instruction/data memory and inter-pro-
cessor communication,

Serial EEPROM devices are available in 256 bit, 1K, 2K, 4K, and
16K bit densities. Endurance is greater than 100,000 erase/write
cycles. These EEPROMs are ESD protected for greater than 4
KV and operate over a temperature range from -40 °C to +85 °C.
They are available in SOIC packages conforming to JEDEC and
Japanese standards. The main markets are automotive and
consumer products, such as entertainment and telecommunica-
tion electronics and appliances.

The 1.2* micron CMOS EEPROM devices from Microchip are
available in 4K, 16K, and 64K densities. The manufacturing
process used for these EEPROMSs ensures 10,000 to 100,000
write and erase cycles. Data retention is over 10 years. Short
write times are less than 200 pusec. These EEPROMs work
reliably under demanding conditions and have been proven to
operate efficiently at temperatures from -55 °C to +125 °C.

* Al EEPROMSs 4K and greater utilize a 1.2 micron CMOS process.

DS00027D-4
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Microchip Technology Incorporated

EPROMs

MILITARY PRODUCTS

OTHER MICROCHIP
PRODUCTS

Common applications include computer peripherals, engine con-
trol, pattern recognition and telecommunications.

Microchip's CMOS EPROM devices are produced in densities
from 64K to 512K. High Speed EPROMs have access times
range as low as 45 nano-seconds. Microchip's process flow
uniqueness liesinits simplicity. A minimum number of steps allow
to offer a reliable family of commodity EPROMs, single metal
EPROMs, and double metal EPROMSs. Typical applications in-
clude computer peripheral, military, instrumentation, and automo-
tive devices.

Microchip's expertise in Plastic Packaging, combined with its
previous leadership in the ROM market, led to the development
of the Plastic OTP EPROM market where Microchip the #1
supplier today.

Microchip delivers military devices that conscientious engineers
can use with confidence. Our 883C compliant parts cover all
quality fronts: DESC standard military drawing approval, high
speed performance and quick turn availability.

Microchip's military products include CMOS memories, CMOS/
NMOS digital signal processors and microcontrollers - all with
high reliability, fastaccess times and proven retention. Endurance
is guaranteed in both dual in-line cerdip packages and leadless
chip carriers.

Other Microchip products, such as DSPs, ICs for serial data
communications and sound generation, are mature products with
proven track record, and a large, repeat customer base.

Microchip provides a wide package selection of single-chip DSPs
that can be programmed for a wide variety of applications. Several
variants of the industry standard 32010 and 320C10 are offered
at speeds up to 25 MHz. The 320 DSP family is often found in
commercial and military applications were medium and high
performance parts are required.

The Company's reputation as a quality supplier of DSPs is
evidenced by a license agreement with Texas Instruments to
second-source the TMS 32010 and TMS 320C10.

© 1990 Microchip Technology Inc.
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Microchip Technology Incorporated

FULLY INTEGRATED
MANUFACTURING

A GLOBAL NETWORK OF
PLANTS AND FACILITIES

A HISTORY OF INNOVATION

STRATEGIC
MARKETING FOCUS

FUTURE PRODUCTS

Microchip delivers fast turnaround through total control over all
phases of production. Design, product development, mask mak-
ing, wafer fabrication, assembly and quality assurance testing are
conducted at facilities owned and operated by Microchip. Our
integrated approach to manufacturing along with rigorous use of
statistical process control, continuous improvement and imple-
mentation of root cause fixes, has brought forth tight product
consistency levels and high yields which enable Microchip to
compete successfully in world markets.

Microchip is a global competitor providing local service to the
world's technology centers. The Company's focal point is the
design and technology advancementfacility in Chandler, Arizona.
Most military and high performance parts emanate from here, as
well as front end wafer fabrication and electrical probing.

Microchip's assembly and test facility in Kaohsiung, Taiwan
houses the technology and modern assembly methods neces-
sary for plastic and ceramic packaging. Select quality conscious
firms who fabricate wafers in the Pacific Rim use our Kaohsiung
plant for assembly.

Sales and application offices are located in key cities throughout
the Western Hemisphere, Pacific Rim and Europe. Offices are
staffed to meet the high quality expectations of our customers,
and can be accessed for technical support, purchasing informa-
tion and failure analysis.

Microchip's history of innovation in the semiconductor industry is
as old as the industry itself. For over a quarter century Microchip
and its former parent company General Instruments have been
developers of cost-effective logic and memory technology and
products.

Microchip is credited with a number of firsts: The Metal-Oxide-
Silcon (MOS) Integrated Circuit, DRAM, serial EEPROM, Re-
duced Instruction Set Computer (RISC) microcontrolier product
family, UART, CMOS 64K EEPROM, and CMOS single chip DSP
are all innovations that were originally developed and introduced
by our engineers.

Microchip targets selected markets where our advanced designs,
progressive process technology and industry leading operating
speeds enable us to deliver decidedly superior performance. The
firm has recently positioned itself to play a dominant role as a
supplier of high performance reprogrammable microcontrollers,
and CMOS nonvolatile memories.

New process technology is constantly being developed for
EEPROM, High Speed EPROM, and microcontroller products.
Many advanced process technology modules are being devel-
oped that will be integrated into our present product lines to
achieve a range of compatible processes. Current production
technology is attaining 1.2 micron densities. Substantial progress

DS00027D-6
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QUALITY WITHOUT
COMPROMISE

RESEARCH AND
DEVELOPMENT OF
PERFORMANCE PRODUCTS

FORMING A
PERFORMANCE ALLIANCE
WITH CUSTOMERS

toward 1 micron and submicron technologies are under develop-
ment, as well as new CMOS EEPROM, High Speed CMOS
EPROM and advanced CMOS RISC-based microcontroller prod-
ucts.

Product reliability is designed into Microchip products at the
outset. Design margins are established to guarantee that every
product can be produced easily, error-free and within the tolerances
of the manufacturing process.

All our quality assurance tests are run tighter than customer
specifications. Products are tested at least two machine toler-
ances higher than those specified by the customer.

Every new product is measured under accelerated stress testing.
Test samples encompass the full range of processed tolerances
at each step. Data sheets detailing these processes enable
customers to reach accurate decisions based on known quantita-
tive values.

To determine whether a process is within normal manufacturing
variation, statistical techniques are put to work at each process
step. In-process controls are performed by operators in the wafer
fabrication division and immediate corrective action is taken if
they deem a process is out of control. Products are also sampled
weekly through a variety of carefully monitored stress and accel-
erated life tests.

Microchip's positive documentation control program assures the
correct document is always available at the point of use. Active
documents are serialized and stamped to eliminate the possibility
of performing a job from obsolete or incorrect instructions.

Individuals in all departments are required to analyze the methods
employed at their positions and formulate plans to improve
performance. The evaluation process is never exhausted.
Screening efforts alone are never considered enough. Inall areas
of our business, everyone is expected to make continuous im-
provement.

Microchip's research and development activities, include explor-
ing new process technologies and products that have industry
leadership potential. Particular emphasis is placed on products
that can be put to work in high performance niche markets.

Equipment is continually updated to bring the most sophisticated
process, CAD and testing tools on line. Cycle times for new
technology development are continuously reduced by using a
pilot line within the manufacturing facility.

Microchip works in tangent with customers to establish mutual
programs to improve the performance of our products in their
systems. We go beyond the incoming inspection level and speci-
fication by extending our quality responsibility to the point where
the customer ships the system. Microchip's quality programs
ensure that our products can be used with such impunity, a
customer can implement improvement programs centered on us
as a supplier.

© 1990 Microchip Technology Inc.
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microchip 24C01A

1K (128 x 8) CMOS Serial Electrically Erasable PROM

Data retention >10 years

8-pin DIP or SOIC package

Available for extended temperature ranges:
—Commercial: 0°C to +70°C

—Industrial: -40°C to +85°C

—Automotive: -40°C to +125°C

FEATURES DESCRIPTION

* Low power CMOS technology The Microchip Technology Inc 24C01A is a 1K bit Elec-
« Grganized as one block of 128 bytes (128 x 8) trically Erasable PROM. The device is organized as 128
* Two wire serial interface bus x 8 bitmemory with a two wire serial interface. Advanced
+ 5 volt only operation CMOS technology allows a significant reduction in power
« Self-timed write cycle (including auto-erase) over NMOS serial devices. Upto eight24C01As may be
+ Page-write buffer for up to 2 bytes connected to the two wire bus. The 24C01A is available
» 1ms write cycle time for single byte in the standard 8-pin DIP and a surface mount SOIC
» 100,000 erase/write cycles package.

PIN CONFIGURATION BLOCK DIAGRAM
DIP Package
~
Ao 1 8 [ vec
|
a1 [2 7ONF Dat
C = veo == | Bufter R/W Amp
r2 s 6 [ scL Ves =1 2xd
—1
vss []4 5 [ spA
M:mory
rral
SDA 128 X8
scL 1 Control

Logic

A0 A1 A2

Pn’@ﬂﬁmﬂnary Information 11 © 1990 Microchip Technology Inc.
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24C01A

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE
Maximum Ratings* Name Function
Allinputs and outputs w.r.t. Vss ...... ..-03Vto+7V
Storage temperature — .............. -65°Cto +150°C A0, A1, A2 Chip Address Inpuis
Ambient temp. with power applied ....... -65°Cto +125°C Vss Ground :
Soldering temperature of leads (10 seconds) ....+300°C SDA Serial Address/Data I/0O
ESD protection on all pins .......cccccverercceneeneeceenne. 4kV SCL Serial Clock
*Notice: Stresses above those listed under “Maximumratings” may cause NF No Function
permanentdamagetothe device. Thisisastressratingonlyand functional Vce +5 V Power Supply
operation of the device at those or any other conditions above those .
indicated in the operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods may affect
device reliability.
Vce = +5V (£10%)
DC CHARACTERISTICS Commercial (C): Tamb= 0°Cto +70°C
Industrial (I): Tamb =-40°C to +85°C
Automotive (E): Tamb =-40°C to +125°C
Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 \"
SCL and SDA pins:
High level input voltage VIH Vee x 0.7 | Vec +1 \"
Low level input voltage ViL -0.3 Vee x 0.3 \
Low level output voltage VoL 0.4 \ loL = 3.2 mA (SDA only)
AO, A1 & A2 pins:
High level input voltage ViH Vcc-0.5 | Vec + 0.5 \
Low level input voltage ViL -0.3 0.5 \"
Input leakage current 1Ll 10 pA VIN =0 Vto Vcc
Output leakage current Lo 10 LA Vout =0V to Vcc
Internal capacitance CINT 7.0 pF VIN/VouT = 0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current Icco 35 mA Fcwk = 100 kHz; program cycle
time=2ms,Vcc=5V,
Tamb =0°C to 70°C
4.25 mA Fcik = 100 kHz, program cycle
time=2ms,Vcc =5V,
: Tamb = (I) and (E)
program cycle lccw 7.0 mA Vec=5V, Tamb =0°C to +70°C
8.5 mA Vce =5V, Tamb= (I) and (E)
read cycle Iccr 750 A Veec =5V, Tamb= (C), (I) and (E)
Standby current lccs 100 HA SDA=SCL=Vcc=5V
(no PROGRAM active)
Note 1: This parameter is periodically sampled and not 100% tested.
BUS TIMING START/STOP
i i i i
N TN T T
] 1 1
SCL [ 1 1
', THD:STA : :
|I Tsu:sTo ! ‘I
! [t 1 |
SDA i 1§ i /—r———
] ] 1
. / e \ i
: L
STOP

DS11133B-2
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24C01A

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FcLk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TpPD 300 3500 ns | SeeNote 1

STOP condition setup time Tsu:sTO 4700 ns

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

Input filter time constant Ti 100 ns

(SDA and SCL pins)

Program cycle time Twe N N ms Byte or Page mode N = # of

bytes to be written

Note 1: Astransmitter 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.

BUS TIMING DATA

TR=—]

SCL

TLOW ——

|~—1—THD:DAT (receiver)

TeD (transmitter)

/l:—»—Tsu:DAT

N A

FUNCTIONAL DESCRIPTION

The 24C01A 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 24C01A works
as slave. Both, master and slave can operate as trans-

mitter or receiver but the master device determines
which mode is activated.

Up to eight 24C01As can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus but require
different device codes than the 24CO1A (refer to sec-
tion Slave Address).

© 1990 Microchip Technology Inc.
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24C01A

BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may be initiated only when the bus is not
busy.

- 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 de-
fined (see Figure 1):

Bus not Busy (A)

Both data and clock lines remain HIGH.

Start Data Transfer (B)

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

Stop Data Transfer (C)

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

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 pér bit
of data.

Eachdatatransferisinitiated witha START condition and
terminatedwithaSTOP condition. The numberofthedata
bytes transferred between the START and STOP condi-
tions is determined by the master device and is theoreti-
cally unlimited.

Acknowledge

Each receiving device, when addressed, is obliged to
generate anacknowledge afterthereceptionofeachbyte.
The master device must generate an extra clock pulse
which is associated with this acknowledge bit.

Note: The 24C01A does not generate any acknowledge
bits if an internal programming cycle is in progress.

The device that acknowledges, has to pull down the SDA
line during the acknowledge clock pulsein suchaway 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 bitonthe lastbyte thathas been clocked out
oftheslave. Inthis case, the slave mustleave the dataline
HIGH to enable the master to generate the STOP condi-
tion.

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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24C01A

SLAVE ADDRESS

The chip address inputs AO, A1 and A2 of each 24C01A
must be externally connected to either Vcc or ground
(Vss), assigning to each 24C01A a unique 3-bit address.
Up to eight 24C01As may be connected to the bus. Chip
selectionisthenaccomplishedthroughsoftwareby setting
the bits A0, A1 and A2 of the slave address to the corre-
sponding hardwired logic levels of the selected 24CO1A.

Aftergeneratinga START condition, the bus mastertrans-
mits the slave address consisting of a 4-bit device code
(1010) for the 24C01A, followed by the chip address bits
A0, A1 and A2.

The eighth bit of slave address determines if the master
devicewantstoreadorwritetothe 24C01A. (See Figure2.)

The 24C01A monitors the bus for its corresponding slave
addressallthetime. ltgenerates an acknowledge bitifthe
slave address was true and it is not in a programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
/
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| —' SLAVE ADDRESS IR/V\;I A |
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// \
1 0 1 0 A2 | Al A0
BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 24CO1A.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, areplaced ontothebusbythe master. Thisindicates
to the addressed 24C01A that a byte with a word address
will follow after it has generated an acknowledge bit.
Therefore, the next byte transmitted by the master is the

word address and will be written into the address pointer
ofthe24C01A. The mostsignificantbitofthe wordaddress
is a "Do Not Care" value for the 24CO1A. After receiving
the acknowledge of the 24C01A, the master device trans-
mitsthe datawordtobe writtenintothe addressed memory
location. The 24C01A acknowledges again and the
master generates a STOP condition. This initiates the
internal programming cycle of the 24C01A. (See Figure
3).

PAGE PROGRAM MODE

Toprogramthe24C01A,themastersends addressesand
datatothe 24C01Awhichistheslave, (see Figure 3). This
is done by supplyinga START condition followed by the 4-
bit device code, the 3-bit slave address, and the R/W bit
which is defined as a logic LOW for a write. This indicates
to the addressed slave that a word address will follow so
the slave outputs the acknowledge pulse to the master
during the ninth clock pulse. When the word address is
receivedbythe 24C01A, it placesitinthe lower 8 bits of the
address pointer defining which memory location is to be
written. (One do not care bit and seven address bits.) The
24C01A will generate an acknowledge after every 8-bits
received and store them consecutively in a 2-byte RAM
until a STOP condition is detected which initiates the
internal programming cycle. If more than 2 bytes are
transmitted by the master, the 24C01A will terminate the
write cycle. This does not affect erase/write cycles of the
EEPROM array.

If the master generates a STOP condition after transmit-
tingthefirstdataword (Point‘P’ onFigure 3), byte program-
ming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts afterthe STOP condition has been generated by the
masterandallreceived (uptotwo) databyteswillbe written
in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby Nis
the number of received data bytes (N max = 2).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)
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24C01A

READ MODE

This modeillustrates master device reading data from the
24CO1A.

As can be seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is a read mode, the address pointer mustbe
written to.) During this period the 24C01A generates the
necessary acknowledge bits as definedin the appropriate
section.

The master now generates another START condition and
transmits the slave address again, except this time the
read/write bit is set into the read mode. After the slave
generates the acknowledge bit, it then outputs the data

fromthe addressed locationontothe SDApin, increments
theaddresspointerand, ifitreceives anacknowledge from
the master, will transmit the next consecutive byte. This
autoincrement sequenceis only aborted whenthe master
sends a STOP condition instead of an acknowledge.

Note: If the master knows where the address pointer is, it
can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses. :

In all modes, the address pointer will automatically incre-
ment from the end of the memory block (128 byte) back to
the first location in that block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER
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PIN DESCRIPTION
A0, A1 and A2 Chip Address inputs L Serial Clock

The levels on these inputs are compared with the corre-
sponding bits in the slave address. The chip is selected if
the compare is true.

Up to eight 24C01As can be connected to the bus.
These inputs must be connected to either Vss or Vce.

SDA Serial Address/Data Input/Output

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 re-
served for indicating the START and STOP conditions.

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

NF No Function

Must be connected to either Vss or Vcc.

Notes:

1) A"page"is defined as the maximum number of bytes
that can be programmed in a single write cycle. The
24C01A page is 2 bytes long.

2) A"block" is defined as a continuous area of memory
with distinct boundaries. The address pointer can not
cross the boundary from one block to another. It will
however, wrap around from the end of a block to the first
location in the same block. The 24C01A has only one
block (128 bytes).

DS11133B-6
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NOTES:
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24C01A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

_24C01A - /P

PACKAGE: J  CERDIP
P Plastic DIP
SN Plastic SOIC (0.150 mil Body)
SM  Plastic SOIC (0.207 mil Body)

TEMPERATURE Blank 0°Cto+70°C
RANGE: | -40° Cto +85° C
E -40°Cto +125°C

DEVICE: 24C01A 1K CMOS Serial EEPROM
| 24CO1AT 1K CMOS Serial EEPROM
(in Tape & Reel)

DS11133B-8 1-8 © 1990 Microchip Technology Inc.



) 24CO01A

Microchip DICE FORM
1K (128 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

* Low power CMOS technology The Microchip Technology Inc. 24C01A is a 1K bit
+ Organized as one block of 128 bytes (128 x 8) Electrically Erasable PROM. The device is organized as
* Two wire serial interface bus 128 x 8 bit memory with a two wire serial interface.
* 5volt only operation Advanced CMOS technology allows a significant reduc-
* Self-timed write cycle (including auto-erase) tion in power over NMOS serial devices. Up to eight
+ Page-write buffer for up to 2 bytes 24C01As may be connected to the two wire bus. The
* 1ms write cycle time for single byte 24C01A dice are available in wafer or wafflepack
« Available in wafer or wafflepack package.

Temperature range:
—Commercial: 0°C to +70°C

DIE CONFIGURATION BLOCK DIAGRAM

Die Size: 106 x 76 mils

[

Data
Vec =1 Buffer Vep R/W Amp
Vss = 2x8 |9
(FIFO)
".: Data Reg.
AP
[}
SDA Slave ? i M:r':‘;y'y
| Address et |A0to] 128x8
se|A6
sr
J A
Control
1. A0 8. Vcc SCL Logic Increment
2. Al 7. NF
L ik LIt
4. Vss 5. SDA

Preliminary Information © 1990 Microchip Technology Inc.
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24C01A DICE FORM

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs w.r.t. Vss................ -0.3Vto +7V
Storage temperature .-65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) ..+300°C
ESD protection on all pins ............ccceeiiiiiivnnnnns 4kV

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE
Name Function
A0, A1, A2 Chip Address Inputs

Vss Ground
SDA Serial Address/Data 1/0
SCL Serial Clock

NF No Function

Vce +5 V Power Supply

DC CHARACTERISTICS

Vce = +5V (£10%)
Commercial (C): Tamb = 0°C to +70°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 238 45 Vv
SCL and SDA pins:

High level input voltage VIH Veex 0.7 | Veec+1 \

Low level input voltage ViL -0.3 Vce x 0.3 \

Low level output voltage VoL 0.4 \" loL = 3.2 mA (SDA only)

A0, A1 & A2 pins:

High level input voltage ViH Vce-0.5 | Vec + 0.5 \
Low level input voltage ViL -0.3 0.5 \'
Input leakage current [N} 10 A VIN=0V to Vcc
Output leakage current Lo 10 HA Vout =0V to Vee
Inteynal capacitance CINT 7.0 pF VIN/VouT =0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current Icco 35 mA FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,
program cycle lccw 7.0 mA Veec=5V
read cycle Iccr 750 uA Vec=5V
Standby current Iccs 100 uA SDA=SCL=Vcc=5V

(no PROGRAM active)

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

BUS TIMING START/STOP

SCL
THD:STA
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SDA

/
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N
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T

STOP
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24C01A piCE FORM

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock Frequency Fclk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Noise suppression time constant Ti 100 ns

(SDA and SCL pins)

Program cycle time Twe 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: Astransmitter 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.

BUS TIMING DATA

+TSU:DAT

t— THD:DAT (receiver)
TeD (transmitter)

X

FUNCTIONAL DESCRIPTION

The 24C01A 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 24C01A works
as slave. Both, master and slave can operate as

transmitter or receiver but the master device determines
which mode is activated.

Up to eight 24C01As can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the Bus but require
different device codes than the 24C01A (refer to section
Slave Address).

©1990 Microchip Technology Inc.
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24C01A DpICE FORM

BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may beinitiated only when the bus is not
busy.

- During data transfer, the data line must remain stable
whenever the clock lineis 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 n 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)

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

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 a START condition
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 unlimited.

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 24C01A does notgenerate any acknowledge
bits if an internal programming cycle is in progress.

The device thatacknowledges, 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
beenclocked out of the slave. In this case the slave must
leave the data line HIGH to enable the master to gener-
ate the STOP condition.

@ ® (D)

SCL \

FIGURE 1 - DATA TRANSFER ON THE SERIAL BUS
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24C01 A picE FORM

SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 24C01A
must be externally connected to either Vcc or ground
(Vss), assigning to each 24C01A a unique 3-bit address.
Upto eight24C01As may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the slave address to the
corresponding hardwired logic levels of the selected
24C01A.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 24C01A, followed by the chip ad-
dress bits AO, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write tothe 24C01A. (See Figure
2)

The 24CO01A 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 pro-
gramming mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
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BYTE PROGRAM MODE

In this mode, the master sends addresses and one data
byte to the 24CO1A.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This

indicates to the addressed 24C01A that a byte with a
word address will follow after it has generated an ac-
knowledge bit. Therefore the next byte transmitted by
the master is the word address and will be written into
the address pointer of the 24C01A. The most significant
bit of the word address is a "Do Not Care" value for the
24C01A. Afterreceiving the acknowledge ofthe 24CO1A,
the master device transmits the data word to be written
into the addressed memory location. The 24C01A
acknowledges again and the master generates a STOP
condition. This initiates the internal programming cycle
of the 24C01A. (See Figure 3.)

PAGE PROGRAM MODE

To program the 24C01A, the master sends addresses
and data to the 24C01A which is the slave (see Figure
3). This is done by supplying a START condition
followed by the 4-bit device code, the 3-bit slave ad-
dress, and the R/W bit which is defined as a logic LOW
for a write. This indicates to the addressed slave thata
word address will follow so the slave outputs the ac-
knowledge pulse to the master during the ninth clock
pulse. When the word address is received by the
24CO01A, it places it in the lower 8 bits of the address
pointer defining which memory location is to be written.
(One do not care bit and seven address bits.) The
24C01A will generate an acknowledge after every 8-bits
received and store them consecutively in a 2- byte RAM
until a STOP condition is detected which initiates the
internal programming cycle. If more than 2 bytes are
transmitted by the master, the 24C01A will terminate the
write cycle. This does not affect erase/write cycles of the
EEPROM array.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte
programming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to two) data bytes will be
written in a serial manner. )

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 2).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)
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24CO01A pice FORM

READ MODE

This mode illustrates master device reading data from
the 24CO1A.

As can be seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is a read mode, the address pointer must
be written to.) During this period the 24C01A generates
the necessary acknowledge bits as defined in the appro-
priate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the

slave generates the acknowledge bit, it then outputs the
data from the addressed location on to the SDA pad,
increments the address pointer and, if it receives an
acknowledge from the master, will transmit the next
consecutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

FIGURE 4 - READ MODE
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PAD DESCRIPTION

A0. A1 and A2 Chip Address In

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 24C01As can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

SDA Serial Address/Data Input/Output

This is a bidirectional pad 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 re-
served for indicating the START and STOP conditions.

L Serial Clock

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

NF No Function
Must be connected to either Vss or Vcc.

DS11141C-6
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NOTES:
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24CO01 A DICE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

20001 - W

PACKAGE:

TEMPERATURE
RANGE:

L | DEVICE:

n=E

24C01A

DICE in WAFER

DICE in WAFFLEPACK

0°Cto70°C

1K CMOS SERIAL EEPROM

DS11141C-8

© 1990 Microchip Technology Inc.



microchip 24C02A

2K (256 x 8) CMOS Serial Electrically Erasable PROM

8-pin DIP or SOIC package

Available for extended temperature ranges:
— Commercial: 0°C to +70°C

— Industrial: -40°C to +85°C

— Automotive: -40°C to +125°C

FEATURES DESCRIPTION

* Low power CMOS technology The Microchip Technology Inc. 24C02A is a 2K bit Elec-
+ Organized as one block of 256 bytes (256 x 8) trically Erasable PROM. The device is organized as 256
* Hardware write protect for upper 1K (128 x 8) x 8 bit memory with atwo wire serial interface. Advanced
* Two wire serial interface bus CMOS technology allows a significant reduction in power
* 5 volt only operation over NMOS serial devices. A special feature allows a
+ Self-timed write cycle (including auto-erase) write protection for the upper 1K (128 x 8). The 24C02A
+ Page-write buffer for up to 2 bytes also has a page-write capability for up to 2 bytes of data.
+ 1ms write cycle time for single byte Up to eight 24C02As may be connected to the two wire
+ 100,000 erase/write cycles bus. The 24C02A is available in the standard 8-pin DIP
» Data retention >10 years and a surface mount SOIC package.

PIN CONFIGURATION BLOCK DIAGRAM
DIP Package
\wy
Ao [ 8[] vee I
Voo = | BUFFER R/W AMP
P!
mhe THwe Vss - é:l)’(:g)
ey e —> 1 DATA REG. i
veo ¢ s H o MEMORY
son N o]
SO Package
1] CONTROL
A0 1 8 Vee SCL ——d INCREMENT
ML TR ADA1 A2WP
A2 13 6 [scL
Vss []4 5[] sbA
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24C02A

ELECTRICAL CHARACTERISTICS
PIN FUNCTION TABLE

Maximum Ratings*

) Name Function
All inputs and outputs w.r.t. Vss .............. -03Vto+7V
Storage temperature ................ -65°C to +150°C AO, A1, A2 Chip Address Inputs
Ambient temp. with power applied .....-65°C to +125°C Vss Ground
Soldering temperature of leads (10 seconds) ..+300°C SDA Serial Address/Data /0
ESD protection on all pins ......c..cceveeenereneinenene 4 kV SCL Serial Clock
*Notice: Stresses above those listed under “Maximum ratings” may wp Write Protect Input
cause permanent damage to the device. This is a stress rating only and Vee +5 V Power Supply
functional operation of the device at those or any other conditions above

those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

Vce = +5 V (£10%)

DC CHARACTERISTICS Commercial (C): Tamb= 0°Cto +70°C
Industrial (I): Tamb =-40°C to +85°C
Automotive (E): Tamb =-40°C to +125°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 \
SCL and SDA pins:

High level input voltage VIH Vcecx0.7 | Vec+1 \

Low level input voltage ViL -0.3 Vce x 0.3 Vv

Low level output voltage VoL 0.4 Vv loL = 3.2 mA (SDA only)

A0, A1 & A2 pins:

High level input voltage VIH Vcec-0.5 | Vec +0.5 \"
Low level input voltage ViL -0.3 0.5 \ .
Input leakage current Lt 10 nA VIN =0V to Vcc
Output leakage current Lo 10 nA VouT =0V to Vec
Internal capacitance CINT 7.0 pF | VIN/VOUT =0 V (Note 1)
(all inputs/outputs) TAaMB = 25°C, f = 1 MHz
Operating current Icco 35 mA | FcLk = 100 kHz, program cycle

time=2ms,Vcc=5V,

Tamb =0°C to 70°C

4.25 mA FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,

Tamb = () and (E)

program cycle lccw 7.0 mA | Vcc=5V, Tamb=0"C to +70°C
8.5 mA | Vcc=5V, Tamb = (I) and (E)
read cycle IccR 750 pA | Vec=5V, Tamb = (C), () and (E)
Standby current Iccs 100 pwA | SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP
L
- i |
so. —/ TN T\
| THD:STA : :
TsusT. TsusTo: ! !
! Py | |
SDA 77
3‘& / y \ s
; L !
START STOP
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24C02A

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FoLk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Input filter time constant Ti 100 ns

(SDA and SCL pins) )

Program cycle time Twe 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: Astransmitter, 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.

BUS TIMING DATA

TR—| [w—

SCL

THD:STA TLOW =i

- |a—TF THIGH

[ THD:DAT iver)
TeD (transmitter)

/F—-»—Tsu:on
SDA -

X

|~ TBUF

FUNCTIONAL DESCRIPTION

The 24C02A 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 24C02A works
as slave. Both, master and slave can operate as trans-

mitter or receiver but the master device determines
which mode is activated.

Up to eight 24C02As can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus, but require
different device codes than the 24C02A (refer to section
Slave Address).

© 1990 Microchip Technology Inc.
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24C02A

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 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 (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. Allcom-
mands must be preceded by a START condition.

Stop Data Transfer (C)

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

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 a 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 unlimited.

Acknowiedge

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 24C02A does not generate any acknowledge
bits if an internal programming cycle is in progress.

The device that acknowledges, has to pulldownthe 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

(A) (B (D) (D) © (A
SCL \ l——\ /
SDA — f—— —
~— ~——
START CONDITION ADDRESS DATA ALLOWED STOP
OR O CHANGE CONDITION
ACKNOWLEDGE
VALID
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24C02A

SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 24C02A
must be externally connected to either Vcc or ground
(Vss), assigning to each 24C02A a unique 3-bit address.
Up to eight 24C02As may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the transmitted slave
address to the corresponding hardwired logic levels of
the selected 24C02A.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 24C02A, followed by the chip ad-
dress bits A0, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write to the 24C02A. (See Figure
2)

The 24C02A 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.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION

START READ/WRITE

T T T T T —
SLAVE ADDRESS IRNVl A |
1 L 1 1 1

BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 24C02A.

Following the START condition, the @vice code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This

indicates to the addressed 24C02A that a byte with a
word address will follow after it has generated an ac-
knowledge bit. Therefore, the next byte transmitted by
the master is the word address and will be written into the
address pointer of the 24C02A. After receiving the
acknowledge of the 24C02A, the master device trans-
mits the data word to be written into the addressed
memory location. The 24C02A acknowledges again
and the master generates a STOP condition. This
initiates the internal programming cycle of the 24C02A.
(See Figure 3.)

PAGE PROGRAM MODE

To program the 24C02A, the master sends addresses
and data to the 24C02A which is the slave. (See Figure
3.) This is done by supplying a START condition
followed by the 4-bit device code, the 3-bit slave ad-
dress, and the R/W bit which is defined as a logic LOW
for a write. This indicates to the addressed slave that a
word address will follow so the slave outputs the ac-
knowledge pulse to the master during the ninth clock
pulse. When the word address is received by the
24C02A, it places it in the lower 8 bits of the address
pointer defining which memory location is to be written.
The 24C02A will generate an acknowledge after every
8 bits received and store them consecutively in a 2-byte
RAM until a STOP condition is detected which initiates
the internal programming cycle. If more than 2 bytes are
transmitted by the master, the 24C02A will terminate the
write cycle. This does not affecterase/write cycles of the
EEPROM array.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte pro-
gramming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to two) data bytes will be
written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 2).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)

ACKNOWLEDGES FROM SLAVE

SLAVE
ADDRESS

LU
START

o

ADDRESS
| T T T I

WORD |5

LU
DATABYTE1 JA
L i1 111

LU
DATABYTEN |A|STOP
| T |

RW
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24C02A

WRITE PROTECTION

Programming of the upper half of the memory will not
take place if the WP pin of the 24C02A is connected to
Vee (+5 V). The 24C02A will accept slave and word ad-
dresses butif the memory accessed is write protected by
the WP pin, the 24C02A will not generate an acknowl-
edge after the first byte of data has been received, and
thus the program cycle will not be started when the stop
condition is asserted.

READ MODE

This mode illustrates master device reading data from
the 24C02A.

As canbe seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
although this is a read mode the address pointer must be
writtento.) During this period the 24C02A generates the
necessary acknowledge bits as defined in the appropri-
ate section. i

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, it then outputs the
data from the addressed location on to the SDA pin, in-
crements the address pointer and, if it receives an ac-
knowledge from the master, will transmit the next con-
secutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: Inallmodes, the address pointer will automatically
increment from the end of the memory block (256 byte)
back to the first location in that block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER

Yy

TTT 11T TTTTTT1 TTTTT1 TTTTTT1 PTTTTTTTT1
SLAVE SLAVE LAST
START|  Appress |0|A|WORD ADDRESS [A[START| ,Stores [1|A| DATABYTE1 A DATABYTE |STOP
IIIIII’ ) I T T I I | ’ L1111 | O T T T I A | I':,ollllllll
RW R RW AUTO INCREMENT
WORD ADDRESS

PIN DESCRIPTION
AO. A1 and A2 Chip Addr In

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 24C02As can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

SDA Serial Address/Data Input/Output

Thisis 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 re-
served for indicating the START and STOP conditions.

SCL Serial Clock

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

WP _Write Protection
This pin must be connected to either Vss or Vec.
Iftied to Vcc, PROGRAM operations onto the upper half

of memory (addresses 080—O0FF) will not be executed.
Read operations are possible.

If tied to Vss, normal memory operation is enabled (read/
write the entire memory 000—OFF).

This feature allows the user to assign the upper half of
the memory as ROM which can be protected against
accidental programming. When write is disabled, slave
address and word address will be acknowledged but
data will not be acknowledged.

Notes:

1) A"page" is defined as the maximum number of bytes
that can be programmed in a single write cycle. The
24C02A page is 2 bytes long.

2) A"block" is defined as a continuous area of memory
with distinct boundaries. The address pointer can not
cross the boundary from one block to another. It will
however, wrap around from the end of a block to the first
location in the same block. The 24C02A has only one
block (256 bytes).

DS11139B-6
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NOTES:
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24C02A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

240028 - P

PACKAGE: J  CERDIP
P PLASTIC DIP
SN PLASTIC SOIC (0.150 mil Body)
SM  PLASTIC SOIC (0.207 mil Body)

TEMPERATURE Blank 0°Cto+70°C
RANGE: | -40° C to +85° C
E -40° Cto +125°C

DEVICE: 24C02A 2K CMOS Serial EEPROM
24C02AT 2K CMOS Serial EEPROM
(in Tape & Reel)

DS11139B-8 . 1-24 © 1990 Microchip Technology Inc.
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Microchip

24C02A

DICE FORM

2K (256 x 8) CMOS Serial Electrically Erasable PROM

FEATURES

Low power CMOS technology

Organized as one block of 256 bytes (256 x 8)
Hardware write protect for upper 1k (128 x 8)
Two wire serial interface bus

5 volt only operation

Self-timed write cycle (including auto-erase)
Page-write buffer for up to 2 bytes

1ms write cycle time for single byte

Available in wafer or wafflepack
Temperature range:

—Commercial: 0°C to +70°C

DESCRIPTION

The Microchip Technology Inc 24C02A is a 2K bit
Electrically Erasable PROM. The device is organized as
256 x 8 bit memory with a two wire serial interface.
Advanced CMOS technology allows a significant re-
duction in power over NMOS serial devices. A special
feature allows a write protection for the upper 1k (128 x
8). The 24C02A also has a page-write capability for up
to 2 bytes of data. Up to eight 24C02As may be
connected to the two wire bus. The 24C02A dice are
available in wafer or wafflepack package.

DIE CONFIGURATION

Die Size: 106 x 76 mils

1. A0 8. Vcc
2. Al 7. WP
3. A2 6. SCL
4. Vss 5. SDA

BLOCK DIAGRAM
[
Data
Vcc - Buffer -VPP R/W Amp
Vss — 2x8 %
(FIF0)
-
> Data Reg.
]
é P
]
SDA Slave ? n M:?ag/ry
b1 Address et |AOto] 256x8
se|A7
ST
SCL —t Cont;'gl Increment
A0 A1 A2 WP

Preliminary Information

© 1990 Microchip Technology Inc.
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24C02A DICE FORM

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS*

All inputs and outputs w.r.t. VSs ... -0.3Vto +7V
Storage temperature .............. 65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) ..+300°C
ESD protection on all pins .......ccccceceeneveiiicnnnnne. 4 kV

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE
Name Function

A0, A1, A2 Chip Address Inputs
Vss Ground
SDA Serial Address/Data 1/0
SCL Serial Clock
WP Write Protect Input
Vce +5 V Power Supply

DC CHARACTERISTICS

Vce = +5 V (210%)
Commercial (C): Tamb = 0°C to +70°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 4.5 \
SCL and SDA pins:
High level input voltage VIH Veex0.7 | Vec + 1 \
Low level input voltage ViL -0.3 Vce x 0.3 \
Low level output voltage VoL 0.4 \ loL = 3.2 mA (SDA only)
A0, At & A2 pins:
High level input voltage ViH Vcc-05 | Vec +0.5 Vv
Low level input voltage ViL -0.3 0.5 \
Input leakage current It 10 pA ViN =0V to Vcc
Output leakage current Lo 10 uA Vout =0V to Vec
Internal capacitance CINT 7.0 pF VIN/VouT = 0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current lcco 3.5 mA Fcik = 100 kHz, program cycle
time=2ms, Vcc =5V,
program cycle lccw 7.0 mA Veec=5V
read cycle Iccr 750 A Vec=5V
Standby current Iccs 100 A SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP

SCL ———/

THD:STA

TSU:STA= =t

Tsu:STO~

SDA

/

-
N

AN

N2 N i \__

N
-+

STOP
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24CO02A DICE FORM

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FCcLK 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSu:DAT 250 ns

Data output delay time TPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Noise suppression time constant Ti 100 ns

(SDA and SCL pins)

Program cycle time Twc 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: Astransmitter 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.

BUS TIMING DATA

+TSU:DAT

~<a—1— THD:DAT (receiver)

TeD (transmitter)

TR—>
p
SCL 1
THD:STA | TLOW —-|
/‘(
SDA r

X

-<— TBUF

FUNCTIONAL DESCRIPTION

The 24C02A 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 24C02A works
as slave. Both, master and slave can operate as

transmitter or receiver but the master device determines
which mode is activated.

Up to eight 24C02As can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus but require
different device codes than the 24C02A (refer to section
Slave Address).

©1990 Microchip Technology Inc.
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24CO02A DiCE FORM

BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may beinitiated only when the bus is not
busy.

- During the 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 (see Figure 1):

Bus n A

Both data and clock lines remain HIGH.

Start Data Transfer (B)

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 Data Transfer (C)

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

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 a START condition
and terminated with a STOPp condition. The number of
the data bytes transferred between the START and
STOP conditions is determined by the master device
and is theoretically unlimited.

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 24C02A does not generate any acknowledge
bits if an internal programming cycle is in progress.

The device thatacknowledges, 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 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.

@ , ®

SCL \
/__

(D)

SDA —-——\
————

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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START CONDITION ADDRESS  DATA ALLOWED STOP
OR TO CHANGE CONDITION
ACKNOWLEDGE
VALID
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24C02A DICE FORM

SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 24C02A
must be externally connected to either Vcc or ground
(Vss), assigning to each 24C02A a unique 3-bit address.
Upto eight24C02As may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the transmitted slave
address to the corresponding hardwired logic levels of
the selected 24C02A.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 24C02A, followed by the chip ad-
dress bits A0, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write to the 24C02A. (See Figure
2.)

The 24C02A 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 pro-
gramming mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE

T T T T T —
SLAVE ADDRESS lRNVl A I
I | 1 1 o

(]

/ \
/ N\
1 1010 |A]|At]a
BYTE PROGRAM MODE

In this mode, the master sends addresses and one data
byte to the 24C02A.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This
indicates to the addressed 24C02A that a byte with a

word address will follow after it has generated an ac-
knowledge bit. Therefore, the next byte transmitted by
the master is the word address and will be written into the
address pointer of the 24C02A. After receiving the
acknowledge of the 24C02A, the master device trans-
mits the data word to be written into the addressed
memory location. The 24C02A acknowledges again
and the master generates a STOP condition. This
initiates the internal programming cycle of the 24C02A.
(See Figure 3.)

