


QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substances that, if exposedby
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices also indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respectto safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical’,
‘special’ orsometimes ‘industrial’ waste. Disposal as domestic waste is
usually not permitted.
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DEFINITIONS

Data sheet status

Obijective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Short-form specification The data in this specification is extracted from a full data sheet with the same type
number and title. For detailed information see the relevant data sheet or data handbook.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale. :

PURCHASE OF PHILIPS I2C COMPONENTS

Purchase of Philips I2C components conveys a license under the Philips’ I2C patent to use the
components in the 12C system provided the system conforms to the 12C specification defined by
Philips. This specification can be ordered using the code 9398 393 40011.
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CMOS integrated circuits .
Introduction

for clocks and watches

Dear Customer,

Philips Semiconductors is one of the most important producers of CMOS integrated circuits for clocks and watches in
the world. Situated in Switzerland, the heart of the European clock and watch industry, Philips Semiconductors benefits
to a large degree from this unique industrial environment. It is therefore not surprising, that Philips was one of the first
semiconductor companies to apply the silicon gate CMOS (complementary metal oxide semiconductor) technology in
the production of clock and watch circuits and was the first company to offer an SO package (mini-pack) back in the
seventies.

Philips Semiconductors maintains its position at the forefront of the clock and watch IC industry, being the first company
to offer the EEPROM s (electrically erasable programmable read only memories), with operating voltages as low as 1.1
v, for time adjustment. This latest development enables the industry to find better technical and cost effective soiutions
for their products.

To enable the clock and watch industry to maintain its word-renowned quality image, Philps Semiconductors has
implemented a Company-Wide Total Quality Management (TQM) program. This TQM program, involving every
employee, features a continuous improvement of customer service and product quality. This commitment to quality has
lead to us being able to set our standard at zero defect and now enables us to offer our customers a zero defects
warranty. The warranty means that if he finds a single device which does not conform to the published specification, the
customer can return the complete lot for rescreening or replacement. Faselec is the first company in the world to offer
the clock and watch industry a zero defects warranty.

At PhilipsSemiconductors quality dominates all phases of manufacture. Quality is built into the product by the conscious
use of advanced technological aids and a continuous monitoring off process steps (SPC) through in-line quality controls.
Additionally a stringent incoming inspection of all materials used assures an end-product with an inherently high quality
level.

All products are 100% tested against published specifications, any device not conforming to the specifications is rejected.
Conformity of each lot to the published specifications is double-checked by our Quality department, which is independent
from production.

The dedication of the high-qualified personnel and the large amount of know-how accumulated over the years, backed
by constant efforts in developing new process and packaging technology as well as new products, makes Philips
Semiconductors the preferred source for your clock and watch circuits.
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Type number Description Page
PCA146Xseries 32 kHz watch circuit with adaptive motor pulse 28
PCA148X series 32 kHz watch circuit with adaptive motor pulse 45
PCA16XXseries 32 kHz watch circuit with EEProM 60
PCA167Xseries 32 kHz watch circuit using a silver-oxide or a 3 V lithium battery 69
PCF1171C 4-digit LCD car clock 75
PCF1172C 3 1/2-digit LCD car clock 83
PCF1174C 4-digit static LCD car clock 91
PCF1175C 4-digit duplex LCD car clock 103
PCF1178C 4-digit duplex LCD car clock 115
PCF1179C 4-digit duplex LCD car clock 127
PCF8563 Real time clock/calendar 139
PCF8573 Clock/calendar with power fail detector 157
PCF8583 Clock calendar with 240 x 8-bit RAM 174
PCF8593 Low power clock/calendar 195
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PAGE
WATCHES
PCA146X series 32 kHz watch circuit with adaptive motor pulse 28
PCA148X series 32 kHz watch circuit with adaptive motor pulse 45
PCA16XXseries 32 kHz watch circuit with EEProM 60
PCA167Xseries 32 kHz watch circuit using a silver-oxide or a 3 V lithium battery 69
CAR CLOCKS
PCF1171C 4-digit LCD car clock 75
PCF1172C 3 1/2-digit LCD car clock 83
PCF1174C 4-digit static LCD car clock 91
PCF1175C 4-digit duplex LCD car clock » 103
PCF1178C 4-digit duplex LCD car clock 115
PCF1179C 4-digit duplex LCD car clock 127
REAL TIME CLOCKS
PCF8563 Real time clock/calendar 139
PCF8573 Clock/calendar with power fail detector 157
PCF8583 Clock calendar with 240 x 8-bit RAM 174
PCF8593 Low power clock/calendar 195
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ANALOG WATCH CIRCUITS: 32 KHZ

Table 1 Watch circuits overview: PCA146x series

SPECIFICATIONS
TYPE # | DELIVERY PEF:'OD PULSE BATTERY
PCA.... | FORMAT() (;) WIDTH | DRIVE | DETECT |ppppom|  EoL REMARKS | PAGE
t (%) | CRITERION DETECTION
(ms)
1461 U; U10 1 7.8 max.100 P=1 yes yes 1.5V and 28
81 N=2 21V
Lithium
1462 U; U/7; 1 5.8 max.100 P=1 yes yes 1.5V and
u/10 81 N=2 21V
Lithium
1463 U; U/1o 1 3.9 max.100 P=1 yes yes 1.5V and
81 N=2 21V
Lithium
1465 u/10; U7 1 5.8 max.100 P=1 yes no 1.5V
N=2
1467 u/10 1 7.8 max.100 P=1 yes no 15V
N=2
Note
1. U = chip in tray; U/7 = chip with bumps on tape; U/10 = chip on foil.
Table 2 Watch circuits overview: PCA148x series
SPECIFICATIONS
TYPE # | DELIVERY | PERIOD | PULSE BATTERY
PCA.. |FORMAT® | 1 | WIDTH| DRIVE | DETECT |peppom| EoL | REMARKS | PAGE
tp (%) | CRITERION DETECTION
(ms)
1485 ur7 1 5.8 75 P=1 yes yes 45
N=2
1486 u/7 1 5.8 75 P=1 yes no
N=2
1487 u/s 1 7.8 75 P=2 yes yes
N=3
Note