PAGE PROGRAM MODE

To program the 24C02A, the master sends addresses
and data to the 24C02A which is the slave (see Figure
3). This is done by supplying a START condition
followed by the 4-bit device code, the 3-bit slave ad-
dress, and the R/W bit which is defined as a logic LOW
for a write. This indicates to the addressed slave that a
word address will follow so the slave outputs the ac-
knowledge pulse to the master during the ninth clock
pulse. When the word address is received by the
24C02A, it places it in the lower 8 bits of the address
pointer defining which memory location is to be written.
The 24C02A will generate an acknowledge after every
8-bits received and store them consecutively in a 2-byte
RAM until a STOP condition is detected which initiates
the internal programming cycle. If more than 2 bytes are
transmitted by the master, the 24C02A will terminate the
write cycle. This does not affect erase/write cycles of the
EEPROM array.

Ifthe master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte
programming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to 2) data bytes will be
written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 2).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)

ACKNOWLEDGES FROM SLAVE
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24C02A DICE FORM

WRITE PROTECTION

Programming of the upper half of the memory will not
take place if the WP pad of the 24C02A is connected to
Vce (+5 V). The 24C02A will accept slave and word
addresses but if the memory accessed is write protected
by the WP pad, the 24C02A will not generate an ac-
knowledge after the first byte of data has been received,
and thus the program cycle will not be started when the
STOP condition is asserted.

READ MODE

This mode illustrates master device reading data from
the 24C02A.

As canbe seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is a read mode, the address pointer must
be written to.) During this period the 24C02A generates
the necessary acknowledge bits as defined in the appro-
priate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, it then outputs the
data from the addressed location on to the SDA pad,
increments the address pointer and, if it receives an
acknowledge from the master, will transmit the next
consecutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: Inallmodes, the address pointer will automatically
increment from the end of the memory block (256 bytes)
back to the first location in that block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER
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PAD DESCRIPTION
A0, A1 and A2 Chip Addr In L rial Clock

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 24C02As can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

D rial Address/Data In

This is a bidirectional pad 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 re-
served for indicating the START and STOP conditions.

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

WP_Write Protection
This pad must be connected to either VCC or VSS.

If tied to Vcc, PROGRAM operations onto the upper
memory page (addresses 080—OFF) will not be exe-
cuted. READ operations are possible.

Iftied to Vss, normal memory operationis enabled (read/
write the entire memory 000—O0FF).

This feature allows the user to assign the upper half of
the memory as ROM which can be protected against
accidental programming. When write is disabled, slave
address and word address will be acknowledged but
data will not be acknowledged.

DS11142C-6
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NOTES:
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24C02A DICE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory

or the listed sales offices.

PART NUMBERS

24C02A- /W

PACKAGE:

TEMPERATURE
RANGE:

'——————————————| DEVICE:

nZ

24C02A

DICE in WAFER

DICE in WAFFLEPACK

0°Cto70°C

2K CMOS SERIAL EEPROM

DS11142C-8
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Microch®ip 24C04A

4K (512 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

* Low power CMOS technology The Microchip Technology Inc. 24C04A is a 4K bit Elec-
+ Organized as two blocks of 256 bytes (2 x 256 x 8) trically Erasable PROM. The device is organized as two
* Hardware write protect for upper block blocks of 256 x 8 bit memory with a two wire serial
» Two wire serial interface bus interface. Advanced CMOS technology allows a signifi-
» 5 volt only operation cant reduction in power over NMOS serial devices. A
* Self-timed write cycle (including auto-erase) special feature allows a write protection for the upper
+ Page-write buffer for up to 8 bytes 256 byte block. The 24C04A also has a page-write ca-
* 1ms write cycle time for single byte pability for up to 8 bytes of data. Upto four 24C04As may
» 100,000 erase/write cycles be connected to the two wire bus. The 24C04A is
« Data retention >10 years available in the standard 8-pin DIP and a surface mount
 8-pin DIP or SOIC package SOIC package.

Available for extended temperature ranges:
—Commercial: 0°C to +70°C

—Industrial: -40°C to +85°C

—Automotive: -40°C to +85°C

PIN CONFIGURATION BLOCK DIAGRAM
DIP Package
\
Ao [ 8 [ Vec I
Data
o TH Vec == | Buffer R/W Amp
Vss = 8x8
A2 s 6 []scL e [
vss [J4 5[ spa 5] Data Reg.
MAemory
rray
SO Package SPA=TE=] Stave Ader | 5128
A0 1 8 Vee L]
0 = SCL —d C&"‘g" Increment AS
Al ]2 7[jwe
A2 3 8 [scL A0 A1 A2WP
Vss |4 5[ sbA

Pr@“ﬁmﬁnafy ulmf@rmaﬁﬁQH © 1990 Microchip Technology Inc.
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24C04A

ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE

Maximum Ratings* Name Function

All inputs and outputs w.r.t. Vss ... -0.3Vto+7V -

Storage temperature ..........ccocouee.... -65°C to +150°C A0 No Function, Must he
Ambient temp. with power applied .....-65°C to +125°C connected to Vcc or Vss
Soldering temperature of leads (10 seconds) ..+300°C A1, A2 Chip Address Inputs
ESD protection on all pins ..........cccceurivuiniiieninnne 4 kV Vss Ground

*Notice: Stresses above those listed under “Maximum ratings” may SDA Serial Address/Data I/0O
cause permanent damage to the device. This is a stress rating only SCL Serial Clock

and functional operation of the device at those or any other conditions :

above those indicated in the operational listings of this specification is WP Write Protect Input
not implied. Exposure to maximum rating conditions for extended Vce +5 V Power Supply

periods may affect device reliability.

Vee = +5 V (£10%)

DC CHARACTERISTICS Commercial (C): Tamb= 0°Cto +70°C
Industrial (I): Tamb =-40°C to +85°C
Automotive: (E): Tamb =-40°C to +125°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 \"
SCL and SDA pins:

High level input voltage VIH Veex 0.7 | Vec+1 "

Low level input voltage ViL -0.3 Vece x 0.3 Vv

Low level output voltage VoL 0.4 \" loL = 3.2 mA (SDA only)
A1 & A2 pins:

High level input voltage VIH Vec-0.5 | Vec +0.5 \

Low level input voltage ViL -0.3 0.5 \"
Input leakage current [[N] 10 HA ViN=0Vto Vcc
Output leakage current Lo 10 HA VouTt =0V to Vcc
Internal capacitance CINT 7.0 pF VIN/VouT = 0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current lcco 35 mA FcLk = 100 kHz, program cycle

time=2ms,Vcc=5V,

Tamb =0°C to +70°C

4.25 mA FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,

Tamb = (I) and (E)

program cycle lccw 7.0 mA Vec=5V, Tamb=0"C to +70°C
8.5 mA | Vec=5V, Tamb= () and (E)
read cycle lccr 750 MA Vec =5V, Tamb= (C), (I) and (E)
Standby current lccs 100 HA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP

THD:STA

/
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|
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24C04A

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FcLK 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TePD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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)

Program cyc|e time Twc 7N N ms Byte or Page mode N = #

of bytes to be written

Note 1: As transmitter 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.

BUS TIMING DATA
TR=—8
p
SCL
Tho:sTA TLow ~—1—THD:DAT (receiver)
ﬂL<—>—TSU:DAT TeD (transmitter)
soA I X
<e—— TBUF

FUNCTIONAL DESCRIPTION

The 24C04A supports a bidirectional two wire bus and * mitter or receiver but the master device determines
data transmission protocol. A device that sends data which mode is activated.

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 24C04A works
as slave. Both, master and slave can operate as trans-

Up to four 24C04As can be connected to the bus, se-
lected by the A1 and A2 chip address inputs. A0 must
be tied to Vcc or Vss. Other devices can be connected
to the bus but require different device codes than the
24C04A (refer to section Slave Address).

©1990 Microchip Technology Inc. 1-35 DS11140B-3




24C04A

BUS CHARACTERISTICS

The following bus prctocol has been defined:

- Datatransfer may be initiated only when the bus is not
busy.

- 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 de-
fined (see Figure 1):

Bus not Busy (A)

Both data and clock lines remain HIGH.

Start Data Transfer (B)

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

Stop Data Transfer (C)

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

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 a START condition
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 unlimited.

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 24C04A does not generate any acknowledge
bits if an internal programming cycle is in progress.

Thedevice 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 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.

A B ()

SCL \

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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SDA —-—-—\ /
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N/
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START CONDITION ADDRESS  DATA ALLOWED STOP
OR TO CHANGE CONDITION
ACKNOWLEDGE
VALID
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24C04A

SLAVE ADDRESS

The chip address inputs A1 and A2 of each 24C04A
must be externally connected to either Vcc or ground
(Vss), assigning to each 24C04A a unique2-bit address.
Upto four 24C04As may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A1 and A2 of the slave address to the
corresponding hardwired logic levels of the selected
24C04A. AOis notused and must be connected to either
Vcce or Vss.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 24C04A, followed by the chip ad-
dress bits A1 and A2. The seventh bit of that byte (BA)
is used to select the upper block (addresses 100—1FF)
or lower page (addresses 000—O0FF) of the 24C04A.

The eighth bit of slave address determines if the master
device wants to read or write to the 24C04A. (See Figure
2.)

The 24C04A 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.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
T T T T T T —
| [ SLAVE ADDRESS |R/W| A |
1 1 1 1 1 1
// \\
// \
1ol 1o |a]ar]ea

BYTE PROGRAM MODE

In this mode, the master sends addresses and one data
byte to the 24C04A.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This
indicates to the addressed 24C04A that a byte with a

word address will follow after it has generat~ ' an ac-
knowledge bit. Therefore the next byte transmitted by
the master is the word address and will be writte:ii into the
address pointer of the 24C04A. After receving the
acknowledge of the 24C04A, the master device trans-
mits the data word to be written into the addressed
memory location. The 24C04A acknowledges again
and the master generates a STOP condition. This
initiates the internal programming cycle of the 24C04A.
(See Figure 3.)

PAGE PROGRAM MODE

To program the 24C04A, the master sends addresses
and data to the 24C04A which is the slave (see Figure
3). This is done by supplying a START condition fol-
lowed by the 4-bit device code, the 3-bit slave address,
and the R/W bit which is defined as a logic LOW for a
write. This indicates to the addressed slave that a word
address will follow so the slave outputs the acknowledge
pulse to the master during the ninth clock pulse. When
the word address is received by the 24C04A, it places it
in the lower 8 bits of the address pointer defining which
memory location is to be written. (The BA bit transmitted
with the slave address is the ninth bit of the address
pointer.) The 24C04A will generate an acknowledge
after every 8-bits received and store them consecutively
in an 8-byte RAM until a STOP condition is detected
which initiates the internal programming cycle. If more
than 8 bytes are transmitted by the master, the 24C04A
will roll over and overwrite the data beginning with the
first received byte. This does not affect erase/write
cycles of the EEPROM array and is accomplished as a
result of only allowing the address registers bottom 3
bits to increment while the upper 5 bits remain un-
changed.

Ifthe master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte pro-
gramming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to eight) data bytes will
be written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 8).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)
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24C04A

WRITE PROTECTION

Programming of the upper half of the memory will not
take place if the WP pin of the 24C04A is connected to
Vce (+5 V). The 24C04A will accept slave and word ad-
dressesbutifthe memory accessed is write protected by
the WP pin, the 24C04A will not generate an acknowl-
edge after the first byte of data has been received, and
thus the program cycle will not be started when the
STOP condition is asserted.

READ MODE

This mode illustrates master device reading data from
the 24C04A.

As canbe seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. - (Note:
Although this is a read mode, the address pointer must
be written to.) During this period the 24C04A generates
the necessary acknowledge bits as defined in the appro-
priate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, itthen outputs the
data from the addressed location on to the SDA pin, in-
crements the address pointer and, if it receives an ac-
knowledge from the master, will transmit the next con-
secutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: In all modes, the address pointer will not incre-
ment through a block (256 byte) boundary, but will rotate
back to the first location in that block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER
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| T | L i i i 11 ’ llllll+ L1 11 111 |'l'1| L1 11111
RW R RW AUTO INCREMENT
WORD ADDRESS

PIN DESCRIPTION
A0

This pin must be connected to either Vcc or Vss.

A1, A2 Chip Address Inputs

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to four 24C04As can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

SDA Serial Address/Data Input/Output

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 re-
served for indicating the START and STOP conditions.

SCL_Serial Clock

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

WP_Write Protection
This pin must be connected to either Vcc or Vss.

If tied to Vcc, PROGRAM operations onto the upper
memory block (addresses 100—1FF) will not be exe-
cuted. Read operations are possible.

Iftied to Vss, normal memory operationis enabled (read/
write the entire memory 000—1FF).

This feature allows the user to assign the upper half of
the memory as ROM which can be protected against ac-
cidental programming. When write is disabled, slave
address and word address will be acknowledged but
data will not be acknowledged.

Notes:

1) A"page" is defined as the maximum number of bytes
that can be programmed in a single write cycle. The
24C04A page is 8 bytes long.

2) A"block" is defined as a continuous area of memory
with distinct boundaries. The address pointer can not
cross the boundary from one block to another. It will
however, wrap around from the end of a block to the first
location in the same block. The 24C04A has two blocks,
256 bytes each.

DS11140B-6
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NOTES:
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24C04A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

24C04A - /P

PACKAGE: J  CERDIP
P Plastic DIP
SN Plastic SOIC (0.150 mil Body)
SM  Plastic SOIC (0.207 mil Body)

TEMPERATURE — 0°Cto70°
RANGE: I -40°Cto85°

DEVICE: 24C04A 4K CMOS Serial EEPROM
24C04AT 4K CMOS Serial EEPROM
(in Tape & Reel)

[
C
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: 24C04A

Microchip DICE FORM
4K (512 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

» Low power CMOS technology The Microchip Technology Inc. 24C04A is a 4K bit
+ Organized as two blocks of 256 bytes (2 x 256 x 8) Electrically Erasable PROM. The device is organized as
+ Hardware write protect for upper block two blocks of 256 x 8 bit memory with a two wire serial
« Two wire serial interface bus interface. Advanced CMOS technology allows a signifi-
+ 5 volt only operation cant reduction in power over NMOS serial devices. A
+ Self-timed write cycle (including auto-erase) special feature allows a write protection for the upper
« Page-write buffer for up to 8 bytes 256 byte block. The 24C04A also has a page-write
» 1ms write cycle time for single byte capability for up to 8 bytes of data. Up to four 24C04As
« Available in wafer or wafflepack may be connected to the two wire bus. The 24C04A dice
» Temperature range: are available in wafer or wafflepack package.

—Commercial: 0°C to +70°C

DIE CONFIGURATION BLOCK DIAGRAM
Die Size: 113 x 76 mils
|
Data
Vcec = Buffer -VPP R/W Amp
Vss - 8x8 m
(FIFO)
Data Reg.
)
,3 P
o
SDA Slave di My
p-| Address et |AOto] 512x8
sr y
11 Control Increment
SCL i
1. A0 8. Voo Logic A8
2. At 7. WP
3. A2 6. SCL A0 A1 A2 WP
4. Vss 5. SDA
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24C04A piCE FORM

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs w.r.t. Vss .............. -0.3Vto+7V
Storage temperature —..........ccoeueeen. -65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) ..+300°C
ESD protection on all pins .......cccocecevviiiiinininnne 4kV

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE
Name Function
A0, A1, A2 Chip Address Inputs

Vss Ground

SDA Serial Address/Data |/O
SCL Serial Clock
WP Write Protect Input
Vce +5 V Power Supply

DC CHARACTERISTICS

Vee = +5 V (210%)
Commercial (C): Tamb = 0°C to +70°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 \
SCL and SDA pins:
High level input voltage VIH Vee x 0.7 | Vee +1 Vv
Low level input voltage ViL -0.3 Vce x 0.3 \Y
Low level output voltage VoL 0.4 \ loL = 3.2 mA (SDA only)
A0, A1 & A2 pins:
High level input voltage ViH Vcec-0.5 | Vec +0.5 \
Low level input voltage ViL -0.3 0.5 \
Input leakage current 1Ll 10 pA VIN=0Vto Vcc
Output leakage current Lo 10 A Vout =0V to Vcc
Internal capacitance CINT 7.0 pF VIN/VouT = 0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current Icco 3.5 mA FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,
program cycle lccw 7.0 mA Vec=5V
read cycle lccr 750 pA Vec=5V
Standby current lccs 100 pA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP

SCL J

TSU:STA=Tt—t

THD:STA

~
»

N2 N | \

TSU:STO—a—

SDA

/

\

~———

START

~

STOP
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24CO04A DICE FORM

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FcLk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TpPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Noise suppression time constant T 100 ns

(SDA and SCL pins)

Program cycle time Twe 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: Astransmitter 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.

BUS TIMING DATA

SCL

TLOW —|

~<—— THD:DAT (receiver)

TeD (transmitter)

|<t———TSU:DAT

X

FUNCTIONAL DESCRIPTION

The 24C04A 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 24C04A works
as slave. Both, master and slave can operate as

transmitter or receiver but the master device determines
which mode is activated.

Up to four 24C04A can be connected to the bus, se-
lected by the A1 and A2 chip address inputs. A0 must
be tied to Vcc or Vss. Other devices can be connected
to the bus but require different device codes than the
24CO04A (refer to section Slave Address).

©1990 Microchip Technology Inc.
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24C04A biCE FORM

BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may be initiated only when the bus is not
busy.

- 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 (see Figure 1):

Bus not B A

Both data and clock lines remain HIGH.

Start Data Tansfer (B)

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 Data Transfer (C)

A LOWto HIGH transition of the SDA line while the clock
(SCL) is HIGH determines a STOP condition. All opera-
tions must be ended with a STOP condition.

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 a START condition
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 unlimited.

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 24C04A does not generate any acknowledge
bits if an internal programming cycle is in progress.

The device thatacknowledges, 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.

A B

SCL

A
/]

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE

SDA ———\
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©€) (A

/

~——
START CONDITION ADDRESS DATA ALLOWED STOP
OR TO CHANGE CONDITION
ACKNOWLEDGE
VALID
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24CO04A DicE FORM

SLAVE ADDRESS

The chip address inputs A1 and A2 of each 24C04A
must be externally connected to either Vcc or ground
(Vss), assigning to each 24C04A aunique 2-bit address.
Up to four 24C04As may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A1 and A2 of the slave address to the
corresponding hardwired logic levels of the selected
24C04A. A0 is not used and must be connected to Vcc
or Vss.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 24CO04A, followed by the chip ad-
dress bits A1 and A2. The seventh bit of that byte (PA)
is used to select the upper page (addresses 100—1FF)
or lower page (addresses 000—0FF) of the 24C04A.

The eighth bit of slave address determines if the master
device wants to read or write to the 24C04A. (See Figure
2)

The 24C04A 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.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
L] T T T T ja—
I l SLAVE ADDRESS IR/WI A |
| I 1 | 1
/ N
/ \
1 0 1 0 | A2 | A1 |PA
BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 24C04A.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This

indicates to the addressed 24C04A that a byte with a
word address will follow after it has generated an ac-
knowledge bit. Therefore, the next byte transmitted by
the master is the word address and will be written into the
address pointer of the 24C04A. After receiving the
acknowledge of the 24C04A, the master device trans-
mits the data word to be written into the addressed
memory location. The 24C04A acknowledges again
and the master generates a STOP condition. This
initiates the internal programming cycle of the 24C04A.
(See Figure 3.)

PAGE PROGRAM MODE

To program the 24C04A, the master sends addresses
and data to the 24C04A which is the slave (see Figure
3). This is done by supplying a START condition
followed by the 4-vit device code, the 3-bit slave ad-
dress, and the R/W bit which is defined as a logic LOW
for a write. This indicates to the addressed slave that a
word address will follow so the slave outputs the ac-
knowledge pulse to the master during the ninth clock
pulse. When the word address is received by the
24C04A, it places it in the lower 8 bits of the address
pointer defining which memory location is to be written.
(The PA bit transmitted with the slave address is the
ninth bit of the address pointer.) The 24C04A will
generate an acknowledge after every 8-bits received
and store them consecutively in an 8-byte RAM until a
STOP condition is detected which initiates the internal
programming cycle. If more than 8 bytes are transmitted
by the master, the 24C04A will roll over and overwrite the
data beginning with the first received byte. This does not
affect erase/write cycles of the EEPROM array and is
accomplished as a result of only allowing the address
registers bottom 3 bits to incrementwhile the upper 5 bits
remain unchanged.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P" on Figure 3), byte
programming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to eight) data bytes will
be written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 8).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)
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WRITE PROTECTION

Programming of the upper half of the memory will not
take place if the WP pad of the 24C04A is connected to
Vce (+5 V). The 24C04A will accept slave and word
addresses but if the memory accessed is write protected
by the WP pad, the 24C04A will not generate an ac-
knowledge after the first byte of data has been received,
and thus the program cycle will not be started when the
STOP condition is asserted.

READ MODE

This mode illustrates master device reading data from
the 24C04A.

As can be seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is a read mode, the address pointer must
be written to.) During this period the 24C04A generates
the necessary acknowledge bits as defined in the appro-
priate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, it then outputs the
data from the addressed location on to the SDA pad,
increments the address pointer and, if it receives an
acknowledge from the master, will transmit the next
consecutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: In all modes, the address pointer will never
automatically increment through a block (256 byte)
boundary but will rotate back to the first location in that
block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER
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RW R RW AUTO INCREMENT
WORD ADDRESS
PAD DESCRIPTION
AQ SCL rial Clock

This pad must be connected to either Vcc or Vss.
A1, A2 Chip Address Input

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to four 24C04As can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

DA Serial Address/Data Input/Out

This is a bidirectional pad 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 re-
served for indicating the START and STOP conditions.

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

WP_Write Pr ion
This pad must be connected to either Vcc or Vss.

If tied to Vcc, PROGRAM . operations onto the upper
memory block (addresses 100—1FF) will not be exe-
cuted. Read operations are possible.

Iftied to Vss, normal memory operation is enabled (read/
write the entire memory 000—1FF).

This feature allows the user to assign the upper half of
the memory as ROM which can be protected against
accidental programming. When write is disabled, slave
address and word address will be acknowledged but
data will not be acknowledged.

DS11143C-6
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NOTES:

©1990 Microchip Technology Inc. 1-47 DS11143C-7



24C04A DIiCE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

24004 - (W

PACKAGE:

TEMPERATURE
RANGE:

L | DEVICE:

nE

24C04

DICE in WAFER

DICE in WAFFLEPACK

0°Cto70°C

4K CMOS SERIAL EEPROM

DS11143C-8
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59C11

1K (128 x 8 or 64 x 16) CMOS Serial Electrically Erasable PROM

FEATURES

Low power CMOS technology

Pin selectable memory organization

— 128 x 8 or 64 x 16 bit organization
Single 5 volt only operation

Self timed WRITE, ERAL and WRAL cycles
Automatic erase before WRITE

RDY/BSY status information during WRITE
Power on/off data protection circuitry
100,000 ERASE/WRITE cycles

Data Retention > 10 Years

8-pin DIP or SOIC package

Available for extended temperature ranges:
— Commercial: 0°C to +70°C

— Industrial: -40°C to +85°C

— Automotive: -40°C to +125°C

DESCRIPTION

The Microchip Technology Inc. 59C11 is a 1K bit Elec-
trically Erasable PROM. The device is configured as
128 x 8 or 64 x 16, selectable externally by means of the
control pin ORG. Advanced CMOS technology makes
this device ideal for iow power non-volatile memory ap-
plications. The 59C11 is available in the standard 8-pin
DIP and a surface mount SOIC package.

PIN CONFIGURATION
DIP Package
Ly
cs 1 8] vee
ck 02 7] ROY/BSY
o [Os 6 [ ora
po [+ 5[ vss
SO Package
cs 1 8L Jvee
ok O 2 7] RoviEsy
e 6 [ ora
Do E: 4 5 :.j Vss

BLOCK DIAGRAM

ORG ——»f  ARRAY (] ADDRESS

OUTPUT N
"{ BUFFER > 0o

DATA REGISTER

DI

MODE
DECODE .
cs ——»  LOGIC RDY/BSY

CLOCK
CLK GENERATOR

Preliminary Information
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59C11

ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE
Maximum Ratings* .
Name Function
Allinputs and outputs w.r.t. Vss.......... -03Vto+7.0V
Storage temperature .............. -65°C to +150°C cS Chip Select
Ambient temperature with CLK Serial Clock
power applied ..........coccoveveimeinencirinnnennns 65°C to +125°C DI Data In
Soldering temperature of leads (10 seconds) ....+300°C DO Data Out
ESD protection on all pins .............ccueeunee 4 kV Vss Ground
*Notice: Stresses above those listed under "Maximum ratings” may ORG Memory Array Organization
cause permanent damage to the device. This is a stress rating only and RDY/BSY Ready/Busy Status
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not Vee +5 V Power Supply
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.
Vce = +5 V (£10%)
Commercial: Tamb = 0°C to +70°C
DC CHARACTERISTICS Industrial: =~ Tamb = —40°C to +85°C
Automotive: Tamb = —40°C to +125°C
Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 \
High level input voltage VIH 2.0 vee +1 \
Low level input voltage Vi -0.3 0.8 \
High level output voltage VoH 2.4 v IoH = -400 pA
Low level output voltage VoL 0.4 \ loL=3.2mA
Input leakage current S lu 10 pA VIN = 0 V to Vcc (Note 1)
Output leakage current Lo 10 A Vourt =0V to Vcc (Note 1)
Internal capacitance CINT 7 pF VIN/VouT = OV (Note 2)
(all inputs/outputs) Tamb =25°C, f=1 MHz
Operating current Icco 4 mA FCLK = 1 MHz, VCec =5.5 V
(all modes)
Standby current lccs 100 pA CS=0V,Vcc=55V
Note 1: Internal resister pull-up at Pin 6. Active output at Pin 7.
Note 2: This parameter is periodically sampled and not 100% tested.
SYNCHRONOUS DATA TIMING
|la—— TokH TCKL—— |-&— TCsH
CLK /| /

PR

TOH |

I -
Tois %4——» <—>4\ ToH TOIS |l—
i
DI ®< VALID X VALID

i

|<>|

[-— TcsL

cs j Tcss

Teo

-\

Vo

TPD

DO

VALID

—» Tcz
HIGH
z

VALID |
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AC CHARACTERISTICS

Parameter Symbol Min Max Units Conditions
Clock frequency FclK 1 MHz
Clock high time TckH 500 ns
Clock low time TeoKL 500 ns
Chip select setup time Tcss 50 ns
Chip select hold time TCSH 0 ns
Chip select low time Tcs 100 ns
Data input setup time Tois 100 ns
Data input hold time ToH 100 ns
Data output delay time TPD 400 ns CL = 100 pF
Data output disable time (from CS = low) Tcz 0 100 ns CL = 100 pF
Data output disable time (from last clock) Tobz 0 400 ns CL = 100 pF
RDY/BSY delay time TRBED 400 ns
Program cycle time (Auto Erase & Write) Twe 1 ms for 8-bit mode

15 ms for ERAL and WRAL
in 8/16-bit modes

PIN DESCRIPTION

hi I
AHIGH level selects the device. A LOW level deselects
the device and forces it into standby mode. However, a
WRITE cycle which is already initiated and/or in prog-
ress will be completed, regardless of the CS input signal.
If CS is brought LOW during a WRITE cycle, the device

will go into standby mode as soon as the WRITE cycle
is completed.

CS must be LOW for 100 ns (TcsL) minimum between
consecutive instructions.  If CS is LOW, the internal
control logic is held in a RESET status.

rial Clock (CLK

The Serial Clock is used to synchronize the communi-
cation between a master device and the 59C11. Op-
code, address, and data bits are clocked in on the
positive edge of CLK. Data bits are also clocked out on
the positive edge of CLK.

CLK can be stopped anywhere in the transmission
sequence (at HIGH or LOW level) and can be continued
anytime (with respect to clock high time (TckH) and clock
low time (TckL)). This gives freedom in preparing
opcode, address and data for the controlling master.

CLKis a"Don't Care" if CS is LOW (device deselected).
If CS is HIGH, but a START condition has not been
detected, any number of clock cycles can be received by
the device without changing its status (i.e., waiting for
START condition).

CLK cycles are notrequired during the self-timed WRITE
(i.e., auto erase/write) cycle.

After detection of a START condition the specified num-
ber of clock cycles (respectively LOW to HIGH transi-
tions of CLK) must be provided. These clock cycles are
required to clock in all required opcode, address, and
data bits before an instruction is executed (see instruc-
tion set truth table). When that limit has been reached,
CLK and DI become "Don't Care" inputs until CS is
brought LOW for at least chip select low time (TcsL) and
brought HIGH again and a WRITE cycle (if any) is com-
pleted.

Data In (DI

Data In is used to clock in START bit, opcode, address
and data synchronously with the CLK input.

Dat D

Data Out is used in the READ mode to output data
synchronously with the CLK input (TPD after the positive
edge of CLK). This outputis in HIGH-Z mode except if
data is clocked out as a result of a READ instruction.

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO).

Care must be taken with the leading dummy zero which
is output after a READ command has been detected.
Also, the controlling device must not drive the DI/DO bus
during WRITE cycles.

© 1990 Microchip Technology Inc.
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This input selects the memory array organization. When
the ORG pin is connected to +5 V the 64 x 16 organiza-
tionis selected. Whenitis connected to ground, the 128
x 8 organization is selected. If the ORG pin is left uncon-
nected, then an internal pullup device will select the 64
x 16 organization.

rganizati

Ready/Busy (RDY/BSY)

Pin 7 provides RDY/BSY status information. RDY/BSY
is low if the device is performing a WRITE, ERAL, or
WRAL operation. When it is HIGH the internal, self-
timed WRITE, ERAL or WRAL operation has been com-
pleted and the device is ready to receive a new instruc-
tion.

DATA PROTECTION

During power-up, all modes of operation are inhibited
until Vcc has reached a level of between 2.8 V and 4.5
V. During power-down, the source data protection cir-
cuitry acts to inhibit all modes when VCC has fallen
below the voltage range of 2.8 Vto 4.5 V.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during normal
operation.

After power-up, the device is automatically in the EWDS
mode. Therefore, EWEN instruction must be performed
before any WRITE, ERAL or WRAL instruction can be
executed.

INSTRUCTION SET 64 X 16 MODE, ORG=1
Start Number of
Instruction Bit Opcode Address Data In Data Out Req. CLK Cycles
READ 1. 10 X X A5 A4 A3 A2 A1 A0 —_ D15-D0 27
WRITE 1 X 1 X X A5 A4 A3 A2 A1 A0 D15-D0 | High-Z 27
EWEN 1 00 1 1 X X X X X X — High-Z 1
EWDS 1 0000 X X X X X X - High-Z 1
ERAL 1 0010 X X X X X X — High-Z 1
WRAL 1 00 01 X X X X X X D15-D0 High-Z 27
128 X 8 MODE, ORG=0
Start Number of
Instruction Bit Opcode Address DataIn Data Out Req. CLK Cycles
READ 1 1 0 X X A6 A5 A4 A3 A2 Al A0 _— D7-D0 20
WRITE 1 X1 X X A6 A5 A4 A3 A2 A1 A0 D7 - DO High-Z 20
EWEN 1 00t 1 X X X X X X X — High-Z 12
EWDS 1 0000 X X X X X X X — High-Z 12
ERAL 1 0010 X X X X X X X - High-Z 12
WRAL 1 000 1 X X X X X X X D15 - DO High-Z 20

FUNCTIONAL DESCRIPTION
START Condition

The START bit is detected by the device if CS and Dl are
both High with respect to the positive edge of CLK for the
first time.

Before a START condition is detected, CS, CLK, and DI
may change in any combination (except to that of a
START condition) without resulting in any device opera-
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL).
As soon as CS is HIGH, the device is no longer in the
standby mode.

An instruction following a START condition will only be
executed if the required amount of opcode, address and
data bits for any particular instruction is clocked in.

After execution of an instruction (i.e. clock in or out of the

last required address or data bit) CLK and DI become
don't care bits until a new start condition is detected.

Note: CS must go LOW between consecutive instruc-
tions.

DV/DO Pins

It is possible to connect the Data In and Data Out pins
together. However, with this configuration it is possible
for a "bus conflict" to occur during the "dummy zero" that
precedes the READ operation, if AO is a logic high level.
Under such a condition the voltage level seen at Data
Out is undefined and will depend upon the relative
impedances of Data Out and the signal source driving
AO0. The higher the current sourcing capability of A0, the
higher the voltage at the Data Out pin.

DS20040C-4
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READ Mode

The READ instruction outputs the serial data of the
addressed memory location on the DO pin. Adummy bit
(logical 0) precedes the 8- or 16-bit output string. The
output data changes during the high state of the system
clock (CLK). The dummy bit is output TrD after the
positive edge of CLK, which was used to clock in the last
address bit (A0). Therefore, care must be taken if Dl and
DO are connected together as a bus contention will
occur for one clock cycle if AO is a one.

DO will go into HIGH-Z mode with the positive edge of
the next CLK cycle. This follows the output of the last
data bit DO or the negative edge of CS, whichever occurs
first. DO remains stable between CLK cycles for an un-
limited time as long as CS stays HIGH.

The most significant data bit (D15 or D7) is always output
first, followed by the lower significant bits (D14 - DO or D6
- D0).

S R
READ MODE cx ¥ R RRKA
|
| |<_I’_—->|
St 5 | Tost |
cs / !
sB OPCODE AN 'a0 '
S L S ——
oI BB R R R, SR raamaas,
1 1 o x X x X I
Tep . —HTDDZ"—
o HIGH -2 —————h1 0 /_ DN X SD( o —
I
NOTE: | ORGANIZATION AN DN
128x8 A8 | D7 NEW INSTRUCTION
64x 16 A5 | D15 OR STANDBY (CS = 0)
WRITE

The WRITE instruction is followed by 8 or 16 bits of data
which are written into the specified address. The most
significant data bit (D15 or D7) has to be clocked in first
followed by the lower significant data bits (D14 — DO or
D6 — DO). If a WRITE instruction is recognized by the
device and all data bits have been clocked in, the device

performs an automatic erase cycle on the specified
address before the data are written. The WRITE cycle
is completely self timed and commences automatically
after the rising edge of the CLK signal for the last data bit
(DO).

The WRITE cycle takes 1 ms max for 8-bit mode and 2
ms max for 16-bit mode.

R S —
WRITEMODE O RS R
I
1 Tos,—e=! [
« I i | ——
o $—t
s 77 N
] 1
s8 OPCODE AN A0 DN 'no
L N AAVAVAVAVAVE: |:$:: ':EI?:*:1:?:3:?:1:35:!:2:::&
X 1 x X X X X X
I
DO HIGH - Z 3 %
o ! Tagp le— i
RDY/BSY & 5 : I
| 5
I —
NOTE: [ORGANIZATION | AN | DN Two A
128x8 A6 | D7 NEW INSTRUCTION
64x 16 A5 | D15 'OR STANDBY (CS = 0)
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ERASE/WRITE Enable/Disable (EWEN, EWD:

The device is automatically in the ERASE/WRITE Dis-
able mode (EWDS) after power-up. Therefore, EWEN

instruction has to be performed before any WRITE,
ERAL, or WRAL instruction is executed by the device.

R

ERASE/WRITE ENABLE
AND DISABLE

OO
AR

R XXX KEX KRN XXX KX KIXXXH
X XXXRXXK
RXRRRXRKKKXKRRRRKA

—] l— Tosu

e

cs

7/

SB

N

SB

A0
DBORBDINK X

OPCODE AN

o R\ KOO R R
1 0 [} [} ] EWDS
1 1 X X EwWEN
DO HIGH -Z 55
NOTE: | ORGANIZATION | AN T
128x8 A NEW INSTRUCTION
64x16 AS OR STANDBY (CS = 0)
ERASE All (ERAL)
The entire chip will be erased to logical "1s" if this in- mode. The ERAL cycle is completely self-timed and
struction is received by the device and it is in the EWEN commences after the rising edge of the CLK signal for
the last dummy address bit. ERAL takes 15 ms max.
ERASE ALL
TosH —a! e —al e T
(CHIP ERASE) B —
o | RIR00) SERLRRRIRRR,
. I
sB OPCODE M Ao | s
1 [} o 1 0 X X |
I
DO HIGH - Z % 5 t
J— —>: |-— TrRBD |
RDY/BSY 55 f—————
1
: N |
. -
NOTE: | ORGANIZATION | AN . Twe
128x8 A8 NEW INSTRUCTION
64x16 AS OR STANDBY (CS = 0)

WRITE All (WRAL)

The entire chip will be written with the data specified in
that command. The WRAL cycle is completely self-
timed and commences after the last data bit (DO) has
been clocked in. WRAL takes 15 ms max.

Note: The WRAL does notinclude an automatic ERASE
cycle for the chip. Therefore, the WRAL instruction must
be preceded by an ERAL instruction and the chip must
be inthe EWEN status in both cases. The WRAL instruc-
tion is used for testing and/or device initialization.

WRITE ALL ST N O P O O P 17554
TesH —>: |-— —-»: = Test
s « | _
e TR £
|
sB OPCODE N A0 DN |00 !
o R /R ORK R R R0,
1 [) o 1 X X 3 |
Do HIGH - Z g—1 ¥ T
Taep —=|  |let—
RDY/BSY F—r j
i — !
I
———
NOTE: | ORGANIZATION | AN | DN Twe !
128x8 A6 | D7 NEW INSTRUCTION
64x16 A5 D15 OR STANDBY (CS =0)
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NOTES:
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS

59C11-1/P
——

Package: J CERDIP
P Plastic DIP
SN Plastic SOIC (0.150 mil Body)
SM Plastic SOIC (0.207 mil Body)

Temp Blank 0°Cto+70°C
Range: 1 -40° C to +85° C
E -40° Cto +125°C

Device: 59C11 1K CMOS Serial EEPROM
59C11T 1K CMOS Serial EEPROM
(in Tape & Reel)
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59C11

DICE FORM

1K (128 x 8 or 64 x 16) CMOS Serial Electrically Erasable PROM

FEATURES

Low power CMOS technology

Pad selectable memory organization

— 128 x 8 or 64 x 16 bit organization
Single 5 volt only operation

Self-timed write, ERAL and WRAL cycles
Automatic erase before write

RDY/BSY status information during write
Power on/off data protection circuitry
Available in wafer or wafflepack
Temperature range:

— Commercial: 0°C to +70°C

e o o o o o o

DESCRIPTION

The Microchip Technology Inc. 59C11 is a 1K bit Elec-
trically Erasable PROM. The device is configured as
128 x 8 or 64 x 16, selectable externally by means of the
control pad ORG. Advanced CMOS technology makes
this device ideal for low power non-volatile memory ap-
plications. The 59C11 dice are available in wafer or
wafflepack.

DIE CONFIGURATION

Die Size: 88 x 78 mils.

1. CS 8. Vec ____
2. CLK 7. RDY/BSY
3. DI 6. ORG
4. DO 5. Vss

BLOCK DIAGRAM

Vee Vss

| |

MEMORY
ARRAY
128x8or
64x 16

|+—| ADDRESS
[N"—"] DECODER

OUTPUT
= BUFFER > 0o

RDY/BSY

ORG ——»

DATA REGISTER

DI

MODE
DECODE
LOGIC

CLOCK
GENERATOR

Cs —¥

CLK

Preliminary Information

© 1990 Microchip Technology Inc.
DS20043C-1




59C11 pICE FORM

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs w.r.t. Vss....... -0.3Vto+7.0V
Storage temperature .............cccceininnnns -65°C to +150°C
Ambient temperature with

power applied ..., -65°C to +125°C
Soldering temperature of leads (10 seconds) ....+300°C
ESD protection on all pins ..........cccceevveniiiiirinienns 4 kV

*Notice: Stresses above those listed under "Maximum ratings" may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE

Name Function

CS Chip Select

CLK Serial Clock

DI Data In

DO Data Out

Vss Ground

ORG Memory Array Organization
RDY/BSY Ready/Busy Status

Vee +5 V Power Supply

DC CHARACTERISTICS Vee = +5 V (£10%)
Commercial: Tamb = 0°C to +70°C
Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 v
High level input voltage VIH 2.0 vee + 1 \'
Low level input voltage Vi -0.3 0.8 \%
High level output voltage VOH 24 Vv IOH = -400 pA
Low level output voltage VoL 0.4 \ loL=3.2 mA
Input leakage current I 10 A VIN=0 V to Vcc (Note 1)
Output leakage current Lo 10 A Vout =0 V to Vcc (Note 1)
Internal capacitance CINT 7 pF VIN/VouT =0 V- (Note 2)
(all inputs/outputs) Tamb = 25°C, f = 1 MHz
Operating current (all modes) Icco 4 mA Fcik = 1 MHz, Vcc= 5.5V
Standby current Iccs 100 uA CS=0V,Vcc=55V
Note 1: Internal resistor pull-up at Pin 6. Active output at Pin 7.
Note 2: This parameter is periodically sampled and not 100% tested.
SYNCHRONOUS DATA TIMING
let—— TokH TekL—| |-a— TcsH
CLK 7
———————7/ ToH
Tois | ToH Tois 40}
|4>| —| Tost
Tcss RN
cs 7i \ /
TrD Teo — Tcz ld‘
DO VALID VALID | :IGH
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AC CHARACTERISTICS
Parameter Symbol Min Max Units Conditions

Clock frequency FcLk 1 MHz

Clock high time TCKH 500 ns

Clock low time Tok 500 ns

Chip select setup time Tcss 50 ns

Chip select hold time TcsH 0 ns

Chip select low time Tcs 100 ns

Data input setup time Tois 100 ns

Data input hold time ToiH 100 ns

Data output delay time TPD 400 ns CL = 100 pF

Data output disable time (from CS =low) | Tcz 0 100 ns CL = 100 pF

Data output disable time (from last clock)| Tobz 0 400 ns CL = 100 pF
RDY/BSY delay time TRBD 400 ns

Program cycle time (Auto Erase & Write) | Twc 1 ms for 8-bit mode

15 ms for ERAL and WRAL in
8/16-bit modes

PAD DESCRIPTION
Chip Select (CS)

AHIGH level selects the device. A LOW level deselects
the device and forces it into standby mode. However, a
WRITE cycle which is already initiated and/or in prog-
ress will be completed, regardless of the CS input signal.
If CS is brought LOW during a WRITE cycle, the device
will go into standby mode as soon as the WRITE cycle
is completed.

CS must be LOW for 100 ns (TcsL) minimum between
consecutive instructions. If CS is LOW, the internal
control logic is held in a RESET status.

Serial Clock (CLK)

The Serial Clock is used to synchronize the communi-
cation between a master device and the 59C11. Op-
code, address, and data bits are clocked in on the

positive edge of CLK. Data bits are also clocked out on
the positive edge of CLK.

CLK can be stopped anywhere in the transmission
sequence (at HIGH or LOW level) and can be continued
anytime (with respect to clock HIGH time (TckH) and
clock LOW time (TckL)). This gives freedom in prepar-
ing opcode, address and data for the controlling master.

CLKis a"Don't Care" if CS is LOW (device deselected).
If CS is HIGH, but a start condition has not been
detected, any number of clock cycles can be received by

the device without changing its status (i.e., waiting for
START condition).

CLKcycles are notrequired during the self-timed WRITE
(i.e. auto erase/write) cycle.

After detection of a START condition the specified num-
ber of clock cycles (respectively LOW to HIGH transi-
tions of CLK) must be provided. These clock cycles are
required to clock in all required opcode, address, and
data bits before an instruction is executed (see instruc-
tion set truth table). When that limit has been reached,
CLK and DI become don't care inputs until CS is brought
LOW for at least chip select low time (TcsL) and brought
HIGH again and a WRITE cycle (if any) is completed.

Data In (DI

Data In is used to clock in START bit, opcode, address
and data synchronously with the CLK input.

Data Out (DO)

Data Out is used in the READ mode to output data
synchronously with the CLK input (TPD after the positive
edge of CLK). This output is in HIGH-Z mode except if
data is clocked out as a result of a READ instruction.

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO).

Care must be taken with the leading dummy zero which
is output after a READ command has been detected.
Also, the controlling device must not drive the DI/DO bus
during WRITE cycles.

© 1990 Microchip Technology Inc.
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This input selects the memory array organization. When
the ORG pad is connected to +5 V the 64 x 16 organiza-
tionis selected. When itis connected to ground, the 128
x 8 organization is selected. Ifthe ORG padiis leftuncon-
nected, then an internal pullup device will select the 64
x 16 organization.

Ready/Busy (RDY/BSY)

Pad 7 provides RDY/BSY status information. RDY/BSY
is low if the device is performing a WRITE, ERAL, or
WRAL operation. When it is HIGH, the internal self-
timed WRITE, ERAL or WRAL operation has been com-
pleted and the device is ready to receive a new instruc-
tion.

rganiz

DATA PROTECTION

During power-up all modes of operation are inhibited
until Vcc has reached a level of between 2.8 Vand 4.5 V.
During power-down the source data protection circuitry
acts to inhibit all modes when Vcc has fallen below the
voltage range of 2.8 Vto 4.5 V.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during normal
operation.

After power-up the device is automatically in the EWDS
mode. Therefore, EWEN instruction must be performed
before any WRITE, ERAL or WRAL instruction can be
executed.

INSTRUCTION SET 64 X 16 MODE, ORG=1
Start Number of
Instruction Bit Opcode Address Dataln | Data Out Regq. CLK Cycles
READ 1 1.0 X X A5 A4 A3 A2 At AD — D15-D0 27
WRITE 1 X1 XX A5 A4 A3 A2 Al A0 D15-D0 | High-Z 27
EWEN 1 00 1 1 X X X X X X — High-Z 1
EWDS 1 0000 X X X X X X — High-Z 1
ERAL 1 0010 X X X X X X — High-Z 1
WRAL 1 000 1 X X X X X X D15-D0 | High-Z 27
128 X 8 MODE, ORG=0
Start Number of
Instruction Bit Opcode Address Data In Data Out Req. CLK Cycles

READ 1 10 X X A6 A5 A4 A3 A2 A1 A0 — D7-D0 20
WRITE 1 X1 XX A6 A5 A4 A3 A2 A1 A0 D7 -DO High-Z 20
EWEN 1 00 1 1 X X X X X X X - High-Z 12
EWDS 1 0000 X X X X X X X — High-Z 12
ERAL 1 0010 X X X X X X X - High-Z 12
WRAL 1 000 1 X X X X X X X D7-D0 High-Z 20

FUNCTIONAL DESCRIPTION After execution of an instruction (i.e. clock in or out of the

last required address or data bit) CLK and DI become

TART Condition "don't care" bits until a new start condition is detected.

The START bit is detected by the device if CS and Dl are
both HIGH with respect to the positive edge of CLK for
the first time.

Before a START condition is detected, CS, CLK and DI
may change in any combination (except to that of a
START condition) without resulting in any device opera-
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL).
As soon as CS is HIGH, the device is no longer in the
standby mode.

An instruction following a START condition will only be
executed if the required amount of opcode, address and
data bits for any particular instruction is clocked in.

Note:
CS must go LOW between consecutive instructions.

DUDO Pads

It is possible to connect the Data In and Data Out pads
together. However, with this configuration it is possible
for a "bus conflict" to occur during the "dummy zero" that
precedes the READ operation, if A0 is a logic HIGH
level. Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the relative
impedances of Data Out and the signal source driving
AO0. The higher the current sourcing capability of AO, the
higher the voltage at the Data Out pad.

DS20043C-4
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READ Mode

The READ instruction outputs the serial data of the
addressed memory location on the DO pad. A dummy
bit (logical 0) precedes the 8/16-bit output string. The
outputdata changes during the HIGH state of the system
clock (CLK). The dummy bit is output TPD after the
positive edge of CLK, which was used to clock in the last
address bit (A0). Therefore, care must be taken if Dl and
DO are connected together as a bus contention will
occur for one clock cycle if AO is a one.

DO will go into HIGH-Z mode with the positive edge of
the next CLK cycle. This follows tiie output of the last
data bit DO or the low going edge of CS, whichever oc-
curs first. DO remains stable between CLK cycles for an
unlimited time as long as CS stays HIGH.

The most significant data bit (D15 or D7) is always output
first, followed by the lower significant bits (D14 - DO or D6
- DO).

READMODE  cu BB M1 ML [ LI LI LI L LT LI [ s [
I
| [
cs 5 i 4 | T05L|
sB OPCODE AN 'n0 !
ol B IR R R R, KRR,
1 1 [) X X X X |
TPD —a| et —~{Tooz (t—
Do HIGH - Z $—Rl0/ N X SD( D
I
NOTE: | ORGANIZATION AN DN
128x8 A6 | D7 NEW INSTRUCTION
64x 16 A5 | D15 OR STANDBY (CS = 0)
WRITE Mode

The WRITE instruction is followed by 8 or 16 bits of data
which are written into the specified address. The most
significant data bit (D15 or D7) has to be clocked in first
followed by the lower significant data bits (D14 — DO or
D6 — D0). If a WRITE instruction is recognized by the
device and all data bits have been clocked in, the device

performs an automatic erase cycle on the specified
address before the data are written. The WRITE cycleis
completely self timed and commences automatically
after the last data bit (DO) has been clocked in.

The WRITE cycle takes 1 ms for 8-bit mode and 2 ms for
16-bit mode max.

WRITE MODE" , « xxzxoom

AXXXNN

IXXXXNKT (XXXRXXXXALXNY
FEXRUCA SXNXIXHKUUXKN
KRXRXXX) MXUAIRIRRRXAN

TosL—s=! e

cs

~
=3

W

SB OPCODE AN A0 DN DO
D W AVAVAVAVAVS: |:¢:: @ §: @i
1 X 1 X X X X X IX
. &«

DO HIGH - Z I £$—
. —>| TrBD :4-—— |
RDY/BSY % 5 o
! \_;g__.__
[ |
"——————-———’
NOTE: | ORGANIZATION | AN | DN Twe
128x8 As | D7 NEW INSTRUCTION |
64x16 A5 | D15 OR STANDBY (CS = 0)

© 1990 Microchip Technology Inc.
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ERASE/WRITE Enable/Disable (EWEN.EWD

The device is automatically in the ERASE/WRITE Dis-
able mode (EWDS) after power-up. Therefore, EWEN

instruction has to be performed before any WRITE,
ERAL, or WRAL instruction is executed by the device.

ERASE/WRITE ENABLE
AND DISABLE
SB OPCODE AN ] A0 sB
o AORK OGRS SHReeeaenn
1 o 0 0 ] EWI
1 1 X X EwWeN
DO HIGH - Z X
NOTE: | ORGANIZATION AN T
1;8: 186 :: NEW INSTRUCTION

OR STANDBY (CS = 0)

ERASE All (ERAL)

The entire chip will be erased to logical "1s" if this instruc-
tion is received by the device anditis inthe EWEN mode.

The ERAL cycle is completely self-timed and com-
mences after the last dummy address bit has been
clocked in. ERAL takes 15 ms max in both 8-bit and 16-
bit modes.

cs TR SRR,
sB OPCODE AN o ! | s
X7 OO RXFIAARKIAARALAAIN 2
o/ \ DR R SRR
1 [] 10 3 X |
DO HIGH-Z 5 5 +
o — |a— Treo |
RDY/BSY f—+ ‘,\ .
: N——s— |
. -~
NOTE: | ORGANIZATION AN . Twe
128x8 AS NEW INSTRUCTION
64 x 16 A5 OR STANDBY (CS = 0)

WRITE All (WRAL)

The entire chip will be written with the data specified in
that command. The WRAL cycle is completely self-
timed and commences after the last data bit (DO) has
been clocked in. WRAL takes 15 ms max in both 8-bit
and 16-bit modes.

Note: The WRAL does not include an automatic erase
cycle forthe chip. Therefore, the WRAL instruction must
be preceded by an ERAL instruction and the chip must
be in the EWEN status in both cases.

The WRAL instruction is used for testing and/or device
initialization.

P
WRITE ALL o R0 s o | R R
.
/74
OPCODE
-
01 2088
DO HIGH-Z
RDY/BSY
— -
NOTE: | ORGANIZATION AN DN Twe '
128x8 A6 | D7 NEW INSTRUCTION
64x16 A5 D15 OR STANDBY (CS =0)
DS20043C-6
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NOTES:
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
59C11 - /W
Package: w Dice in Wafer
S Dice in Wafflepack
Temperature Blank 0°Cto+70°C
Range:
————{ Device: 59C11 1K CMOS Serial EEPROM

DS20043C-8 1-64 © 1990 Microchip Technology Inc.
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Microchip

85C72

1K (128 x 8) CMOS Serial Electrically Erasable PROM

FEATURES

Low power CMOS
Organized as one

Self-timed write cy:
Page-write buffer fi

.

technology
block of 128 bytes (128 x 8)

Two wire serial interface bus
5 volt only operation

cle (including auto-erase)
‘or up to 2 bytes

1ms write cycle time for single byte

« 100,000 erase/write cycles

Data retention >10 years

« 8-pin DIP or SOIC package

Available for extended temperature ranges:

—Commercial: 0°C to +70°C

—Industrial: -40°C

to +85°C

—Automotive: -40°C to +125°C

PIN CONFIGURATION
DIP Package
A\
a1 8 [ Vec
a2 7dnNc
a2 s 6 [ scL
vss O 5 P SDA
SO Package
A0 E,r_ 1 8 Vee
a2 7N
v i £ s[gscL
Vss T4 5[ sDA

DESCRIPTION

The Microchip Technology Inc. 85C72 is a 1K bit Elec-
trically Erasable PROM. The device is organized as 128
x 8 bit memory with a two wire serial interface. Advanced
CMOS technology allows a significant reduction in power
over NMOS serial devices. Up to eight 85C72s may be
connected to the two wire bus. The 85C72 is available
in the standard 8-pin DIP and a surface mount SOIC
package.

BLOCK DIAGRAM

-

Data
Voc = | Buffer R/W Amp

Vss = 2x8 )
(FIF0)
1 Data Reg.

SDA p»-|_Slave Addr. |

Control Increment
sCL Logic

)

A0 A1 A2

Memory
Arra
AOto] 128 X8
A6

wcnd-~aad>
~®~3—0T

Preliminary Information
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85C72

L CHA T |
ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE
Maximum Ratings* .
Name Function
All inputs and outputs w.r.t. Vss ... .-0.3Vto+7V
Storage temperature .-65°C to +150°C AO, A1, A2 Chip Address Inputs
Ambient temp. with power applied .....-65°C to +125°C VSS Ground
Soldering temperature of leads (10 seconds) ..+300°C SDA Serial Address/Data I/O
ESD protection on all pins ..........ccceeveevccinnninnne 4.0 kV SCL Serial Clock
*Notice: Stresses above those listed under “Maximum ratings” may NC No Connect
cause permanent damage to the device. This is a stress rating only and
funcﬁoﬁal operation of tf?e device at those or any other conditiogns a{')ove vee +5V Power Supply

those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

Ve = +5 V (£10%)

DC CHARACTERISTICS Commercial (C): Tamb= 0°Cto +70°C
Industrial (I): Tamb =-40°C to +85°C
Automotive (E): Tamb =-40°C to +125°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 Vv
SCL and SDA pins:
High level input voltage VIH Veex 0.7 | Vec+1 \
Low level input voltage ViL -0.3 Vce x 0.3 \
Low level output voltage VoL 0.4 v loL = 3.2 mA (SDA only)
A0, A1 & A2 pins:
High level input voltage VIH Vcc-0.5 | Vec + 0.5 \
Low level input voltage ViL -0.3 0.5 v
Input leakage current 1Lt 10 pA VIN=0V to Vcc
Output leakage current Lo 10 A VouT =0V to Vec
Internal capacitance CINT 7.0 pF | VIN/VouT =0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f =1 MHz
Operating current Icco 35 mA | FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,
Tamb =0°C to +70°C
4.25 mA | FCLK = 100 kHz, program cycle
time=2ms,Vcc=5V,
Tamb = (I) and (E)
Program cycle lccw 7.0 mA | Vcc=5V, Tamb=0°C to +70°C
8.5 mA Vce =5V, Tamb= () and (E)
Read cycle Iccr 750 pA Vce =5V, Tamb= (C), (I) and (E)
Standby current lccs 100 pA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP
1

SCL ———/

-

1 2 N i B A

1 I
] ]
i |
| 1
1 1
1 1 ]
T THD:STA 1 |
Tsu:sn—<——+>l ! Tsu:s‘ro—<—o>| :
SDA | | / 4+ \ Ve
i3 /" £
] 1 I 1
| | 1 1
~—— ~—
START ‘ STOP
DS11137B-2 © 1990 Microchip Technology Inc.
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AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FcLk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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)

Program cycle time Twc 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: Astransmitter, 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.

BUS TIMING DATA
TR—>
SCL
THOSTA Tiow |~@—1—THD:DAT (receiver)
|<@——1-TSU:DAT TeD (transmitter)
SDA - 7'
|e— TBUF

FUNCTIONAL DESCRIPTION

The 85C72 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 85C72 works as slave.

Both, master and slave can operate as transmitter or
receiver but the master device determines which mode
is activated.

Up to eight 85C72s can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus, but require
different device codes than the 85C72 (refer to section
Slave Address).

© 1990 Microchip Technology Inc.
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BUS CHARACTERISTICS

The following bus proiocol has been defined:

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

- Duringdatatransfer, the dataline mustremain stable
whenever the clock line is HIGH. Changes in the
data fine while the clock line is HIGH will be inter-
preted 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)

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

Stop Data Transfer (C)

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

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 a START condition
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 unlimited.

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 85C72 does not generate any acknowledge
bits if an internal programming cycle is in progress.

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 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.

A, B (©)

SCL \
/_.

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS

SN
OO
"'0"."0'0."0’0‘0‘0‘0'0‘0‘0’#"‘0’0‘0‘0‘1
AN

SDA -——\

(D) ©) (A

N/

N~
START CONDITION ADDRESS  DATA ALLOWED STOP
- OR TO CHANGE CONDITION
ACKNOWLEDGE
VALID
DS11137B-4 © 1990 Microchip Technology Inc.
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SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 85C72
must be externally connected to either Vcc or ground
(Vss), assigning to each 85C72 a unique 3-bit address.
Up to eight 85C72s may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the slave address to the
corresponding hardwired logic levels of the selected
85C72.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 85C72, followed by the chip address
bits AQ, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write to the 85C72. (See Figure
2)

The 85C72 monitors the bus for its corresponding slave
address all the time. It generates an acknowledge bit if
the slave address was true and itis notin a programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
LB 1 U ) —_
I l SLAVE ADDRESS |RNVl A I
1 1 1 1 A
// \
// \\
1 0 1 0 | A2 ] Al | A0
BYTE PROGRAM MODE

In this mode, the master sends addresses and one data
byte to the 85C72.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This

indicates to the addressed 85C72 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore the next byte transmitted by the
master is the word address and will be written into the
address pointer of the 85C72. The most significant bit of
the word address is a "Do Not Care" value for the 85C72.
After receiving the acknowledge of the 85C72, the
master device transmits the data word to be written into
the addressed memory location. The 85C72 acknowl-
edges again and the master generates a STOP condi-
tion. This initiates the internal programming cycle of the
85C72. (See Figure 3.)

PAGE PROGRAM MODE

To program the 85C72, the master sends addresses
and data to the 85C72 which is the slave. (See Figure
3.) This is done by supplying a START condition fol-
lowed by the 4-bit device code, the 3-bit slave address,
and the R/W bit which is defined as a logic LOW for a
write. This indicates to the addressed slave that a word
address will follow so the slave outputs the acknowledge
pulse to the master during the ninth clock pulse. When
the word address is received by the 85C72, it places itin
the lower 8 bits of the address pointer defining which
memory location is to be written. (One " Do Not Care" bit
and seven address bits.) The 856C72 willgenerate an ac-
knowledge after every 8 bits received and store them
consecutively in a 2-byte RAM until a STOP condition is
detected which initiates the internal programming cycle.
If more than 2 bytes are transmitted by the master, the
85C72 will terminate the write cycle. This does not affect
erase/write cycles of the EEPROM array.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte pro-
gramming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to two) data bytes will be
written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 2).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE) ACKNOWLEDGES FROM SLAVE
{ L
Frrirtt FrertrT FTTTrTrT Il"’lllII)llll
SLAVE WORD
START ADDRESS | A ADDRESS Al DATABYTE1 |A DATABYTEN |A| STOP
||||||’ I Jllllil’ll:'nLllllllll
RW P
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READ MODE

This mode illustrates master device reading data from
the 85C72.

As can be seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is aread mode the address pointer must be
written to.) During this period the 85C72 generates the
necessary acknowledge bits as defined in the appropri-
ate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the

slave generates the acknowledge bit, it then outputs the
data from the addressed location on to the SDA pin, in-
crements the address pointer and, if it receives an ac-
knowledge from the master, will transmit the next con-
secutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition in-
stead of an acknowledge.

Note: Ifthe master knows where the address pointer s,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

In all modes, the address pointer will automatically
increment from the end of the memory block (128 bytes)
back to the first location in that block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER

LIS SR TTiTiTd LI rrrirrni I”:IIIIIIII
SLAVE LAST
START ADDRESS 0 {AfWORD ADDRESS |A[START ADDRESS 1]A] DATABYTE1 |A DATA BYTE STOP
IIlllltlJLlLll ’ O T | U T e | J,l'll T
RW R RW AUTO INCREMENT
WORD ADDRESS
PIN DESCRIPTION
A0, A1 and A2 Chip Address Inputs NC No Connect

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 85C72s can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

DA Serial Address/Data In utpu

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

For normal data transfer SDA is allowed to change only
during SCL LOW. Changes during SCL HIGH are re-
served for indicating the START and STOP conditions.

SCL_Serial Cl

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

This pin can be left open or used as a tie point.

Notes:

1) A"page" is defined as the maximum number of bytes
that can be programmed in a single write cycle. The
85C72 page is 2 bytes long.

2) A "block" is defined as a continuous area of memory
with distinct boundaries. The address pointer can not
cross the boundary from one block to another. It will
however, wrap around from the end of a block to the first
location in the same block. The 85C72 has only one
block (128 bytes).

DS11137B-6
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NOTES:
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85C72

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

ssc2 - /P

PACKAGE: J  CERL«w
P Plastic DIP
SM  Plastic SOIC (0.207 mil Body)

TEMPERATURE Blank 0°Cto+70"C
RANGE: | -40°Cto+85°C
E -40°Cto+125°C

DEVICE: 85C72 1K CMOS SERIAL EEPROM
85C72T 1K CMOS SERIAL EEPROM

(in Tape & Reel)

DS11137B-8 172 © 1990 Microchip Technology Inc.



: 85C72

Microchip DICE FORM
1K (128 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

+ Low power CMOS technology The Microchip Technology Inc. 85C72 is a 1K bit Elec-
« Organized as one block of 128 bytes (128 x 8) trically Erasable PROM. The device is organized as 128
« Two wire serial interface bus x 8 bitmemory with a two wire serial interface. Advanced
« 5 volt only operation CMOS technology allows a significant reduction in power
« Self-timed write cycle (including auto-erase) over NMOS serial devices. Up to eight 85C72s may be
« Page-write buffer for up to 2 bytes connected to the two wire bus. The 85C72 dice are
» 1 ms write cycle time for single byte available in wafer or wafflepack.

Available in wafer or wafflepack
» Temperature range:
—Commercial: 0°C to +70°C

DIE CONFIGURATION BLOCK DIAGRAM
Die Size: 106 x 76 mils
1
Data
Vec = Buffer VpP R/W Amp
Vss —» 2x8 %
(FIFO)
—
- Data Reg.
é P
-}
SDA Slave Cr*r" - ME{{;{;,’V
b1 Address et |AOto] 128x8
se | A6
ST
\
] Control
1. A0 8. Vcec SCL Logic Increment
2. A1 7. NF * * ’
3. A2 6. SCL
4. Vss 5. SDA A0 A1 A2

Pr@ﬂimﬁnau’y Information © 1990 Microchip Technology Inc.
DS11147C-1




85C72 DICE FORM

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs w.r.t. Vss ... -03Vto+7V
Storage temperature -65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) ..+300°C
ESD protection on all pins

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE
Name Function
A0, A1, A2 Chip Address Inputs

Vss Ground
SDA Serial Address/Data I/0
SCL Serial Clock
NF No Function
Vece +5 V Power Supply

DC CHARACTERISTI Vee = +5 V (£10%)
cc ¢ STicS Commercial (C): Tamb= 0°C to +70°C

Parameter Symbol Min Max Units Conditions
Vcce detector threshold VTH 2.8 45 v
SCL and SDA pins:

High level input voltage VIH Vcex 0.7 | Vec+ 1 Vv

Low level input voltage ViL -0.3 Vee x 0.3 \'

Low level output voltage VoL 0.4 \" loL = 3.2 mA (SDA only)
A0, A1 & A2 pins:

High level input voltage VIH Vcc-0.5 | Vec +0.5 Vv

Low level input voltage ViL -0.3 0.5 Vv
Input leakage current [N} 10 A VIN =0V to Vcc
Output leakage current Lo 10 uA VouTt =0V to Vcc
Internal capacitance CINT 7.0 pF VINVouT = 0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current Icco 35 mA FcLk = 100 kHz, program cycle

time=2ms,Vcc=5V,
program cycle lccw 7.0 mA Vee=5V
read cycle Iccr 750 pA Veec=5V
Standby current Iccs 100 HA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP

SCL ———/

THD:STA

TSU:STA= <t

/TN

Tsu:sTO

L
T

SDA

/

\

START

<&
N

STOP

DS11147C-2
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85C72 piCE FORM

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FcLk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSu:DAT 250 ns

Data output delay time TPD 300 3500 ns See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Noise suppression time constant Ti 100 ns

(SDA and SCL pins)

Program cycle time Twe N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: As transmitter 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.

BUS TIMING DATA

SCL

THD:STA

U:DAT

|<——1— THD:DAT (receiver)

TpD (transmitter)

l:—~—Ts
N

SDA

X

<-— TBUF

FUNCTIONAL DESCRIPTION

The 85C72 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 85C72 works as
slave. Both, master and slave can operate as transmit-

ter or receiver but the master device determines which
mode is activated.

Up to eight 85C72s can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus but require
different device codes than the 85C72 (refer to section
Slave Address).

© 1990 Microchip Technology Inc.
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85C72 DICE FORM

BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may be initiated only when the bus is not
busy.

- During data transfer, the data line must remain stable
whenever the clock lineis HIGH. Changesin 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)

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 Data Transfer (C)

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

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 a 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 unlimited.

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 85C72 does not generate any acknowledge
bits if an internal programming cycle is in progress.

Thedevice thatacknowledges, 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 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.

A B (D)

scL \
SDA ——\ /——-

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL

R
RS
OO0 RXXXXXNXXXX]
DR
A

(D) © A

XXX

N/

———
START CONDITION ADDRESS  DATA ALLOWED STOP
OR TO CHANGE CONDITION
ACKNOWLEDGE
VALID
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85C72 picE FORM

SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 85C72
must be externally connected to either Vcc or ground
(Vss), assigning to each 85C72 a unique 3-bit address.
Up to eight 85C72s may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the slave address to the
corresponding hardwired logic levels of the selected
85C72.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 85C72, followed by the chip address
bits A0, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write to the 85C72. (See Figure
2.)

The 85C72 monitors the bus for its corresponding slave
address all the time. It generates an acknowledge bit if
the slave address was true and itis notin a programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
P
1 1 1 J 1 T —
[J SLAVE ADDRESS |RNV| A |
A I L 1 1 L
/ N
/ \\
// \
1 ]lo]1|o]la]a]a

BYTE PROGRAM MODE

In this mode, the master sends addresses and one data
byte to the 85C72.

Following the START condition, the device code (4-bit),

the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This
indicates to the addressed 85C72 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore, the next byte transmitted by the
master is the word address and will be written into the
address pointer of the 85C72. The most significant bit of
the word address is a "Do Not Care" value for the 85C72.
After receiving the acknowledge of the 85C72, the
master device transmits the data word to be written into
the addressed memory location. The 85C72 acknow!-
edges again and the master generates a STOP condi-
tion. This initiates the internal programming cycle of the
85C72. (See Figure 3.)

PAGE PROGRAM MODE

To program the 85C72, the master sends addresses
and data to the 85C72 which is the slave (see Figure 3).
This is done by supplying a start condition followed by
the 4-bit device code, the 3-bit slave address, and the
R/W bit which is defined as a logic LOW for a write. This
indicates to the addressed slave that a word address will
follow so the slave outputs the acknowledge pulse tothe
master during the ninth clock pulse. When the word
address is received by the 85C72, it places it in the lower
8 bits of the address pointer defining which memory
location is to be written. (One do not care bit and seven
address bits) The 85C72 will generate an acknowledge
after every 8 bits received and store them consecutively
in a 2-byte RAM until a stop condition is detected which
initiates the internal programming cycle. If more than 2
bytes are transmitted by the master, the 85C72 will
terminate the write cycle. This does not affect erase/
write cycles of the EEPROM array.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte
programming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to 2) data bytes will be
written in a serial manner.

| FIGURE 3 - PROGRAM MODE (ERASE/WRITE)

ACKNOWLEDGES FROM SLAVE

17

TTTTTT TTTTTTT TTTTTTI BAEEEEREERE]
SLAVE WORD
START| ,SLAVE  lola| ,WORD ~ |al paTABYTET |a DATABYTEN |A|sToP
L1 1111 L1 11111 |||||||+|J,l't|1 1Lt 1 1 111
RW P
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85C72 pbicE FORM

READ MODE

‘This mode illustrates master device reading data from
the 85C72.

As canbe seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is aread mode the address pointer mustbe
written to.) During this period the 86C72 generates the
necessary acknowledge bits as defined in the appropri-
ate section.

The master now generates another start condition and
transmits the slave address again, except this time the
read/write bit is set into the read mode. After the slave

generates the acknowledge bit, it then outputs the data
from the addressed location on to the SDA pad, incre-
ments the address pointer and, if it receives an acknowl-
edge from the master, will transmit the next consecutive
byte. This autoincrement sequence is only aborted
when the master sends a stop condition instead of an
acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER

¢

TTTTTT TTTTTTT TTTTTTT TTTTTT I[P TTTTTTT
SLAVE LAST
START| ,SEAVE lo|a|woRrD ADDRESS [alsTART|  ,SLAVE . |1fa] DATABYTET |a oAt e |sTOP
Illlll’ 111 11 1.1 ’ IJILIILLIllllll I'o'tl L L1 1111
RIW R RAW AUTO INCREMENT
WORD ADDRESS
PAD DESCRIPTION

A0, A1 and A2 Chip Address In

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 85C72s can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

SDA Serial Address/Data Input/Output

This is a bidirectional pad 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 re-
served for indicating the START and STOP conditions.

L _Serial Clock

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

NF No Function

This pad must be connected to Vss for normal operation.

DS11147C-6
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85C72 piCE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

8sC72 - W

PACKAGE:

TEMPERATURE
RANGE:

‘'—————— DEVICE:

(723

85C72

DICE in WAFER

DICE in WAFFLEPACK

0°Cto70°C

1K CMOS SERIAL EEPROM

DS11147C-8
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®
Microchip

85C82

2K (256 x 8) CMOS Serial Electrically Erasable PROM

FEATURES

Low power CMOS technology

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

5 volt only operation

Self-timed write cycle (including auto-erase)
Page-write buffer for up to 2 bytes

1ms write cycle time for single byte

= 100,000 erase/write cycles

Data retention >10 years

« 8-pin DIP or SOIC package

Available for extended temperature ranges:
—Commercial: 0°C to +70°C

—Industrial: -40°C to +85°C

—Automotive: -40°C to +125°C

.

DESCRIPTION

The Microchip Technology Inc. 85C82 is a 2K bit Elec-
trically Erasable PROM. The device is organized as 256
x 8 bitmemory with a two wire serial interface. Advanced
CMOStechnology allows a significant reduction in power
over NMOS serial devices. The 85C82 also has a page-
write capability for up to 2 bytes of data. Up to eight
85C82s may be connected to the two wire bus. The
85C82 is available in standard 8-pin DIP and surface
mount SOIC package.

PIN CONFIGURATION
DIP Package

\
Ao 1 ] Vee

A1 [0z 70 nNe
A2 []s3

vss []4

«©

] sct

[=2]

] spA

o

SO Package

BLOCK DIAGRAM

[
DATA
Vec = | BUFFER Vep ] RIW AMP
Vss - 2X8
(FIFQ)
51 DATA REG.
o
SDA -] SLAVE ADR.| 256 X 8
T ] CONTROL INCREMENT
SCL LOGIC
AOA1 A2

Preliminary Information
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85C82

ELECTRICAL CHARACTERISTICS
PIN FUNCTION TABLE
Maximum Ratings*
Name Function
All inputs and outputs w.r.t. Vss . -03Vto+7V ’
Storage temperature .-65°C to +150°C A0.A1, A2 Chip Address Inputs
Ambient temp. with power applied .....-65°C to +125°C Vss Ground
Soldering temperature of leads (10 seconds) ..+300°C SDA Serial Address/Data Input/Output
ESD protection on all pins ........ccccecerererereecrinnenen. 4kV SCL Serial Clock
NC No Connect
*Notice: Stresses above those listed under “Maximum ratings” may Vce +5 V Power Supply
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.
Vee = +5 V (+10%)
DC CHARACTERISTICS Commercial (C): Tamb= 0°Cto +70°C
Industrial (I): Tamb =-40°C to +85°C
Automotive (E): Tamb = -40°C to +125°C
Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 4.5 v
SCL and SDA pins:
High level input voltage ViH Veex 0.7 | Vee +1 \
Low level input voltage Vi -0.3 Veex 03| V
Low level output voltage | VoL 0.4 V | loL = 3.2 mA (SDA only)
A0, A1 & A2 pins:
High level input voltage VIH Vec-05 (Vec+05| V
Low level input voltage ViL -0.3 0.5 \"
Input leakage current 1N} 10 pA [ VIN=0Vto Vcc
Output leakage current Lo 10 MA | Vout =0V to Vcc
Internal capacitance CINT 7.0 pF | VIN/VouT = 0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current Icco 3.5 mA | FcLk = 100 kHz, program cycle time = 2 ms,
Vcc =5V, Tamb =0°C to +70°C
4.25 mA | FCLK = 100 kHz, program cycle time = 2 ms,
Vee =5V, Tamb = (I) and (E)
program cycle lccw 7.0 mA | Vcc=5V, Tamb =0°C to +70°C
8.5 mA | Vcc=5V, Tamb= (l) and (E)
read cycle IcCcrR 750 MA | Vcc=5V, Tamb= (C), (I) and (E)
Standby current lccs 100 pA | SDA = SCL = Vcce = 5 V(no PROGRAM active)
Note 1: This parameter is periodically sampled and not 100% tested.
BUS TIMING START/STOP
P .
1 ] 1 1
scL i i i t
| T THD:STA | 1
TsUSTA=—t | | TSU:STO-*P' !
| 1 e 1 |
SDA ! R i
i S A N—
I ! 1 1
I I st.—'
START STOP
DS11136C-2 © 1990 Microchip Technology Inc.
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85C82

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency Fewk 100 kHz

Clock 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 Atfter this period the first
clock pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TpD 300 3500 ns | See Note 1

STOP condition setup time Tsu:stO 4700 ns

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)

Program cycle time Twe 7N N ms Byte or Page mode N = #

of bytes to be written

Note 1: As transmitter 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.

BUS TIMING DATA
TR=
SCL
THoSTA Tiow |~@—1—THD:DAT (receiver)
|~——-T SU:DAT TpD (transmitter)
son I X
-<— TBUF :

FUNCTIONAL DESCRIPTION

The 85C82 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 85C82 works as

slave. Both, master and slave can operate as transmit-
ter or receiver, but the master device determines which
mode is activated.

Up to eight 85C82s can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus, but require
different device codes than the 85C82 (refer to section
Slave Address).

© 1990 Microchip Technology Inc.
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85C82

BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may be initiated only when the bus is not
busy.

- During data transfer, the data line must remain stable
wheneverthe clock lineis HIGH. Changesin 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):

s not B A

Both data and clock lines remain HIGH.

Start Data Transfer (B)

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

Stop Data Transfer (C)

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

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 a START condition
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 unlimited.

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 85C82 does not generate any acknow!édge
bits if an internal programming cycle is in progress.

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 last byte that has
been clocked outofthe slave. Inthis case the slave must
leave the data line HIGH to enable the master to gener-
ate the STOP condition.

A | ® (D)
scL

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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START CONDITION ADDRESS  DATA ALLOWED STOP
OR TO CHANGE CONDITION
ACKNOWLEDGE
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85C82

SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 85C82
must be externally connected to either Vcc or ground
(Vss), assigning to each 85C82 a unique 3-bit address.
Up to eight 85C82s may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the transmitted slave
address to the corresponding hardwired logic levels of
the selected 85C82.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 85C82, followed by the chip address
bits A0, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write to the 85C82. (See Figure
2)

The 85C82 monitors the bus for its corresponding slave
address all the time. It generates an acknowledge bit if
the slave address was true and itis notin a programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE

7

1 L 1 L 1 —
SLAVE ADDRESS |n/w| A |
L 1 L i L N

/ \
// \\
1 0 1 0 | A2 | A1 | AO
BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 85C82.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic

LOW, are placed onto the bus by the master. This
indicates to the addressed 85C82 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore, the next byte transmitted by the
master is the word address and will be written into the
address pointer of the 85C82. After receiving the ac-
knowledge of the 85C82, the master device transmits
the data word to be written into the addressed memory
location. The 85C82 acknowledges again and the
master generates a STOP condition. This initiates the
internal programming cycle of the 85C82. (See Figure
3)

PAGE PROGRAM MODE

To program the 85C82, the master sends addresses
and data to the 85C82 which is the slave (see Figure 3).
This is done by supplyinga START condition followed by
the 4-bit device code, the 3-bit slave address, and the
R/W bit which is defined as a logic LOW for a write. This
indicates to the addressed slave that a word address will
follow so the slave outputs the acknowledge pulse to the
master during the ninth clock pulse. When the word
address is received by the 85C82, it places it in the lower
8 bits of the address pointer defining which memory
location is to be written. The 85C82 will generate an
acknowledge after every 8 bits received and store them
consecutively in a 2-byte RAM until a stop condition is
detected which initiates the internal programming cycle.
If more than 2 bytes are transmitted by the master, the
85C82 will terminate the write cycle. This does not affect
erase/write cycles of the EEPROM array.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte pro-
gramming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to two) data bytes will be
written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 2).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)

ACKNOWLEDGES FROM SLAVE

37
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85C82

READ MODE

This mode illustrates master device reading data from
the 85C82.

As canbe seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is a read mode, the address pointer must
be written to.) During this period the 85C82 generates
the necessary acknowledge bits as defined in the appro-
priate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, it then outputs the

data from the addressed location on to the SDA pin, in-
crements the address pointer and, if it receives an ac-
knowledge from the master, will transmit the next con-
secutive byte. This autoincrement sequence is only
aborted v 'ien the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: Inallmodes, the address pointer will automatically
increment from the end of the memory block (256 byte)
back to the first location in that block.

FIGURE 4 - READ MODE

ACKNOWLEDGES FROM SLAVE RECEIVER

ACKNOWLEDGES FROM MASTER RECEIVER

TTTTTT TTTTTT1 TTTTT1 TTTTTTT PrTTT T
SLAVE LAST
START| appRess |0|A|WORD ADDRESS |A|START| ,Srerec [1|A| DATABYTE1 A DATABYTE |STOP
Illllltlllllll ’ Lt i 11 1 11111 I::IIIIIIII
RW R RW AUTO INCREMENT
WORD ADDRESS

PIN DESCRIPTION

A0, A1 and A2 Chip Address Inputs

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 85C82s can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

SDA Serial Address/Data Input/Output

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.

NC No Connect

This pin can be left open or used as a tie point.

Notes:

1) A"page" is defined as the maximum number of bytes
that can be programmed in a single write cycle. The
85C82 page is 2 bytes long.

2) A"block" is defined as a continuous area of memory
with distinct boundaries. The address pointer can not
cross the boundary from one block to another. It will
however, wrap around from the end of a block to the first
location in the same block. The 85C82 has only one
block (256 bytes).

DS11136C-6

© 1990 Microchip Technology Inc.

1-86




85C82

NOTES:
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85C82

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

sscez - P

PACKAGE: J CERDIP
P Plastic DIP
SM Plastic SOIC (0.207 mil Body)

TEMPERATURE  Blank 0°Cto+70"C
RANGE: | -40°Cto+85 C
E -40°'Cto+125°C

DEVICE: 85C82 2K CMOS Serial EEPROM
85C82T 2K CMOS Serial EEPROM
(in Tape & Reel)

DS11136C-8 1-88 © 1990 Microchip Technology Inc.



: 85C82

Microchip DICE FORM
2K (256 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

* Low power CMOS technology The Microchip Technology Inc. 85C82 is a 2K bit Elec-
« Organized as one block of 256 bytes (256 x 8) trically Erasable PROM. The device is organized as 256
» Two wire serial interface bus x 8 bit memory with atwo wire serial interface. Advanced
« 5 volt only operation CMOS technology allows a significant reductionin power
+ Self-timed write cycle (including auto-erase) over NMOS serial devices. The 85C82 also has a page-
« Page-write buffer for up to 2 bytes write capability for up to 2 bytes of data. Up to eight
* 1ms write cycle time for single byte 85C82s may be connected to the two wire bus. The
« Available in wafer or wafflepack 85C82 dice are available in wafer or wafflepack.

Temperature range:
—Commercial: 0°C to +70°C

DIE CONFIGURATION BLOCK DIAGRAM
Die Size: 106 x 76 mils
I
Data
Vee —» Buffer -VPP R/W Amp
Vss — 2x8 'Y
(FIF0)
] Data Reg.
é‘ =
[
SDA Slave dil o Mﬁ{:‘a"y'y
p-1 Address et |AOto] 256x8
se |A7
ST
1 Control Increment
SCL ——¢ i
1. A0 8. Voo Logic
2. Al 7. NF
3. A2 6. SCL A0 A1 A2
4. Vss 5. SDA
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85C82 piCcE FORM

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs w.r.t. Vss ............... -0.3Vto+7V
Storage temperature .-65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) ..+300°C
ESD protection on all pins .........ccccceccivunrvncnnneenne 4kV

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE
Name Function
A0,A1,A2 Chip Address Inputs
Vss Ground
SDA Serial Address/Data 1/0
SCL Serial Clock
NF No Function
Vce +5 V Power Supply

DC CHARACTERISTICS

vee = +5 V (210%)
Commercial (C): Tamb = 0°C to +70°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 v
SCL and SDA pins:
High level input voltage VIH Veex0.7 | Vee +1 \
Low level input voltage Vi -0.3 Vce x 0.3 \
Low level output voltage VoL 0.4 \ loL = 3.2 mA (SDA only)
A0, A1 & A2 pins:
High level input voltage VIH Vecc-05 | Vec + 0.5 Vv
Low level input voltage ViL -0.3 0.5 \'
Input leakage current It 10 HA VIN=0 Vto Vcc
Output leakage current Lo 10 uHA Vout =0V to Vce
Internal capacitance CINT 7.0 pF VIN/VouT =0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current Icco 35 mA FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,
program cycle lccw 7.0 mA Vec=5V
read cycle Iccr 750 pA Vee=5V
Standby current lccs 100 pA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP

SCL ———/

THD:STA

N /TN \

Tsu:sTO~
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|
1
1
1
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STOP
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85C82 picE FORM

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency Fclk 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Noise suppression time constant T 100 ns

(SDA and SCL pins)

Program cyc]e time Twc 7N N ms Byte or Page mode N = #

of bytes to be written

Note 1: As transmitter 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.