1. U = Chip in trays; U/5 = wafer; U/7 = chip with bumps on tape.

1998 Apr 29 12
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Selection guide

Table 3 Watch circuits overview: PCA16xx series

SPECIFICATIONS
TvpE# | DELIvVERY | PERIOD | PULSE S
PCA.. | FORMAT() (t;) WIDTH | DRIVE | eeprom EOL REMARKS | PAGE
(n‘:’s) (%) DETECTION
1601 u/10 1 7.8 100 yes no 60
1602 T 1 7.8 75 yes no
1603 us7 20 7.8 100 yes no
1604 u/o 5 7.8 75 yes no
1605 U7z 5 4.8 75 yes no
1606 u/10 10 6.8 100 yes no
1607 U 5 5.8 100 yes no 1.5V and
75 21V
Lithium
1608 U 5 7.8 100 yes no 1.5V and
75 21V
Lithium
1611 U 1 6.8 75 yes no
1621 ur7 20 4.8 100 yes no
1622 ] 1 4.8 100 yes yes
1623 U 20 4.8 75 yes no
1624 U 12 3.9 75 yes no 1.5V and
56 21V
Lithium
1625 U7 5 5.8 75 yes no
1626 U 20 5.8 100 yes no
1627 ur7 20 5.8 100 yes no 1.5V and
75 21V
Lithium
1628 U 20 5.8 75 yes no
1629 us7 5 6.8 75 yes no
Note

1. U = Chip in trays; U/7 = chip with bumps on tape; U/10 = chip on foil; T = SOT144-1.

1998 Apr 29
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Table 4 Watch circuits overview: PCA167x series

PERIOD SPECIFICATIONS
TYPE# | DELIVERY tr PULSE DRIVE BATTERY
PCA.. | FORMAT®) | ) WIDTH tp (%) |EEPROM| _EOL REMARKS | PAGE
(ms) ° DETECTION
1672 U 1 7.8 56 no no 3V Lithium 69
1673 U 1 5.8 56 no no 3V Lithium
1675 U 1/16 5.8 100 no no no oscillator
1676 u/10 10 5.8 56 no no 3V Lithium
1677 U 10 7.8 100 no no 15V
Note
1. U = Chip in trays; U/10 = chip on foil.
DIGITAL CAR CLOCK CIRCUITS: 4.19 MHZ QUARTZ CRYSTAL
Table5 PCF1171C to PCF1179C overview.
FUNCTIONS() TYPICAL
TYPE SUPPLY
NUMBER DIGITS A B b E Fla H | | curRRenT REMARKS | PAGE
(nA)
PCF1171C 4 . o | o« | o . 400 75
PCF1172C 3% o . . o 400 83
PCF1174C 4 . . . . . . 950 note 2 91
PCF1175C 4 . . . . . . 950 note 2 103
PCF1178C 4 . . . . . ° 950 note 2 115
PCF1179C 4 . . . . . . 950 note 2, 3 127
Notes

1. Where columns A to | are the functions for:

" IOGTMOUOW>»
1T T T T [ TR TR

12-hour mode
24-hour mode
AM/PM annunciator
hours
minutes
direct drive
duplex drive
internal voltage regulator
EEPROM.

2. EEPROM for time calibration and voltage regulation of LCD.
3. Set mode with four advances per second.

1998 Apr 29

14




Philips Semiconductors

CMOS Integrated Circuits for Clocks,

Watches and Real Time Clocks

Selection guide

REAL TIME CLOCK CIRCUITS (RTC)
Table 6 PCF8563 to PCF8593 overview

TYPE
NUMBER

12C-BUS

CLOCK OPERATING
SUPPLY VOLTAGE
V)

PACKAGE

REMARKS

PAGE

PCF8563

yes .

1.0t05.5

DIP8, SO8

Provides year, month, day, weekday,
hours, minutes and seconds

Century flag
Alarm and timer functions

139

PCF8573

yes

1.1t06.0

DIP16, SO16

Provides month, day, hours and
minutes

On-chip power failure detector

Alarm register for presetting a time or
remote switching function

157

PCF8583

yes

1.0t0 6.0

DIP8, SO8

Provides month, day, weekday,
hours, minutes, seconds and
hundredths of seconds

240 x 8-bit low-voltage RAM

Universal timer with alarm and
overflow indication

Automatic word address
incrementing

174

PCF8593

yes

1.0t06.0

DIP8, SO8

Provides month, day, weekday,
hours, minutes, seconds and
hundredths of seconds

8-byte scratchpad RAM (when alarm
not used)

Universal timer with alarm and
overflow indication

Automatic word address
incrementing

195

1998 Apr 29
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Internet World Wide Web Home Page

WHAT IS IT?
Welcome to our place in cyberspace.

Explore our Web pages and take a look at our product offering of advance High-performance Applications
and Products.

In addition, we offer you the latest information on Products, News, Support, Employment and Offices.
HOW TO REACH US
For access to the Philips Semiconductors Home Page go to the World Wide Web location:

http://www.semiconductors.philips.com/

1996 Nov 15 16
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WHAT IS IT?

The FAX-on-DEMAND system is a computer facsimile
system that allows customers to receive selected
documents by fax automatically.

HOW DOES IT WORK?

To order a document, you simply enter the document
number. This number can be obtained by asking for an
index of available documents to be faxed to you the first
time you call the system.

Our system has a selection of the latest product data
sheets from Philips with varying page counts. As you
know, it takes approximately one minute to FAX one page.
This isn’'t bad if the number of pages is less than 10. But if
the document is 37 pages long, be ready for a long
transmission!

Philips Semiconductors also maintains product
information on the World-Wide-Web. Our home page can
be located at:

http://www.semiconductors.philips.com

1998 Apr 29 17

WHO DO | CONTACT IF | HAVE A QUESTION ABOUT
FAX-ON-DEMAND?

Contact your local Philips sales office.

FAX-ON-DEMAND PHONE NUMBERS

44-181-730-5020
33-1-40-996060
39-167-295502
1-800-282-2000

United Kingdom, Ireland
France

ltaly

North America

LOCATIONS SOON TO BE IN OPERATION
e Hong Kong

¢ Japan

¢ The Netherlands.
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General

Quality

TOTAL QUALITY MANAGEMENT

Philips Semiconductors is a Quality Company, renowned
for the high quality of our products and service. We keep
alive this tradition by constantly aiming towards one
ultimate standard, that of zero defects. This aim is guided
by our Total Quality Management (TQM) system, the basis
of which is described in the following paragraphs.

Quality assurance

Based on ISO 9000 standards, customer standards such
as Ford TQE and IBM MDQ. Our factories are certified to
ISO 9000 by external inspectorates.

Partnerships with customers

PPM co-operations, design-in agreements, ship-to-stock,
just-in-time and self-qualification programmes, and
application support.

Partnerships with suppliers

Ship-to-stock, statistical process control and ISO 9000
audits.

Quality improvement programme

Continuous process and system improvement, design
improvement, complete use of statistical process control,
realization of our final objective of zero defects, and
logistics improvement by ship-to-stock and just-in-time
agreements.

ADVANCED QUALITY PLANNING

During the design and development of new products and
processes, quality is built-in by advanced quality planning.
Through failure-mode-and-effect analysis the critical
parameters are detected and measures taken to ensure
good performance on these parameters. The capability of
process steps is also planned in this phase.