BUS TIMING DATA

—TSU:DAT

t— THD:DAT (receiver)
TeD (transmitter)

FUNCTIONAL DESCRIPTION

The 85C82 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 86C82 works as
slave. Both, master and slave can operate as transmit-

ter or receiver but the master device determines which
mode is activated.

Up to eight 85C82s can be connected to the bus,
selected by the A0, A1 and A2 chip address inputs.
Other devices can be connected to the bus but require
different device codes than the 85C82 (refer to section
Slave Address).

© 1990 Microchip Technology Inc.
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BUS CHARACTERISTICS

The following bus protocol has been defined:
- Datatransfer may be initiated only when the bus is not
busy.

- During data transfer, the data line must remain stable
whenever the clock line is HIGH. Changes inthe 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)

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

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 a START condition
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 unlimited.

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 85C82 does not generate any acknowledge
bits if an internal programming cycle is in progress.

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 last byte that has
been clocked outof the slave. In this case the slave must
leave the data line HIGH to enable the master to gener-
ate the STOP condition.

A, B (D)

SCL \
/_

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS BUS
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SLAVE ADDRESS

The chip address inputs A0, A1 and A2 of each 85C82
must be externally connected to either Vcc or ground
(Vss), assigning to each 85C82 a unique 3-bit address.
Up to eight 85C82s may be connected to the bus. Chip
selection is then accomplished through software by
setting the bits A0, A1 and A2 of the transmitted slave
address to the corresponding hardwired logic levels of
the selected 85C82.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 85C82, followed by the chip address
bits A0, A1 and A2.

The eighth bit of slave address determines if the master
device wants to read or write to the 85C82. (See Figure
2)

The 85C82 monitors the bus for its corresponding slave
address all the time. It generates an acknowledge bit if
the slave address was true anditis notina programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
T T T 1 T —
I —I SlI.AVEl ADE')RES'S , FVW—|7A l
// \
/ \
/ \
1 0 1 0 A2 | Al A0
BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 85C82.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This
indicates to the addressed 85C82 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore, the next byte transmitted by the
master is the word address and will be written into the
address pointer of the 85C82. After receiving the
acknowledge of the 85C82, the master device transmits
the data word to be written into the addressed memory
location. The 85C82 acknowledges again and the
master generates a STOP condition. This initiates the
internal programming cycle of the 85C82. (See Figure
3)

PAGE PROGRAM MODE

Toprogram the 85C82, the master sends addresses
and data to the 85C82 which is the slave (see Figure 3).
This is done by supplying a start condition followed by
the 4-bit device code, the 3-bit slave address, and the
R/W bit which is defined as a logic LOW for a write. This
indicates to the addressed slave that a word address will
follow so the slave outputs the acknowledge pulse to the
master during the ninth clock pulse. When the word
address is received by the 85C82, it places it in the lower
8 bits of the address pointer defining which memory
location is to be written. The 85C82 will generate an
acknowledge after every 8 bits received and store them
consecutively in a 2-byte RAM until a STOP condition is
detected which initiates the internal programming cycle.
If more than 2 bytes are transmitted by the master, the
85C82 will terminate the write cycle. This does not affect
erase/write cycles of the EEPROM array.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte
programming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to 2) data bytes will be

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)

ACKNOWLEDGES FROM SLAVE
{ L

17

{ L

LB LU UL Fra LU
SLAVE WORD
START| opbress [°|A ADDRESS || PATABYTE1 |A DATABYTEN |A|STOP
IIIIII* | IIIIIII*II’:,IIIIIIILL
R/W P
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READ MODE

This mode illustrates master device reading data from
the 85C82.

As can be seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
although this is a read mode the address pointer mustbe
written to.) During this period the 85C82 generates the
necessary acknowledge bits as defined in the appropri-
ate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, itthen outputs the
data from the addressed location on to the SDA pad,

increments the address pointer and, if it receives an
acknowledge from the master, will transmit the next
consecutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: In all modes, the address pointer will automati-

cally increment from the end of the memory block (256
bytes) back to the first location in that block.

FIGURE 4 - READ MODE
ACKNOWLEDGES FROM SLAVE RECEIVER ACKNOWLEDGES FROM MASTER RECEIVER
Jl*
TTTTTI TTTTTTT TTTTTTT TTTTTTT 14 TTTTTTT
SLAVE SLAVE LAST
START| ASbRess |0|A|WORD ADDRESS [A[START|  ,ScRess  [1JA| DATABYTEY |A DATABVTE  |STOP
ILIILL’ J.1 11 1 11 ’ F U | | T T O | I::l L
RW R RW AUTO INCREMENT
WORD ADDRESS
PAD DESCRIPTION
A0, A1 and A2 Chip Addr In

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to eight 85C82s can be connected to the bus.
These inputs must be connected to either Vss or Vcc.

A Serial Address/Data Input/O t

This is a bidirectional pad 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 re-
served for indicating the START and STOP conditions.

rial Clock

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

NF No Function

This pad mustbe connected to Vss for normal operation.

DS11148C-6
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NOTES:
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS
ssca2 - /W
PACKAGE: W DICE in WAFER
S DICE in WAFFLEPACK
TEMPERATURE — 0 .
o eEr 0°Cto70°C
L————————{ DEVICE: 85C82 2K CMOS SERIAL EEPROM

DS11148C-8 1-96 © 1990 Microchip Technology Inc.



microchip 85C92

4K (512 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

« Low power CMOS technology The Microchip Technology Inc. 85C92 is a 4K bit Elec-
« Organized as two blocks of 256 bytes (2 x 256 x 8) trically Erasable PROM. The device is organized as two
« Two wire serial interface bus blocks of 256 x 8 bit memory with a two wire serial
< 5 volt only operation interface. Advanced CMOS technology allows a signifi-
« Self-timed write cycle (including auto-erase) cant reduction in power over NMOS serial devices. The
» Page-write buffer for up to 8 bytes 85C92 also has a page-write capability for up to 8 bytes
« 1ms write cycle time for single byte of data. Up to four 856C92s may be connected to the two
= 100,000 erase/write cycles wire bus. The 85C92 is available in the standard 8-pin
+ Data retention >10 years DIP and a surface mount SOIC package.

8-pin DIP or SOIC package

Available for extended temperature ranges:
—Commercial: 0°C to +70°C

—Industrial: -40°C to +85°C

—Automotive: -40°C to +125°C

.

PIN CONFIGURATION BLOCK DIAGRAM
DIP Package
A
a0 [J1 8 [ vee L
Data
At 2 7 FI NC Voc =1 Buffer R/W Amp
Vss = j[;ﬂ)l(: g)
a2[s 6 [1scL
H | Data Reg.
vss (4 51 spA Momory
SDA b-| Slave Addr. | ‘ 5':‘5;?()'8
SO Package
Ao 4 ] e SCL —d C&"‘g" Increment | 1o
a2 7[0ne
i :: A0 A1 A2
r2 s 6[scL
Vss [T]4 5[ soa

Pr@ﬂﬁminary Info rmaﬂﬁ@n © 1990 Microchip Technology Inc.
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85C92

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
All inputs and outputs w.r.t. Vss ............. -03Vto+7V
Storage temperature  ........c.ccccceueee. -65°C to +150°C

Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) ..+300°C
ESD protection on all pins .........ccccorrreinnirenine. 4 kV

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PIN FUNCTION TABLE

Name Function

A0 No function. Must be connented to
Vcce or Vss

A1, A2 Chip address Inputs

Vss Ground

SDA Serial Address/Data I/O

SCL Serial Clock

NC No Connect

Vce +5 V Power Supply

DC CHARACTERISTICS

Vee =+ 5V (+10%)

Commercial (C): Tamb= 0°Cto +70°C
Industrial (): Tamb =-40°C to +85°C
Automotive (E): Tamb = -40°C to +125°C

Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 2.8 45 Vv
SCL and SDA pins:
High level input voltage ViH Vee x 0.7 | Vee + 1 Y
Low level input voltage ViL -0.3 Vce x 0.3 Vv
Low level output voltage VoL 0.4 Y] loL = 3.2 mA (SDA only)
A1 & A2 pins:
High level input voltage VIH Vcc-0.5 | Vo + 0.5 Y
Low level input voltage ViL -0.3 0.5 \
Input leakage current Lt 10 uA VIN=0V to Vcc
Output leakage current Lo 10 nA Vout =0V to Vcc
Internal capacitance CINT 7.0 pF VIN/VouT = 0 V (Note 1)
(all inputs/outputs) TamB = 25°C, f =1 MHz
Operating current Icco 35 mA FcLk = 100 kHz, program cycle
time=2ms, VcC =5V,
Tamb =0°C to +70°C
4.25 mA FcLk = 100 kHz, program cycle
time=2ms, Vcc =5V,
Tamb = (I) and (E)
program cycle lccw 7.0 mA Vec=5V, Tamb =0"C to +70°C
: 8.5 mA Vce=5V, Tamb= (I) and (E)
read cycle Iccr 750 uA Vec =5V, Tamb= (C), (I) and (E)
Standby current Iccs 100 uA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP
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AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FCLK 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

START condition setup time TSu:sTA 4700 ns Only relevant for repeated
START condition

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TpPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Input filter time constant Ti 100 ns

(SDA and SCL pins)

Program cycle time Twe 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: As transmitter 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.

BUS TIMING DATA
B
SCL
THOSTA-T—s> Teow ~<&—1— THD:DAT (receiver)
—TSU:DAT TeD (transmitter)
s X
~a— TBUF

FUNCTIONAL DESCRIPTION

The 85C92 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 85C92 works as
slave. Both, master and slave can operate as transmit-

ter or receiver but the master device determines which
mode is activated.

Up to four 85C92s can be connected to the bus, selected
by the A1 and A2 chip address inputs. AO must be tied
to Vcc or Vss. Other devices can be connected to the
bus but require different device codes than the 85C92
(refer to section Slave Address).

© 1990 Microchip Technology Inc.
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BUS CHARACTERISTICS

The following bus protocol has been defined:

- Datatransfer may be initiated only when the bus is not
busy.

- 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 de-
fined (see Figure 1):

Bus not B A
Both data and clock lines remain HIGH.

Start Data Transfer (B

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

Stop Data Transfer (C)

A LOWto HIGH transition of the SDA line while the clock
(SCL) is HIGH determines a STOP condition. All opera-
tions must be ended with a STOP condition.

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 a START condition
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 unlimited.

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 85C92 does not generate any acknowledge
bits if an internal programming cycle is in progress.

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 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.

A, (B (D)
SCL

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS
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SLAVE ADDRESS

The chip address inputs A1 and A2 of each 85C92 must
be externally connected to either Vcc or ground (Vss),
assigning to each 85C92 a unique 2-bit address. Up to
four 856C92s may be connected to the bus. Chip selec-
tion is then accomplished through software by setting
the bits A1 and A2 of the slave address to the corre-
sponding hardwired logic levels of the selected 85C92.
AO0 is not used and must be connected to either Vcc or
Vss.

After generating a start condition, the bus master trans-
mits the slave address consisting of a 4-bit device code
(1010) for the 85C92, followed by the chip address bits
A1 and A2. The seventh bit of that byte (BA) is used to
select the upper block (addresses 100—1FF) or lower
page (addresses 000—O0FF) of the 85C92.

The eighth bit of slave address determines if the master
device wants to read or write to the 85C92. (See Figure
2)

The 85C92 monitors the bus for its corresponding slave
address all the time. It generates an acknowledge bit if
the slave address was true and itis notin a programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE

T T T T T T i
[ ] soviofress | [l 4]
/ \
\
// \

1 0 1 0 A2 | A1 | BA

BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 85C92.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic

LOW, are placed onto the bus by the master. This
indicates to the addressed 85C92 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore the next byte transmitted by the
master is the word address and will be written into the
address pointer of the 85C92. After receiving the ac-
knowledge of the 85C92, the master device transmits
the data word to be written into the addressed memory
location. The 85C92 acknowledges again and the
master generates a STOP condition. This initiates the
internal programming cycle of the 85C92. (See Figure

3)
PAGE PROGRAM MODE

To program the 85C92, the master sends addresses
and data to the 85C92 which is the slave (see Figure 3).
Thisis done by supplyinga START condition followed by
the 4-bit device code, the 3-bit slave address, and the
R/W bit which is defined as a logic LOW for a write. This
indicates to the addressed slave that a word address will
follow so the slave outputs the acknowledge pulse to the
master during the ninth clock pulse. When the word
address is received by the 85C92, it places it in the lower
8 bits of the address pointer defining which memory lo-
cation is to be written. (The BA bit transmitted with the
slave address is the ninth bit of the address pointer.) The
85C92 will generate an acknowledge after every 8 bits
received and store them consecutively inan 8-byte RAM
until a STOP condition is detected which initiates the
internal programming cycle. If more than 8 bytes are
transmitted by the master, the 85C92 will roll over and
overwrite the data beginning with the first received byte.
This does not affect erase/write cycles of the EEPROM
array and is accomplished as a result of only allowing
the address registers bottom 3 bits to increment while
the upper 5 bits remain unchanged.

If the master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte pro-
gramming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to 8) data bytes will be
written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 8).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE)

ACKNOWLEDGES FROM SLAVE
{ L

17

TTTTTT TTTTTTT T T I T T T T T T T T T T T T 7T
SLAVE WORD
START| ,SLAVE  lofa| ,WORD || DATABYTE1 |a DATABYTEN |a|sTOP
I A | | I I | LIJIIII’II}'AIIIIIIII
RW P
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85C92

READ MODE

This mode illustrates master device reading data from
the 85C92.

As can be seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
Although this is a read mode, the address pointer must
be written to.) During this period the 85C92 generates
the necessary acknowledge bits as defined in the appro-
priate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, it then outputs the

data from the addressed location on to the SDA pin, in-
crements the address pointer and, if it receives an ac-
knowledge from the master, will transmit the next con-
secutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

In all modes, the address pointer will not increment
through ablock (256 byte) boundary but willwrap around
to the first location in that block.

FIGURE 4 - READ MODE
ACKNOWLEDGES FROM SLAVE RECEIVER ACKNOWLEDGES FROM MASTER RECEIVER
TTTTTT TTTT T TTTTTI TTTTTTT AEBEREERE
SLAVE SLAVE LAST
START| aDpREss |0JA[WORD ADDRESS |A[START| ,SLaVe . |1|A| DATABYTET A DATABYTE |STOP
lllllltlllllll } L1 1 111 L1 11111 l':' I |
RW R RW AUTO INCREMENT
WORD ADDRESS
PIN DESCRIPTION
A0 L Serial Clock

This pin must be connected to either Vcc or Vss.

A1, A2 Chip Address Input

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to four 85C92s can be connected to the bus.

These inputs must be connected to either Vss or Vcc.

SDA Serial Address/Data Input/Output

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 re-
served for indicating the START and STOP conditions.

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

NC No Connect

This pin can be left open or used as a tie point.

Notes:

1) A "page" is defined as the maximum number of
bytes that can be programmed in a single write cycle.
The 85C92 page is 8 bytes long.

2) A "block" is defined as a continuous area of
memory with distinct boundaries. The address pointer
can not cross the boundary from one block to another.
It will however, wrap around from the end of a block to
the first location in the same block. The 85C92 has
two blocks, 256 bytes each.

DS11146B-6
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NOTES:
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85C92

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS

8sce2 - P

PACKAGE: J  CERDIP
P Plastic DIP
SM Plastic SOIC (0.207 mil Body)

TEMPERATURE Blank 0°Cto+70°C
RANGE: | -40°Cto+85°C
E -40°Cto+125°C

DEVICE: 85C92 4K CMOS Serial EEPROM
85C92T 4K CMOS Serial EEPROM
(in Tape & Reel)

DS11146B-8 © 1990 Microchip Technology Inc.
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: 85C92

Microchip DICE FORM
4K (512 x 8) CMOS Serial Electrically Erasable PROM

FEATURES DESCRIPTION

* Low power CMOS technology The Microchip Technology Inc. 85C92 is a 4K bit Elec-
» Organized as two blocks of 256 bytes (2 x 256 x 8) trically Erasable PROM. The device is organized as two
*» Two wire serial interface bus blocks of 256 x 8 bit memory with a two wire serial
* 5 volt only operation interface. Advanced CMOS technology allows a signifi-
+ Self-timed write cycle (including auto-erase) cant reduction in power over NMOS serial devices. The
» Page-write buffer for up to 8 bytes 85C92 also has a page-write capability for up to 8 bytes
« 1ms write cycle time for single byte of data. Up to four 85C92s may be connected to the two
* Available in wafer or wafflepack wire bus. The 85C92 dice are available in wafer or
« Temperature range: wafflepack package.

—Commercial: 0°C to +70°C

DIE CONFIGURATION BLOCK DIAGRAM
Die Size: 113 x 76 mils
C
Data
Vce == Buffer Vep R/W Amp
Vss —» 8x8 Y [
(FIFO)
1 DataR
r— eg
SDA Slave M:n'gy
p»1 Address 512x 8
SCL — (.‘L%tirgl Increment A8
1. A0 8. Vcc
2. Al 7. NF A0 A1 A2
3. A2 6. SCL
4. Vss 5. SDA

Pﬂv@“mﬁnary “nf@rmaﬁ@n © 1990 Microchip Technology Inc.
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85C92 picE FORM

ELECTRICAL CHARACTERISTICS

PAD FUNCTION TABLE
Maximum Ratings* R
Name Function
All inputs and outputs w.r.t. VSs ............ -03Vto+7V
Storage temperature -65°C to +150°C A0, A1, A2 | Chip Address Inputs
Ambient temp. with power applied .....-65°C to +125°C Y P P
Soldering temperature of leads (10 seconds) ..+300°C Vss Ground
ESD protection on all pins .........ccececevrenencrenenenne 4 kV SDA Serial Address/Data /O
*Notice: Stresses above those listed under “Maximum ratings” may SCL Serial Clock
se permanent damage to the device. This i tress rating onl .
:i: fir?m;onzrll oper:trirtl)nggl t‘:\e devie:elzc:t thoslz lzraa?l;ecatherf égglditigns NF No Function
above those indicated in the operational listings of this specification is
not implied. Exposure to maximum rating conditions for extended veo +5 V Power Supply
periods may affect device reliability.
vce = +5V (x10%)

DC CHARACTERISTICS Commercial: Tamb= 0°Cto+70°C
Parameter Symbol Min Max Units Conditions
Vcc detector threshold VTH 28 45 Vv
SCL and SDA pins:

High level input voltage VIH Vce x 0.7 | Vee +1 \"

Low level input voltage Vi -0.3 Vce x 0.3 Vv

Low level output voltage VoL 0.4 Vv loL = 3.2 mA (SDA only)
A0, A1 & A2 pins:

High level input voltage VIH Vcc-05 | Vec + 0.5 Vv

Low level input voltage ViL -0.3 0.5 \

Input leakage current 1Ll 10 pA VIN=0V to Vcc
Output leakage current Lo 10 pA VouTt =0 Vto Vce
Internal capacitance CINT 7.0 pF VINVouT =0 V (Note 1)
(all inputs/outputs) Tamb = +25°C, f = 1 MHz
Operating current lcco 35 mA | FcLk = 100 kHz, program cycle
time=2ms,Vcc=5V,
program cycle lccw 7.0 mA Vcec=5V
read cycle Iccr 750 pA Vec=5V
Standby current Iccs 100 nA SDA=SCL=Vcc=5V
(no PROGRAM active)

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

BUS TIMING START/STOP
1 1 | |
1 1 | |
| I I ]
| 1 1 I
sCL ———/ | [ | U ~/ 1 1 N
1 I I [}
| <=t THD:STA 1 1
Tsu:sTA-<—+>| ! Tsu:sw-«-n»l !
SDA T i 1 ¢ i '
1 1 / \ | 1
} 1 I 1
| 4 £ 1
1 1 1 |
I 1 I I
N~ N
START STOP
DS11149C-2 © 1990 Microchip Technology Inc.
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_85C92 pice Form

AC CHARACTERISTICS

Parameter Symbol Min Typ Max Units Remarks

Clock frequency FCLK 100 kHz

Clock high time THIGH 4000 ns

Clock low time TLow 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 pulse is generated

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

Data input hold time THD:DAT 0 ns

Data input setup time TSU:DAT 250 ns

Data output delay time TPD 300 3500 ns | See Note 1

STOP condition setup time Tsu:sTO 4700 ns

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

Noise suppression time constant Ti 100 ns

(SDA and SCL pins)

Program cycle time Twc 7N N ms | Byte or Page mode N = #

of bytes to be written

Note 1: As transmitter 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.

BUS TIMING DATA

TR=—1

SCL

THD:STA—{<t—| |<¢—TLOW —>=]

|~@—31—THD:DAT (receiver)
TeD (transmitter)

/F—»—TSU:DAT
SDA .

N

|<e— TBUF

FUNCTIONAL DESCRIPTION

The 85C92 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 85C92 works as
slave. Both, master and slave can operate as transmit-

ter or receiver but the master device determines which
mode is activated.

Upto four 85C92s can be connected to the bus, selected
by the A1 and A2 chip address inputs. A0 must be tied
to Vce or Vss. Other devices can be connected to the
bus but require different device codes than the 85C92
(refer to section Slave Address).

© 1990 Microchip Technology Inc.
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85C92 pICE FORM

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 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 (see Figure 1):

Bus not B A
Both data and clock lines remain HIGH.

Start Data Transfer (B)

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 Data Transfer (C)

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

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 a start condition 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
unlimited.

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 85C92 does not generate any acknowledge
bits if an internal programming cycle is in progress.

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 last byte that has
been clocked out of the slave. Inthis case the slave must
leave the data line HIGH to enable the master to gener-
ate the STOP condition.

(A) | (B)

SCL \

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS

SDA ——\
~———

© &

/

~——
START CONDITION ADDRESS  DATA ALLOWED STOP
OR TO CHANGFr CONDITION
ACKNOWLEDGE
VALID
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85C92 DICE FORM

SLAVE ADDRESS

The chip address inputs A1 and A2 of each 85C92 must
be externally connected to either Vcc or ground (Vss),
assigning to each 85C92 a unique 2-bit address. Up to
four 85C92s may be connected to the bus. Chip selec-
tion is then accomplished through software by setting
the bits A1 and A2 of the slave address to the corre-
sponding hardwired logic levels of the selected 85C92.
A0 is not used and must be connected to Vcc or Vss.

After generating a START condition, the bus master
transmits the slave address consisting of a 4-bit device
code (1010) for the 85C92, followed by the chip address
bits A1 and A2. The seventh bit of that byte (PA) is used
to select the upper page (addresses 100—1FF) or lower
page (addresses 000—OFF) of the 85C92.

The eighth bit of slave address determines if the master
device wants to read or write to the 85C92. (See Figure
2)

The 85C92 monitors the bus for its corresponding slave
address all the time. It generates an acknowledge bit if
the slave address was true anditis notina programming
mode.

FIGURE 2 - SLAVE ADDRESS
ALLOCATION
START READ/WRITE
T T T T T -
l | SLAVE ADDRESS IFVWI A J
- 1 11 1 1 1
/ N
// \

A2 | Al PA

BYTE PROGRAM MODE

In this mode the master sends addresses and one data
byte to the 85C92.

Following the START condition, the device code (4-bit),
the slave address (3-bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. This

indicates to the addressed 85C92 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore, the next byte transmitted by the
master is the word address and will be written into the
address pointer of the 85C92. After receiving the
acknowledge of the 85C92, the master device transmits
the data word to be written into the addressed memory
location. The 85C92 acknowledges again and the
master generates a STOP condition. This initiates the
internal programming cycle of the 86C92. (See Figure
3.

PAGE PROGRAM MODE

To program the 85C92, the master sends addresses
and data to the 85C92 which is the slave (see Figure 3).
This is done by supplying a start condition followed by
the 4-bit device code, the 3-bit slave address, and the
R bit which is defined as a logic LOW for a write. This
indicates to the addressed slave that a word address will
follow so the slave outputs the acknowledge pulse to the
master during the ninth clock pulse. When the word
address is received by the 85C92, it places it in the lower
8 bits of the address pointer defining which memory
location is to be written. (The PA bit transmitted with the
slave address is the ninth bit of the address pointer.) The
85C92 will generate an acknowledge after every 8 bits
received and store them consecutively in an 8-byte RAM
until a STOP condition is detected which initiates the
internal programming cycle. If more than 8 bytes are
transmitted by the master, the 85C92 will roll over and
overwrite the data beginning with the first received byte.
This does not affect erase/write cycles of the EEPROM
array and is accomplished as a result of only allowing
the address registers bottom 3 bits to increment while
the upper 5 bits remain unchanged.

Ifthe master generates a STOP condition after transmit-
ting the first data word (Point ‘P’ on Figure 3), byte
programming mode is entered.

The internal, completely self-timed PROGRAM cycle
starts after the STOP condition has been generated by
the master and all received (up to 8) data bytes will be
written in a serial manner.

The PROGRAM cycle takes N milliseconds, whereby N
is the number of received data bytes (N max = 8).

FIGURE 3 - PROGRAM MODE (ERASE/WRITE) ACKNOWLEDGES FROM SLAVE

- L

* { L
TTTTTT TTTTTTT TTTTTTI TPTTTTTTTITTTT

SLAVE WORD
START|  ADDRESS A ADDRESS  |A| PATABYTE1 |A DATABYTEN |A|STOP
IO [ |||||||’|ﬁ|.;|7||||||||
RW P
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85C92 pICE FORM

READ MODE

This mode illustrates master device reading data from
the 85C92.

As canbe seen from Figure 4, the master first sets up the
slave and word addresses by doing a write. (Note:
although this is aread mode the address pointer must be
written to.) During this period the 85C92 generates the
necessary acknowledge bits as defined in the appropri-
ate section.

The master now generates another START condition
and transmits the slave address again, except this time
the read/write bit is set into the read mode. After the
slave generates the acknowledge bit, itthen outputs the

data from the addressed location on to the SDA pad,
increments the address pointer and, if it receives an
acknowledge from the master, will transmit the next
consecutive byte. This autoincrement sequence is only
aborted when the master sends a STOP condition
instead of an acknowledge.

Note: If the master knows where the address pointer is,
it can begin the read sequence at point ‘R’ indicated on
Figure 4 and save time transmitting the slave and word
addresses.

Note: In all modes, the address pointer will never
automatically increment through a block (256 byte)
boundary but will rotate back to the first location in that
block.

FIGURE 4 - READ MODE
ACKNOWLEDGES FROM SLAVE RECEIVER ACKNOWLEDGES FROM MASTER RECEIVER
TTTTTT TTTTTTT TTTTTTT TTTTTT T T T
SLAVE SLAVE LAST
START| AdDRESs |O|A|WORD ADDRESS |A[START|  Shmres  |1]A| DATABYTE1 |A DATABYTE |STOP
L1 1111 L1 1 i 111 ’ L1 11111 L1 1111 I:':||IIIIII
RW R RW AUTO INCREMENT
WORD ADDRESS
PAD DESCRIPTION
A0 L Serial Clock

This pad must be connected to either Vcc or Vss.

A1, A2 Chip Address Inputs

The levels on these inputs are compared with the
corresponding bits in the slave address. The chip is
selected if the compare is true.

Up to four 85C92s can be connected to the bus.
These inputs must be connected to either Vcc or Vss.

SDA Serial Address/D

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

Input/Out

For normal data transfer SDA is allowed to change only
during SCL LOW. Changes during SCL HIGH are re-
served for indicating the START and STOP conditions.

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

NF No Function

This pad must be connected to Vss for normal operation.

DS11149C-6
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory
or the listed sales offices.

PART NUMBERS
85092 - W
PACKAGE: W  DICE in WAFER
S  DICE in WAFFLEPACK
TEMPERATURE — 0 Cto70°C
RANGE:
L—————— ] DEVICE: 85C92 4K CMOS SERIAL EEPROM

DS11149C-8 1-112 © 1990 Microchip Technology Inc.



microchip 93C06

256 Bits (16 X 16) CMOS Serial Electrically Erasable PROM

100,000 ERASE/WRITE cycles

Data Retention > 10 Years

8-pin DIP or SOIC package

Available for extended temperature ranges:
— Commercial: 0°C to +70°C

— Industrial: -40°C to +85°C

— Automotive: -40°C to +125°C

FEATURES DESCRIPTION

+ Low power CMOS technology The Microchip Technology Inc. 93C06 is a 256 bit serial
: 1.6 x 16 bit memory orgapnzatnon Electrically Erasable PROM. The device memory is con-
: Slnglg 5 volt only operation figured as 16 x 16 bits. Advanced CMOS technology
* Self-imed ERASE and WRITE cycles makes this device ideal for low power non-volatile memory
* Automatic ERASE before. WRI,TE, applications. The 93C06 is available in the standard 8-
* Power on/off data protection circuitry pin DIP and a surface mount SOIC package.

PIN CONFIGURATION BLOCK DIAGRAM
DIP Package
v Vee Vss
cs d 1 81 Veo l l
7 S—
cw 2 7N M%":?’ ] AooRess
o Os 6 [ NU
po 4 5[ vss [:“;31,‘:‘;; ] o
DI
SO Package wooe
DE(

Cs —» LOGIC

cs A1 8 Vee
CLOCK
o 2 7R o

o A3 s [
oo CH* 5 :j Vss
Preliminary Information 113 © 1990 Microchip Technology Inc.
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93C06

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

All inputs and outputs w.r.t. Vss............-0.3Vto +7.0 V
Storage temperature............ccoeeuereeenenne -65°C to +150°C
Ambient temperature with

power applied ......c.ccceveeeimmnenenennenennens -65°C to +125°C

Soldering termperature of leads (10 seconds)...+300°C
ESD protection on all pins

*Notice: Stresses above those listed under "Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PIN FUNCTION TABLE
Name Function
CS Chip Select
CLK Serial Clock
DI Data In
DO Data Out
Vss Ground
NU Not Utilized. No Connection
Vce +5 V Power Supply

Vce = +5 V (£10%)
DC CHARACTERISTI Commercial: Tamb= 0°C to +70°C
ERISTICS Industrial : Tamb = -40°C to +85°C
Automotive:  Tamb = -40°C to +125°C
Parameter Symbol Min Max Units Conditions
Vcce detector threshold VTH 2.8 4.5 \"
High level input voltage VIH 2.0 Vee + 1 \"
Low level input voltage ViL -0.3 0.8 \"
High level output voltage VOH 24 v IoH = -400 pA
Low level output voltage VoL 0.4 \ loL=3.2mA
Input leakage current Iui 10 HA VIN =0V to Vcc (Note 1)
Output leakage current ILo 10 HA Vout =0V to Vcc (Note 1)
Internal capacitance CINT 7 pF Vin/Vout = 0 V (Note 2)
(all inputs/outputs) Tamb = +25°C, F = 1 MHz
Operating current lcco 4 mA FcLk =1 MHz, Vcc=5.5V
(all modes)
Standby current lccs 100 uA CS=Vss,Vcc =55V
Note 1. Internal resistor pull-up at Pin 6.
Note 2: This parameter is periodically sampled and not 100% tested.
SYNCHRONOUS DATA TIMING
la—— TCKH |<—— TCKL —— > < TcsH
4 T\
CLK /| /] T\
— 7 TDIH
ToIS ~t— <—>‘ ToH —p| TDIS }4!——
DI §< VALID ‘ VALID
\ { |
|<—>l l@—| TosL
cs 7‘ Tcss B\ ‘
TPD Tep —{ Tcz h
HIGH
DO VALID VALID |72
DS11150C-2 ©1990 Microchip Technology Inc.
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93C06

AC CHARACTERISTICS
Parameter Symbol| Min Max Units Conditions
Clock frequency FcLk 1 MHz
Clock high time TCKH 500 ns
Clock low time Teku 500 ns
Chip select setup time Tcss 50 ns
Chip select hold time TcsH 0 ns
Chip select low time TesL 100 ns
Data input setup time Tois 100 ns
Data input hold time ToOH 100 ns
Data output delay time TpPD 400 ns CL = 100 pF
Data output disable time (from CS = Low) Tcz 100 ns CL = 100 pF
Data output disable time (from last clock) Tobz 400 ns CL = 100 pF
Status valid time Tsv 100 ns CL = 100 pF
Program cycle time (Auto Erase & Write) Twe 2 ms
15 ms for ERAL and WRAL
Erase cycle time Tec ms
PIN DESCRIPTION
Chip Select (CS)

AHIGH level selects the device. ALOW level deselects
the device and forces it into standby mode. However, a
programming cycle which is already initiated and/or in
progress will be completed, regardless of the CS input
signal. If CS is brought LOW during aprogramcycle, the
device will go into standby mode as soon as the pro-
gramming cycle is completed.

CS must be LOW for 100 ns minimum (TcsL) between
consecutive instructions. If CS is LOW, the internal
control logic is held in a RESET status.

Serial Clock (CLK)

The Serial Clock is used to synchronize the communi-
cation between a master device and the 93C06. Op-
code, address, and data bits are clocked in on the
positive edge of CLK. Data bits are also clocked out on
the positive edge of CLK.

CLK can be stopped anywhere in the transmission
sequence (at HIGH or LOW level) and can be continued
anytime (with respect to clock HIGH time (TckH) and
clock LOW time (TckL). This gives the controlling master
freedom in preparing opcode, address and data.

CLKisa"Don't Care" if CS is LOW (device deselected).
If CS is HIGH, but START condition has not been de-
tected, any number of clock cycles can be received by
the device without changing its status. (i.e., waiting for
START condition).

CLK cycles are not required during the self-timed WRITE
(i.e,. auto ERASE/WRITE) cycle.

After detection of a START condition, the specified
number of clock cycles (respectively LOW to HIGH tran-
sitions of CLK) must be provided. These clock cycles are
required to clock in all required opcode, address, and
data bits before an instruction is executed (see instruc-
tion set truth table). CLK and DI then become "Don't
Care" inputs waiting for a new start condition to be
detected.

Note: CS must go LOW between consecutive instruc-
tions.

Data In (DI

Data In is used to clock in a Start bit, opcode, address,
and data synchronously with the CLK input.

Data Out (DO)

Data Out is used in the READ mode to output data
synchronously with the CLK input (TPD after the positive
edge of CLK).

This pin also provides READY/BUSY status information
during ERASE and WRITE cycles. READY/BUSY status
information is available on the DO pin if CS is brought
high after being low for minimum chip select LOW time
(Tcst) from the falling edge of the CLK which clocked in
the last DI bit (DO for WRITE, A0 for ERASE) and an
ERASE or WRITE operation has been initiated.

©1990 Microchip Technology Inc.
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The status signal is not available on DO, if CS is held
LOW orHIGH during the entire WRITE or ERASE cycle.
In all other cases DO is in the HIGH-Z mode. If status is
checked after the WRITE/ERASE cycle, a pull-up resis-
tor on DO is required to read the READY signal.

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO).

Care must be taken with the leading dummy zero which
is outputted aftera READ command has been detected.
Also, the controlling device must not drive the DI/DO bus
during ERASE and WRITE cycles if the READY/BUSY
status information is output by the 93C06.

INSTRUCTION SET

Start Opcode Number of
Instruction BIT OP1 OP2 Address Dataln DataOut | Req.CLK Cycles
READ 1 10 0 0 A3 A2 Al AO — D15-D0 25
WRITE 1 0 1 0 0 A3 A2 Al AD D15-D0 | (RDY/BSY) 2
ERASE 1 11 0 0 A3 A2 Al A0 - (RDY/BSY) 9
EWEN 1 00 1 1 X X X X — High-Z 9
EWDS 1 00 00 X X X X — High-2
ERAL 1 00 1 0 X X X X — (RDY/BSY)
WRAL 1 00 01 X X X X D15-D0 | (RDY/BSY) 25

FUNCTIONAL DESCRIPTION

START Condition

The start bit is detected by the device if CS and DI are
both HIGH with respect to the positive edge of CLK for
the first time.

Before a START condition is detected, CS, CLK, and DI
may change in any combination (except to that of a
START condition), without resulting in any device opera-
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL,
and WRAL). As soon as CS is High, the device is no
longer in the standby mode.

An instruction following a START condition will only be
executed if the required amount of opcode, address and
data bits for any particular instruction is clocked in.

After execution of an instruction (i.e., clock in or out of
the last required address or data bit) CLK and DI become
don't care bits until a new START condition is detected.

D/Do

It is possible to connect the Data In and Data Out pins
together. However, with this configuration it is possible
for a "bus conflict" to occur during the "dummy zero" that
precedes the READ operation, if AO is a logic HIGH
level. Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the relative
impedances of Data Out and the signal source driving
AO0. The higher the current sourcing capability of A0, the
higher the voltage at the Data Out pin.

r i d Noi

During power-up, all modes of operation are inhibited
until Vcc has reached a level of between 2.8 Vand 4.5 V.

Immuni

During power-down, the source data protection circuitry
acts to inhibit all modes when Vcc has fallen below the
range of 28 Vto 4.5 V.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during normal
operation.

After power-up, the device is automatically in the EWDS
mode. Therefore, an EWEN instruction must be per-
formed before any ERASE, or WRITE instruction can be
executed.

READ Mode

The READ instruction outputs the serial data of the
addressed memory location on the DO pin. Adummy bit
(logical 0) precedes the 16-bit output string. The output
data changes during the high state of the system clock
(CLK). The dummy bit is output TpPD after the positive
edge of CLK, which was used to clock in the last address
bit (A0). Therefore, care must be taken if Di and DO are
connected together as a bus contention will occur for
one clock cycle if AO has been a "1".

DO will go into HIGH-Z mode with the positive edge of
the next CLK cycle. This follows the output of the last
databit DO or the negative edge of CS, whichever occurs
first.

DO remains stable between CLK cycles for an unlimited
time as long as CS stays HIGH.

The most significant data bit (D15) is always output first,
followed by the lower significant bits (D14 - DO).
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READ MODE
5 R SRR, SRR, /
I —  Tooz |E—
TP | jagt— | |
NEW INSTRUCTION
OR STANDBY (CS = 0)
WRITE Mode

The WRITE instruction is followed by 16 bits of data
which are written into the specified address. The most
significant data bit (D15) has to be clocked in first,
followed by the lower significant data bits (D14 — DO0). If
a WRITE instruction is recognized by the device and all
data bits have been clocked in, the device performs an

automatic ERASE cycle on the specified address before
the data are written. The WRITE cycle is completely self-
timed and commences automatically after the rising
edge of the CLK signal for the last data bit (DO0).

The WRITE cycle takes 2 ms max.
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NEW INSTRUCTION

OR STANDBY (CS =0)

ERASE Mode

The ERASE instruction forces all the data bits of the
specified address to logical "1s". The ERASE cycle is
completely self-timed and commences automatically

after the last address bit has been clocked in.
The ERASE cycle takes 1 ms max.

ERASE MODE .«
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w0 B
el
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NEW INSTRUCTION
OR STANDBY (CS = 0)
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RASE/WRITE Enable/Disable (EWEN, EWD

The device is automatically in the ERASE/WRITE Dis-
able mode (EWDS) after power-up. Therefore,an EWEN

instruction has to be performed before any ERASE,
WRITE, ERAL, WRAL instruction is executed by the
device.

ERASE/WRITE . cwx
ENABLE/DISABLE

T
RGN

YT
XXO0)

cs

SB OP1  OP2

sB
s
BB\ P
1 0 0 0 (EWDS)
TooX o X X X (EWEN)

NEW INSTRUCTION
OR STANDBY (CS =0)

ERASE All (ERAL)

The entire chip will be erased to logical "1s" if this instruc-
tionis received by the device and itis in the EWEN mode.
The ERAL cycle is completely self-timed and com-

mences after the last dummy address bit has been
clocked in.

ERAL takes 15 ms max.

ERASE ALL oLk KRR

R R R XXX XXX
IRRXXY KRR

cs

sSB OP1  OP2

Dlm

Do

1 [ [] 0 X X X X Tooz B
HIGH-Z 55 | BSY | RDY

R RRETRKTRTIXI
BRI KIRRR
[

[-— e ——— T

NEW INSTRUCTION
OR STANDBY (CS =0)

WRITE All (WRAL)

The entire chip will be written with the data specified in
that command. The WRAL cycle is completely self-
timed and commences after the last data bit (DO) has
been clocked in. WRAL takes 15 ms max.

Note: The WRAL does not include an automatic erase

cycle for the chip. Therefore, the WRAL instruction must
be preceded by an ERAL instruction and the chip must
be in the EWEN status in both cases.

The WRAL instruction is used for testing and/or device
initialization.

WRITE ALL

TRRXXERRTY KRR XXIIXA
EEXXXRRRS XXX

b Tcst:d—— | TosL. -

SB OPt OP2

‘;t;:}\'o“'c‘;‘t"‘«':'0'0'0'0'0'0'0'0'0'0'0""'0"'0"'0'0'"
¥

1 | <X J—
TS s S
|

CHECK
D15 IDo

I
—>| fg— Tov

S
CRORRRAEOOXKRARY K]
XARKXKRRKRKRHRUAXXXARKRXKNN AR

X X X X

[
HIGH - Z 3’_33" IFxnv

r— T —a=l

NEW INSTRUCTION

OR STANDBY (CS = 0)
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NOTES:
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93C06

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS

93C06 -1 /P

| Package: J CERDIP

P Plastic DIP
SN Plastic SOIC (0.150 mil Body)
SM  Plastic SOIC (0.207 mil Body)

Temperature Blank 0°Cto+70°C
Range: I -40°Cto+85°C
E -40°Cto+125°C

Device: 93C06  256-Bit CMOS Serial EEPROM
93C06T  256-Bit CMOS Serial EEPROM
(in Tape & Reel)
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93C06

DICE FORM

256 Bits (16 X 16) CMOS Serial Electrically Erasable PROM

FEATURES

Low power CMOS technology

16 x 16 bit memory organization
Single 5V only operation

Self-timed ERASE and WRITE cycles
Automatic ERASE before WRITE
Power on/off data protection circuitry
Available in wafer or waffle pack
Temperature range:

— Commercial: 0°C to +70°C

e o e o o o o o

DIE CONFIGURATION

Die Size: 88 x 78 mils.

1. CS 8. Vcc
2. CLK 7. NU
3. DI 6. NU
4. DO 5. Vss

DESCRIPTION

The Microchip Technology Inc. 93C06 is a 256 bit serial
Electrically Erasable PROM. The device memory is con-
figured as 16 x 16 bits. Advanced CMOS technology
makes this device ideal for low power non-volatile memory
applications. The 93C06 dice are available in wafer or
wafflepack package.

BLOCK DIAGRAM

Vee Vss

||

]
MEMORY  N—— ADDRESS
ARRAY DECODER

16x16
ouTPUT ,
BUFFER bo

A

DATA REGISTER

DI

MODE
DECODE
Cs —» LOGIC

CLOCK
CLK GENERATOR

Preliminary Information
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs w.r.t Vss ............. -0.3Vto+7.0V
Storage temperature ....-65°C to +150°C
Ambient temperature with

power applied -65°C to +125°C
Soldering termperature of leads

(10 seconds) +300°C
ESD protection on all pins ........ccoceeverervceercrrenceens 4kV

*Notice: Stresses above those listed under "Maximum ratings" may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE

Name Function

CS Chip Select

CLK Serial Clock

DI Data In

DO Data Out

Vss Ground

NU Not Utilized. No Connection
Vce +5 V Power Supply

DC CHARACTERISTICS Vee = +5 V (£10%)
Commercial: Tamb = 0°C to +70°C
Parameter Symbol Min Max Units Conditions
Vcce detector threshold VTH 2.8 4.5 Vv
High level input voltage VIH 2.0 vee + 1 v
Low level input voltage viL -0.3 0.8 \"
High level output voltage VOH 24 \" IoH = -400 pA
Low level output voltage VoL 04 v loL=3.2mA
Input leakage current Ll 10 pHA VIN =0 V to Vcc (Note 1)
Output leakage current Lo 10 A Vout = 0V to Vcc (Note 1)
Internal capacitance CINT 7 pF VIN/VouT =0 V F(Note 2)
(all inputs/outputs) Tamb = +25°C, F = 1 MHz
Operating current (all modes) Icco 4 mA Fclk =1 MHz, Vec =55V
Standby current Iccs 100 pA CS=0V,Vcc =55V
Note 1: Internal resistor pull-up at Pin 6.
Note 2: This parameter is periodically sampled and not 100% tested.
SYNCHRONOUS DATA TIMING
le—— ToknH TCKL—— [&— TCsH
CLK /]
__7/ ) / TOH
Tois <— | ToH Tois
| | |
" e o XXX
| |
: H»I [~a— TcsL
cs chss \—_/
TpD Teo —={ Tcz
Do VALID VALID | HIGH
DS11151B-2 ©1990 Microchip Technology Inc.
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AC CHARACTERISTICS
Parameter Symbol Min Max Units Conditions
Clock frequency Fcuk 1 MHz
Clock high time TCKH 500 ns
Clock low time Tcke | 500 ‘ ns
Chip select setup time Tcss 50 ' ns
Chip select hold time TCsH 0 ns
Chip select low time TesL 100 ns
Data input setup time Tois 100 ns
Data input hold time ToH 100 ns
Data output delay time TpPD 400 ns CL = 100 pF
Data output disable time (from CS = Low) Tcz 0 100 ns CL = 100 pF
Data output disable time (from last clock) Tobz 0 400 ns CL = 100 pF
Status valid time Tsv 100 ns CL = 100 pF
Program cycle time (Auto Erase & Write) Twe 2 ms

15 ms for ERAL and WRAL

Erase cycle time TeC 1 ms

PIN DESCRIPTION
Chip Select (CS)

AHIGH level selects the device. A LOW level deselects
the device and forces it into standby mode. However, a
programming cycle which is already initiated and/or in
progress will be completed, regardless of the CS input
signal. If CS is brought LOW during a program cycle,
the device will go into standby mode as soon as the pro-
gramming cycle is completed.

CS mustbe LOW for 100 ns minimum (TcsL) between
consecutive instructions. If CS is LOW, the internal
control logic is held in a RESET status.

Serial Clock (CLK

The Serial Clock is used to synchronize the communi-
cation between a master device and the 93C06. Op-
code, address, and data bits are clocked in on the
positive edge of CLK. Data bits are also clocked out on
the positive edge of CLK.

CLK can be stopped anywhere in the transmission
sequence (at HIGH or LOW level) and can be continued
anytime (with respect to clock HIGH time (TckH) and
clock LOW time (TckL). This gives the controlling master
freedom in preparing opcode, address and data.

CLKis a"Don't Care" if CS is LOW (device deselected).
If CS is HIGH, but START condition has been detected,
any number of clock cycles can be received by the
device without changing its status. (i.e., waiting for
START condition).

CLK cycles are not required during the self-timed WRITE
(i.e. auto ERASE/WRITE) cycle.

After detection of a START condition the specified number
of clock cycles (respectively LOW to HIGH transitions of
CLK) must be provided. These clock cycles are required
to clock in all required opcode, address, and data bits
before an instruction is executed (see instruction set
truth table). CLK and DI then become don't care inputs
waiting for a new start condition to be detected.

Note: CS must go LOW between consecutive instruc-
tions.

Data In (DI)

Data Inis used to clockin a START bit, opcode, address,
and data synchronously with the CLK input.

Data Out (DO)

Data Out is used in the READ mode to output data
synchronously with the CLK input (TPD after the positive
edge of CLK).

This pad also provides READY/BUSY status information
during ERASE and WRITE cycles. READY/BUSY status
information is available on the DO pad if CS is brought
HIGH after being LOW for minimum chip select low time
(TesL) from the falling edge of the CLK which clocked in
the last DI bit (DO for WRITE, AO for ERASE) and an
ERASE or WRITE operation has been initiated.

©1990 Microchip Technology Inc.
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The status signal is not available on DO, if CS is held
LOW or HIGH during the entire WRITE or ERASE cycle.
In all other cases, DO is in the HIGH-Z mode. If status
is checked after the WRITE/ERASE cycle, a.pull-up re-
sistor on DO is required to read the READY signal.

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO).

Care must be taken with the leading dummy zero which
is outputted aftera READ command has been detected.
Also, the controlling device must notdrive the DI/DO bus
during ERASE and WRITE cycles if the READY/BUSY
status information is output by the 93C06.

INSTRUCTION SET

Start Opcode Number of
Instruction BIT OP1 OP2 Address Data In DataOut | Req. CLK Cycles
READ 1 10 0 0 A3 A2 Al A0 —_— D15-D0 25
WRITE 1 0t 0 0 A3 A2 At A0 D15-D0 (RDY/B?Y) 25
ERASE 1 11 0 0 A3 A2 Al A0 — (RDY/BSY)
EWEN 1 00 1t 1 X X X X - High-Z 9
EWDS 1 00 0 0 X X X X — High-Z
ERAL 1 00 |1 0 X X X X - (RDY/BSY)
WRAL 1 00 01 X X X X D15-D0 (RDY/BSY) 25

FUNCTIONAL DESCRIPTION

rt

The START bitis detected by the device if CS and Dl are
both HIGH with respect to the positive edge of CLK for
the first time.

Before a START condition is detected, CS, CLK, and DI
may change in any combination (except to that of a
START condition), without resulting in any device opera-
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL,
and WRAL). As soon as CS is HIGH, the device is no
longer in the standby mode.

ndition

An instruction following a START condition will only be
executed if the required amount of opcode, address and
data bits for any particular instruction is clocked in.

After execution of an instruction (i.e., clock in or out of
the last required address or data bit) CLK and DI
become don't care bits until a new START condition is
detected.

D/DO

It is possible to connect the Data In and Data Out pads
together. However, with this configuration it is possible
for a "bus conflict" to occur during the "dummy zero" that
precedes the READ operation, if AO is a logic HIGH
level. Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the relative
impedances of Data Out and the signal source driving
AO0. The higher the current sourcing capability of A0, the
higher the volitage at the Data Out pad.

D

During power-up, all modes of operation are inhibited

Pr ion

until Vcc has reached a level of between 2.8 V and 4.5
V. During power-down, the source data protection cir-
cuitry acts to inhibit all modes when Vcc has fallen below
the range of 2.8 Vto 4.5 V.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during normal
operation.

After power-up, the device is automatically in the EWDS
mode. Therefore, an EWEN instruction must be per-
formed before any ERASE, or WRITE instruction can be
executed.

READ Mode

The READ instruction outputs the serial data of the
addressed memory location on the DO pin. A dummy bit
(logical 0) precedes the 16-bit output string. The output
data changes during the HIGH state of the system clock
(CLK). The dummy bit is output TpPD after the positive
edge of CLK, which was used to clock in the last address
bit (A0). Therefore, care mustbe taken if Dl and DO are
connected together as a bus contention will occur for
one clock cycle if AO has been a "1".

DO will go into HIGH-Z mode with the positive edge of
the next CLK cycle. This follows the output of the last
data bit DO or the low going edge of CS, which ever
occurs first.

DO remains stable between CLK cycles for an unlimited
time as long as CS stays HIGH.

The most significant data bit (D15) is always output first,
followed by the lower significant bits (D14 - DO).
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READ MODE cw e
! I
| e ]
—t Test
cs
L/ ! ) S—
SB OP1 OP2 A3 lao I
o R/ N\ /R g
1 1 o o ° | = Tooz
TeD | et — |
o we-z ——s— o /"ot X ([ X0 —
NEW INSTRUCTION
OR STANDBY (CS = 0)
WRITE Mode

The WRITE instruction is followed by 16 bits of data
which are written into the specified address. The most
significant data bit (D15) has to be clocked in first
followed by the lower significant data bits (D14 — DO). If
a WRITE instruction is recognized by the device and all
data bits have been clocked in, the device performs an

automatic ERASE cycle on the specified address before
the data are written. The WRITE cycle is completely self-
timed and commences automatically after the last data
bit (DO) has been clocked in.

The WRITE cycle takes 2 ms max.

WRITE MODE otk RXRRRK
cs / -
S8 OP1 OP2 A3 A0 DI5 "' po : :
[ VAR
L NAANAARYA | & @ AN
1 ) 1 [)
0 ! |l —»: el Tonz
: —>:|<-Tsv |
Do HIGH - Z 5 N —
Il % !
| Twe —|
I
NEW INSTRUCTION
OR STANDBY (CS = 0)
ER M

The ERASE instruction forces the data bits of the speci-
fied address all to logical "1s". The ERASE cycle is
completely self-timed and commences automatically

after the last address bit has been clocked in.
The ERASE cycle takes 1 ms max.

erase moDE o B B |1 111, [ R [
| < |

o Tes o Toest :4—

cs if/

| |
'\W
{ CHECK

SB OP1 OP2 A3 A0 | |
LA A '.""'(.‘ v’v‘v %
o/ ‘1029202{029.’!2375:.:.:‘.:?:(t.t.t&.t!t.?.?!*lu
1 1 1 0 I
| | —| |-&-Topz
| Tsv | leug— |
1 | ==
0o HIGH - Z : 55 BSY #Rov )
I
|

NEW INSTRUCTION
OR STANDBY (CS = 0)
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RASE/W le/Disable (EWEN. EWD

The device is automatically in the ERASE/WWRITE Dis-
able mode (EWDS) after power-up. Therefore,an EWEN
instruction has to be performed before any ERASE,

WRITE, ERAL, WRAL instruction is executed by the
device.

ERASE/WRITE ok R
KX
ENABLE /DISABLE |
|<—— TosL —m
cs X f
SB  OP1 OP2 sB
1 0 ) 0 [ (EWDS)
1 1 X X X (EWEN)
NEW INSTRUCTION
OR STANDBY (CS =0)
ERASE All (ERAL)

The entire chip will erased to logical "1s" if this instruc-
tionis received by the device and itis inthe EWEN mode.
The ERAL cycle is completely self-timed and com-

mences after the last dummy address bit has been
clocked in.

ERAL takes 15 ms max.

ERASE ALL

ok R

R B K KX XRXXXNXX

LR IR IR
—‘—H Test - —l TosL e
| ) )
cs T STATUS ‘\_f
| \——-ﬁ—f cHeck | !
sB OP1 op2 | { |
o B TR | !
1 0 0 0 X X X X i §
| | Tooz —#w=) (-
\ Tov e - |
Do HIGH - Z t § | BSY /" ROY
|

-—— Tac ———
NEW INSTRUCTION

OR STANDBY (CS =0)

WRITE All (WRAL)

The entire chip will be written with the data specified in
that command. The WRAL cycle is completely self-
timed and commences after the last data bit (DO) has
been clocked in. WRAL takes 15 ms max.

Note: The WRAL does not include an automatic erase

cycle for the chip. Therefore, the WRAL instruction must
be preceded by an ERAL instruction and the chip must
be in the EWEN status in both cases.

The WRAL instruction is used for testing and/or device
initialization.

WRITE ALL

DOTOTRRRY (XX RN
R KRR

Il Tost :4—- | TesL -
Ly

g —
| N/ status '\ f
| CHECK

D15 Do
‘2;07\?;700 4
RRRRX

R Y
XXROOOO X
WXAXKRRRKRRN A0

HIGH - Z

NEW INSTRUCTION
OR STANDBY (CS =0)
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NOTES:
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
93C06 - /W
Package: W Dice in Wafer
S Dice in Wafflepack
{ Temperature Blank 0°Cto+70°C
Range:
‘\'— ] Device: 93C06 256-Bit CMOS Serial EEPROM
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1K (64 X 16) CMOS Serial Electrically Erasable PROM

FEATURES

e o o o o o o o o o

Low power CMOS technology

64 x 16 bit memory organization
Single 5 volt only operation
Self-timed ERASE and WRITE cycles
Automatic ERASE before WRITE
Power on/off data protection circuitry
100,000 ERASE/WRITE cycles

Data Retention > 10 years

8-pin DIP or SOIC package

Available for extended temperature ranges:
— Commercial: 0°C to +70°C

— Industrial: -40°C to +85°C

— Automotive: -40°C to +125°C

PIN CONFIGURATION
DIP Package
A\
cs [ 8 [ vee
ck 2 70~
oi[s s [Ny
oo 4 5[ ves
SO Packages
csCd? 8177 vee NU 1 8 NU
k2 79w Veo [ 2 7 ves
oiC3 e[ nu cs s GE:DO
po[4 5 Vss CLK 4 s[Mo
93C46 93C46X

Preliminary Information

DESCRIPTION

The Microchip Technology inc. 93C46 is a 1K bit serial
Electrically Erasable PROM. The device memory iscon-
figured as 64 x 16 bits. Advanced CMOS technology
makes this device ideal for low power non-volatile memory
applications. The 93C46 is available in the standard 8-
pin DIP and a surface mount SOIC package. The

93C46X comes as SOIC only.
BLOCK DIAGRAM
vee Vss

I

wevory K] ADDRESS
ARRAY DECODER

64x16
OUTPUT
BUFFER po

DATA REGISTER

ol

MODE
DECODE
CS —») LOGIC

CLOCK
CLK GENERATOR
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ELECTRICAL CHARACTERISTICS
. PIN FUNCTION TABLE
Maximum Ratings*
All inputs and outputs w.r.t. Vss......... -03Vto+7.0V Name Function
Storage temperature...........cccoeveiiieunnne -65°C to +150°C i
Ambient temperature with CS Chip Select
power applied ........cco.evcereerreeerirereniien -65°C to +125C CLK Serial Clock
Soldering termperature of leads (10 seconds)...+300°C DI Data In
ESD protection on all pins .........ccceeeeereermcurnsercnnns 4kV DO Data Out
*Notice: Stresses above those listed under "Maximum ratings" may Vss Grount':l. .
cause permanent damage to the device. This is a stress rating only and NU Not Utilized. No Connection
functional operation of the device at those or any other conditions above vce +5 V Power Supply
those indicated in the operational listings of this specification is not

implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

vce = +5 V (£10%)
Commercial: Tamb= 0°C to +70°C
DC CHARACTERISTICS Industrial : Tamb = —40°C to +85°C
Automotive: ~ Tamb = —40°C to +125°C
Parameter Symbol Min Max Units Conditions
Vcce detector threshold VTH 2.8 45 \
High level input voltage VIH 2.0 Vee +1 Vv
Low level input voltage Vi -0.3 0.8 \ )
High level output voltage VOH 2.4 v IoH = -400 pA
Low level output voltage VoL 0.4 \" loL =3.2 mA
Input leakage current Ll 10 pA VIN = 0V to Vcc (Note 1)
Output leakage current Lo 10 pA Vout = 0V to Vcc (Note 1)
Internal capacitance CINT 7 pF ViINVouT =0 V gNote 2
(all inputs/outputs) Tamb = +25°C, = 1 MHz
Operating current lcco 4 mA FcLk = 1 MHz, Vec =55V
(all modes)
Standby current Iccs 100 pA CS=0V,Vcc =55V

Note 1: Internal resistor pull-up at Pin 6.
Note 2: This parameter is periodically sampled and not 100% tested.

SYNCHRONOUS DATA TIMING

f— TokH |—— TCKL —— ] __>} | € TesH
/ /S
— | / ToH | ‘
Tois l<—>‘: ToH —| Tois ﬁ‘
DI { VALID VALID
cs —/4 Toss —\_—/*l‘
' Teo Teo —| Tez |<-
DO VALID VALID /| HiGH
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AC CHARACTERISTICS
Parameter Symbol Min Max Units Conditions
Clock frequency FcLk 1 | MHz
Clock high time TCKH 500 J ns
Clock low time TCKL 500 ns
Chip select setup time Tcss 50 ns
Chip select hold time TcsH 0 ns
Chip select low time TcsL 100 ns
Data input setup time Tois 100 ns
Data input hold time ToOH 100 ns
Data output delay time TPD 400 ns CL = 100 pF
Data output disable time (from CS = low) Tcz 100 ns CL = 100 pF
Data output disable time (from last clock) Topz 400 ns CL = 100 pF
Status valid time Tsv 100 ns CL =100 pF
Program cycle time (Auto Erase & Write) Twe 2 ms
15 ms for ERAL and WRAL
L Erase cycle time Tec 1 ms
PIN DESCRIPTION
Chip Select (CS)

AHIGH level selects the device. ALOW level deselects
the device and forces it into standby mode. However, a
programming cycle which is already initiated and/or in
progress will be completed, regardless of the CS input
signal. If CS is brought LOW during a program cycle,
the device will go into standby mode as soon as the pro-
gramming cycle is completed.

CS rust be LOW for 100 ns minimum (TCsL) between
consecutive instructions. If CS is LOW, the internal
control logic is held in a RESET status.
rial Clock (CL

The Serial Clock is used to synchronize the communi-
cation between a master device and the 93C46. Op-
code, address, and data bits are clocked in on the
positive edge of CLK. Data bits are also clocked out o «
the positive edge of CLK.

CLK can be stopped anywhere in the transmission
sequence (at HIGH or LOW level) and can be continued
anytime (with respect to clock HIGH time (TckH) and
clock LOW time (TckL). This gives the controlling master
freedom in preparing opcode, address and data.

CLKis a"Don't Care" if CS is LOW (device deselected).
If CS is HIGH, but STARTcondition has not been de-
tected, any number of clock cycles can be received by
the device without changing its status. (i.e., waiting for
START condition).

CLK cycles are notrequired during the self-timed WRITE
(i.e., autoERASE/WRITE) cycle.

After detection of a start condition, the specified number
of clock cycles (respectively LOW to HIGH transitions of
CLK) must be provided. These clock cycles are required
to clock in all required opcode, address, and data bits
before an instruction is executed (see instruction set
truth table). CLK and DI then become "Don't Care"
inputs waiting for a new start condition to be detected.

Note: CS must go LOW between consecutive instruc-
tions.

Data In (DI

Data Inis usedto clockina START bit, opcode, address,
and data synchronously with the CLK input.

Data Out (DO)

Data Out is used in the READ mode to output data
synchronously with the CLK input (TPD after the positive
edge of CLK).

This pin also provides READY/BUSY status information
during ERASE and WRITE cycles. READY/BUSY status
information is available on the DO pin if CS is brought
HIGH after being LOW for minimum chip select LOW
time (TcsL) from the falling edge of the CLK which
clocked in the last DI bit (DO for WRITE, AO for ERASE)
and an ERASE or WRITE operation has been initiated.

©1990 Microchip Technology Inc.
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The status signal is not available on DO, if CS is held
LOW orHIGH during the entire WRITE or ERASE cycle.
In all other cases DO is in the HIGH-Z mode. If status is
checked after the WRITE/ERASE cycle, a pull-up resis-
tor on DO is required to read the READY signal.

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO).

Care must be taken with the leading dummy zero which
is outputted aftera READ command has been detected.
Also, the controlling device must not drive the DI/DO bus
during Erase and Write cycles if the READY/BUSY
status information is outputted by the 93C46.

INSTRUCTION SET
Start Opcode Number of

Instruction BIT OP1 OP2 Address Data In DataOut | Req. CLK Cycles
READ 1 10 A5 A4 A3 A2 A1 A0 —_ D15-D0 25
WRITE 1. 0 1 | A5 A4 A3 A2 A1 AD D15-D0 | (RDY/BSY) 25
ERASE 1 11 A5 A4 A3 A2 A1 A0 —_ (RDY/BS_Y) 9
EWEN 1 00 1 1 X X X X — High-Z 9
EWDS 1 00 0 0 X X X X — High-Z 9
ERAL 1 00 1.0 X X X X - (RDY/BSY) 9
WRAL 1 00 o1 X X X X D15-D0 (RDY/W) 25

FUNCTIONAL DESCRIPTION

START

The START bit is detected by the device if CS and Dl are
both HIGH with respect to the positive edge of CLK for
the first time.

Before a START condition is detected, CS, CLK, and DI
may change in any combination (except to that of a
START condition), without resulting in any device opera-
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL,
and WRAL). As soon as CS is HIGH, the device is no
longer in the standby mode.

An instruction following a START condition will only be
executed if the required amount of opcode, address and
data bits for any particular instruction is clocked in.

ndition

After execution of an instruction (i.e., clock in or out of
the last required address or data bit) CLK and DI
become don't care bits until a new start condition is
detected.

DI/DO

It is possible to connect the Data In and Data Out pins
together. However, with this configuration it is possible
for a "bus conflict” to occur during the "dummy zero" that
precedes the READ operation, if AO is a logic HIGH
level. Under such a condition the voltage level seen at
Data Out is undefined and will depend upon the relative
impedances of Data Out and the signal source driving
AO0. The higher the current sourcing capability of A0, the
higher the voltage at the Data Out pin.

Data Pr i

During power-up, all modes of operation are inhibited
until Vcc has reached a level of between 2.8 Vand 4.5 V.
During power-down, the source data protection circuitry

acts to inhibit all modes when Vcc has fallen below the
rangeof 2.8 Vto 45 V.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during normal
operation.

After power-up, the device is automatically in the EWDS
mode. Therefore, an EWEN instruction must be per-
formed before any ERASE or WRITE instruction can be
executed.

READ Mode

The READ instruction outputs the serial data of the
addressed memory location on the DO pin. Adummy bit
(logical 0) precedes the 16-bit output string. The output
data changes during the HIGH state of the system clock
(CLK). The dummy bit is output TPD after the positive
edge of CLK, which was used to clockin the last address
bit (A0). Therefore, care must be taken if DI and DO are
connected together as a bus contention will occur for
one clock cycle if AO has been a one.

DO will go into HIGH-Z mode with the positive edge of
the next CLK cycle. This follows the output of the last
data bit DO or the low going edge of CS, which ever
occurs first.

DO remains stable between CLK cycles for an unlimited
time as long as CS stays HIGH.

The most significant data bit (D15) is always output first,
followed by the lower significant bits (D14 - DO).

DS20041C-4
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READ MODE oK R
! |
| 1?
cs | u
SB OP1 OP2 A5 A4 A3 1a0 I
o B AR SaraRReReenieny
1 1 o | - Tooz |-—
Te —| (t— |
MH_UN_ION_?
OR STANDBY (CS = 0)
WRITE Mode
The WRITE instruction is followed by 16 bits of data automatic ERASE cycle on the specified address before
which are written into the specified address. The most the data are written. The WRITE cycle is completely self-
significant data bit (D15) has to be clocked in first, timed and commences automatically after the rising
followed by the lower significant data bits (D14 — DO). If edge of the CLK for the last data bit (DO).

a WRITE instruction is recognized by the device and all

le tak .
data bits have been clocked in, the device performs an The WRITE cycle takes 2 ms max

WR'TE MODE ---------- X0 (00K
B
|
— | TCSL Jea— — el TCSL et —
ra " J <€ |
cs | N status 7\_/‘_
| CHECK |
A0 DI I po ‘ |
B X AN
| | | —! e Tooz
| T
L
Do HIGH - < : % S
D
| — Twe —!
! l
NEW INSTRUCTION
OR STANDBY (CS = 0)
ERASE Mode
The ERASE instruction forces all the data bits of the completely self-timed and commences automatically
specified address to logical "1s". The ERASE cycle is after the last address bit has been clocked in.
The ERASE cycle takes 1 ms max.
ERASE MODE o KRR B R R
f—»' Tost :<~ -—>: TosL |<-—
| |
cs T STATUS \I
/. o
SB OP1  OP2 A5 A4 A3 | A0
o/ T AR SN
! ! ! | I -—D-' |~ Tooz
| Tsv —>: - 1
Do HIGH - Z : 5 JRW_
lt— T —p)
NEW INSTRUCTION
OR STANDBY (CS =0)
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ERASE/WRITE Enable/Disable (EWEN, EWD

The device is automatically in the ERASE/WRITE Dis-
able mode (EWDS) after power-up. Therefore, an

EWEN instruction has to be performed before any
ERASE, WRITE, ERAL, WRAL instruction is executed
by the device.

ERASE/WRITE
ENABLE/DISABLE

T
R R

0 o (EWDS)

1 1 x x X (EWEN)

NEW INSTRUCTION
OR STANDBY (CS =0)

ERASE All (ERAL)

The entire chip will be erased to logical "1s" if this instruc-
tionis received by the device anditis in the EWEN mode.
The ERAL cycle is completely self-timed and com-

mences after the last dummy address bit has been
clocked in.

ERAL takes 15 ms max.

BRI
KRR

ERASE ALL

CLK

T m————
XX SRS

&  Tes. e —| Tost e
|
cs X ¥ sTaTUs JKI }‘I
| I cHEck
. SB OP1  OP2 | | !
RRIRRRRTLITRIRKITKRTERRD) | |
o R BRI l
1 0 0 0 X X X X || ooz m e
1
| Tov B - |
DO .

HIGH -Z

lt——— Twe —
NEW INSTRUCTION

OR STANDBY (CS = 0)

WRITE All (WRAL)

The entire chip will be written with the data specified in
that command. The WRAL cycle is completely self-
timed and commences after the rising edge of the CLK
for the last data bit (DO). WRAL takes 15 ms max.

cycle forthe chip. Therefore, the WRAL instruction must
be preceded by an ERAL instruction and the chip must
be in the EWEN status in both cases.

The WRAL instruction is used for testing and/or device

Note: The WRAL does not include an automatic ERASE initialization.
""""" POTTEXX (OO
WRITE ALL o XX R e
| Tost :4—- | Tost i~
| | <«
g
cs | N\__/ status \_]k_
| | CHECK
SB OP1 oP2 D15 DO |
o B R R R .
1 [) 0 ) X X X X : | i
| — T
i
Do HIGH - Z t BSY IHDY
|
r-— T )
NEW INSTRUCTION
OR STANDBY (CS = 0)
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory

or the listed sales offices.

PART NUMBERS
ssose 1 e

Package: J
p

SN

SM

Temperature  Blank
Range: 1
E

Device: 93C46
93C46X

93C46T
93C46XT

CERDIF

Plastic DIP

Plastic &OIC (0.150 mil Body)
Plastic SOIC (0.207 mil Body)

0°Cto+70°C
-40° C to +85° C
-40° C to +125°C

1K CMOS Serial EEPROM
1K CMOS Serial EEPROM with
alternate pinouts (in SN package only)
(in Tape & Reel)
(in Tape & Reel)

DS20041C-8
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Microchip

93C46

DICE FORM

1K (64 X 16) CMOS Serial Electrically Erasable PROM

FEATURES

.

Low power CMOS technology

64 x 16 bit memory organization
Single 5 volt only operation
Self-timed ERASE and WRITE cycles
Automatic ERASE before WRITE
Power on/off data protection circuitry
Available in wafer or waffle pack
Temperature range:

— Commercial: 0°C to +70°C

DESCRIPTION

The Microchip Technology Inc. 93C46 is a 1K bit serial
Electrically Erasable PROM. The device memory is con-
figured as 64 x 16 bits. Advanced CMOS technology
makes this device ideal forlow power non-volatile memory
applications. The 93C46 dice are available in wafer or
wafflepack.

DIE CONFIGURATION

Die Size: 88 x 78 mils.

1. CS 8. Vcc
2. CLK 7. NU
3. DI 6. NU
4. DO 5. Vss

BLOCK DIAGRAM

Vee Vss

I

M"Emsv ] ADDRESS
DECODER

64x16
OUTPUT
BUFFER Do

DATA REGISTER

DI

MODE
DECODE
Ccs —» LOGIC

CLOCK
CLK GENERATOR

Preliminary Information

© 1990 Microchip Technology Inc.
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs w.r.t VSs ............. -0.3Vto+7.0V
Storage temperature ....-65°C to +150°C
Ambient temperature with

power applied.........cceeerevenenereneenn. -65°Cto +125°C

Soldering termperature of leads
(10 seconds)
ESD protection on all pins

*Notice: Stresses above those listed under "Maximum ratings" may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions above
those indicated in the operational listings. of this specification is not
implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

PAD FUNCTION TABLE

Name Function

CS Chip Select

CLK Serial Clock

DI Data In

DO Data Out

Vss Ground

NU Not Utilized. No Connection
Vee +5 V Power Supply

DC CHARACTERISTICS vee = +5 V (£10%)
Commercial: Tamb = 0°C to +70°C
Parameter Symbol Min Max Units Conditions
Vce detector threshold VTH 2.8 4.5 \
High level input voltage ViH 2.0 vee +1 v
Low level input voltage ViL -0.3 0.8 \"
High level output voltage VOH 24 \ IoH = -400 pA
Low level output voltage VoL 0.4 Vv loL=32mA
Input leakage current Ll 10 pA VIN =0 V to Vcc (Note 1)
Output leakage current Lo 10 A Vout = 0V to Vcc (Note 1)
Internal capacitance CINT 7 pF ViNVouT =0 V F(Note 2)
(all inputs/outputs) Tamb = +25°C, F = 1 MHz
Operating current (all modes) lcco 4 mA FCLK = 1 MHz, Vcc =55V
Standby current lccs 100 pA CS=0V,Vcc =55V
Note 1: Internal resistor pull-up at Pin 6.
Note 2: This parameter is periodically sampled and not 100% tested.
SYNCHRONOUS DATA TIMING
|-—— TCKH TeKL———] |-— TcsH
CLK /‘ /]
—-——A (| Tom
Tois (el —P| TDIH TDIS |l —
DI VALID VALID
[4>| [t—| TosL
N [
cs —/F Tcss
Teo Teo —| Tez ‘4—
DO VALID VALID HiGH
\ z
DS20042B-2 © 1990 Microchip Technology Inc.

1-138



93C46 DICE FORM

AC CHARACTERISTICS
Parameter Symbol Min Max Units Conditions
Clock frequency FcLk 1 MHz
Clock high time TCKH 500 ns
Clock low time TeKL 500 ns
Chip select setup time Tcss 50 ns
Chip select hold time TcsH 0 ns
Chip select low time TesL 100 ns
Data input setup time Tois 100 ns
Data input hold time ToH 100 ns
Data output delay time TPD 400 ns CL = 100 pF
Data output disable time (from CS = Low) Tcz 100 ns CL = 100 pF
Data output disable time (from last clock) Tobz 400 ns CL = 100 pF
Status valid time Tsv 100 ns CL = 100 pF
Program cycle time (Auto Erase & Write) Twe 2 ms

. 15 ms for ERAL and WRAL

Erase cycle time TeC 1 ms

PIN DESCRIPTION
Chip Select (CS)

AHIGH level selects the device. ALOW level deselects
the device and forces it into standby mode. However, a
programming cycle which is already initiated and/or in
progress will be completed, regardless of the CS input
signal. If CS is brought LOW during a program cycle,
the device will go into standby mode as soon as the pro-
gramming cycle is completed.

CS must be LOW for 100 ns minimum (TcsL) between
consecutive instructions. If CS is LOW, the internal
control logic is held in a RESET status.

rial Clock (CLK

The Serial Clock is used to synchronize the communi-
cation between a master device and the 93C46. Op-
code, address, and data bits are clocked in on the
positive edge of CLK. Data bits are also clocked out on
the positive edge of CLK.

CLK can be stopped anywhere in the transmission
sequence (at HIGH or LOW level) and can be continued
anytime (with respect to clock high time (TckH) and
Clock Low Time (TckL). This gives the controlling
master freedomin preparing opcode, address and data.

CLKis a"Don't Care" if CS is LOW (device deselected).
If CS is HIGH, but STARTcondition has been detected,
any number of clock cycles can be received by the
device without changing its status. (i.e., waiting for
START condition).

CLKcycles are not required during the self-timed WRITE
(i.e., auto ERASE/WRITE) cycle.

After detection of a START condition the specified number
of clock cycles (respectively LOW to HIGH transitions of
CLK) must be provided. These clock cycles are required
to clock in all required opcode, address, and data bits
before an instruction is executed (see instruction set
truth table). CLK and DI then become don't care inputs
waiting for a new START condition to be detected.

Note: CS must go LOW between consecutive instruc-
tions.

Data In (DI)

Data Inis usedto clock ina START bit, opcode, address,
and data synchronously with the CLK input.

Data Out (DO)

Data Out is used in the READ mode to output data
synchronously with the CLK input (TPD after the positive
edge of CLK).

This pad also provides READY/BUSY status information
during ERASE and WRITE cycles. READY/BUSY status
information is available on the DO pad if CS is brought
high after being LOW for minimum chip select LOW time
(Test) from the falling edge of the CLK which clocked in

© 1990 Microchip Technology Inc.
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the last DI bit (DO for WRITE, A0 for ERASE) and an
ERASE or WRITE operation has been initiated.

The status signal is not available on DO, if CS is held
LOW or HIGH during the entire WRITE or ERASE cycle.
In all other cases DO is in the HIGH-Z mode. If status is
checked after the WRITE/ERASE cycle, a pull-up resis-
tor on DO is required to read the READY signal.

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO).

Care must be taken with the leading dummy zero which
is outputted aftera READ command has been detected.
Also, the controlling device must notdrive the DI/DO bus
during ERASE and WRITE cycles if the READY/BUSY
status information is outputted by the 93C46.

INSTRUCTION SET
Start Opcode Number of

Instruction BIT OP1 OP2 Address Data In DataOut | Req.CLK Cycles
READ 1 10 A5 A4 A3 A2 A1 A0 — D15-D0 25
WRITE 1 0 1 A5 A4 A3 A2 A1 A0 D15-D0 (RDY/@) 25
ERASE 1 11 A5 A4 A3 A2 A1 AD —- (RDY/BSY) 9
EWEN 1 00 11 X X X X — High-Z 9
EWDS 1 00 0 0 X X X X — High-Z 9
ERAL 1 00 1 0 X X X X — (RDY/BSY) 9
WRAL 1 00 0 1 X X X X D15-D0 (RDY/BSY) 25

FUNCTIONAL DESCRIPTION

START Condition

The START bit is detected by the device if CS and Dl are
both HIGH with respect to the positive edge of CLK for
the first time.

Before a START condition is detected, CS, CLK, and DI
may change in any combination (except to that of a start
condition), without resulting in any device operation
(READ, WRITE, ERASE, EWEN, EWDS, ERAL, and
WRAL). As soon as CS is HIGH, the device is no longer
in the standby mode.

An instruction following a START condition will only be
executed if the required amount of opcode, address and
data bits for any particular instruction is clocked in.

After execution of aninstruction (i.e. clockin or out of the
last required address or data bit) CLK and DI become
don't care bits until a new START condition is detected.

DI/DO

It is possible to connect the Data In and Data Out pads
together. However, with this configuration it is possible
for a "bus conflict" to occur during the "dummy zero" that
precedes the READ operation, if AO is a logic HIGH
level.

Under such a condition the voltage level seen at Data
Out is undefined and will depend upon the relative
impedances of Data Out and the signal source driving
AO. The higher the current sourcing capability of A0, the

higher the voltage at the Data Out pad.
a P ion

During power-up, all modes of operation are inhibited

until Vcc has reached a level of between 2.8 V and 4.5
V. During power-down, the source data protection cir-
cuitry acts to inhibit all modes when Vcc has fallen below
the voltage range of 2.8 Vto 4.5 V.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during normal
operation.

After power-up, the device is automatically in the EWDS
mode. Therefore, an EWEN instruction must be per-
formed before any ERASE or WRITE instruction can be
executed.

READ Mode

The READ instruction outputs the serial data of the
addressed memory location on the DO pin. A dummy bit
(logical 0) precedes the 16-bit output string. The output
data changes during the HIGH state of the system clock
(CLK). The dummy bit is output TPD after the positive
edge of CLK, which was used to clockin the last address
bit (A0). Therefore, care must be taken if DI and DO are
connected together as a bus contention will occur for
one clock cycle if AO has been a "1".

DO will go into HIGH-Z mode with the positive edge of
the next CLK cycle. This follows the output of the last
data bit DO or the low going edge of CS, which ever
occurs first.

DO remains stable between CLK cycles for an unlimited
time as long as CS stays HIGH.

The most significant data bit (D15) is always output first,
followed by the lower significant bits (D14 - DO).

DS20042B-4
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READ MODE
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cs
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A0
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|
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P

HIGH - Z 5

|
'.:3— D15 ><:5E>< ) ):——

NEW INSTRUCTION

OR STANDBY (CS = 0)

WRITE Mode

The WRITE instruction is followed by 16 bits of data
which are written into the specified address. The most
significant data bit (D15) has to be clocked in first
followed by the lower significant data bits (D14 — DO). If
a WRITE instruction is recognized by the device and all
data bits have been clocked in, the device performs an

automatic ERASE cycle on the specified address before
the data are written. The WRITE cycle is completely self-
timed and commences automatically after the last data
bit (DO) has been clocked in.

The WRITE cycle takes 2 ms max.

[RXRRRRXINX]
ROKXUXURX X
RN

WRITE MODE

CLK

SRR
(X XNXXXX XXX XK
DR

|
— | TeSL let— —pe! ToSL |utt—

cs

OP1

N/ sTATUS

CHECK

A5

Dlm

DO

HIGH -Z

ORSTANDBY (CS=0)

ERASE Mode

The ERASE instruction forces the data bits of the speci-
fied address all to logical "1s". The ERASE cycle is
completely self-timed and commences automatically

after the last address bit has been clocked in.
The ERASE cycle takes 1 ms max.

ERASE MODE R

X

CLK K

RO XXX XXX
AR "0.0.0‘0‘00000.0‘0‘0’0&o’.w;.o.o’(
|
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! — Tost '4_
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!
0 |
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DI Eg&

1

DO
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CRARER K XXRREAXK XTSRRIV
SOOORARPOKXN XXX
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—={ |-=-Topz
|

|
Tsv | bt
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<
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e
BSY ) Rov |
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NEW INSTRUCTION
OR STANDBY (CS = 0)
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ERASE/WRITE Enable/Disable (EWEN, EWD

The device is automatically in the ERASE/WRITE Dis-
able mode (EWDS) after power-up. Therefore, an EWEN

instruction has to be performed before any ERASE,
WRITE, ERAL, WRAL instruction is executed by the
device.