1995 Mar 21

PRODUCT CONFORMANCE

The assurance of product conformance is an integral part
of our quality assurance (QA) practice. This is achieved by:

Incoming material management through partnerships
with suppliers.

In-line quality assurance to monitor process
reproducibility during manufacture and initiate any
necessary corrective action. Critical process steps are
100% under statistical process control.

Acceptance tests on finished products to verify
conformance with the device specification. The test
results are used for quality feedback and corrective
actions. The inspection and test requirements are
detailed in the general quality specifications.

Periodic inspections to monitor and measure the
conformance of products.

PRODUCT RELIABILITY

With the increasing complexity of Original Equipment
Manufacturer (OEM) equipment, component reliability
must be extremely high. Our research laboratories and
development departments study the failure mechanisms of
semiconductors. Their studies result in design rules and
process optimization for the highest built-in product
reliability. Highly accelerated tests are applied to the
products reliability evaluation. Rejects from reliability tests
and from customer complaints are submitted to failure
analysis, to result in corrective action.

CUSTOMER RESPONSES

Our quality improvement depends on joint action with our
customer. We need our customer’s inputs and we invite
constructive comments on all aspects of our performance.
Please contact our local sales representative.

RECOGNITION

The high quality of our products and services is
demonstrated by many Quality Awards granted by major
customers and international organizations.
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Pro electron type numbering
of integrated circuits

BASIC TYPE NUMBER

This type designation code applies to semiconductor
monolithic, semiconductor multi-chip, thin film, thick film
and hybrid integrated circuits. The basic type number
comprises three letters followed by a serial number.
First and second letters

DIGITAL FAMILY CIRCUITS

The first two letters identify the family.(!)

SOLITARY CIRCUITS

The first letter divides solitary circuits into:
S Solitary digital circuits

T Analog circuits

U Mixed analog/digital circuits.

The second letter is a serial letter without any further
significance except ‘H’ which stands for hybrid circuits.(®
MICROPROCESSORS

The first two letters identify microprocessors and related
circuits:

MA  Microcomputer or central processing unit

MB  Slice processor (functional slice of microprocessor)
MD  Related memories

ME  Other related circuits such as interfaces, clocks,

peripheral controllers, etc.

CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS
The first two letters identify:

NH  Hybrid circuits

NL  Logic circuits

NM  Memories

NS  Analog signal processing using switched capacitors

NT  Analog signal processing using charge-transfer
devices

NX  Imaging devices

NY  Other related circuits.

(1) Alogic family is an assembly of digital circuits designed to be
interconnected and defined by its base electrical
characteristics, such as supply voltage, power consumption,
propagation delay, noise immunity.

The first letter ‘S’ should be used for all solitary memories, to
which, in the event of hybrids, the second letter ‘H’ should be
added, for example, SH for bubble memories.

()

1995 Mar 21

Third letter
The third letter indicates the operating ambient
temperature range:
A temperature range not specified below

0to+70°C
-551t0 +125°C
-25to +70 °C
-25 to +85 °C
—40 to +85 °C
G -55to +85°C.
If a device has another temperature range, the letter ‘A’ or
a letter indicating a narrower temperature may be used, for
example, the range of 0 to +75 °C can be indicated by ‘A’
or ‘B’. Should two devices with the same basic type
number both have temperature ranges other than those

specified, one would use the letter ‘A’ and the other the
letter ‘X,

Mmoo w

SERIAL NUMBER

This may be a four-digit number assigned by Pro Electron,
or the serial number (which may be a combination of
figures and letters) of an existing company type
designation of the manufacturer.

VERSION LETTER

A single version letter may be added to the basic type
number. This indicates a minor variant of the basic type or
the package. The version letter has no fixed meaning
except for ‘Z’ which means customized wiring. The
following letters are recommended for package variants:

C Cylindrical

Ceramic dual in-line (CERDIL, CERDIP)
Flat pack (two leads)

Flat pack (four leads)

Quad flat pack (QFP)

Chip on tape (foil)

Plastic dual in-line (DIL)

Quad in-line (QUIL)

Mini pack (SOL, SO, VSO)

Uncased chip.

cCc HQO Uvr TG MmO
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Pro electron type numbering
of integrated circuits

TWO-LETTER SUFFIX

A two-letter suffix may be used instead of a single package
version letter to give more information. To avoid confusion
with serial numbers that end with a letter, a hyphen should
precede the suffix.

First letter (general shape)

Cylindrical

Dual in-line (DIL)

Power DIL (with external heatsink)
Flat pack (leads on two sides)

Flat pack (leads on four sides)
Quad flat pack (QFP)

Diamond (TO-3 family)

Multiple in-line (except dual, triple and quad)
Quad in-line (QUIL)

Power QUIL (with external heatsink)
Single in-line (SIL)

Triple in-line

Leaded chip carrier (LCC)

Leadless chip carrier (LLCC)

Pin grid array (PGA).

<X s-H0DD$OZX"IOTMMODO

Second letter (material)
C Metal-ceramic

G Glass-ceramic
M Metal

P Plastic.

EXAMPLES

PCF1105WP: digital IC; PC family; operating temperature
range —40 to +85 °C; serial number 1105; plastic leaded
chip carrier.

GMB74LS00A-DC: digital IC; GM family; operating
temperature range 0 to +70 °C; company number
74LS00A; ceramic DIL package.

TDA1000P: analog IC; operating temperature range
non-standard; serial number 1000; plastic DIL package.

SAC2000: solitary digital circuit; operating temperature
range —55 to +125 °C; serial number 2000.

1995 Mar 21
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Rating systems

RATING SYSTEMS

The rating systems described are those recommended by
the IEC in its publication number 134.

Definitions of terms used
ELECTRONIC DEVICE

An electronic tube or valve, transistor or other
semiconductor device. This definition excludes inductors,
capacitors, resistors and similar components.

CHARACTERISTIC

A characteristic is an inherent and measurable property of
a device. Such a property may be electrical, mechanical,
thermal, hydraulic, electro-magnetic or nuclear, and can
be expressed as a value for stated or recognized
conditions. A characteristic may also be a set of related
values, usually shown in graphical form.

BOGEY ELECTRONIC DEVICE

An electronic device whose characteristics have the
published nominal values for the type. A bogey electronic
device for any particular application can be obtained by
considering only those characteristics that are directly
related to the application.

RATING

A value that establishes either a limiting capability or a
limiting condition for an electronic device. It is determined
for specified values of environment and operation, and
may be stated in any suitable terms. Limiting conditions
may be either maxima or minima.

RATING SYSTEM

The set of principles upon which ratings are established
and which determine their interpretation. The rating
system indicates the division of responsibility between the
device manufacturer and the circuit designer, with the
object of ensuring that the working conditions do not
exceed the ratings.