ERASE/WRITE
ENABLE/DISABLE

PO
| CLK R

cs

[ N\
0 0

1 1 X X X X (EWEN)

QO I XXIXXIAXXXDIXN
RN

(EWDS)

NEW INSTRUCTION
OR STANDBY (CS = 0)

ERASE All (ERAL)

The entire chip will erased to logical "1s" if this instruc-
tion is received by the device and itis in the EWEN mode.
The ERAL cycle is completely self timed and com-
mences after the last dummy address bit has been

clocked in.
ERAL takes 15 ms max.

ERASEALL o [ERH

R
RXXXX
XX

T —
ORI

T Test - —| Tost et

cs

SB OP1  OP2

Dlm

Do

) )
T X 7 STATUS U
| | cHECK

|

RYRRERR)
OB

|
|
| |
| Tev —B t
HIGH - Z }
|

OR STANDBY (CS = 0)

WRITE All (WRAL)

The entire chip will be written with the data specified in
that command. The WRAL cycle is completely self-
timed and commences after the last data bit (D0) has
been clocked in. WRAL takes 15 ms max.

Note: The WRAL does not include an automatic erase

cycle for the chip. Therefore, the WRAL instruction must
be preceded by an ERAL instruction and the chip must
be in the EWEN status in both cases.

The WRAL instruction is used for testing and/or device
initialization.

WRITE ALL

R Ry XXEX

BRCRRRRXX KRN

g TcsL:<— ) Tost -
! | <1

5 _
| \__/ status U
CHECK

N OO XXX XXX XXX X

RRRRRRRRRXUXRURRRAAAN. &

1
|
| I55%
HIGH - Z T e \RoY
|
NEW INSTRUCTION

OR STANDBY (CS = 0)
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93C46 pICE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
93C46 - /W
Package: W  Dice in Wafer
S  Dice in Wafflepack
Temperature Blank 0°Cto+70°C
Range:
| Device: 93C46 1K CMOS Serial EEPROM
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24CXX / 85CXX TO MICROCONTROLLER

COMMUNICATION
Two Wire Bus Interface to PIC16C54

Introduction

The Microchip Technology Inc.'s 24Cxx and 85Cxx serial EEPROMSs feature a two
wire serial interface bus. The bus protocol is I2C compatible. Interface to a serial
port with 12C bus protocol in a microcontroller is trivial. This application note is
intended for design engineers who want to develop their software programs to
communicate a microcontroller with a two wire bus serial EEPROM through a
general purpose /O port.

Unlike other 3-wire bus serial E2PROMSs, the 24Cxx/85Cxx communicate with any
microcontroller only by a serial data I/O line (SDA) and a serial clock (SCL). Chip
select is not required. Data transfer may be initiated only when the bus is not
busy. During such transfer, the data line (SDA) must remain stable whenever the
clock line (SCL) is high. Changes in the data line while the clock line is high are
interpreted as a START or STOP condition. A typical transfer format is shown in
Figure 1.

ACK SIGNAL
FROM RECEIVER
MSB - LSB MSB - LSB MSB - LSB

S S Ty A R

START ~ ADDRESS RW ACK DATA ACK DATA ACK  STOP
CONDITION CONDITION
Fig. 1 Transfer Format
© 1990 Microchip Technology Inc. DS00515A-1




COMMUNICATING WITH TWO WIRE/I2C BUS

After the START condition, a slave address is sent. This address is 7-bits Iong,

the eighth bit is a data direction bit (R/W) a logical '0' indicates a transmission
WRITE, a logical '1' represents a request for data READ. A data transfer is always
terminated by a STOP condition generated by the master controller. However, if a
master still wishes to communicate on the bus, it can generate another START
condition, and address another slave without first generating a STOP condition.
Various combinations of read/write formats are then possible within such transfer.

+5V 14T +5V
‘ . 22K v
—— A0 Vee "
2 7
NOTE2 { —=—{ A1 L~ NOTE 1 0sCi1 T—”
6 12 =
- A2 SCL . ” RB6
41 vss SDA S RB7 0SsC2 —l——|15 |

NOTE1:  NC PIN FOR 85Cxx,
NF PIN FOR 24C01A AND PIC 16C54 - XT
WP PIN FOR 24C02A/24C04A

NOTE2: CHIP ADDRESS INPUTS, MUST BE
TIED TO Vee OR Vss.

Vss

an

Fig. 2. A Simple Hardware Connection

An example program has been provided in Appendix A containing all PIC16C54
routines needed to exercise a 24Cxx or 85Cxx device. A simple hardware
connection is illustrated in Figure 2. A maximum of 8
24C01A/24C02A/85C72/85C82s or 4 24C04A/85C92s can be addressed by a
microcontroller on the same two wire bus without additional interfaces. Each
device is identified by its Chip Address and will only respond to a correct slave
address of a serial communication. A detailed bus flow is shown in Figure 3.

DS00515A-2
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COMMUNICATING WITH TWO WIRE/N2C BUS

Figure 3 as shown below describes how the bit stream is set up for READ and WRITE mode in the
microcomputer programming software prior to sending it on the two wire serial bus.

SCL

m o [1] o [ae][a][no]] w[lac[[ar[[ae][as][as[as[az][ a1 ] ao]] ac

S S e S 3 5

1. START CONDITION 5. EEPROM DRIVES BUS LOW WITH ACKNOWLEDGEMENT
2. 4 BIT DEVICE CODE 1010 FOR 24CXX/85CXX (TIMEQUT IF NO RESPONSE)
3. DEVICE ADDRESS A0=PA, HIGH ORDER ADDRESS 6. ADDRESS FOR DATA, A7-A0 (MSB-LSB)

BIT A8 FOR 24C04A/85C92 7. BUS LOW FOR ACKNOWLEDGEMENT

4. 0=WRITE TO ADDRESS REGISTER

Fig. 3A  Setting The Internal Word Address Of The 24Cxx/85Cxx

JEREREREREREREERERN
[l ][&[«lo e o] wlolssl«lelalallul]l, [

I I /
FIRST DATABYTE SECOND DATA BYTE THIRD DATA
BYTE, ETC.
STOP
CONDITION

Fig. 3B Byte Write Sequence

SCL

Uy L L s
Lo [i] o lll?ﬂmlwlll F'Ilmlllf" [EX N EX mlldOIIIA*HWIJ,,J'

S— 36 b 5 b6

1. START CONDITION 5. ACKNOWLEDGE FROM EEPROM
2. 4 BIT DEVICE CODE 1010 FOR 24CXX/85CXX 6. FIRST DATA BYTE

3. DEVICE ADDRESS A2, A1, A0. A0 = PA, HIGH ORDER 7. SECOND DATA BYTE, ETC.
ADDRESS BIT A8 FOR 24C04A/85C92 8. STOP CONDITION

4.1 =READ MODE

READ UP TO 128 BYTES (24C01A, 85C72)
READ UP TO 256 BYTES (24C02A/04A, 85C82/92)

Fig. 3C Read Mode Sequence

The stop condition after write starts the internal self-timed write cycle which may last up to 6
milliseconds (.7 ms per byte). Acknowledge signal should be monitored during this period.

© 1990 Microchip Technology Inc. DS00515A-3
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Appendix A:

PICALC CROSS ASSEMBLER 2.00 . d:\seeprom\appnotes\i2cbus.asm
Apr 11 15:36:02 1990 PAGE 1

TWO WIRE/I2C BUS INTERFACE WITH PIC16C5x

0001 TITLE "TWO WIRE/I2C BUS INTERFACE WITH PIC16C5x"
0002 ;
0003 LIST P=16C54
0004 ;
0005 '-**************t***************************************
0006 ;** Two wire/I2C Bus READ/WRITE Sample Routines
; of Microchip's 24Cxx/85Cxx serial CMOS

0007 ;** EEPROM interfacing to a PIC16C54 8-bit CMOS
0008 ;** single chip microcomputer
0009 Pxx
0010 ;**x Part use = PIC1l6C54-XT/JW
0011 ;** Note: 1) All timings are based on a

; reference crystal frequency of 2 MHz which

; is equivalent to an instruction cycle

0012 ;** time of 2 usec.
0013 ;** 2) Address and literal values are read

H in octal unless otherwise specified.

; 3) The following sample program is

; intended to interxface a two wire/I2C

H serial EEPROM with a PICl6C54 on a

; stand-alone application only.
; In the case where the two wire bus is
multiplexing with other circuitry, it is

;
; recommended to check the 24Cxx/85Cxx in
; standby mode to avoid bus contention.
0014 i
0015 '-************k************k*****************************
0016 ;
0017 PRI LR L D DD RSttt e L DL DD L D L et DL
0018 ; Files Assignment
0019 PRt it ettt bl T D ababibd ol
0020 ;
0021 0002 PC EQU 2 ; Program counter
0022 0004 FSR EQU 4 ; File Select Register
0023 0005 RA EQU 5 ; Port A use to select
; device address
0024 0006 RB EQU 6 ; RB7 = SDA, RB6 = SCL
0025 ;
0026 0010 STATUS EQU 10 ; Status register
0027 0011 FLAG EQU 11 ; Common flag bits
; register
0028 0012 EEPROM EQU 12 ; Bit buffer
0029 0013 ERCODE EQU 13 ; Error code (to indicate
; bus status)
0030 0020 ADDR EQU 20 ; Address register
0031 0021 DATAI EQU 21 ; Stored data input
; register
0032 0022 DATAO EQU 22 ; Stored data output
; register
0033 0023 SLAVE EQU 23 ; Device address
. ;5 (1010xxx0)
0034 0024 TXBUF EQU 24 ; TX buffer
0035 0025 RXBUF EQU 25 ; RX buffer
0036 0026 COUNT EQU 26 ; Bit counter
0037 ;
0038 0030 TIMERO EQU 30 ; Delay timero0
0039 0031 TIMER1 EQU 31 ; Delay timerl
0040 ; ’
0041 ;

DS00515A-4 1-148 © 1990 Microchip Technology Inc.



COMMUNICATING WITH TWO WIRE/I2C BUS

0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064

0065
0066
0067
0068
0069
0070
0071
0072
still
0073

0074

0075

0076
0077
0078

0079
0080
0081
0082
0083

0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095

0096
0097
0098

; Bit Assignments
:: FLAG Bits
OOOJ ERROR EQU 0 ; Error flag
i EEPROM Bits
000; DI EQU 7 ; EEPROM input
0006 DO EQU 6 ; EEPROM output
i I2C Device Bits
000; SDA EQU 7 ; RB7, data in/out
0006 SCL EQU 6 ; RB6, serial clock

0000
0001

0002
0003

0004

; END FILES/BITS EQUATE

; Two wire/I2C - CPU communication error status table

H and subroutine

;  input W-reg = error code

; output : ERCODE = error code

; FLAG (ERROR) =1

; code error status mode

; 1 : SCL locked low by device (bus is
busy)

; 2 : SDA locked low by device (bus is still
busy)

H 3 : No acknowledge from device (no
handshake)

; 4 : SDA bus not released for master to

generate STOP bit

; Subroutine to identify the status of the serial clock
; (SCL) and serial data

; (SDA) condition according to the error status table.
; Codes generated are useful for bus/device diagnosis.

;

ERR

3411 BTFSS FLAG, ERROR ; Remain as first error
; encountered

0053 MOVWF ERCODE ; Save error code

2411 BSF FLAG, ERROR ; Set error flag

4000 RETLW 0

; START bus communication routine

; input : none

H output : initialize bus communication

; Generate START bit (SCL is high while SDA goes from

; high to low transition) and check status of the

; serial clock.

BSTART

6077 MOVLW B'00111111" ; Put SCL, SDA line in
; output state

© 1990 Microchip Technology Inc.
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COMMUNICATING WITH TWO WIRE/I2C BUS
0099 0005 0006 TRIS RB
0100 0006 2706 BSF RB, SCL ; Set clock high
0101 0007 6001 MOVLW 1 ; Ready error status
; code 1
0102 0010 3706 BTFSS RB, SCL ; Locked?
0103 0011 4400 CALL ERR ; SCL locked low by device
0104 0012 2346 BCF ' RB, SDA ; SDA goes low during SCL
; high
0105 0013 0000 NOP ; Timing adjustment
0106 0014 0000 NOP
0107 0015 0000 NOP
0108 0016 2306 BCF RB, SCL ; Start clock train
0109 0017 4000 RETLW 0
0110 ;
0111 ;END SUB
0113 ;
0114 P e D e DB L L Lt
0115 ; STOP bus communication routine
0116 P e it
0117 ; Input None
0118 ; Output Bus communication, STOP condition
0119 ittt e LD L L L DL B E T
0120 ;
0121 ; Generate STOP bit (SDA goes from low to high during
; SCL high state)
0122 ; and check bus conditions.
0123 ;
0124 BSTOP
0125 0020 2346 BCF RB, SDA ; Return SDA to low
0126 0021 0000 NOP
0127 0022 0000 NOP
0128 0023 2706 BSF RB, SCL ; Set SCL high
0129 0024 6001 MOVLW 1 ; Ready error code 1
0130 0025 3706 BTFSS RB, SCL ; High?
0131 0026 4400 CALL ERR ; No, SCL locked low by
; device
0132 0027 2746 BSF RB, SDA ; SDA goes from low to
; high during SCL high
0133 0030 6004 MOVLW 4 ; Ready error code 4
0134 0031 3746 BTFSS RB, SDA ; High?
0135 0032 4400 CALL ERR ; No, SDA bus not release
; for STOP
0136 0033 4000 RETLW 0
0137 ;
0138 ;END SUB
0139 ;
0140 R e ittt bt Dl bt
0141 ; Serial data send from PIC to serial EEPROM,
; bit-by-bit subroutine
0142 o m e S e e e e e e
0143 ; Input None
0144 ; Output To (DI) of serial EEPROM device
0145 it it e etttk bkl Dok bl bl
0146 ;
0147 BITIN
0148 0034 6277 MOVLW B'10111111" ; Force SDA 1line as input
0149 0035 0006 TRIS RB
0150 0036 2746 BSF RB, SDA ; Set SDA for input
0151 0037 2352 BCF EEPROM, DI
0152 0040 2706 BSF RB, SCL ; Clock high
0153 0041 6001 MOVLW 1
0154 0042 3306 BTFSC RB, SCL ; Skip if SCL is high
0155 0043 5047 GOTO BIT1
0156 0044 3411 BTFSS FLAG, ERROR ; Remain as first error
; encountered
0157 0045 0053 MOVWE ERCODE ; Save error code
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0158 0046 2411 BSF FLAG, ERROR ; Set error flag
0159 BIT1
0160 0047 3346 BTFSC RB, SDA ; Read SDA pin
0161 0050 2752 BSF EEPROM, DI ; DI = 1
0162 0051 0000 NOP ; Delay
0163 0052 2306 BCF RB, SCL ; Return SCL to low
0164 0053 4000 RETLW 0
0165
0166 ;END SUB
0168 ;
0169 PR e ittt el b Lt il
0170 H Serial data receive from serial EEPROM to PIC,
; bit-by-bit 'subroutine
0171 e e
0172 ; Input : EEPROM file
0173 ;  Output : From (DO) of serial EEPROM device
; to PIC
0174 e T
0175 ;
0176 BITOUT
0177 0054 6077 MOVLW B'00111111" ; Set SDA, SCL as outputs
0178 0055 0006 TRIS RB
0179 0056 3712 BTFSS EEPROM, DO
0180 0057 5070 GOTO BITO
0181 0060 2746 BSF RB, SDA ; Output bit 0
0182 0061 6002 MOVLW 2
0183 0062 3346 BTFSC RB, SDA ; Check for error code 2
0184 0063 5074 GOTO CLK1
0185 0064 3411 BTFSS FLAG, ERROR ; Remain as first error
; encountered
0186 0065 0053 MOVWE ERCODE ; Save error code
0187 0066 2411 BSF FLAG, ERROR ; Set error flag
0188 0067 5074 GOTO , CLK1 ; SDA locked low by device
0189 ;
0190 BITO
0191 0070 2346 BCF RB, SDA ; Output bit 0
0192 0071 0000 NOP ; Delay
0193 0072 0000 NOP
0194 0073 0000 NOP
0195 CLK1
0196 0074 2706 BSF RB, SCL
0197 0075 6001 MOVLW 1 ; Error code 1
0198 0076 3306 BTFSC RB, SCL ; SCL locked low?
0199 0077 5103 GOTO BIT2 ; No.
0200 0100 3411 BTFSS FLAG, ERROR ; Yes.
0201 0101 0053 MOVWF ERCODE ; Save error code
0202 0102 2411 BSF FLAG, ERROR ; Set error flag
0203 BIT2
0204 0103 0000 NOP
0205 0104 0000 NOP
0206 0105 2306 BCF RB, SCL ; Return SCL to low
0207 0106 4000 RETLW 0
0208 ;
0209 ;END SUB
0211 ;
0212 i
0213 e
0214 ; RECEIVE DATA subroutine
0215 R ettt bl L Dl Dbt it Dl d
0216 ; Input : None
0217 ; Output : RXBUF = Receive 8Ybit data
0218 e e e e
0219 ;
0220 RX
0221 0107 6010 MOVLW .8 ; 8 bits of data
0222 0110 0066 MOVWE COUNT
© 1990 Microchip Technology Inc. DS00515A-7
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0223 0111 0165 CLRF RXBUF
0224 H
0225 RXLP
0226 0112 1565 RLF RXBUF ; Shift data to buffer
0227 0113 SKPC
0228 0113 3403 + BTFSS 3,0
0228 0114 2025 BCF RXBUF, 0 ; carry ---> f£(0)
0229 0115 SKPNC
0230 0115 3003 + BTFSC 3,0
0230 0116 2425 BSF RXBUF, 0
0231 0117 4434 CALL BITIN
0232 0120 3352 BTFSC EEPROM, DI
0233 0121 2425 BSF RXBUF, 0 ; Input bit =1
0234 0122 1366 DECFSZ COUNT ; 8 bits?
0235 0123 5112 GOTO RXLP
0236 0124 2712 BSF EEPROM, DO ; Set acknowledge bit = 1
0237 0125 4454 CALL BITOUT ; to STOP further input
0238 0126 4000 RETLW 0
0239 ;
0240 ;END SUB
0241 ;
0242 R it bl il L e e L L T
0243 ; TRANSMIT DATA subroutine
0244 PR D it D b D B Lt
0245 H Input : TXBUF
0246 ; Output : Data X'mitted to EEPROM device
0247 PR il D il ]
0248 ;
0249 TX
0250 0127 6010 MOVLW .8
0251 0130 0066 MOVWF COUNT
0252 i
0253 TXLP
0254 0131 2312 BCF EEPROM, DO ; Shift data bit out.
0255 0132 3364 BTFSC TXBUF, 7 ; If shifted bit=0, data
; bit = 0
0256 0133 2712 BSF EEPROM, DO ; Otherwise data bit = 1
0257 0134 4454 CALL BITOUT ; Serial data out
0258 0135 1564 RLF TXBUF ; Rotate TXBUF left
0259 0136 SKPC ; £(6) ---> £(7)
0260 0136 3403 + BTFSS 3,0
0260 0137 2024 BCF TXBUF, 0 ; £(7) ---> carry
0261 0140 SKPNC ; carry ---> £(0)
0262 0140 3003 + BTFSC 3,0
0262 0141 2424 BSF TXBUF, 0
0263 0142 1366 DECFSZ COUNT ; 8 bits done?
0264 0143 5131 GOTO TXLP ; No.
0265 0144 4434 CALL BITIN ; Read acknowledge bit
0266 0145 6003 MOVLW 3
0267 0146 3352 BTFSC EEPROM, DI ; Check for
; acknowledgement
0268 0147 4400 CALL ERR ; No acknowledge from
; device
0269 0150 4000 RETLW 0
0270 ;
0271 ;END SUB
0273 ;
0274 R e Tttt el b Lt
0275 BYTE-WRITE, write one byte to EEPROM device
0276 = G mmmm e e — S m e
0277 Input : DATAO = data to be written
0278 ADDR = destination address
0279 SLAVE = device address (1010xxx0)
0280 Output : Data written to EEPROM device
0281 = e m e e mm e
0282
DS00515A-8 © 1990 Microchip Technology Inc.
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The location for BYTE-
WRITE routine can be
assigned anywhere
between (377~ 777)

; octal.

Get SLAVE address

to TX buffer
Generate START bit
Output SLAVE address
Get WORD address
into buffer

Output WORD address
Move DATA

into buffer

Output DATA and detect
acknowledgement

; Generate STOP bit

Se Se e Ne v e Ne e

0283 0200 ORG 200
0284
0285 WRBYTE
0286 0200 1023 MOVF SLAVE, W
0287 0201 0064 MOVWF TXBUF
0288 0202 4404 CALL BSTART
0289 0203 4527 CALL TX
0290 0204 1020 MOVF ADDR, W
0291 0205 0064 MOVWF TXBUF
0292 0206 4527 CALL TX
0293 0207 1022 MOVF DATAO, W
0294 0210 0064 MOVWF TXBUF
0295 0211 4527 CALL TX
0296 0212 4420 CALL BSTOP
0297 ;
0298 ;
0299 ;
0300 ;
0301 ; BYTE-READ,

H device
0302 ;
0303 ; Input : ADDR
0304 H SLAVE
0305 H Qutput : DATAI

EEPROM

0306 ;
0307 H
0308 0300 ORG 300
0309 ;
0310 RDBYTE
0311 0300 1023 MOVF SLAVE, W
0312 0301 0064 MOVWF TXBUF
0313 ‘0302 4404 CALL BSTART
0314 0303 4527 CALL TX
0315 0304 1020 MOVF ADDR, W
0316 0305 0064 MOVWF TXBUF
0317 0306 4527 CALL TX
0318 0307 4404 CALL BSTART
0319 0310 1023 MOVF SLAVE, W
0320 0311 0064 MOVWF TXBUF
0321.0312 2424 BSF TXBUF, 0
0322 0313 4527 CALL TX
0323 0314 4507 CALL RX
0324 0315 4420 CALL BSTOP
0325 0316 1065 MOVF RXBUF
0326 0317 0061 MOVWF DATAI

0327
0328
0329
0330

$ASM-I,

;
;

7

END

No Errors,

No Warnings

read one byte from serial EEPROM

source address
device address (1010xxx0)
data read from serial

; The location for BYTE-

; READ routine can be

; assigned anywhere

; between (377-777) octal.

; Move SLAVE address

; into buffer (R/W = 0)
; Generate START bit

; Output SLAVE address.
; Check ACK.

; Get WORD address

Output WORD address.
Check ACK.

START READ (if only one
device

is connected to the I2C
; bus)

~

e oSe se s

Specify READ mode
(R/W = 1)

Output SLAVE address
READ in data and

; acknowledge

Generate STOP bit
Save data from buffer
to DATAI file.

© 1990 Microchip Technology Inc.
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NOTES:
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ER59256/93C06 AND NMC9306/NMC93C06
COMPATIBILITY ISSUE

Introduction

The ER59256 and 93C06 are 256 bits (16 x 16) serial EEPROM currently offered by
Microchip. ER59256 is fabricated in N-channel SNOS technology and 93C06 in
advanced CMOS. There are some uncertainties in the field regarding the compatibility
between Microchip's 256 bits serial EEPROM and National. Namely NMC9306 and
NMC93C06. This report highlights the differences.

Software Differences

Microchi ER592 Microchip _ 93C06 National NMC9306/NMC93C06
INSTRUCTION S8 OPCODE ADDRESS DATA SB OPCODE ADDRESS DATA SB OPCODE  ADDRESS DATA
READ 1 1000 A3A2A1A0 - 1 1000 A3A2A1A0 - 1 10XX A3A2A1A0 -
WRITE 1 0100 A3A2A1A0 D15 - DO 1 0100 A3A2A1A0 D15 - DO 1 01XX A3A2A1A0 D15-DO
ERASE 1 1100 A3A2A1A0 11100 A3A2A1A0 1 11XX A3A2A1A0
EWEN 1 0011 0000 1 0011 X X X X 1 0011 X X X X
EWDS 1 0000 0000 10000 X X X X 1 0000 X X X X
ERAL 1 0010 0000 1 0010 X X X X 1 0010 X X X X
WRAL NOT SPECIFIED 1 0001 X X X X D15- DO 1 0001 X X X X D15 - DO
Note: EWEN ..... Erase/Write Enable ERAL ..... Erase All

EWDS ..... Erase/Write Disable WRAL .... Write All

From the instruction sets shown, the address bits on EWEN, EWDS, ERAL and WRAL
are "don't care" for 9306/93C06 and all logical 0's for ER59256. The WRAL instruction is
not specified for ER59256. The two LSB of the opcode are "0 0" for Microchip's
ER59256/93C06 and "don't care" for National's NMC9306/NMC93C06. In order to make
software fully compatible to all parts, it is recommended to design program with all logical
0's in place of the "don't care" bits.

Polling is available on the 93C06 and NMC93C06. The soft polling can be done by

checking the status signal on the DO line (pin 4). A low busy signal (BSY) indicates the
device is still in the programming mode and a high level (RDY) represents the device is
ready to receive new instruction. ER59256 and NMC9306 however, do not provide this
feature.

© 1990 Microchip Technology Inc. DS00516A-1
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Hardware Differences

Micr i National
PARAMETER ER59256 93C06 NMC9306 NMC93C06
PIN6 NC NC NC NC
PIN7 TEST NC NC NC
CLOCK FREQ 250 KHZ 1MHZ 250 KHZ 1 MHZ
CLK DUTY CYCLE 25% - 75% not specified not specified not specified
CLK HIGH TIME min. not specified 500 ns 1us 250 ns
CLK LOW TIME min. not specified 500 ns 1us 250 ns
CS LOW TIME min. not specified 100 ns 1us 250 ns
ENDURANCE 10K 100K 40K 40K
ESD RATING 1.0 KV 40KV 2.0 KV 2.0 KV
E/W TIME 10-30ms 2ms 10-30ms 10ms
ACTIVE CURRENT 10 mA 4mA 10 mA 3mA
STANDBY CURRENT 3mA 100 vA 3mA 50 uA

Pin 6 and 7 configuration -

Microchip uses the pin 6 and 7 of ER59256 for factory internal test purposes. Pin 6 is
used to monitor the on-chip charge pump which generates the required internal high
programming voltage (>20 volts) during the ERASE and WRITE cycles. Any circuitry
connects to this pin will force to reduce the data retention of the device or even no
programming will take place. Signal on pin 7 can force the device into its internal test
modes resulting in overprogramming all memory locations. It is therefore recommended
that pin 6 should be left open and pin 7 tied to Vss for normal operation.

Microchip's 93C06 and National's NMC9306/NMC93C06 have their pin 6 and 7 physically
not utilized. To make ER59256 compatible, the TEST pin (pin 7) can be left floating but
must be kept "clean" (noise-free).

Clock high time, clock low time -

For a clock frequency of 250 kHz, both ER59256 and NMC9306 specify the same
electrical parameters:

250 kHz equals 4 us clock cycle time
25% of the clock period (4 us) = 1 us (clock high time)
75% of the clock period (4 us) = 3 us (clock low time = 4 - 3 us =1 us)

For slower clock frequencies, the ER59256 spec would restrict the user regarding clock
low and high times: '

A clock frequency of 100 k Hz = 10 us cycle time
would result in clock low = 75% of 10 us =7.5us
and clock high = 25% of 10 us =25us.

In reality, Microchip's ER59256 can fulfill National's NMC9306 spec regarding SK low and
SK high equal to 1 usec over all operating frequencies as 250 kHz is the maximium
allowable frequency and is therefore the worst case.

DS00516A-2
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Chip select low time -

All parts require a chip select (CS) input goes low between any two instructions.
Programming of the part (ER59256, NMC9306,NMC93C06) begins at the falling edge of
the CS. Microchip's 93C06 however, starts self-programming at the rising edge of the last
data clocked bit. CS goes low and high with a minimium of chip select low time (Tcsl)
during programming can be used for polling purpose as discribed in 2.
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1

24C01A COMPATIBILITY ISSUE
AND ITS MOBILITY FOR MEMORY UPGRADE

Introduction

The 24C01 is a 1K (128 x 8) serial EEPROM which is currently offered by Microchip and
Xicor. There are several important differences between the two devices which are
discussed in this report. This report refers to the Microchip part as the 24C01A and the
Xicor part as the X24C01. It is intended to assist in designing a board which is compatible
with either device.

Compatibility Issues

There are three major differences between Microchip 24C01A and Xicor X24C01 as
detailed in the following paragraphs.

2.1 PAGE MODE DIFFERENCES

The 24C01A was originally désigned to work in the same socket as the PCD8572 which
has a two-byte page mode. lts page is therefore two bytes deep. The X24C01 has a
page mode of four bytes depth.

If more than two bytes are transmitted to the 24C01A during a page programming cycle,
the 24C01A will terminate the write cycle.

In many applications where serial EEPROMSs are used and speed is not a key issue, the
byte write mode can be used without any loss of system performance. If only the byte
write mode is used, there is no compatibility problem (other than the slave address
software differences discussed in 2.2).

If the page write feature must be used, two different page mode algorithms can be
transmitted by the master depending upon whose device is being used. The master will
have to first do a polling routine to determine if it is interfacing with a 24C01A or X24C01.
This polling technique is discussed in 2.2. )

© 1990 Microchip Technology Inc. DS00517A-1




24C01A COMPATIBILITY ISSUE

Interestingly, the 24C01A actually updates faster in the page mode even though it has
one-half the page depth of the X24C01. This is due to the faster write cycle time of the
24C01A. The two devices are compared below:

Microchip Xicor
Max byte program time ims 10 ms
Max page program time 2 ms (2 bytes) 10 ms (4 bytes)
Max time to program 4 bytes 4ms 10 ms
Max time to rewrite device 128 ms 320 ms

2.2 SOFTWARE DIFFERENCES

Microchip’s 24C01A is designed to share a 2-wire bus on which it resides with other
devices. To support this, the first byte of each command sequence from the master to
the 24C01A must be a slave address. The 24C01A monitors the 2-wire bus for its slave
address and “wakes-up” from standby mode if the address tre:ismitted matches its
address as defined by the voltage level (Vss or Vce) on pins 1, 2 and 3. X24C01 does not
support a multiple device bus and will always “wake-up” if a start condition is detected.

A slave address must be transmitted to the 24C01A at certain points during reading and
writing. This slave address is not required by the X24C01. Transmitting a slave address to
X24C01 will result in erroneous operation. This problem can be solved by having the
master transmit the the proper serial bit pattern to the slave, but first the master has to be
ascertained which 24C01 it is communicating with.

The master can do a simple polling routine before beginning serial communication with
24CO01A or X24C01 to determine which device it is working with. The proper serial
protocol for both devices must be contained in the master controller’s firmware. Once the
master knows which 24C01 is on the bus, it can execute the proper serial commands.

The polling consists of the pattern like the one shown below:
SDA LINE: | srtarT BIT | 00000001 | ACKNOWLEDGE BIT | DATA 7..0 |

If a X24C01 is used on the 2-wire bus, an acknowledge bit and eight data bits will be
returned whereas 24C01A will issue no response and will ignore the command.

2.3 HARDWARE DIFFERENCES

As described earlier, the 24C01A is designed to share a 2-wire bus with other devices
while the X24C01 is not. Chip address bits are -included in the slave address for the
24C01A, and are incorporated into pins 1, 2 and 3 of the device. They must be
connected to Vcc or Vss for proper operation. Since pins 1, 2 and 3 of the Xicor part are
NC (no connect) pins and they are not internally connected, they can be tied high or low.

DS00517A-2
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24C01A COMPATIBILITY ISSUE

Another hardware difference involves pin 7 which MUST be connected to Vss on
X24C01. The 24C01A can have pin 7 connected to Vss or Vcc.

If only one device is planned for the 2-wire bus, the board can be made compatible for
either device by connecting pins 1, 2 and 3 to either Vss or Vcc and tieing pin 7 to Vss.

Mobility For Memory Upgrade And Expansion

In system applications where the master device needs to address more than one serial
EEPROM on a 2-wire bus, Microchip’s 24C01A offers the flexibility. Up to eight 24C01As
can be connected to the 2-wire bus. More than one Xicor X24C01 connecting to the bus
may result in bus contention.

If memory upgrade is required, Microchip’s 24C01A can be upgraded to 24C02A (256 x
8) or 24C04A (512 x 8) on the same IC socket with NO change in hardware. Using Xicor
X24C01 will have to reconfigure both software and hardware to accomodate the changes.

© 1990 Microchip Technology Inc. DS00517A-3
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NOTES:
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microchip 28C04A

4K (512 x 8) CMOS Electrically Erasable PROM

FEATURES DESCRIPTION
« Fast Read Access Time—150ns Maximum The Microchip Technology inc 28C04A is a CMOS 4K
» CMOS Technology for Low Power Dissipation non-volatile electrically Erasable and Programmable
—30mA Active Read Only Memory. The 28C04A is accessed like a
—100pA Standby static RAM for the read or write cycles without the need
+ Fast Byte Write Time—200us or 1ms of external components. During a “byte write”, the
« Data Retention >10 years address and data are latched internally, freeing the
» High Endurance 10* Erase/Write Cycles microprocessor address and data bus for other opera-
« Automatic Write Operation tions. Following the initiation of write cycle, the device
—Internal Control Timer will go to a busy state and automatically clear and write
—Auto-Clear Before Write Operation the latched data using an internal control timer. To
—On-Chip Address and Data Latches determine when a write cycle is complete, the 28C04A
« Data Polling uses Data polling. Data polling allows the user to read
» Chip Clear Operation the location last written to when the write operation is
« Enhanced Data Protection complete. CMOS design and processing enables this
—Vcc Detector part to be used in systems where reduced power con-
—Pulse Filter sumption and reliability are required. A complete family
—Write Inhibit of packages is offered to provide the utmost flexibility in
+ 5-Volt-Only Operation applications.

Organized 512x8 JEDEC standard pinout
—24 Pin Dual-In-Line Package

—32 Pin Chip Carrier (Leadless or Plastic)
Available for Extended Temperature Ranges:
—Commercial: 0° Cto 70° C

—Industrial: -40° Cto 85° C

PIN CONFIGURATION BLOCK DIAGRAM YOO =eenee Vo7
Top View
\\,lzc ) Data Protection
Circuitry
CE—»] Chip Enable/
arller — Output Enable
Ae[]2 OE—~—»] Control Logic
asCs WE—»] Auto Erase/Write || Data ]|  Input/Output
aslle Timing Poll Butfers
A3[]s Program Voltage
A2[le Generation
A7 A0
Ao[]s [] Y i
wools ;= . Decoder Y Gating
o110 1™ |a I
vo2 11 : !
Vgs [ 12 ™ h
e X 4K bit
oiP : —] s Decoder Cell Matrix
@Pin 1 indicator on PLCC on top of package 1
Ag —1

Preﬂimﬁnau’y Information 2.1 © 1990 Microchip Technology Inc.
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28C04A

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS*

..-0.6V to + 6.25V
-0.6V to +13.5V

Vcc and input voltages w.r.t. Vss
Voltage on OE w.r.t. Vss....
Output Voltage w.r.t. Vss -0.6V to Vcc+0.6V
Storage temperature ............. ...-65°Cto 125° C
Ambient temp. with power applied........ -50°Ct095° C

*Notice: Stresses above those listed under “Maximum Rat-
ings” may cause permanent damage to the device. Thisis a
stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
device reliability.

PIN FUNCTION TABLE
Name Function
A0 - A8 Address Inputs
CE Chip Enable
OE Output Enable
WE Write Enable
1/00 - 1107 Data Inputs/Outputs
Vce +5V Power Supply
Vss Ground
NC No Connect; No Internal
Connection
NU Not Used; No External
Connection is Allowed
READ / WRITE OPERATION

DC Characteristics

Vce = +5V £10%

Commercial (C): Tamb= 0°Cto70°C

Industrial (): Tamb=-40° Cto 85° C
Parameter Status Symbol Min Max | Units| Conditions
Input Voltages Logic "1" ViH 20 |Vcc+t| V
Logic "0" ViL -0.1 0.8 \'
Input Leakage L1 -10 10 pA | VIN=-0.1V to Vcc+1
Input Capacitance CiN 10 pF | VIN=0V; Tamb = 25" C;
f=1MHz
Output Voltages Logic "1" VoH 2.4 V | loH=-400pA
Logic "0" VoL 0.45 \" loL=2.1mA
Output Leakage Lo -10 10 pA |- Vour=-0.1V to Vcc+0.1V
Output Capacitance Cout 12 pF | VIN=0V; Tamb =25"C;
f=1MHz"
Power Suppy Current, Active TTL input lcc 30 mA | f=5 MHz (Note 1)
Vce =5.5V;
Power Supply Current, Standby | TTL input lec(s)TTL 2 mA Q_E =ViH (0°Cto 70° C)
TTL input lcc(s)TTL 3 mA | CE=VIH (-40°Cto 85" C)
CMOS input | Icc(sycmos 100 | pA | CE =Vcc-0.3 to Vec+1

Note: (1) AC power supply current above 5 MHz: 1 mA/MHz

DS11126B-2
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28C04A

READ OPERATION AC Testing Waveform:  ViH=2.4V; ViL= 0.45V; VoH=2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF
Input Rise and Fall Times: 20 nsec
Ambient Temperature: Commercial (C): Tamb= 0°Cto70°C
Industrial (I): Tamb =-40"Ct0 85" C
Parameter Sym | 28C04A-15 | 28C04A-20 | 28C04A-25 | Units | Conditions
Min | Max | Min | Max | Min | Max
Address to Output Delay tacc 150 200 250 ns OE=CE=VL
CE to Output Delay tcE 150 200 250 ns OE=ViL
OE to Output Dglay toE 70 80 100 ns CE=ViL
CE or OE High to Output Float |torr | 0 50 | 0 55 0 70 ns
Output Hold from Address, CE | toH 0 0 0 ns
or OE, whichever occurs first.
READ WAVEFORMS
VIH |~ - =
sacress > Address Valid <
___VH
CE A
Vi
tCE(@) ——
__VH
OE
ViL {OFF(1,3) [+
<a— {OE(2) —»{ {OH |—
VoH . .
Data High Z WU Valid Output A\ High 2
VoL K\\\ /
[-—————— taCC
Notes: (1) toFFis specified for OE or CE, whichever occurs first o
(2) OE may be delayed up to fCE - tOE after the falling edge of CE without impact on e
(3) This parameter is sampled and is not 100% tested
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28C04A

@

2ETCEhg:geEﬁsﬁcs g(j“')l’stsﬂggd\l:Vaneform. Y?T_Lzl_.g\alé \iu; SOOF.)T:SV, VoH = 2.0V; VoL = 0.8V
Input Rise/Fall Times: 20 nsec
Ambient Temperature: Commercial (C): Tamb= 0°Cto70°C
Industrial  (I): Tamb=-40"Ct0 85 C
Parameter Symbol Min | Max |Units| Remarks
Address Set-Up Time tas 10 ns
Address Hold Time tAH 50 ns
Data Set-Up Time tos 50 ns
Data Hold Time DH 10 ns
Write Pulse Width twpL 100 ns | Note 1
Write Pulse High Time wPH 50 ns
OE Hold Time 10EH 10 ns
OE Set-Up Time toES 10 ns
Data Valid Time ov 1000 | ns | Note?2
Write Cycle Time (28C04A) twe 1 ms | 0.5 ms typical
Write Cycle Time (28C04AF) twc 200 us | 100us typical
Note: (1) A write cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on

the positive edge of CE or WE, whichever occurs first.
Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until
toH after the positive edge of WE or CE, whichever occurs first.

Address

CE, WE

Data In

PROGRAMMING
Waveforms

tAH

[l

| ———————— tWPL ————

[-tDV

<——— {DS — >

tDH

toEs

.

VIH
ViL

tOEH

DS11126B-4
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28C04A

DATA POLLING
Waveforms
V Xy
Address >< Address Valid >Q “ LastWiten >< :
i tacc |-
Vi — tCE -
NN 777N

tWPH

VIH t |~——]

ViL

N4 % |

v —= tDV

H
Data In —

Data i Valid >< {( >§( 1/07 Out ><Frrue Data Out
- twe -

CHIP CLEAR

Waveforms

__VH
CE /

ViL /]
VH \
OE N
ViH ts tH
tw
__VH
WE
tw = 10ms
i ts =tH =1ps
VH = 12.0V £0.5V
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28C04A

DEVICE OPERATION

The Microchip Technology Inc 28C04A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

Operation Mode| CE | OE | WE | IO
Read L L H Dout
Standby H X X High Z
Write Inhibit H X X High Z
Write Inhibit X L X High Z
Write Inhibit X X H High Z
Byte Write L H L DIN
Byte Clear Automatic Before Each "Write"

X =Any TTL level.
Read Mode

The 28C04A has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip enable (CE) is the power control and
should be used for device selection. Output Enable
(OE) is the output control and is used to gate data to the
output pins independent of device selection. Assuming
that addresses are stable, address access time (tAcc) is
equal to the delay from CE to output (tcg). Data is
available at the output tOE after the falling edge of OE,
assuming that CE has been low and addresses have
been stable for at least tACC-tOE.

Standby Mode

The 28C04A is placed in the standby mode by applying
ahigh signalto the CE input. Whenin the standby mode,
the outputs are in a high impedance state, independent
of the OE input.

Data Protection

In order to ensure data integrity, especially during critical
power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, aninternal Vcc detect (3.3 volts typical) will inhibit
theinitiation of non-volatile programming operation when
Vcc is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that prevents WE
pulses of less than 10ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

Write M

The 28C04A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and
initiated by a low going pulse on the WE pin. On the
falling edge of WE, the address information is latched.
On rising edge, the data and the control pins (CE and
OE) are latched.

Data Polli

The 28C04A features Data polling to signal the comple-
tion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of I/O7 (I/O0 to /06 are indeterminable).
After completion of the write cycle, true data is available.
Data polling allows a simple read/compare operation to
determine the status of the chip eliminating the need for
external hardware.

Optional Chi r

All data may be cleared to 1's in a chip clear cycle by
raising OE to 12 volts and bringing the WE and CE low.
This procedure clears all data.

DS11126B-6

2-6

© 1990 Microchip Technology Inc.



28C04A

NOTES:
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28C04A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
28C04AF -151/P
ST TR

Package: Cerdip

Ceramic Leadless Chip Carrier (LCC)
Plastic Leaded Chip Carrier (PLCC))
Plastic DIP

-———I Temperature  Blank 0°Cto70°C
Range: 1 -40°C 1085 C
Access Time: 15 150 nsec
20 200 nsec
25 250 nsec

—————I Option: - =twc=1ms
F =twc=200us

L Device: 4K (512 x 8) CMOS EEPROM

Vr X«
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Microchip

28C16A

16K (2K x 8) CMOS Electrically Erasable PROM

FEATURES

Fast Read Access Time—150ns Maximum

+ CMOS Technology for Low Power Dissipation
—30mA Active
—100pA Standby

» Fast Byte Write Time—200ps or 1ms

« Data Retention >10 years

* High Endurance 10* Erase/Write Cycles

Automatic Write Operation

—Internal Control Timer
—Auto-Clear Before Write Operation
—On-Chip Address and Data Latches

.

Data polling

Chip Clear Operation

+ Enhanced Data Protection
—Vcc Detector
—Pulse Filter
—Write Inhibit

—24 Pin Dual-In-Line Package
—32-Pin Chip Carrier (Leadless or Plastic)

—Commercial: 0° Cto 70° C
—Industrial: -40° Ct0 85° C
—Military *: -55° Ct0 125° C

Electronic Signature for Device Identification
5-Volt-Only Operation
Organized 2Kx8 JEDEC Standard Pinout

Available for Extended Temperature Ranges:

DESCRIPTION

The Microchip Technology Inc 28C16A is a CMOS 16K
non-volatile electrically Erasable and Programmable
Read Only Memory. The 28C16A is accessed like a
static RAM for the read or write cycles without the need
of external components. During a “byte write”, the
address and data are latched internally, freeing the
microprocessor address and data bus for other opera-
tions. Following the initiation of write cycle, the device
will go to a busy state and automatically clear and write
the latched data using an internal control timer. To
determine when a write cycle is complete, the 28C16A
uses Data polling. Data polling allows the user to read
the location last written to when the write operation is
complete. CMOS design and processing enables this
part to be used in systems where reduced power con-
sumption and reliability are required. A complete family
of packages is offered to provide the utmost flexibility in
applications.

* See military data sheet DS60036.

PIN CONFIGURATION

Top View

23
imimim|
¢

[ ]Vee
[]A8
A9
(IWE
[10E
[JA10
[1cE
[1vo7
[Jvoe
1105
1104
[1vo3

DIP

‘@Pin 1 indicator on PLCC on top of package

BLOCK DIAGRAM 10O =evnnns Vo7
VSSapn}
Data Protection
Vee Circuitry
CE—> Chip Enable/
—_— QOutput Enable
OE =] Control Logic
WE—a Auto Erase/Write || Data Input/Output
Timing Poll Buffers
Program Voltage
Generation
1 Y .
1 __: L Decoder Y Gating
[ a | T
1 t
1 ﬁ
1 — "
e X 16K bit
I = A
| —] s Decoder Cell Matrix
1 —
A10

Preliminary Information
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28C16A

ELECTRICAL CHARACTERISTICS
PIN FUNCTION TABLE LEC Cc c c
MAXIMUM RATINGS*
Name Function )
Vce and input voltages w.r.t. Vss ....... -0.6V to + 6:25V
A0-A10 Address Inputs Voltage on OE w.r.t. Vss... .-0.6V to +13.5V
CE Chip Enable Voltage on A9 w.r.t. Vss.... -0.6V to +13.5V
OE Output Enable Output Voltage w.r.t. Vss .. -0.6V to Vcc+0.6V
WE Write Enable Storage temperature ................... ..-65°Cto 125°C
1100 - 1107 Data Inputs/Outputs Ambient temp. with power applied......... -50°Cto95°C
Vce +5V Power Supply
ves Ground *Notice: Stresses above those listed under “Maximum Rat:
NC No Conn'ect; No Internal ings” méy cause permanent damage to the device. This is a
Connection stress rating only and functional operation of the device at
NU Not Used; No External those or any other conditions above those indicated in the
Connection is Allowed operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
device reliability.
READ / WRITE OPERATION Vee = +5V £10% ,
DC Characteristics Commercial (C): Tamb= 0°Cto70°C
Industrial (1): Tamb=-40° Ct0 85° C
Parameter Status Symbol Min Max | Units| Conditions
Input Voltages Logic "1" VIH 20 |Vec+tl| 'V
Logic "0" Vi -0.1 0.8 v
Input Leakage ILi -10 10 pA | VIN=-0.1V to Vcc+1
Input Capacitance CIN 10 pF | VIN=0V; Tamb = 25" C;
f=1MHz
Output Voltages Logic "1" VoH 24 V | loH=-400uA
Logic "0" VoL 0.45 V | loL=2.1mA
Output Leakage Lo -10 10 pA | Vout=-0.1V to Vcc+0.1V
Output Capacitance Cout 12 pF | VIN=0V; Tamb =25"C;
f=1MHz
Power Suppy Current, Active TTL input lcc 30 mA | f=5MHz (Note 1)
vce =5.5V;
Power Supply Current, Standby | TTLinput | lccs)TTL 2 | mA | CE=VH(0"Cto70°C)
TTL input lccs)TTL 3 mA | CE =VH (-40° C to 85° C)
CMOS input | lcc(s)cmos 100 | pA | CE=Vcc-0.3 to Vec+1

Note: (1) AC power supply current above 5 MHz: 1 mA/MHz

DS11125B-2
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28C16A

READ OPERATION AC Testing Waveform:  ViH= 2.4V, ViL= 0.45V; VOH=2.0V; VoL = 0.8V
Input Rise and Fall Times: 20 nsec
Ambient Temperature: Commercial (C): Tamb= 0°Cto70°C
Industrial  (l): Tamb=-40"Cto85° C
Parameter Sym | 28C16A-15 | 28C16A-20 | 28C16A-25 | Units | Conditions
Min | Max | Min | Max | Min | Max
Address to Output Delay tacc 150 200 250 ns OE=CE=VL
CE to Output Delay tce 150 200 250 ns | OE=ViL
OE to Output Delay toE 70 80 100 ns CE=ViL
CE or OE High to Output Float | toFF 0 50 0 55 0 70 ns
Output Hold from Address, CE | toH 0 0 0 ns
or OE, whichever occurs first.

READ WAVEFORMS

VIH

Address

X

Address Valid

i

ViL

VIH

ViL

VIH

ViL

VOH
Data

High Z

VoL

Notes: (1) torris specified for OE or CE, whichever occurs first

(2) OE may be delayed up to fCE - tOE after the falling edge of CE without impact on CE

(3) This parameter is sampled and is not 100% tested

_
CE(2) ——
tOFF(1,3) [=—
~— 1OE(2) —»| 1OH |—
i : \\\ HighZ
Valid Output
AN P /.
————— {ACC ———
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28C16A

AC Testing Waveform: ViH = 2.4V; ViL = 0.45V; VOH = 2.0V; VoL = 0.8V
:&:EhmeE - Output Load: 1 TTL Load + 100 pF
aracteristics Input Rise/Fall Times: 20 nsec
Ambient Temperature: Commercial (C): Tamb= 0°Cto70°C
Industrial  (I): Tamb =-40"Cto 85" C
Parameter Symbol Min | Max [Units| Remarks
Address Set-Up Time tas 10 ns
Address Hold Time tAH 50 ns
Data Set-Up Time tos 50 ns
Data Hold Time DH 10 ns
Write Pulse Width twrL 100 ns | Note 1
Write Pulse High Time WPH 50 ns
OE Hold Time tOEH 10 ns
OE Set-Up Time toES 10 ns
Data Valid Time tov 1000 | ns | Note?2
Write Cycle Time (28C16A) twe 1 ms | 0.5 ms typical
Write Cycle Time (28C16AF) twc 200 us | 100us typical
Note: (1) A write cycle can beﬂtiated_ai or WE going low, whichever occurs last. The data is latched on
the positive edge of CE or WE, whichever occurs first.
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until
toH after the positive edge of WE or CE, whichever occurs first.

PROGRAMMING
Waveforms

ViH —

Address VL Xr ﬁ§<

v ra-tAS: | tAH —————
_ __ VH -———-———-—————:
CE, WE N twpL —_>Z£
ViL N '] tow
a-tDV tbs ——»
VIH
Data In
ViL
tOES |-
__ VH
OE
ViL
toEH
DS111258-4 © 1990 Microchip Technology Inc.
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28C16A

DATA POLLING
Waveforms
ViH -
Address 3< Address Valid >< f ( LastWitten > <::
ViL tacc [
ViH tCE -~
CE ViL & / m
tWPH
ViH < twPL
we N NN/
q( toe -—
VIH
e AN NN |
v —»{ tOv
H s
Data in
Data Vi Valid >< { { ><( 1/07 Out >aETrue Data Out
- twe |
CHIP CLEAR
Waveforms
VW
CE /
ViL /
VH \
OE \
Vi ts tH
w
__VH
WE
tw = 10ms
Vi ts =tH=1ps
VH = 12.0V 0.5V
SUPPLEMENTARY CONTROL
Mode CE OE WE A9 Vce O1
Chip Clear ViL VH ViL X Vce
Extra Row Read ViL ViL Vi A9 = VH Vce Data Out
Extra Row Write * VIH * A9 = VH Vce Data In
Note: VH = 12.0V 0.5V * Pulsed per programming waveforms.
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28C16A

DEVICE OPERATION

The Microchip Technology Inc 28C16A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

OperationMode | CE |OE | WE | VO
Read L L H Dour
Standby H X X High Z
Write Inhibit H X X High Z
Write Inhibit X L X High Z
Write Inhibit X X H High Z
Byte Write L H L DiN
Byte Clear Automatic Before Each "Write"

X =Any TTL level.
Read Mode

The 28C16A has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip enable (CE) is the power control and
should be used for device selection. Output Enable
(OE) is the output control and is used to gate data to the
output pins independent of device selection. Assuming
that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tce). Data is
available at the output toE after the falling edge of OE,
assuming that CE has been low and addresses have
been stable for at least tacc-tOE.

Standby Mode

The 28C16A is placed in the standby mode by applying
ahigh signalto the CE input. When in the standby mode,
the outputs are in a high impedance state, independent
of the OE input.

Data Protection

Inorder to ensure dataintegrity, especially during critical
power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, aninternal Vcc detect (3.3 volts typical) will inhibit
the initiation of non-volatile programming operation when
Vcc is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that prevents WE
pulses of less than 10ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

Write Mode

The 28C16A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and
initiated by a low going pulse on the WE pin. On the
falling edge of WE, the address information is latched.
On rising edge, the data and the control pins (CE and
OE) are latched.

Data Polling

The 28C16A features Data polling to signal the comple-
tion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of I/07 (I/O0 to 1/06 are indeterminable).
After completion of the write cycle, true data is available.
Data polling allows a simple read/compare operation to
determine the status of the chip eliminating the need for
external hardware.

Electronic Signature for Device Identification

An extra row of 32 bytes of EEPROM memory is avail-
able to the user for device identification. By raising A9
to 12V £0.5V and using address locations 7EO to 7FF,
the additional bytes can be written to or read from in the
same manner as the regular memory array.

Optional Chip Clear
All data may be cleared to 1's in a chip clear cycle by

raising OE to 12 volts and bringing the WE and CE low.
This procedure clears all data, except for the extra row.

DS11125B-6
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NOTES:
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28C16A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
28C16AF -15 1/P

Package: Cerdip

J
K Ceramic Leadless Chip Carrier (LCC)
L  Plastic Leaded Chip Carrier (PLCC))
P Plastic DIP

——I Temperature Blank 0°C to70°C
Range: I -40°C to85°C
Access Time: 15 150 nsec
I 20 200 nsec
25 250 nsec

————I Option: - =twc=1ms
F  =twc=200us

{ Device: 16K (2K x 8) CMOS EEPROM

DS11125B-8 2.16 © 1990 Microchip Technology Inc.
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Microchip

28C17A

16K (2K x 8) CMOS Electrically Erasable PROM

FEATURES

.

.

Fast Read Access Time—150ns Maximum
CMOS Technology for Low Power Dissipation
—30mA Active

—100pA Standby

Fast Byte Write Time—200us or 1ms

Data Retention >10 years

High Endurance 10* Erase/Write Cycles
Automatic Write Operation

—Internal Control Timer

—Auto-Clear Before Write Operation
—On-Chip Address and Data Latches

Data Polling

Ready/Busy

Chip Clear Operation

Enhanced Data Protection

—Vcc Detector

—Pulse Filter

—Write Inhibit

Electronic Signature for Device Identification
5-Volt-Only Operation

Organized 2Kx8 JEDEC Standard Pinout
—28 Pin Dual-In-Line Package

—32-Pin Chip Carrier (Leadless or Plastic)
Available for Extended Temperature Ranges:
—Commercial: 0° Cto 70° C

—Industrial: -40° C to 85° C

—Military *: -65° C to 125° C

PIN CONFIGURATION

Top View

RDY/BSY
Ne [
A7
As[]
As[]
A4l
A3[]
a2
At
Ao[]10
voo [ 11
Vo1 {}12

¥o2[]13
Vss [ 14

RG]

DIP/SOIC

®Pin 1 indicator on PLCC on top of package

DESCRIPTION

The Microchip Technology Inc 28C17A is a CMOS 16K
non-volatile electrically Erasable and Programmable
Read Only Memory. The 28C17A is accessed like a
static RAM for the read or write cycles without the need
of external components. During a “byte write”, the
address and data are latched internally, freeing the
microprocessor address and data bus for other opera-
tions. Following the initiation of write cycle, the device
will go to a busy state and automatically clear and write
the latched data using an internal control timer. To
determine when the write cycle is complete, the user has
a choice of monitoring the Ready/Busy output or using
Data polling. The Ready/Wsy pin is an open drain
output, which allows easy configuration in wired-or
systems. Alternatively, Data polling allows the user to
read the location last written to when the write operation
is complete. CMOS design and processing enables this
part to be used in systems where reduced power con-
sumption and reliability are required. A complete family
of packages is offered to provide the utmost flexibility in
applications.

* See military data sheet DS60036.

BLOCK DIAGRAM OO wrevers o7
v Data Protection

Vet Gircuitry

CE—» Chip Enable/

== Qutput Enable

&E» Control Logic

WE== Auto Erase/Write | Data Input/Output
Rdy/ < Timing Poll Buffers
Y Program Voltage

Generation

10 , ,

1 __—: L Decoder Y Gating

b ] a T

[ t

1~ ﬁ

1 — !

e X 16K bit

1 = -

| — s Decoder Cell Matrix

| ]

A10

Pn’@nimﬁnary Information

© 1990 Microchip Technology Inc.
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28C17A

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE MAXIMUM RATINGS*
Name Function
Vec and input voltages w.r.t. Vss ... -0.6V to + 6.25V
AO - A10 Address Inputs Voltage on OE w.r.t. VSS......ccccccccrvennccce -0.6V to +13.5V
CE Chip Enable Voltage on A9 w.r.t. Vss -0.6V to +13.5V
OE Output Enable Output Voltage w.r.t. Vss .. -0.6V to Vcc+0.6V
WE Write Enable Storage temperature ................... -65°Cto 125°C
1/00 - /07 Data Inputs/Outputs Ambient temp. with power applied......... -50°Cto 95° C
RDY/Busy Ready/Busy
Vec +5V Power Supply *Notice: Stresses above those listed under “Maximum Rat-
Vss Ground ings” may cause permanent damage to the device. This is a
NC No Connect; No Internal stress rating only and functional operation of the device at
Connection those or any other conditions above those indicated in the
B operation listings of this specification is not implied. Exposure
NU Not Use‘,” N.o External to maximum rating conditions for extended periods may affect
Connection is Allowed device reliability.
READ / WRITE OPERATION Voo = +5V £10%
DC Characteristics Commercial (C): Tamb= 0" Cto 70" C
Industrial (l): Tamb=-40" C t0 85° C
Parameter Status Symbol Min Max |Units| Conditions
Input Voltages Logic "1" VH 20 |Vcc+1| V
Logic "0" Vi -0.1 0.8 \"
Input Leakage ILi -10 10 MA | ViIN=-0.1V to Vco+1
Input Capacitance CiN 10 pF | VIN=0V; Tamb =25° C;
f=1MHz
Output Voltages Logic "1" VoH 24 V | loH=-400pA
Logic "0" VoL 0.45 \ loL=2.1mA
Output Leakage Lo -10 10 pA | Vour=-0.1V to Vcc+0.1V
Output Capacitance Cout 12 pF | VIN=0V; Tamb = 25° C;
f=1MHz
Power Suppy Current, Active TTL input lcc 30 mA | f=5MHz (Note 1)
Vece =5.5V;
Power Supply Current, Standby | TTLinput | lcc@TTL 2 | mA|CE=VH(0°"Cto70°C)
TTL input lecs)TTL 3 mA | CE =V (-40° C to 85° C)
CMOS input | lcc(s)cmos 100 pA | CE =Vcc-0.3 to Vec+1

Note: (1) AC power supply current above 5 MHz: 1 mA/MHz

DS11127B-2
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28C17A

READ OPERATION AC Testing Waveform:  ViH=2.4V; ViL= 0.45V; VoH=2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF
Input Rise and Fall Times: 20 nsec
Ambient Temperature: Commercial (C): Tamb= 0°Cto70°C
Industrial (I): Tamb=-40"Ct085 C

Parameter Sym | 28C17A-15 | 28C17A-20 | 28C17A-25 | Units | Conditions

Min [ Max | Min | Max | Min | Max

Address to Output Delay tacc 150 200 250 | ns | OE=CE=ViL
CE to Output Delay tcE 150 200 250 | ns | OE=Vu
OE to Output Delay toE 70 80 100 | ns | CE=WiL

CE or OE High to Output Float |[torf | 0 | 50 | 0 | 55 | 0 70 ns

Output Hold from Address, CE | toH 0 0 0 ns
or OE, whichever occurs first.

READ WAVEFORMS
ViH L~
Address ><Z Address Valid <
Vi
VW
CE —
Vi
tCE(2) ———|
VW
OE
ViL {OFF(1,3) [<*+—
~— tOE(2) —»| {OH |--—
VoH . .
Data : High Z U vaig output AN\ _High Z
vou | AN /
tacc -
Notes: (1) toFFis specified for OE or CE, whichever occurs first -
(2) OE may be delayed up to tcE - tOE after the falling edge of CE without impact on e
(3) This parameter is sampled and is not 100% tested

© 1990 Microchip Technology Inc. DS11127B-3




28C17A

2

the positive edge of CE or WE, whichever occurs first.
Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until
toH after the positive edge of WE or CE, whichever occurs first.

:éTgh:::geEﬁs“cs g(jt;':tsltggd\lyaviaform. Yl'?T—Lzliz\a/c’! \,/f"} 6 ::FSV VoH = 2.0V; VoL = 0.8V
Input Rise/Fall Times: 20 nsec
Ambient Temperature: 'Commercial (C): Tamb= 0°Cto70°C

Industrial ~ (l): Tamb =-40° Ct0 85° C

Parameter Symbol Min | Max |Units| Remarks

Address Set-Up Time tas 10 ns

Address Hold Time taH 50 ns

Data Set-Up Time tps 50 ns

Data Hold Time oH 10 ns

Write Pulse Width tweL 100 ns | Note1

Write Pulse High Time twrH 50 ns

OE Hold Time 10EH 10 ns

OE Set-Up Time OES 10 ns

Data Valid Time tov 1000 | ns | Note?2

Time to Device Busy oB 50 ns

Write Cycle Time (28C17A) twe 1 ms | 0.5 ms typical

Write Cycle Time (28C17AF) we 200 us | 100us typical

Note: (1) A write cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on

PROGRAMMING
Waveforms

VIH

Address

X

CE, WE

Data In

vl

| tAH ————

N

- {WPL

7

|-t DV} t——— tDS ———>~

tDH

tOES
VIH

OE
ViL

VoH

tOEH

Rdy/Busy
Vou

twe

E' Busy Ready
[— tDB |
"

DS11127B-4
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28C17A

DATA POLLING
Waveforms

VIH -
Address :>< Address Valid >< f f Ala%srte\;in\t/t:{iwd > <
i tACC |-
Vi tce -
e o N\ (NN
ViL /{

tWPH

WE VK _\4—1pr—> H;l\ \\(W

Vi

toe
V'
77 TS
—= tDv

VIH : B
Data " D\?;ﬂn >< {{ >§( 1/07 Out ><Fme Data Out

- twe |

CHIP CLEAR
Waveforms

ViL
VH \
OE
VIH s " \
tw
___VH
WE
tw = 10ms
v ts =tH=1ps

VH =12.0V £0.5V

SUPPLEMENTARY CONTROL
Mode CE OE WE A9 Vee /(o]
Chip Clear ViL VH ViL X vce
Extra Row Read ViL ViL VIH A9 = VH Vce Data Out
Extra Row Write * ViH * A9 = VH Vce Data In
Note: VH = 12.0V £0.5V * Pulsed per programming waveforms.
© 1990 Microchip Technology Inc. DS11127B-5
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DEVICE OPERATION

The Microchip Technology Inc 28C17A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

Operation Mode|CE | OE | WE| /O | Rdy/Busy(1)
Read L|{L| H|Dour |H

Standby H| X | X [HighZ|H

Write Inhibit H| X | X |HighZ|H

Write Inhibit X|{L| X |Hghz/H

Write Inhibit X| X | H |HighZ|H

Byte Write L|{H|L|DN L

Byte Clear Automatic Before Each "Write"

Note: (1) Open drain output.
(2) X = Any TTL level.

Read Mode

The 28C17A has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip enable (CE) is the power control and
should be used for device selection. Output Enable (OE)
is the output control and is used to gate data to the output
pins independent of device selection. Assuming that
addresses are stable, address access time (tAcc) equal
to the delay from CE to output (tce). Datais available at
the outputtoE after the falling edge of OE, assuming that
CE has been low and addresses have been stable for at
least tACC-tOE.

Standby Mode

The 28C17A is placed in the standby mode by applying
ahigh signalto the CE input. When in the standby mode,
the outputs are in a high impedance state, independent
of the OF input.

tecti

In orderto ensure data integrity, especially during critical
power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, aninternal Vcc detect (3.3 volts typical) will inhibit
the initiation of non-volatile programming operation when
Vcc is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that prevents—W_E
pulses of less than 10ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

Wri

The 28C17A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and
initiated by a low going pulse on the WE pin. On the
falling edge of WE, the address information is latched.
On rising edge, the data and the control pins (CE and
OE) arelatched. The Ready/Busy pingoestoalogiclow
level indicating that the 28C17A is in a write cycle which
signals the microprocessor host that the system bus is
free for other activity. When Ready/Busy goes back to
a high, the 28C17A has completed writing and is ready
to accept another cycle.

Data Polling

The 28C17A features Data polling to signal the comple-
tion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of 1/07 (/OO0 to I/O6 are indeterminable).
After completion of the write cycle, true data is available.
Data polling allows a simple read/compare operation to
determine the status of the chip eliminating the need for
external hardware.

ectronic Si r ice | ificati

An extra row of 32 bytes of EEPROM memory is avail-
able to the user for device identification. By raising A9
to 12V +0.5V and using address locations 7EO to 7FF,
the additional bytes can be written to or read from in the
same manner as the regular memory array.

Optional Chip Clear
All data may be cleared to 1's in a chip clear cycle by

raising OE to 12 volts and bringing the WE and CE low.
This procedure clears all data, except for the extra row.

DS11127B-6
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NOTES:
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28C17A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the

factory or the listed sales offices.

PART NUMBERS
26CI7AF -15 1/P

—

Package:

Temperature
Range:

A Time:

1

—

Option:

Device:

%)
QUrxec

Blank
I

15
20
25

F

28C17A

Cerdip

Ceramic Leadless Chip Carrier (LCC)
Plastic Leaded Chip Carrier (PLCC))
Plastic DIP

Plastic Small Outline IC

0°Cto70°C
-40°C t085°C
150 nsec
200 nsec
250 nsec

=tWCc=1ms
= fwc = 200us

(2K x 8) CMOS EEPROM

DS11127B-8
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Microchip

28C17A

DICE FORM

16K (2K x 8) CMOS Electrically Erasable PROM

FEATURES

» 250ns Access Time
+ CMOS Technology for Low Power Dissipation
—30mA Active
—100pA Standby
» Fast Byte Write Time—1ms
* Automatic Write Operation
—Internal Control Timer
—Auto-Clear Before Write Operation
—On-Chip Address and Data Latches
- Data Polling
+ Ready/Busy
¢ Chip Clear Operation
» Enhanced Data Protection
—Vcc Detector
—Pulse Filter
—Write Inhibit
« Electronic Signature for Device Identification
« 5-Volt-Only Operation
» Commercial Temperature Range:
—0°Cto70°C
« Available in Wafer Form or Waffle Pack

DESCRIPTION

The Microchip Technology Inc 28C17A is a CMOS 16K
non-volatile electrically Erasable and Programmable
Read Only Memory. The 28C17A is accessed like a
static RAM for the read or write cycles without the need
of external components. During a “byte write”, the
address and data are latched internally, freeing the
microprocessor address and data bus for other opera-
tions. Following the initiation of write cycle, the device
will go to a busy state and automatically clear and write
the latched data using an internal control timer. To
determine when the write cycle is complete, the user has
a choice of monitoring the Ready/Busy output or using
Data polling. The Ready/Busy pin is an open drain
output, which allows easy configuration in wired-or
systems. Alternatively, Data polling allows the user to
read the location last written to when the write operation
is complete. CMOS design and processing enables this
part to be used in systems where reduced power con-
sumption and reliability are required.

DIE CONFIGURATION
Die Size: 137 x 117 sq. mils

068838383 858¢2xz
:::::g =E=S=<<
CE
A10
OE

RDY/BSY

A2

A3

BLOCK DIAGRAM
/OO0 «evrens o7
VSSap]
Data Protection
Veo Circuitry
CE~»1 Chip Enable/
— Output Enable
OE—» Control Logic
WE—» Auto Erase/Write || Data Input/Output
Rdy/ ~a—] Timing Poll Buffers
usy Program Voltage
Generation
3 v
Y Gatin
[ L Decoder 9
I — a T T
] —_:l t
' —} ﬁ
Hmer I I x 16K bit
' s Decoder Cell Matrix
11—
A10

Preliminary Information
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28C17A DICE FORM

ELECTRICAL CHAR
PIN FUNCTION TABLE L .C RIC . C* ACTERISTICS
Maximum Ratings
Name Function
Vcc and input voltages w.r.t. Vss ........ -0.6V to + 6.25V
AO - A10 Address Inputs Voltage on OE w.r.t. Vss... .-0.6V to +13.5V
CE Chip Enable Voltage on A9 w.r.t. Vss ... ..-0.6V to +13.5V
OE Output Enable Output Voltage w.r.t. Vss . .-0.6V to Vcc+0.6V
WE Write Enable Storage temperature ...........cceeueucnee. -65° Cto 125°C
/00 - /07 Data Inputs/Outputs Ambient temp. with power applied........ -50°Ct095°C
RDY/Busy Ready/Busy
vee +5V Power Supply *Notice: Stresses above those listed under “Maximum Rat-
Vss Ground ings” may cause permanent damage to the device. Thisis a
NC No Connect; No Internal stress rating only and functional operation of the device at
Connection those or any other conditions above those indicated in the
operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
device reliability.
READ / WRITE OPERATION Vee = +5V £10%
DC Characteristics Commercial: Tamb= 0°Ct070°C
Parameter Status Symbol Min Max |Units| Conditions
Input Voltages Logic "1" ViH 20 [|Vce+1| V
Logic "0" ViL -0.1 0.8 \
Input Leakage i -10 10 HA | ViN=-0.1V to Vcc+1
Input Capacitance CIN 10 pF | VIN=0V; Tamb = 25° C;
f=1MHz
Output Voltages Logic "1" VoH 24 V | loH=-400uA
Logic "0" VoL 0.45 Vv loL=2.1mA
Output Leakage Lo -10 10 uA | Vout=-0.1V to Vcc+0.1V
Output Capacitance Cout 12 pF | ViN=0V; Tamb = 25" C;
f=1MHz
Power Suppy Current, Active TTL input lcc 30 mA | f=5MHz (Note 1)
Vee = 5.5V,
Power Supply Current, Standby | TTLinput | lcc)TTL 2 | mA | CE=Wn
CMOS input | lcc(s)emos 100 uA | CE =Vcc-0.3 to Vec+1

Note: (1) AC power supply current above 5 MHz: 1 mA/MHz

DS11134B-2
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28C17A DpICE FORM

READ OPERATION AC Testing Waveform: ViH=2.4V; ViL= 0.45V; VoH=2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF
Input Rise and Fall Times: 20 nsec
Ambient Temperature: Commercial: Tamb= 0"Cto70°C
Parameter Sym 28C17A-25 Units Conditions
Min Max
Address to Output Delay tacc 250 ns OE =CE=ViL
CE to Output Delay tce 250 ns ‘OE = ViL
OE to Output Delay toE 100 ns CE=Vi
CE or OE High to Output Float tOFF 0 70 ns
Output Hold from Address, CE toH 0 ns
or OE, whichever occurs first.
READ WAVEFORMS
VIH — =
Address > Address Valid >
Vi
VIH
CE _
Vi
tCE(R) ——=
_VH
OE _
ViL fOFF(1,3) [*—
~<— {OE(2) —»| 1OH |—
VOH . .
Data High Z i Valid Output High 2
VoL \\\\ /
- tacc -
Notes: (1) toFFis specified for OE or CE, whichever occurs first .
(2) OE may be delayed up to fCE - tOE after the falling edge of CE without impact on CE
(3) This parameter is sampled and is not 100% tested

© 1990 Microchip Technology Inc. 2.97 DS11134B-3




28C17A DICE FORM

the positive edge of CE or WE, whichever occurs first.
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least
until iDH after the positive edge of WE or CE, whichever occurs first.

BYTE WRITE AC Testing Waveform: ViH = 2.4V; VIL = 0.45V; VoH = 2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF )
Input Rise/Fall Times: 20 nsec
Ambient Temperature: - Commercial: Tamb = 0°C to 70°C
Parameter Symbol Min Max Units Remarks
Address Set-up Time tas 50 ns
Address Hold Time tAH 100 ns
Data Set-Up Time oS 100 ns
Data Hold Time DH 50 ns
Write Pulse Width twrL 100 ns Note 1
Write Pulse High Time tWPH 50 ns
OE Hold Time toEH 10 ns
OE Set-Up Time {oES 10 ns
Data Valid Time ov - 1000 ns Note 2
Time to Device Busy B - 50 ns
Write Cycle Time (28C17A) we - 1 ms 0.5 ms typical
Note: (1) A write cycle can be initiated C CE or WE going low, whichever occurs last. The data is latched on

PROGRAMMING
Waveforms

VIH

Address
ViL

__ VH
CE, WE
ViL

VIH
Data In

————— tAH ————

twpPL

[a—tDV-

|———r {DS ———

tDH

ViL

tOES Ll—-—

ViH
ViL

VOH

tOEH

Rdy/Busy
VoL

twe

E' Busy Ready
l— tDB
-

DS11134B-4
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28C17A DICE FORM

DATA POLLING
Waveforms

ViH i
: Last Written
Address v :>< Address Valid >< “ Address Valid > <
L tACC |-
ViH la— tcE -~
SNEN 7
Vi

tWPH

ViH ————_ |~ twPL—p=] =]
WE ViL ﬁ\ \W
v :L tOE e
H
e 7 NN
-~ tDOV |

VIH L
Data Vi 0\7;%“ >< {{ ><LI/O7 Out >§l@'ue Data Out

- twe |

CHIP CLEAR
Waveforms

__VH
CE /

ViL /|
VH N
OE N\
Vi ts tH
|-———— tw -
__VH
WE
tw = 10ms
Vit ts =tH =1ps
VH = 12.0V 0.5V
SUPPLEMENTARY CONTROL
Mode CE OE WE A9 Vce o]
Chip Clear ViL VH ViL X Vce
Extra Row Read ViL ViL VIH A9 = VH Vcce Data Out
Extra Row Write * VIH * A9 = VH Vce Data In
Note: VH =12.0V 0.5V * Pulsed per programming waveforms.
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DEVICE OPERATION

The Microchip Technology Inc 28C17A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

Operation Mode|CE | OE | WE | O | Rdy/Busy(1)
Read L|L| H|Dour |H

Standby H{ X | X |HighZ|H

Write Inhibit H| X | X |HighZH

Write Inhibit X| L | X |HghZ|H

Write Inhibit X| X | H |HghZ|H

Byte Write L|{H|L|[DN L

Byte Clear Automatic Before Each "Write”

Note: (1) Open drain output.
(2) X = Any TTL level.

Read Mode

The 28C17A has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip enable (CE) is the power control and
should be used for device selection. Output Enable (OE)
isthe output control and is used to gate data to the output
pins independent of device selection. Assuming that
addresses are stable, address access time (tacc) equal
tothe delay from CE to output (tce). Data is available at
the output toe after the falling edge of OE, assuming that
CE has been low and addresses have been stable for at
least tacc-tOE.

Standby Mode

The 28C17A is placed in the standby mode by applying
ahigh signal to the CE input. When in the standby mode,
the outputs are in a high impedance state, independent
of the OE input.

ata Protection

In order to ensure data integrity, especially during critical
power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, aninternal Vcc detect (3.3 volts typical) will inhibit
the initiation of non-volatile programming operation when
Vcce is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that preventsVWE
pulses of less than 10ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

Write Mode

The 28C17A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and
initiated by a low going pulse on the WE pin. On the
falling edge of WE, the address information is latched.
On rising edge, the data and the control pins (CE and
OE) are latched. The Ready/Busy pingoesto alogic low
level indicating that the 28C17A is in a write cycle which
signals the microprocessor host that the system bus is
free for other activity. When Ready/Busy goes back to
a high, the 28C17A has completed writing and is ready
to accept another cycle.

Data Polli

The 28C17A features Data polling to signal the comple-
tion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of /07 (1/O0 to /06 are indeterminable).
After completion of the write cycle, true datais available.
Data polling allows a simple read/compare operation to
determine the status of the chip eliminating the need for
external hardware.

lectronic Si re for Device Identification
An extra row of 32 bytes of EEPROM memory is avail-
able to the user for device identification. By raising A9
to 12V +0.5V and using address locations 7EO to 7FF,
the additional bytes can be written to or read from in the
same manner as the regular memory array.

Optional Chip Clear

All data may be cleared to 1's in a chip clear cycle by
raising OE to 12 volts and bringing the WE and CE low.
This procedure clears all data, except for the extra row.

DS11134B-6
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NOTES:
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28C17A DICE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refar to the
factory or the listed sales officas.

PART NUMBERS
28C17A -25 -/ W

Package:

Temperature
Range:

] Device:

—————] Access Time:

Blank

25

28C17A

Dice in Wafer Form
Dice in Waffle Pack

0°C to70°C

250 nsec

(2K x 8) CMOS EEPROM

2-32
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microchip 28C64A

64K (8K x 8) CMOS Electrically Erasable PROM

FEATURES DESCRIPTION
» Fast Read Access Time—150ns Maximum The Microchip Technology Inc 28C64A is a CMOS 64K
» CMOS Technology for Low Power Dissipation non-volatile electrically Erasable and Programmable
—30mA Active Read Only Memory. The 28C64A is accessed like a
—100pA Standby static RAM for the read or write cycles without the need
« Fast Byte Write Time—200us or 1ms of external components. During a “byte write”, the
+ Data Retention >10 years address and data are latched internally, freeing the
+ High Endurance 10* Erase/Write Cycles microprocessor address and data bus for other opera-
* Automatic Write Operation tions. Following the initiation of write cycle, the device
—Internal Control Timer will go to a busy state and automatically clear and write
—Auto-Clear Before Write Operation the latched data using an internal control timer. To
—On-Chip Address and Data Latches determine when the write cycleis complete, the user has
+ Data Polling a choice of monitoring the Ready/ﬁ); output or using
« Ready/Busy Data polling. The Ready/Busy pin is an open drain
« Chip Clear Operation output, which allows easy configuration in wired-or
« Enhanced Data Protection systems. Alternatively, Data polling allows the user to
—Vcc Detector read the location last written to when the write operation
—Pulse Filter is complete. CMOS design and processing enables this
—Write Inhibit part to be used in systems where reduced power con-
+ Electronic Signature for Device Identification sumption and reliability are required. A complete family
« 5-Volt-Only Operation of packages is offered to provide the utmost flexibility in
* Organized 8Kx8 JEDEC Standard Pinout applications.

—28 Pin Dual-In-Line Package

—32-Pin Chip Carrier (Leadless or Plastic)
Available for Extended Temperature Ranges:
—Commercial: 0° Cto 70° C

—Industrial: -40° Ct0 85° C

—Military**: -565° C to 125° C

** See Military Data Sheet DS60003

PIN CONFIGURATION BLOCK DIAGRAM 10O «veenee Vo7
Top View A
V5Smmine]
Data Protection
ROYBSY[fe1 ~  28[]vec Voo Circuitry

A12[2 27 1WE CE—»] gr:g: (Egal;lglle }

p— utput £n:
:Z g 3 222 % ;‘: O_E—F‘ Control Logic
A5[]5 24[7 9 WE—> Auto Erase/Write || Data ||  Input/Output
aslls 23[] A1 Rdy/ < Timing Pol Buffers
A3l]7 22[7OE el Program Voltage
A2(]s 21{] A10 Generation
A9 20[]CE A0
Ao[]10 19[1vo7 1 — \z()de Y Gating
Voo [] 11 18[ 7106 1= | Decoder
vo1 012 17 vos ! = a I I
vo2[]13 16[] 104 —>
Vss[] 14 15[ /03 : —] ﬁ

—] e X 64K bit
DIP/SOIC PLCC/LCC : — s Decoder Cell Matrix
—
I
@ Pin 1 indicator on PLCC on top of package A12
Plr@!limmary Information .33 © 1990 Microchip Technology Inc.
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28C64A

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS*

Vcce and input voltages w.r.t. Vss ....... -0.6V to + 6.25V
Voltage on OE w.r.t. Vss
Voltage on A9 w.r.t. Vss...
Output Voltage w.r.t. Vss . .-0.6V to Vcc+0.6V
Storage temperature .-65°Cto125°C
Ambient temp. with power applied........ -50°Ct095°C

-0.6V to +13.5V

*Notice: Stresses above those listed under “Maximum Rat-
ings” may cause permanent damage to the device. Thisis a
stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
device reliability.

PIN FUNCTION TABLE
Name Function
A0 - A12 Address Inputs
CE Chip Enable
OE Output Enable
WE Write Enable
1100 - 1107 Data Inputs/Outputs
RDY/Busy Ready/Busy
Vce +5V Power Supply
Vss Ground
NC No Connect; No Internal
Connection
NU Not Used; No External
Connection is Allowed
READ / WRITE OPERATION

DC Characteristics

Vce = +5V £10%
Commercial (C): Tamb= 0°Cto70°C
Industrial (I): Tamb=-40°Cto 85° C

Parameter Status Symbol Min Max |Units| Conditions
Input Voltages Logic "1" VIH 2.0 vee+tl | V
Logic "0" Vi -0.1 0.8 Vv
Input Leakage ] -10 10 pA | VIN=-0.1V to Vcc+1
Input Capacitance CIN 10 pF | VIN=0V; Tamb = 25" C;
f=1MHz
Output Voltages Logic "1" VoH 2.4 V | loH=-400pA
Logic "0" VoL 0.45 \Y loL=2.1mA
Output Leakage Lo -10 10 pA | Vour=-0.1V to Vcc+0.1V
Output Capacitance Cout 12 pF | VIN=0V; Tamb =25"C;
f=1MHz
Power Suppy Current, Active TTL input lcc 30 mA | f=5MHz (Note 1)
Vce = 5.5V,
Power Supply Current, Standby | TTLinput lcc(s)TTL 2 mA QE =VIH (0°Cto 70° C)
TTL input lccs)TTL 3 mA | CE=VH (-40° C to 85" C)
CMOS input | lcc(sycmos 100 uA | CE =Vcc-0.3 to Vec+1

Note: (1) AC power supply current above 5 MHz: 2 mA/MHz

DS11109C-2
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28C64A

READ OPERATION AC Testing Waveform: VIH=2.4V; ViL= 0.45V; VoH=2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF

Input Rise and Fall Times: 20 nsec

Ambient Temperature: Commercial (C):Tamb= 0°Cto70°C

Industrial (I):Tamb = -40° Ct0 85° C

Parameter Sym | 28C64A-15 | 28C64A-20 | 28C64A-25 | Units | Conditions

Min | Max | Min | Max | Min | Max

Address to Output Delay tacc 150 200 250 | ns | OE=CE=ViL
CE to Output Delay tcE 150 200 250 ns | OE=ViL
OE to Output Delay toE 70 80 100 | ns | CE=WL

CE or OE High to Output Float |[torr | O | 50 | 0 | 55 | O 70 ns

Output Hold from Address, CE | toH 0 0 0 ns
or OE, whichever occurs first.