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating
and environmental conditions applicable to any electronic
device of a specified type, as defined by its published data,
which should not be exceeded under the worst probable
conditions.

1995 Mar 27

These values are chosen by the device manufacturer to
provide acceptable serviceability of the device, taking no
responsibility for equipment variations, environmental
variations, and the effects of changes in operating
conditions due to variations in the characteristics of the
device under consideration and of all other electronic
devices in the equipment.

The equipment manufacturer should design so that,
initially and throughout the life of the device, no absolute
maximum value for the intended service is exceeded with
any device, under the worst probable operating conditions
with respect to supply voltage variation, equipment
component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and
variations in characteristics of the device under
consideration and of all other electronic devices in the
equipment.

Design maximum rating system

Design maximum ratings are limiting values of operating
and environmental conditions applicable to a bogey
electronic device of a specified type as defined by its
published data, and should not be exceeded under the
worst probable conditions.

These values are chosen by the device manufacturer to
provide acceptable serviceability of the device, taking
responsibility for the effects of changes in operating
conditions due to variations in the characteristics of the
electronic device under consideration.

The equipment manufacturer should design so that,
initially and throughout the life of the device, no design
maximum value for the intended service is exceeded with
a bogey electronic device, under the worst probable
operating conditions with respect to supply voltage
variation, equipment component variation, variation in
characteristics of all other devices in the equipment,
equipment control adjustment, load variation, signal
variation and environmental conditions.

Design centre rating system

Design centre ratings are limiting values of operating and
environmental conditions applicable to a bogey electronic
device of a specified type as defined by its published data,
and should not be exceeded under normal conditions.
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Rating systems

These values are chosen by the device manufacturer to
provide acceptable serviceability of the device in average
applications, taking responsibility for normal changes in
operating conditions due to rated supply voltage variation,
equipment component variation, equipment control
adjustment, load variation, signal variation, environmental
conditions, and variations in the characteristics of all
electronic devices.

The equipment manufacturer should design so that,
initially, no design centre value for the intended service is
exceeded with a bogey electronic device in equipment
operating at the stated normal supply voltage.

1995 Mar 27
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Handling MOS devices

ELECTROSTATIC CHARGES

Electrostatic charges can exist in many things; for
example, man-made-fibre clothing, moving machinery,
objects with air blowing across them, plastic storage bins,
sheets of paper stored in plastic envelopes, paper from
electrostatic copying machines, and people. The charges
are caused by friction between two surfaces, at least one
of which is non-conductive. The magnitude and polarity of
the charges depend on the different affinities for electrons
of the two materials rubbing together, the friction force and
the humidity of the surrounding air.

Electrostatic discharge is the transfer of an electrostatic
charge between bodies at different potentials and occurs
with direct contact or when induced by an electrostatic
field. All of our MOS devices are internally protected
against electrostatic discharge but they can be damaged
if the following precautions are not taken.

WORK STATION

Figure 1 shows a working area suitable for safely handling
electrostatic sensitive devices. It has a work bench, the
surface of which is conductive or covered by an antistatic
sheet. Typical resistivity for the bench surface is between
1 and 500 kQ per cm?. The floor should also be covered
with antistatic material. The following precautions should
be observed:

o Persons at a work bench should be earthed via a wrist
strap and a resistor.

¢ All mains-powered electrical equipment should be
connected via an earth leakage switch.

e Equipment cases should be earthed.

» Relative humidity should be maintained between 50 and
65%.

e An ionizer should be used to neutralize objects with
immobile static charges.

RECEIPT AND STORAGE

MOS devices are packed for dispatch in
antistatic/conductive containers, usually boxes, tubes or
blister tape. The fact that the contents are sensitive to
electrostatic discharge is shown by warning labels on both
primary and secondary packing.

1995 Mar 21

The devices should be kept in their original packing whilst
in storage. If a bulk container is partially unpacked, the
unpacking should be performed at a protected work
station. Any MOS devices that are stored temporarily
should be packed in conductive or antistatic packing or
carriers.

ASSEMBLY

MOS devices must be removed from their protective
packing with earthed component pincers or short-circuit
clips. Short-circuit clips must remain in place during
mounting, soldering and cleansing/drying processes. Do
not remove more devices from the storage packing than
are needed at any one time. Production/assembly
documents should state that the product contains
electrostatic sensitive devices and that special precautions
need to be taken.

During assembly, ensure that the MOS devices are the last
of the components to be mounted and that this is done at
a protected work station.

All tools used during assembly, including soldering tools
and solder baths, must be earthed. All hand tools should
be of conductive orantistatic material and, where possible,
should not be insulated.

Measuring and testing of completed circuit boards must be
done at a protected work station. Place the soldered side
of the circuit board on conductive or antistatic foam and
remove the short-circuit clips. Remove the circuit board
from the foam, holding the board only at the edges. Make
sure the circuit board does not touch the conductive
surface of the work bench. After testing, replace the circuit
board on the conductive foam to await packing.

Assembled circuit boards containing MOS devices should
be handled in the same way as unmounted MOS devices.
They should also carry warning labels and be packed in
conductive or antistatic packing.
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General Handling MOS devices
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(1) Earthing rail.

(2) Resistor (500 kQ + 10%, 0.5 W).
(3) lonizer.

(4) Work bench.

(5) Chair.

(6) Wrist strap.

(7) Electrical equipment.

(8) Conductive surface/antistatic sheet.
(9) Antistatic floor.

Fig.1 Protected work station.
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32 kHz watch circuits with adaptive motor

PCA146x series
pulse
. -______________________________________________________________________________________________________|
FEATURES GENERAL DESCRIPTION
e 32 kHz oscillator, amplitude regulated with excellent The PCA146x series devices are CMOS integrated circuits
frequency stability specially suited for battery-operated,
« High immunity of the oscillator to leakage currents quartz-crystal-controlied wrist-watches, with a bipolar

stepping motor.

Time calibration electrically programmable and
reprogrammable (via EEPROM)

A quartz crystal is the only external component required
Very low current consumption; typically 170 nA
Output for bipolar stepping motors of different types

Up to 50% reduction in motor current compared with
conventional circuits, by self adaption of the motor pulse
width to match the required torque of the motor

No loss of motor steps possible because of on-chip
detection of the induced motor voltage

¢ Detector for lithium or silver-oxide battery voltage levels

Indication for battery end-of-life
* Stop function for accurate timing

Power-on reset for fast testing

» Various test modes for testing the mechanical parts of
the watch and the IC.

ORDERING INFORMATION

TYPE PACKAGE("

NUMBER NAME DESCRIPTION VERSION
PCA1461U - chip in tray -
PCA1461U/10 - chip on foil -
PCA1462U ~ chip in tray -
PCA1462U/7 - chip with bumps on tape -
PCA1462U/10 - chip on foil -
PCA1463U - chip in tray -
PCA1463U/10 - chip on foil -
PCA1465U/10 - chip on foil -
PCA1465U/7 - chip with bumps on tape -
PCA1467U/10 ~ chip on foil ' -

Note

1. Figure 1 and Chapter “Package outline” show details of standard package, available for large orders only.
Chapter “Chip dimensions and bonding pad locations” shows exact pad locations for other delivery formats.
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PINNING
SYMBOL PIN DESCRIPTION

Vss 1 ground (0 V) vss [1] U 8] RESET
TEST 2 test outpl{t — E o
OSC IN 3 oscillator input PCA146xT
OSC ouUT 4 oscillator output osc (3] }E, M
Vpp 5 supply voltage oscour [4] 5] Voo
M1 6 motor 1 output W5A937
M2 7 | motor 2 output Fig.1 Pin configuration, PCA146xT, (PMFPS).
RESET 8 reset input

FUNCTIONAL DESCRIPTION AND TESTING

The motor output delivers pulses of six different stages
depending on the torque required to turn the motor

(Figs. 3 and 4). Every motor pulse is followed by a
detection phase which monitors the waveform of the
induced motor voltage. When a step is missed a correction
sequence will be started (Fig.2).

Motor pulses

The circuit produces motor pulses of six different stages
(stage 1 to 5, stage 8). Each stage has two independent
modes: silver-oxide and lithium. The voltage level of Vpp
determines which mode is selected (see Section “Voltage
level detector”).

Stages 1 to 5 (both modes) are used in normal operation,
stage 8 occurs under the following conditions:
e Correction pulse after a missing step (both modes)

o End-of-life mode

o If stage 5 is not enough to turn the motor (both modes).

In the silver-oxide mode, the ON state of the motor pulse
varies between 56.25% and 100% of the duty factor

tpr = 977 us depending on the stage (Fig.3). It increases
in steps of 6.25% per stage.

1998 Apr 21
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In the lithium mode, the ON state of the motor pulse is
reduced by 18.75% of the duty factor tpg (Fig.4) to
compensate for the increase in the voltage level.

After a RESET the circuit always starts and continues with
stage 1, when all motor pulses have been executed.

A failure to execute all motor pulses results in the circuit
going into stage 2, this sequence will be repeated through
to stage 8.

When the motor pulses at stage 5 are not large enough to
turn the motor, stage 8 is implemented for a maximum of
8 minutes with no attempt to keep current consumption
low. After stage 8 has been executed the procedure is
repeated from RESET.

The circuit operates for 8 minutes at a fixed stage, if every
motor pulse is executed. The next 480 motor pulses are
then produced at the next lower stage unless a missing
step is detected. If a step is missed a correction sequence
is produced and for a maximum of 8 minutes the motor
pulses are increased by one stage.
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MOTOR DETECTION

PULSE
nnA
I
Juu

M1 - M2 H”|I|I| “
I . ||||

<—tPJ<—lD_>|-___. te . MSAg42

POSSIBLE CORRECTION
SEQUENCE

- _

c

Fig.2 Possible motor output waveform in normal operation with motor connected.
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Voltage level detector

The supply voltage is compared with the internal voltage
reference V1 and Vgo every minute. The first voltage
level detection is carried out 30 ms after RESET.

When a lithium voltage level is detected (Vpp = Vyi7), the
circuit starts operating in the lithium mode (Fig.4).

When the detected Vpp voltage level is between VT and

VEeoL, the circuit operates in the silver-oxide mode (Fig.3).

If the battery end-of-life is detected (Vpp < VeoL), the
detection and stage control is switched OFF and the
waveform produced is an unchopped version of the
stage 8 waveform. To indicate this condition the waveform
is produced in bursts of 4 pulses every 4 s.

Detection of motor movement

After a motor pulse, the motor is short-circuited to Vpp for
1 ms. Afterwards the energy in the motor inductor will be
dissipated to measure only the current generated by the
induced motor voltage. During the time tp, (dissipation of
energy time) all switches shown in Fig.5 are open to
reduce the current as fast as possible. The current will now
flow through the diodes D3 and D2, or D4 and D1. Then
the first of 52 possible measurement cycles (tyc) starts to
measure the induced current.

VbD

Q
N
»
Ld

D4 &

Fig.5 Motor driving and detecting circuit.
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Detection criteria

The PCA146x uses current detection in two defined parts
of the detection phase to determine if the motor has moved
(refer to Figs 6 and 7). The detection criteria are:

part 1

e Minimum value of P = 1; where P = number of
measured positive current polarities after tp).

part 2

e Minimum value of N = 2; where N = number of
measured positive current polarities since the first
negative current polarity after part 1 was detected
(see Fig.6).

If the opposite polarity is measured in one part, the internal
counter is reset, so the results of all measurements in this
part are ignored.

Table 1 Measurement cycle

The waveform of the induced current must enable all these
measurements within the time tp after the end of a positive
motor pulse in order to be accepted as a waveform of an

executed motor pulse.

If the detection criterion is satisfied earlier, a measurement
cycle will not be started and the switches P1 and P2 stay
closed, the motor is switched to Vpp.

Every measurement cycle (tuc) has 4 phases. These are
detailed in Table 1.

Note that detection and pulse width control will be switched
OFF when the battery voltage is below the end-of-life
voltage (VeoL), or if stage 5 is not sufficient to turn the
motor.

SYMBOL | PHASE

DESCRIPTION

tm1 1

During tym1 the switches P1 and P2 are closed in order to switch the motor to Vpp, so the
induced current flows unaffected through the motor inductance.

tve 2

to M2;

to M1.

Measures the induced current; during a maximum time ty all switches are open until a change
is sensed by one of the level detectors (L1, L2). The motor is short-circuited to Vpp.