READ WAVEFORMS
VIH L~ =~
Address ><T Address Valid }<
ViL :
__VH
CE
ViL =
tCEQRQ) —
__ VH
OE _
ViL tOFF(1,3) [+
~— 10E(2) - —» tOH |
VoH . .
Data High 2 L vaid output AN\ High 2
VoL AN /
[ ———— {ACC —————— >
Notes: (1) toFFis specified for OE or CE, whichever occurs first o
(2) OE may be delayed up to CE - tOE after the falling edge of CE without impact on e
(3) This parameter is sampled and is not 100% tested

© 1990 Microchip Technology Inc. DS11109C-3




28C64A

AC Characteristics Output L oad:

BYTE WRITE AC Testing Waveform:

Input Rise/Fall Times:

VIH = 2.4V; ViL = 0.45V; VOH = 2.0V; VoL = 0.8V
1 TTL Load + 100 pF
20 nsec

Ambient Temperature: Commercial (C): Tamb= 0°Cto70°C
Industrial (I): Tamb =-40°Ct0 85" C
Parameter Symbol Min Max |Units| Remarks
Address Set-Up Time tAs 10 ns
Address Hold Time tAH 50 ns
Data Set-Up Time tos 50 ns
Data Hold Time toH 10 ns
Write Pulse Width twpL 100 ns | Note 1
Write Pulse High Time twPH 50 ns
OE Hold Time tOEH 10 ns
OE Set-Up Time toES 10 ns
Data Valid Time tov 1000 | ns | Note2
Time to Device Busy oB 50 ns
Write Cycle Time (28C64A) we 1 ms | 0.5 ms typical
Write Cycle Time (28C64AF) twc 200 us | 100us typical

Note: (1) A write cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on
the positive edge of CE or WE, whichever occurs first.
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until
toH after the positive edge of WE or CE, whichever occurs first.

PROGRAMMING
Waveforms

VIH

Address

tAS>| |- tAH

CE, WE

24-—— twpPL —-—————>Z

tDH

Data In

P
|t DV-|¢——— tDS ———>~] ’j}

tOES <
VIH

ViL

VoH

tOEH

Rdy/Busy
VoL

twc

L Busy Ready
tpB
o

DS11109C-4
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28C64A

DATA POLLING
Waveforms

ViH
Address :>< Address Valid ><
ViL

Last Written
Address Valid

X

VIH
CE \
ViL

L =
75\

|——

WE ViH < twPL—
Vi

ViH
SN/
ViL

—| tDV |-
ViH
Data Vi D\th‘ién { 5 ><: 1/07 Out >§FTrue Data Out
- twe >

CHIP CLEAR

Waveforms
VMW
CE /

ViL /

VH \|
OE \

Vi ts tH

————— tw
___VH
WE
tw = 10ms
Vit ts =tH =1ps
VH = 12.0V 0.5V
SUPPLEMENTARY CONTROL
Mode CE OE WE A9 Vce o]
Chip Clear ViL VH ViL X Vce
Extra Row Read ViL ViL VIH A9 = VH Vce Data Out
Extra Row Write * VIH * A9 = VH Vce Data In
Note: VH=12.0V 0.5V * Pulsed per programming waveforms.
© 1990 Microchip Technology Inc. DS11109C-5
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28C64A

DEVICE OPERATION

The Microchip Technology Inc 28C64A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

Operation Mode| CE | OE | WE | /0 | Rdy/Busy(1)
Read L{L|H|Dour [H

Standby H| X | X [HighZH

Write Inhibit H| X | X |HighZ|H

Write Inhibit X|L| X |HghzZz/H

Write Inhibit X| X | H |HighZ|H

Byte Write L|H| L |[DN L

Byte Clear Automatic Before Each "Write"

Note: (1) Open drain output.
(2) X = Any TTL level.

Read Mode

The 28C64A has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip enable (CE) is the power control and
shouldbe used for device selection. Output Enable (OE)
is the output control and is used to gate data to the output
pins independent of device selection. Assuming that
addresses are stable, address access time (tAcc) is
equal to the delay from CE to output (tcg). Data is
available at the output toE after the falling edge of OE,
assuming that CE has been low and addresses have
been stable for at least tAcc-toE.

Standby Mode

The 28C64A is placed in the standby mode by applying
a high signal to the CE input. When in the standby mode,
the outputs are in a high impedance state, independent
of the OE input.

Data Protection

In order to ensure data integrity, especially during critical
power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, an internal Vcc detect (3.3 volts typical) will inhibit
the initiation of non-volatile programming operation when
Vcc is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that preventsmi
pulses of less than 10ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

Write Mod

The 28C64A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and
initiated by a low going pulse on the WE pin. On the
falling edge of WE, the address information is latched.
On rising edge, the data and the control pins (CE and
OE) are latched. The Ready/Busy pin goes to alogic low
level indicating that the 28C64A is in a write cycle which
signals the microprocessor host that the system bus is
free for other activity. When Ready/Busy goes back to
a high, the 28C64A has completed writing and is ready
to accept another cycle.

Data Polling

The 28C64A features Data polling to signal the comple-
tion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of /07 (1/00 to I/O6 are indeterminable).
After completion of the write cycle, true data is available.
Data polling allows a simple read/compare operation to
determine the status of the chip eliminating the need for
external hardware.

Electronic Signature for Device | ificati

An extra row of 32 bytes of EEPROM memory is avail-
able to the user for device identification. By raising A9
to 12V +0.5V and using address locations 1FEO to
1FFF, the additional bytes can be written to or read from
in the same manner as the regular memory array.

ional Chip Cl

All data may be cleared to 1's in a chip clear cycle by
raising OE to 12 volts and bringing the WE and CE low.
This procedure clears all data, except for the extra row.

DS11109C-6
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NOTES:
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28C64A

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
28C64AF - 15 1/P

Cerdip

Ceramic Leadless Chip Carrier (LCC)
Plastic Leaded Chip Carrier (PLCC))
Plastic DIP

Plastic Small Qutline IC

Package:

(72}
OvuvrxXc

Temperature Blank 0°C to70°C
Range: I -40°C to85°C

A Time: 15 150 nsec
20 200 nsec
25 250 nsec

Option: - =twc=1ms
F  =twc=200ps
X Pin 1 NC (Pin 2 PLCC), twc = 1tms

| Device: 64K (8K x 8) CMOS EEPROM

DS11109C-8 .40 © 1990 Microchip Technology Inc.



: 28C64A

Microchip DICE FORM
64K (8K x 8) CMOS Electrically Erasable PROM

FEATURES D!E (FONFIGURATIQN
Die Size: 134 x 206 sqg. mils

» 250ns Access Time

« CMOS Technology for Low Power Dissipation —
—30mA Active CE
—100pA Standby A10

» Fast Byte Write Time—1ms

Automatic Write Operation

—Internal Control Timer

—Auto-Clear Before Write Operation

—On-Chip Address and Data Latches

Data Polling

* Ready/Busy

Chip Clear Operation

Enhanced Data Protection

—Vcc Detector

—Pulse Filter

—Write Inhibit

Electronic Signature for Device Identification

5-Volt-Only Operation

Commercial Temperature Range:

.

.

.

—0°Cto70°C

* Available in Wafer Form or Waffle Pack OE

AT m@m a o
DESCRIPTION 228 |§ > 2223
The Microchip Technology Inc 28C64A is a CMOS 64K é
non-volatile electrically Erasable and Programmable
Read Only Memory. The 28C64A is accessed like a
static RAM for the read or write cycles without the need BLOCK DIAGRAM OO weseees 107
of external components. During a “byte write”, the
address and data are latched internally, freeing the \‘;::"_: Data Protection
microprocessor address and data bus for other opera- . Circuitry
. . C o . . CE—» Chip Enable/
tions. Following the initiation of write cycle, the device = Output Enable
will go to a busy state and automatically clear and write %S: Control Logic —
the latched data using an internal control timer. To roy ] | Mg i%ﬁ? TButiers
determine when the write cycle is complete, the user has Busy Program V;:ag "
a choice of monitoring the Ready/Busy output or using | Generation l
Data polling. The Ready/Busy pin is an open drain A0 ”
output, which allows easy configuration in wired-or i< L Decoder Y Gating
systems. Alternatively, Data polling allows the user to : = 2 I I
read the location last written to when the write operation il I i
is complete. CMOS design and processing enables this : e 2 X 64K bit
part to be used in systems where reduced power con- e B Decoder Cell Matrix
sumption and reliability are required. A2 =2
|
Prelimin ary Information 241 © 1990 Microchip Technology Inc.
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28C64A pICE FORM

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE
MAXIMUM RATINGS*
Name Function
Vee and input voltages w.r.t. Vss ....... -0.6V to + 6.25V
A0 - A12 Address Inputs Voltage on OE w.r.t. Vss.... -0.6V to +13.5V
CE Chip Enable Voltage on A9 w.r.t. Vss.. ...-0.6V to +13.5V
OE Output Enable Output Voltage w.r.t. Vss 0.6V to Vcc+0.6V
WE Write Enable Storage temperature -65"°Cto 125°C
1/00 - 1107 Data Inputs/Outputs Ambient temp. with power applied......... -50°Ct095° C
RDY/Busy Ready/Busy
Vce +5V Power Supply e ) o
Vss Ground Notice: Stresses above those listed under “Maximum Rat-
ings” may cause permanent damage to the device. This is a
NU Not Used; No External stress rating only and functional operation of the device at
Connection is Allowed those or any other conditions above those indicated in the
operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
device reliability.
READ / WRITE OPERATION Vee = +5V £10%
DC Characteristics Commercial: Tamb= 0°Cto70°C
Parameter Status Symbol Min Max | Units| Conditions
Input Voltages Logic "1" VIH 2.0 Vee+l| V
Logic "0" ViL -0.1 0.8 Vv
Input Leakage ILi -10 10 MA | VIN=-0.1V to Vcc+1
Input Capacitance CIN 10 pF | VIN=0V; Tamb = 25° C;
f=1MHz
Output Voltages Logic "1" VoH 24 V | loH=-400pA
Logic "0" VoL 0.45 V | loL=2.1mA
Output Leakage Lo -10 10 pA | Vour=-0.1V to Vcc+0.1V
Output Capacitance Cout 12 pF | VIN=0V; Tamb = 25" C;
f=1MHz
Power Suppy Current, Active TTL input lcc 30 mA | f=5 MHz (Note 1)
Vee = 5.5V,
Power Supply Current, Standby | TTLinput | lccs)TTL 2 mA | CE = VH
CMOS input | lcc(s)cmos 100 | pA | CE=Vcc-0.3 to Vec+1

Note: (1) AC power supply current above 5 MHz: 2 mA/MHz

DS11135B-2
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28C64A DICE FORM

READ OPERATION AC Testing Waveform: ViH= 2.4V; ViL= 0.45V; VoH=2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF

Input Rise and Fall Times: 20 nsec

Ambient Temperature: Commercial: Tamb =0°C to 70°C
Parameter Sym 28C64A-25 Units Conditions

Min Max

Address to Output Delay tacc 250 ns OE =CE = ViL
'CE to Output Delay tcE 250 ns OE = ViL
'OE to Output Delay toE 100 ns CE=WL
'CE or OE High to Output Float tOFF 0 70 ns
Output Hold from Address, CE toH 0 ns
or OE, whichever occurs first.

READ WAVEFORMS
VIH = =
Address >< Address Valid }<
ViL
__VH
CE ]
ViL
tCE(Q) ———
__VH
OE _
ViL {OFF(1,3) [<—
< 10E(2) —» {OH |-
VOH . ;
Data High 2 W vaiid ouput NN High Z
VoL \\\\ /
|——————— {ACC —————
Notes: (1) toFFis specified for OE or CE, whichever occurs first .
(2) OE may be delayed up to fcE - tOE after the falling edge of CE without impact on ©CE
(3) This parameter is sampled and is not 100% tested
© 1990 Microchip Technology Inc. DS11135B-3
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28C64A DICE FORM

the positive edge of CE or WE, whichever occurs first.
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least
until toH after the positive edge of WE or CE, whichever occurs first.

BYTE WRITE AC Testing Waveform: ViH = 2.4V; ViL = 0.45V; VoH = 2.0V; VoL = 0.8V
AC Characteristics Output Load: 1 TTL Load + 100 pF
Input Rise/Fall Times: 20 nsec
Ambient Temperature: Commercial: - Tamb = 0°C to 70°C
Parameter Symbol Min Max Units Remarks
Address Set-up Time tas 50 ns
Address Hold Time tAH 100 ns
Data Set-Up Time tos 100 ns
Data Hold Time tDH 50 ns
Write Pulse Width twpL 100 ns Note 1
Write Pulse High Time tWPH 50 ns
OE Hold Time 1OEH 10 ns
OE Set-Up Time toES 10 ns
Data Valid Time tov - 1000 ns Note 2
Time to Device Busy B - 50 ns
Write Cycle Time (28C64A) twc - 1 ms 0.5 ms typical
Note: (1) A write cycle can be_initiated C CE or WE going low, whichever occurs last. The data is Iatchéd on

PROGRAMMING
Waveforms

VIH

Address
Vi

__ VH
CE, WE
Vi

VIH
Data In

tAs:

- tAH
- twpPL

I~

toH

|a—tDV-2>} tDs
ViL L it
toEs

—

VIH
Vi

VoH

:ﬁ)EH

Rdy/Busy
VoL

- twe

E Busy Ready
+— DB _
1

DS11135B-4
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28C64A DICE FORM

DATA POLLING
Waveforms
ViH o
Address >< Address Valid >< f f ijr LastWiiten ><
Vi tAcc |
ViH tce —»
CE ViL \ /// m—
twPH
VIH ————_ |- twPL—>]
e 0 _——”/'?_ﬁ)l\ W
tOE  |wa—
ViH
e NN :L.
v - tOV L
H
Data In
Data " Veld >< { { >§( 1/O7 Out >§FTrue Data Out
- twe ol
CHIP CLEAR
Waveforms
_ VIH
CE
ViL
VH
OE
VIH s
___VH
WE
tw = 10ms
Vi ts =tH = 1pus
VH = 12.0V 0.5V
'SUPPLEMENTARY CONTROL
Mode CE OE WE A9 Vce 1/01
Chip Clear ViL VH ViL X Vce
Extra Row Read ViL Vi ViH A9 = VH Vcc Data Qut
Extra Row Write * VIiH * A9 = VH Vce Data In
Note: VH =12.0V +0.5V * Pulsed per programming waveforms.
© 1990 Microchip Technology Inc. DS11135B-5
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28C64A DICE FORM

DEVICE OPERATION

The Microchip Technology Inc 28C64A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

Operation Mode|CE | OE |WE | /O | Rdy/Busy(1)
Read L|L|H|Dour |H

Standby H| X | X |HighZ|H

Write Inhibit H| X | X |HghZ|H

Write Inhibit X| L | X |HghZlH

Write Inhibit X| X | H|HghZH

Byte Write L{H| L |DnN L

Byte Clear Automatic Before Each "Write"

Note: (1) Open drain output.
(2) X = Any TTL level.

Read Mode

The 28C64A has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip enable (CE) is the power control and
should be usedfor device selection. Output Enable (OE)
is the output control and is used to gate data to the output
pins independent of device selection. Assuming that
addresses are stable, address access time (tAcc) is
equal to the delay from CE to output (tce). Data is
available at the output toE after the falling edge of OE,
assuming that CE has been low and addresses have
been stable for at least tAcc-toE.

Standby Mode

The 28C64A is placed in the standby mode by applying
ahigh signal to the CE input. When in the standby mode,
the outputs are in a high impedance state, independent
of the OE input.

Data Protection

In order to ensure data integrity, especially during critical
power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, an internal Vcc detect (3.3 volts typical) will inhibit
theinitiation of non-volatile programming operation when
Vcc is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that preventsWE
pulses of less than 10ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

Write Mode

The 28C64A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and
initiated by a low going pulse on the WE pin. On the
falling edge of WE, the address information is latched.
On rising edge, the data and the control pins (CE and
OE) are latched. The Ready/Busy pin goes to a logic low
level indicating that the 28C64A is in a write cycle which
signals the microprocessor host that the system bus is
free for-other activity. When Ready/Busy goes back to
a high, the 28C64A has completed writing and is ready
to accept another cycle.

Data Polling

The 28C64A features Data polling to signal the comple-
tion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the data
complement of 1/07 (/00 to /06 are indeterminable).
After completion of the write cycle, true data is available.
Data polling allows a simple read/compare operation to
determine the status of the chip eliminating the need for
external hardware.

Electronic Signature for Device Identification

An extra row of 32 bytes of EEPROM memory is avail-
able to the user for device identification. By raising A9
to 12V 0.5V and using address locations 1FEO to
1FFF, the additional bytes can be written to or read from
in the same manner as the regular memory array.

Optional Chip Clear

Ali data may be cleared to 1's in a chip clear cycle by
raising OE to 12 volts and bringing the WE and CE low.
This procedure clears all data, except for the extra row.

DS11135B-6
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28C64A DICE FORM

NOTES:
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28C64A DICE FORM

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS

28C64A -25 - /W

Package: w

S

————-—I Temperature Blank
Range:

] Access Time: 25

] Device: 28C64A

Dice in Wafer Form
Dice in Waffle Pack

0°C to70°C

250 nsec

(8K x 8) CMOS EEPROM

DS11135B-8
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Microchip
SECTION 3
EPROM PRODUCT SPECIFICATIONS
27C64 64K (8K x 8) CMOS UV Erasable PROM ......cccoeiiirmteenieintreneeeeee et seeee
27C128 128K (16K x 8) CMOS UV Erasable PROM
27C256 256K (32K x 8) CMOS UV Erasable PROM
27C512 512K (64K x 8) CMOS UV Erasable PROM
27HC64 64K (8K x 8) High Speed CMOS UV Erasable PROM ...
27HC256 256K (32K x 8) High Speed CMOS UV Erasable PROM ... 3- 41
27HC1616 256K (16K x 16) High Speed CMOS UV Erasable PROM .. 3- 49
27HC641 64K (8K x 8) High Speed CMOS UV Erasable PROM ... ....3- 57
27Cxxx 27Cxxx EPROM Family Programming Algorithm ..........cccccovininmnicinininicenn 3- 65
© 1990 Microchip Technology Inc. X DS00018C
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®
Microchip 27064
64K (8K x 8) CMOS EPROM
FEATURES DESCRIPTION
« High speed performance The Microchip Technology Inc 27C64 is a CMOS 64K bit

—120ns maximum access time

CMOS Technology for low power consumption
—20mA Active current

—100pA Standby current

Factory programming available
Auto-insertion-compatible plastic packages
Auto ID™ aids automated programming
Separate chip enable and output enable controls
High speed "express" programming algorithm
Organized 8K x 8: JEDEC standard pinouts
—28-pin Dual-in-line package

—32-pin Chip carrier (leadless or plastic)
—28-pin SOIC package

—Tape and reel

Available for extended temperature ranges:
—Commercial: 0" C to 70° C

—Industrial: -40° Ct0 85° C

—Automotive: -40° C to 125° C

—Military** (B): -55° Cto 125° C

(electrically) Programmable Read Only Memory. The
device is organized as 8K words by 8 bits (8K bytes).
Accessing individual bytes from an address transition or
from power-up (chip enable pin going low) is accom-
plishedinlessthan 120ns. This very high speed device
allows the most sophisticated microprocessors to run at
full speed without the need for WAIT states. CMOS
design and processing enables this part to be used in
systems where reduced power consumption and relia-
bility are requirements.

A complete family of packages is offered to provide the
most flexibility in applications. For surface mount appli-
cations, PLCC or SOIC packaging is available. Tape
and reel packaging is also available for PLCC or SOIC
packages. U.V. erasable versions are also available.

PIN CONFIGURATIONS
Top View
veeJ®1 <~ 28 Vee Vep 1 2823 Vee
A12[]2 27[ 1 PGM A2 2 271 PGM
A7[3 26[1NC A7 3 2677 NC
Ae[]4 251 A8 A8 4 250 A8
As[]5 24 A9 A6 571 A5 5 240 A9
IYinl} 23[J A1 ASle | A4 16 23[9 Al
As[]7 22[]0E A4l A3 7 22[ OF
A2[]8 21[]A10 2 A2 -8 2120 A10
A9 20[]CE A1 At e 20~ CE
Ao[]10 . 19[J07 i A0 10 190 o7
oo 1806 NC [iE} 00 cH 1 18[00 06
o1[]12 17[]05 00|13} o1 cH 12 1730 05
o2[]13 16[]04 iTielie i 02 13 160 o4
vss[]14 15[103 5832338 Vss O] 14 1523 03
DIP PLCC/LCC soic
** See 27C64 Military Data sheet DS60011
© 1990 Microchip Technology Inc. DS11107F-1




27C64

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE
Name Function Maximum Ratings*
Vcce and input voltages w.r.t. Vss........ -0.6V to +7.25V
A0 -A12 Address Inputs VPP voltage w.r.t. Vss during
CE Chip Enable programming -0.6V to +14V
OE _ SU’P”‘ E"‘Eab'e Voltage on A9 w.r.t. Vss -0.6V to +13.5V
CGM P:gg::rmnm;ab\i tage Output voltage w.r.t. Vss.. .-0.6V to Vcc +1.0V
O'())P- o7 Datg Outputg 9 Stor:-:lge temperature ‘ -65: Cto150° C
Vee +5V Power Supply Ambient temp. with power applied .....-65° C to 125° C
Vss Ground
I *Notice: Stresses above those listed under “Maximum Ratings”
NC No Conn'ectlon, No Intemal may cause permanent damage to the device. Thisis a strgss
Connections rating only and functional operation of the device at those or any
NU Not Used; No External other conditions above those indicated in the operation listings
Connection Is Allowed of this specification is notimplied. Exposure to maximum rating
conditions for extended periods may affect device reliability.
vee = +5V £10%
READ OPERATION Commercial: Tamb= 0" Cto70°C
DC Characteristics Industrial: Tamb=-40"Ct0 85" C
Automotive: Tamb=-40"Cto 125°C
Parameter Part* Status Symbol Min Max |Units| Conditions
Input Voltages all Logic "1" VIH 2.0 Vee+1 \"
Logic "0" ViL -0.5 0.8 \'
Input Leakage all ILt -10 10 pA | Vin=0to Vcc
Output Voltages all Logic "1" VOH 24 V | loH=-400pA
Logic "0" VoL 0.45 V | loL=2.1mA
Output Leakage all Lo -10 10 pA | Vout= 0V to Vcc
Input Capacitance all CIN 6 pF | ViIN=0V; Tamb = 25" C;
f=1MHz
Output Capacitance all Cout 12 pF | Vout=0V;Tamb= 25" C;
f=1MHz
Power Suppy Current, S TTL input lcct 20 mA | Vcc=5.5V; Vpp = Vcc;
Active X TTL input Iccz 25 mA | f=1MHz;
OE=CE =V,
lout = OmA;
ViL=-0.1t0 0.8 V;
ViH= 2.0 to Vcc;
Note 1
Power Supply Current, | S TTL input. lec(s) 2 mA
Standby X TTL input 3 mA |
all | CMOS input 100 pA | CE = Vcc 0.2V
IpP Read Current all | Read Mode PP 100 WA | VPP =55V
Vep Read Voltage all | Read Mode VPP Vec-0.7 | Vec V_| Note 2
* Parts: S = Standard Power; X = Extended Temp. Range;
Notes: (1) AC Power component above 1MHz: 8mA up to maximum frequency.
(2) Vce must be applied before VPP, and be removed simultaneously or after Vep.

DS11107F-2
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27C64

AC Testing Waveform:  ViH= 2.4V and ViL= 0.45V; VOH= 2.0V VoL =0.8V
READ OPERATION Output Load: 1 TTL Load + 100 pF
AC Characteristics Input Rise and Fall Times: 10nsec
Ambient Temperature: Commercial: Tamb= 0°Cto70°C
Industrial: Tamb = -40°Ct085°C
Automotive: Tamb = -40°Cto 125° C

Parameter Sym| 27C64-12 | 27C64-15 | 27C64-17 | 27C64-20 | 27C64-25 | Units | Conditions
Min | Max | Min | Max [ Min | Max | Min | Max | Min | Max
Address to Output Delay | tacc 120 150 170 200 250| ns | CE=OE=VL
CE to Output Delay tcE 120 150 170 200 250| ns | OE=ViL
OE to Output Delay toE 65 70 70 75 100| ns | CE=VL
CEorOEto O/PHigh [torF| 0 |50 | 0 |50 | 0 |50 | 0 |55 | O |60 | ns
Impedance
Output Hold from foH{ 0 0 0 0 0 ns
Address CE or OE,
whichever occurs first
READ WAVEFORMS
VIH L N
Address >§ Address Valid }<
ViL
_VH
CE A
ViL
| {CE(2) —
__VH
OE .
ViL 10EQ) {OFF(1,3) [—
| toH |
VoH
Outputs High Z /// . \\\ High z
Valid Output
00-07 VoL A\
j————— {ACC ——————]
Notes: (1) toFris specified for OE or CE, whichever occurs first .
(2) OE may be delayed up to tCE - tOE after the falling edge of CE without impact on tce
(3) This parameter is sampled and is not 100% tested. .
© 1990 Microchip Technology Inc. DS11107F-3




27C64

PROGRAMMING Ambient Temperature: Tamb = 25° C +5° C
DC Characteristics Vce = 6.5V +£0.25V, VpPp = VH = 13.0V £ 0.25V
Parameter Status Symbol | Min Max |Units | Conditions
Input Voltages Logic "1" VIH 2.0 | Vce+l \"

. Logic "0" ViL -0.1 0.8 \"
Input Leakage ] -10 10 uA | VIN=0Vto Vcc
Output Voltages Logic "1" VoH 24 \ IoH = -400pA

Logic "0" VoL 0.45 v loL=2.1mA

Vcce Current, program & verify lcca 20 mA | Note 1
Vep Current,program IPP2 25 mA | Note 1
A9 Product Identification VH 115 12,5 \

Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after Vrp

:g%i:algx::gcs AC Testing Waveform: ViH=24Vand ViL=0.45V; VOH=2.0V; VoL=0.8V
Output Load: 1 TTL Load + 100 pF

for Program, Program Verify Ambient Temperature: Tamb =25°C £5° C

and Program Inhibit Modes Vce = 6.5V £ 0.25V, VPP = VH = 13.0V £ 0.25V

Parameter Symbol Min Max |Units| Remarks

Address Set-Up Time tAs 2 us

Data Set-Up Time tos 2 us

Data Hold Time tOH 2 us

Address Hold Time tAH 0 us

Float Delay (2) tOF 0 130 ns

Vcc Set-Up Time tvcs 2 us

Program Pulse Width (1) tPw 95 105 us 100us typical

CE Set-Up Time CES 2 us

OE Set-Up Time toes 2 us

Vpp Set-Up Time tvPs 2 us

Data Valid from OE toe 100 ns

Notes: (1) For express algorithm, initial programming width tolerance is 100pusec £5%.
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data
is no longer driven (see timing diagram).

DS11107F-4 © 1990 Microchip Technology Inc.



27C64

PROGRAMMING
Waveforms
(<———————— Program Verify >
VIH i -
Address >§ Address Stable E<:
ViL N S
VIH s ﬂ tAH | |-—
4 [ | High Z v 7
Data b .
——g Data Stable E——————————g Data Out Valid —
ViL N 7 N - —| 7 E
la— DS —{ —» {DH |w— — g: l—————
13.0V(2) V T o
vep
5.0V ——/-4- tvPS —-|
6.5V(2) g oo
Vee
5.0V __/u_ tvCS —
— VW . T 1 "
CE =
ViL
tPw [ tOES
__ VH |« 1OE_ |
OE (1 A
ViL K _____ j
Notes: (1) ftoF and toE are characteristics of the device but must be accommodated by the programmer
(2) Vec=6.5V+0.25V, VPP = VH = 13.0 V £0.25 V for express algorithm

MODES Read Mode

Operation Mode| GE | OF | PGM | Vee | A9| 00-07 (See Timing Diagrams and AC Characteristics)

Read VIL | ViL | VIH | Vec | X | Dout Read Mode is accessed when

Program VIL | VIH | ViL VH | X | DN

Program Verify | ViL | VIL | VIH VH | X | Dout == o .

Prgram lnhib’{t vl X | x Vi | X | Highz a) the CE pin is low to power up (enable) the chip

Standby VH| X | X Vce | X | HighZ .

Output Disable | ViL | ViH | ViH | Vec | X | High Z b) the OE pin is low to gate the data to the output

Identity ViL | ViL | VIH | Vcc | VH| Identity Code pins.

X =Don't Care
For Read operations, if the addresses are stable, the
address access time (tAcc) is equal to the delay from CE
to output (tCE). Data is transferred to the output after a
delay from the falling edge of OE (tOE).

© 1990 Microchip Technology Inc. DS11107F-5




27C64

Standby Mode

The standby mode is defined when the CE pin is high
(ViH) and a program mode is not defined.

When these condition are met, the supply current will
drop from 20mA to 100pA.

Output Enable

This feature eliminates bus contention in multiple bus
microprocessor systems and the outputs go to a high
impedance when the following condition is true:

« TheOE pin is high and a program is not defined.
¥ V. Wi Versi

Windowed products offer the ability to erase the memory
array. The memory matrix is erased to the all 1's state
as a result of being exposed to ultraviolet light. To
ensure complete erasure, a dose of 15 watt-second/cm?
is required. This means that the device window must be
placed within one inch and directly underneath an ultra-
violet lamp with a wavelength of 2537 Angstroms, inten-
sity of 12,000uW/cm? for approximately 20 minutes.

Programming Mode

The express algorithm has been developed to improve
on the programming throughput times in a production
environment. Up to 10 100-microsecond pulses are
applied until the byte is verified. No overprogramming is
required. A flowchart of the express algorithm is shown
in Figure 1.

Programming takes place when:

a) Vcc is brought to proper voltage,
b) Vppis brought to proper VH level,
c) the CE pin is low,

d) the OE pin is high, and

e) the PGM pin is low.

Since the erased state is “1” in the array, programming
of “0” is required. The address to be programmed is set
via pins A0-A12 and the data to be programmed is
presented to pins 00-O7. When data and address are
stable, OE is high, CE is low and a low-going pulse onthe
PGM line programs that location.

Verify

After the array has been programmed it must be verified
to ensure all the bits have been correctly programmed.
This mode is entered when all the following conditions
are met:

a) Vcc is at the proper level,

b) VPP s at the proper VH level,
c) the CE line is low,

d) the PGM line is high, and

e) the OE line is low.

Inhibit

When programming multiple devices in parallel with
different data, only CE or PGM need be under separate
control to each device. By pulsing the CE or PGM line
low on a particular device in conjunction with the PGM or
CE line low, that device will be programmed; all other
devices with CE or PGM held high will not be pro-
grammed with the data, although address and data will
be available on their input pins (i.e., when a high level is
present on CE or PGM); and the device is inhibited from
programming.

Identity Mode

In this mode specific data is outputted which identifies
the manufacturer as Microchip Technology Inc and
device type. This mode is entered when Pin A9 is taken
to VH (11.5V to 12.5V). The CE and OE lines must be
at VL. AOis used to access any of the two non-erasable
bytes whose data appears on OO0 through O7.

Pin —» Input Output
Identity A0 |O|O|O|O|O|O|O|O|H
71615141312 |1}|0}e
X
| Manufacturer| Vi {0{0[1{0|1]0 1129
Device Type*| ViH |0]0}010]0|0|1]0 02

* Code subject to change.

DS11107F-6
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27C64

Conditions:
Tamb=25"C+5°C
Vce = 6.5 £0.25V
VPP = 13.0 £0.25V

PROGRAMMING - FIGURE 1
EXPRESS ALGORITHM

ADDR = First Location
Vce = 6.5V
VPP = 13.0V

Program one 100 psec pulse
Increment X

Increment Address

| vec=vep-45v55V |«

= original
data?

© 1990 Microchip Technology Inc.
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27C64

SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the

factory or the listed sales offices.

PART NUMBERS

27C64 -25 1 /K

_T_ ] .l-— Package:

| Temperature
Range:

—] Device:

A Time:

OUTr Xe

Cerdip

Ceramic Leadless Chip Carrier
Plastic Leaded Chip Carrier
Plastic DIP

Plastic SOIC

0°C to70°C
-40°C t085°C
-40°C t0125°C

120 nsec
150 nsec
170 nsec
200 nsec
250 nsec

64K (8K x 8) CMOS EPROM

DS11107F-8
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®
Microchip

27C128

128K (16K x 8) CMOS EPROM

FEATURES

High speed performance

—120ns Maximum access time

CMOS Technology for low power consumption
—20mA Active current

—100pA Standby current

Factory programming available
Auto-insertion-compatible plastic packages
Auto ID™ aids automated programming
Separate chip enable and output enable controls
High speed "express" programming algorithm
Organized 16K x 8: JEDEC standard pinouts
—=28-pin Dual-in-line package

—32-pin Chip carrier (leadless or plastic)
—=28-pin SOIC package

—Tape and reel

Available for extended temperature ranges:
—Commercial: 0° C to 70° C

—Industrial: -40° C to 85° C

—Automotive: -40° C to 125° C
—Military**(B): -55° C to 125° C

.

.

DESCRIPTION

The Microchip Technology Inc27C128is a CMOS 128K
bit (electrically) Programmable Read Only Memory. The
device is organized as 16K words by 8 bits (16K bytes).
Accessing individual bytes from an address transition or
from power-up (chip enable pin going low) is accom-
plishedin lessthan 120ns. This very high speed device
allows the most sophisticated microprocessors to run at
full speed without the need for WAIT states. CMOS
design and processing enables this part to be used in
systems where reduced power consumption and relia-
bility are requirements.

A complete family of packages is offered to provide the
most flexibility in applications. For surface mount appli-
cations, PLCC or SOIC packaging is available. Tape
and reel packaging is also available for PLCC or SOIC
packages. UV erasable versions are also available.

PIN CONFIGURATIONS
Top View
veeJor 7 28Ives Ver C1 28] Voo
A12[]2 27[1 PGM A12 CH2 2700 PGM
A7[3 26[1A13 A7 T3 2670 A13
As[]4 25[] A8 As T4 2500 As
As[]5 241 A9 A5 C5 2470 A9
A4[]6 231 A1 A4 C6 2310 A1
As[]7 22[10E A3 7 227 OF
A28 21[JA10 A2 CH8 210 At0
A1Eg 20[]CE JN==1 20f=0 CE
Ao 10 19[Jo7 A0 CH 10 193 o7
oo 11 18[]06 o0 =11 1870 06
o112 17[J 05 o1 12 1700 05
o2[]13 16104 02 =13 1623 04
Vss[]14 15[]103 Vss 14 15 03
DIP PLCC/LCC SOIC

** See 27C128 Military Data sheet DS60012

© 1990 Microchip Technology Inc.
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27C128

ELECTRICAL CHARACTERISTICS

DC Characteristics

PIN FUNCTION TABLE X
Maximum Ratings*
Name Function
Vce and input voltages w.r.t. Vss......... -0.6V to +7.25V
A0-A13 Address Inputs VPP voltage w.r.t. Vss during
CE Chip Enable PrOGramMMING ........veeeeseusrerssseermeeneresnes -0.6V to +14V
OF_ Output Enable Voltage on A9 w.r.t. Vss -0.6V to +13.5V
PGM Program Enable
Vpp Programming Voltage Output voltage w.r.t. Vss -0.6\{ to Ve + .1V
00-07 Data Output Stora}ge tempera?ure ' -65' Cto 150° Cc
vee +5V Power Supply Ambient temp. with power applied .....-65° C to 125° C
Vss Ground
. m?e?n:;rggssgé{i\:; s *Notice: Stresses above those listed under “Maximum Ratings”
) may cause permanent damage to the device. This is a stress
NU Not Used; No External rating only and functional operation of the device atthose or any
Connection Is Allowed other conditions above those indicated in the operation listings
of this specification is notimplied. Exposure to maximum rating
conditions for extended periods may affect device reliability.
READ OPERATION Vee = +5V £10%

Commercial: Tamb= 0°Cto70°C
Industrial: Tamb=-40"Ct0 85° C
Automotive: Tamb=-40°Cto 125°C

Parameter Part* Status Symbol Min Max |Units| Conditions
Input Voltages all Logic "1" ViH 2.0 Vce+1 \'
Logic "0" ViL -0.5 0.8 Vv
Input Leakage all I -10 10 uA | VIN=0to Vcc
Output Voltages all Logic "1" VOH 2.4 V | loH=-400pA
Logic "0" VoL 0.45 V_ |loL=2.1mA
Output Leakage all Lo -10 10 pA | Vout=0V to Vcc
Input Capacitance all CIN 6 pF | VIN=0V; Tamb = 25" C;
f=1MHz
Output Capacitance all Cout 12 pF | Vour=0V;Tamb= 25" C;
: f=1MHz
Power Suppy Current, S TTL input Icci 20 mA | Vcc =5.5V; Vpp= Vcc;
Active X TTL input lccz 25 mA | f=1MHz;
OE =CE =V,
lout = OmA;
ViL=-0.1100.8 V;
ViH= 2.0 to Vcc;
Note 1
Power Supply Current, S TTL input lcc(s) 2 mA
Standby X TTL input 3 mA |
all | CMOS input 100 uA | CE =Vcec +0.2V
PP Read Current all | Read Mode [33 100 pA | VPP =55V
Vpep Read Voltage all | Read Mode VPP Vce-0.7 Vece V | Note 2
* Parts: S = Standard Power; X = Extended Temp. Range;

Notes: (1) AC Power component above 1MHz: 8mA up to maximum frequency.
(2) Vce must be applied before Vep, and be removed simultaneously or after VPP,

DS11003F-2
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27C128

AC Testing Waveform: ViH= 2.4V and ViL= 0.45V; VoH= 2.0V VoL =0.8V
IDOTERATON oot e o
Input Rise and Fall Times: 10nsec
Ambient Temperature: Commercial: Tamb= 0°Cto70°C
Industrial: Tamb = -40° Cto 85" C
Automotive: Tamb = -40° Cto 125° C
Parameter Sym|27C128-12|27C128-15|27C128-17| 27C128-20| 27C128-25| Units | Conditions
Min| Max | Min | Max | Min | Max | Min |Max | Min | Max
Address to Output Delay| tacc 120 150 170 200 250 ns |CE=OE=VL
‘CE to Output Delay fce 120 150 170 200 250 | ns |OE=ViL
OE to Output Delay toe 65 70 70 75 100 | ns |CE=ViL
CEorOEto O/PHigh [toFF| 0 | 50 | O {50 | O |50 | O {55 | O | 60 | ns
Impedance
Output Hold from foH| O 0 0 0 0 ns
Address CE or OE,
whichever occurs first

READ WAVEFORMS
ViH l— =
Address Address Valid _J :><
ViL
VIH
CE __—
ViL
-—— {CE(2) —
___VH
OE .
ViL 10E@) fOFF(1,3) [*—
—» {OH -—
VOH
Outputs High Z /// . \\\ Highz
Valid Output
00-07 0, A\ L
- tacc >
Notes: (1) toFFis specified for OE or CE, whichever occurs first .
(2) OE may be delayed up to fCE - tOE after the falling edge of CE without impact on tce
(3) This parameter is sampled and is not 100% tested.
© 1990 Microchip Technology Inc. DS11003F-3
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PROGRAMMING Ambient Temperature: Tamb = 25° C £5° C
DC Characteristics Vce = 6.5V +£0.25V, Vpp=13.0V £ 0.25V
Parameter Status Symbol | Min Max |Units | Conditions
Input Voltages Logic "1" VIH 2.0 | Vcec+t Vv
Logic "0" ViL -0.1 0.8 v
Input Leakage I -10 10 uA | VIN=0Vto Vcc
Output Voltages Logic "1" VoH 24 Vv loH = -400pA
Logic "0" VoL 0.45 v loL=2.1mA
Vcc Current, program & verify lccz 20 mA | Note 1
Vpp Current,program IpP2 25 mA | Note 1
A9 Product Identification VH 115 125 \

Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after Vpp

:ROGhRAMMINGf AC Testing Waveform: ViH=2.4V and ViL=0.45V; VoH=2.0V; VoL=0.8V
C Characteristics Output Load: 1 TTL Load + 100 pF
for Program, Program Verify Ambient Temperature: Tamb=25"C +5°C
and Program Inhibit Modes Vce =6.5V +0.25V, Vep = 13.0V £ 0.25V
Parameter Symbol Min Max |{Units| Remarks
Address Set-Up Time tAs 2 us
Data Set-Up Time tDs 2 us
Data Hold Time DH 2 us
Address Hold Time tAH 0 us
Float Delay (2) tOF 0 130 ns
Vcc Set-Up Time tvcs 2 us
Program Pulse Width (1) tPw 95 105 us 100us typical
CE Set-Up Time fces 2 us
OE Se