Depending on the direction of the interrupted current:
¢ The current flows through diodes D3 and D2, causing the voltage at M1 to decrease in relation

¢ The current flows through diodes D4 and D1, causing the voltage at M2 to decrease in relation

A successfully detected current polarity is normally characterized by a short pulse of
0.5 to 10 us with a voltage up to +2.1V, failed polarity detection by the maximum pulse width of
61 ps and a voltage of +0.5 V (see Fig.7).

tma 3

The switches P1 and P2 remain closed for the time tys.

tma 4

If the circuit detects fewer pulses than P and N respectively, a pulse of the time ty4 occurs to
reduce the induced current. Therefore P2 and P1 are opened and N1 and N2 are closed.
Otherwise P1 and P2 remain closed.
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MOTOR PULSE DETECTION PHASE
IM1- M2
detection criterion
is satisfied
part 1 part2
// ‘\ el e
l . V\\«v / S~—— 1
tps —+ l-tpy MSA944
tp tp
Fig.6 Typical current waveform of a successfully executed motor pulse.
MOTOR DETECTION PHASE
PULSE
VMt -Mm2 ., ’ I |
Z
N JL |
% tmy =244 s
tyc =488 pis
tm3+tmattm L

[e—tps—=—1pj

tpp=61ps typ =61ps

-tp tp
current polarity
not
1 1 1
| iy
| e .
thyp =615 tyac =488 s
ty=244s
le—tpg—»ie— 1ty
Fig.7 Detection phase of the current waveform in Fig.6.
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Correction sequence (see Fig.8)
If a missing step is detected, a correction sequence is produced. This consists of a small pulse (tc1) which gives the motor

a defined position and after 29.30 ms a pulse of stage 8 (tcp) to turn the motor.

i

MOTOR DETECTION CORRECTION SEQUENCE
PULSE
VM1 - M2 | I |
7.
— LtC1=977].IS —! ‘sz‘P e
l—tp tp tc=3027ms+tp —————— |

Fig.8 Correction sequence after a missing motor step with motor connected.

MSA943
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Time calibration

Taking a normal quartz crystal with frequency 32768kHz,
frequency deviation (Af/f) of £15 x 10-8and C = 8.2 pF;
the oscillator frequency is offset (by using non-symmetrical
internal oscillator input and output capacitances of 10 pF
and 15 pF) such that the frequency deviation is
positive-only. This positive deviation can then be
compensated for to maintain time-keeping accuracy.

Once the positive frequency deviation is measured, a
corresponding number ‘n’ (see Table 2) can be
programmed into the device’s EEPROM. This causes n
pulses of frequency 8192 Hz to be inhibited every minute
of operation, which achieves the required calibration.

The programming circuit is shown in Fig.9. The required

number n is programmed into EEPROM by varying Vpp

according to the steps shown in Fig.10, which are

explained below:

1. The positive quartz frequency deviation (Af/f) is
measured, and the corresponding values of n are
found according to Table 2.

2. Vppisincreased to 5.1 V allowing the contents of the
EEPROM to be checked from the motor pulse period
tra at nominal frequency.

Table 2 Quartz crystal frequency deviation, n and tr3

FREQUENCY NUMBER OF
DEVIATION tra
PULSES

Af/f (ms)
I 10-6\ (n)

(x 10-6)

o 0 31.250(2)
+2.03 1 31.372
+4.06 2 31.494

+127.89 63 38.936
Notes

1. Increments of 2.03 x 10-%/step.
2. Increments of 122 pus/step.
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3. Vpp is decreased to 2.5 V during a motor pulse to
initialize a storing sequence.

4. The first Vpp pulse to 5.1 V erases the contents of
EEPROM.

5. When the EEPROM is erased a logic 1 is at the TEST
pin.

6. Vpp isincreased to 5.1 V to read the data by pulsing
Vpp n times to 4.5 V. After the n edge, Vpp is
decreasedto 2.5 V.

7. Vpp is increased to 5.1 V to store n bits in the
EEPROM.

8. Vpp is decreased to 2.5 V to terminate the storing
sequence and to return to operating mode.

9. Vppisincreased to 5.1 V to check writing from the
motor pulse period tys.

10. Vpp is decreased to the operation voltage between
two motor pulses to return to operating mode.
(Decreasing Vpp during the motor pulse would restart
the programming mode).

The time calibration can be reprogrammed up to 100
times.

—[ SIGNAL GENERATOR

Vss RESET
1 8 ——
>
T
TEST |, S [m2
PCA146x
oscin |-~ SERES M1
3 6

32 kHz

OSC ouUT
4 5

MSA940

Fig.9 Circuit for programming the time calibration.
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Power-on reset

For correct operation of the Power-on reset the rise time of
Vpp from 0 V to 2.1 V should be less than 0.1 ms.

All resetable flip-flops are reset. Additionally the polarity of
the first motor pulse is positive: Vp1 — Vm2 20 V.

Customer testing

An output frequency of 32 Hz is provided at RESET (pin 8)
to be used for exact frequency measurement. Every
minute a jitter occurs as a result of the inhibition, which
occurs 90 to 150 ms after disconnecting the RESET from
VDD-

Connecting the RESET to Vpp stops the motor pulses
leaving them in a 3-state mode and sets the motor pulse
width for the next available motor pulse to stage 1 in the
silver-oxide mode. A 32 Hz signal without jitter is produced
at the TEST pin.

Debounce time RESET = 14.7 to 123.2 ms.

Connecting RESET to Vgg activates Tests 1 and 2 and
disables the inhibition.

Test 1, Vpp > Veor. Normal function takes place except
that the motor pulse period is tt1 = 125 ms instead of tr,
and the motor pulse stage is reduced every second
instead of every 8 minutes. At TEST a speeded-up

8 minute signal is available.

Test 2, Vpp < VeoL. Motor pulses of stage 8 are produced,
with a time period of tyo = 31.25 ms.

Test and reset modes are terminated by disconnecting the
RESET pin.

Test 3, Vpp > 5.1 V. Motor pulses of stage 8 are
produced, with a time period of tr3 = 31.25 ms and

n x 122 us to check the contents of the EEPROM. At
TEST a speeded-up cycle for motor pulse period signal tr
is available at 1024 times its normal frequency.
Decreasing Vpp voltage level to lower than 2.5 V between
two motor pulses returns the circuit to normal operating
conditions.

AVAILABLE TYPES
Refer to Chapters “Ordering information” and “Functional description and testing”.
SPECIFICATIONS
“Type | DELIVERY PEF:TIOD WIDTH | DRIVE | DETECTION BATTERY
FORMAT(") EEPROM | EOL REMARKS
NUMBER (s) o
tp (%) CRITERION DETECTION
(ms)
1461 U; U/10 1 7.8 max. 100 P=1 yes yes 1.5V and
81 N=2 2.1V Lithium
1462 U; Ur7; 1 5.8 max. 100 P=1 yes yes 1.5V and
u/1o 81 N=2 2.1 V Lithium
1463 U; U/10 1 3.9 max. 100 P=1 yes yes 1.5V and
81 N=2 2.1V Lithium
1465 Uno; U7 1 5.8 max. 100 P=1 yes no 1.5V
N=2
1467 u/10 1 7.8 max. 100 P=1 yes no 1.5V
N=2
Note

1. U = Chip in tray; U/7 = chip with bumps on tape; U/10 = chip on foil.
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vpp supply voltage Vss =0V, note 1 -1.8 +6 \

Vv all input voltages Vss Vop v

output short-circuit duration indefinite

Tamb operating ambient temperature -10 +60 °C

Tstg storage temperature -30 +100 °C
Note

1. Connecting the battery with reversed polarity does not destroy the circuit, but in this condition a large current flows,
which will rapidly discharge the battery.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”.

CHARACTERISTICS

Vpp = 1.55 V; Vgg = 0 V; fosc = 32.768 kHz; Tamp = 25 °C; crystal: Rg = 20 kQ2; Cy =2 to 3 fF; C = 8 to 10 pF;
Co = 1 to 3 pF; unless otherwise specified.

Immunity against parasitic impedance = 20 MQ between adjacent pins.

SYMBOL PARAMETER CONDITIONS | mn | v | wmax. |unir

Supply

Vpp1 supply voltage Tamb =-10to +60 °C 1.2 1.55 25 \"

AVpp supply voltage variation transient within 1.2Vand 25V |- - 0.25 Vv

Vbp2 supply voltage programming 5.0 5.1 5.2 \Y

AVppp supply voltage pulse programming 0.55 |[0.6 0.65 \"
variation

Ipp1 supply current between motor pulses - 170 260 nA

lpp2 supply current Vop=2.1V - 190 300 nA

lpps supply current stop mode; pin 8 connected to - 180 280 nA

Voo

lopa supply current Vop=2.1V - 220 360 nA

lops supply current Tamb =—10 to +60 °C - - 600 nA

Motor output

Vsat saturation voltage X (P + N) | Ry =2 kQ; Tamp =-10t0 +60 °C | - 150 200 mV

Zo(sc) output short-circuit between motor pulses - 200 300 Q
impedance lransistor < 1 MA
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SYMBOL | PARAMETER | CONDITIONS |min. | T | wmax. | uni
Oscillator

Voscst | starting voltage 1.2 - - \%)
Om transconductance Vip-p) <50 mV 6 15 - uS
tosc start-up time - 1 - S
Afff frequency stability AVpp = 100 mV - 0.05x106(0.3x 106

Ci input capacitance 8 10 12 pF
Co output capacitance 12 15 18 pF
Voltage level detector

Vur threshold voitage 1.62 1.80 1.98 \"
VeoL threshold voltage 1.30 1.38 1.46 Vv
AVEoL hysteresis of threshold - 10 - mV
TCeoL temperature coefficient - -1 - mV/K
Reset input

fo output frequency - 32 - Hz
AV, output voltage swing R=1MQ; C=10pF 14 - - \
tedge edge time R=1MQ; C=10pF - 1 - us
lim peak input current note 1 - 320 - nA
liav) average input current - 10 - nA
Note

1. Duty factoris 1: 32 and RESET = Vpp or Vgs.

1998 Apr 21 ’ 41



Philips Semiconductors Product specification
32 kHz watch circuits with adaptive motor PCA146x series
pulse

TIMING PARAMETERS

SYMBOL PARAMETER SECTION VALUE OPTION UNIT
tr cycle for motor pulse (note 1) motor pulse (Figs 2,3and 4) |1 5,10,120r20(s
tp motor pulse width 7.81 3.90r59 ms
tor duty factor 977 - us
tonL last duty factor on 61 to 305 - us
ty voltage detection cycle level mode 60 - s
tson duty factor on silver-oxide mode (Fig.3) 550 to 794 - us
tsorr duty factor off 427 to 183 - us
tsonE first duty factor on 488 - us
tAOFF additional duty factor off lithium mode (Fig.4) 183 - us
tLon duty factor on 305 to 611 - us
tLoFF duty factor off 672 to 366 - us
tLonE first duty factor on 244 - us
te EOL sequence end-of-life mode 4 - s
teq motor pulse width tp - ms
teo time between pulses 31.25 - ms
tp detection sequence detection (Fig.7) 4.31028.3 - ms
tos short-circuited motor 977 - us
to dissipation of energy 977 - us
tme measurement cycle 488 - us
tm1 phase 1 244 - us
tme phase 2 (measure window) 61 - us
tms phase 3 122 - us
tva phase 4 61 - us
P positive current polarities 1 P<N
N negative current polarities 2 2to6
tc correction sequence correction sequence (Fig.8) |tp + 30.27 - ms
tc1 small pulse width 977 - us
tco large pulse width tp - ms

cycles for motor-pulses in: testing

trq test 1 125 - ms
tro test 2 31.25 - ms
tra test 3 Fig.10 31.25t0 39 - ms
tbEB debounce time for 14.7t0123.2 |- ms

RESET = Vpp
Note

1. No option available when EOL indication is required.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS
y
0SC ouT OSCIN TEST Vss
PCA146xU
1.44 mm SERIES
0
. _ ]%l 0 [ — —
-] L1 L X
VDD M1 M2 RESET
2.02 mm
MSA938
Chip area: 2.91 mm2.
Bonding pad dimensions: 110 um x 110 pm.
Chip thickness: 200 +25 pm, with bumps: 270 +25 pm.
Fig.11 Bonding pad locations, PCA146xU series; 8 terminals.
Table 3 Bonding pad locations (dimensions in pm)
All x/y coordinates are referenced to bottom left pad (Vpp), see Fig.11.
PAD X y
Vss 1290 1100
TEST 940 1100
OSC IN 481 1100
OSC OuUT -102 1100
Vb 0 0
M1 578 0
M2 930 0
RESET 1290 0
chip corner (max. value) -497.5 -170
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APPLICATION INFORMATION

1,55V
1l
T+
v
ss | . o | FESET |
TEST M2 Cu®
2 7 —d
PCA146x
HON SERIES cu®
r 1 0sCIN M1
| J_ f 3 6 —
| |
[ | Y
DD
| [_joscour|, .
T,__J
MSA939

(1) Quartz crystal case should be connected to Vpp. Stray capacitance and leakage resistance from RESET, M1 or M2 to OSC IN should be less than
0.5 pF or larger than 20 MQ.

(2) Motor, probe and stray capacitance from M2 or M1 to Vpp or Vgg should be less than Cy = 80 pF for correct operation of the detection circuit.
Driving the motor at its minimum energy, probe and stray capacitance must be avoided.

Fig.12 Typical application circuit diagram.
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FEATURES * No loss of motor steps possible because of on-chip

. . i f the i t It
¢ 32 kHz oscillator, amplitude regulated with excellent detection of the induced motor voltage

frequency stability ¢ Indication for battery end-of-life
« High immunity of the oscillator to leakage currents * Stop function for accurate timing
« Time calibration electrically programmable and * Power-on reset for fast testing
reprogrammable (via EEPROM) ¢ Various test modes for testing the mechanical parts of

the watch and the IC.

A quartz crystal is the only external component required

¢ Very low current consumption; typically 170 nA
GENERAL DESCRIPTION

The PCA148x series devices are CMOS integrated circuits
specially suited for battery-operated,
quartz-crystal-controlled wrist-watches, with a bipolar
stepping motor.

¢ Output for bipolar stepping motors of different types

e Up to 50% reduction in motor current compared with
conventional circuits, by self adaption of the motor pulse
width in accordance with the required torque of the
motor

ORDERING INFORMATION

TYPE PACKAGE(

NUMBER NAME DESCRIPTION VERSION
PCA1485U/7 - chip with bumps on tape -
PCA1486U/7 - chip with bumps on tape -
PCA1486U/10 - chip on foil -
PCA1487U/10 - chip on foil -

Note

1. Figure 1 and Chapter “Package outline” show details of standard package, available for large orders only.
Chapter “Chip dimensions and bonding pad locations” shows exact pad locations for other delivery formats.

PINNING

SYMBOL PIN DESCRIPTION
Vss 1 |ground (0V) Vss [1] U | 8] RESET
TEST 2 |testoutput TEST [2] z] M2
OSC IN 3 oscillator input oso N [3] PCA148xT E "
OSC OUT 4 | oscillator output oscouT [4] 5 v

4 5

Vop 5 | supply voltage oo
M1 6 | motor 1 output MsAses
M2 7 | motor 2 output Fig.1 Pin configuration, PCA148xT, (PMFP8).
RESET 8 reset input
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FUNCTIONAL DESCRIPTION AND TESTING

The motor output delivers pulses of six different stages
depending on the torque required to turn the motor (Fig.3).
Every motor pulse is followed by a detection phase which
monitors the waveform of the induced motor voltage.
When a step is missed a correction sequence will be
started (Fig.2).

Motor pulses

The circuit produces motor pulses of six different stages
(stage 1 to 5, stage 6).

Stages 1 to 5 are used in normal operation, stage 6 occurs
under the following conditions:

o Correction pulse after a missing step

¢ End-of-life mode

o If stage 5 is not enough to turn the motor.

The ON state of the motor pulse varies between 43.75%

and 75% of the duty factor tpr = 977 pus depending on the
stage (Fig.3). It increases in steps of 6.25% per stage.

After a RESET the circuit always starts and continues with
stage 1, when all motor pulses have been executed.

A failure to execute all motor pulses results in the circuit
going into stage 2, this sequence will be repeated through
to stage 6.

When the motor pulses at stage 5 are not large enough to
turn the motor, stage 6 is implemented for a maximum of
8 minutes with no attempt to keep current consumption
low. After stage 6 has been executed the procedure is
repeated from RESET.

The circuit operates for 8 minutes at a fixed stage, if every
motor pulse is executed. The next 480 motor pulses are
then produced at the next lower stage unless a missing
step is detected. If a step is missed a correction sequence
is produced and for a maximum of 8 minutes the motor
pulses are increased by one stage.

MOTOR DETECTION ‘ POSSIBLE CORRECTION
PULSE | SEQUENCE
T | h
VM1 - M2 l Jl | I |”
Y, JuL
uu
MSA969
| tP sl tp ol — — — te

Fig.2 Possible motor output waveform in normal operation with motor connected.
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Voltage level detector Detection of motor movement
The supply voltage is compared with the internal voltage After a motor pulse, the motor is short-circuited to Vpp for
reference Vgop every minute. The first voltage level 1 ms. Afterwards the energy in the motor inductor will be
detection is carried out 30 ms after RESET. dissipated to measure only the current generated by the

induced motor voltage. During the time tp, (dissipation of
energy time) all switches shown in Fig.4 are open to
reduce the current as fast as possible. The current will now

When the detected Vpp voltage level is greater than Vggy,
the circuit operates in normal mode (Fig.3).

If the battery end-of-life is detected (Vpp < VgoL), the flow through the diodes D3 and D2, or D4 and D1. Then
detection and stage control is switched OFF and the the first of 52 possible measurement cycles (tyc) starts to
waveform of stage 6 will be executed. To indicate this measure the induced current.

condition the waveform is produced in bursts of 4 pulses

every 4 s.

o

\
Msagar | OO

Fig.4 Motor driving and detecting circuit.
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Detection criteria

The PCA148x uses current detection in two defined parts
of the detection phase to determine if the motor has moved
(refer to Figs 5 and 6). The detection criteria are:

part 1

e Minimum value of P = 1; where P = number of
measured positive current polarities after tp.

part 2

e Minimum value of N = 2; where N = number of
measured positive current polarities since the first
negative current polarity after part 1 was detected
(see Fig.5).

If the opposite polarity is measured in one part, the internal
counter is reset, so the results of all measurements in this
part are ignored.

Table 1 Measurement cycle

The waveform of the induced current must enable all these
measurements within the time tp after the end of a positive
motor pulse in order to be accepted as a waveform of an
executed motor pulse.

If the detection criterion is satisfied earlier, a measurement
cycle will not be started and the switches P1 and P2 stay
closed, the motor is switched to Vpp.

Every measurement cycle (tyc) has 4 phases. These are
detailed in Table 1.

Note that detection and pulse width control will be switched
OFF when the battery voltage is below the end-of-life
voltage (VeoL), or if stage 5 is not sufficient to turn the
motor.

SYMBOL | PHASE

DESCRIPTION

tw1 1

During t\¢ the switches P1 and P2 are closed in order to switch the motor to Vpp, so the
induced current flows unaffected through the motor inductance.

tme

relation to M2;

relation to M1.

Measures the induced current; during a maximum time ty. all switches are open until a
change is sensed by one of the level detectors (L1, L2). The motor is short-circuited to Vpp.

Depending on the direction of the interrupted current:
¢ The current flows through diodes D3 and D2, causing the voltage at M1 to decrease in

¢ The current flows through diodes D4 and D1, causing the voltage at M2 to decrease in

A successfully detected current polarity is normally characterized by a short pulse of
0.5 to 10 ps with a voltage up to +£2.1 V, failed polarity detection by the maximum pulse width
of 61 us and a voltage of +0.5 V (see Fig.6).

tma

The switches P1 and P2 remain closed for the time tys.

tma

If the circuit detects fewer pulses than P and N respectively, a pulse of the time ty4 occurs to
reduce the induced current. Therefore P2 and P1 are opened and N1 and N2 are closed.
Otherwise P1 and P2 remain closed.
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MOTOR PULSE DETECTION PHASE
M1 - M2
detection criterion
is satisfied
part 1 part 2

ST\ —
l . W\L\/ / S~— t
tps—» -tp MSA944

Fig.5 Typical current waveform of a successfully executed motor pulse.

Fig.6 Detection phase of

MOTOR DETECTION PHASE
PULSE
?
1
4
4
VM1 - M2 ¢
- // 1 -
7 L |
.
% tmy =244 ps ?
I |- °
U tmc =488 s
tma+ tmattme
<—le—><—!0‘——>| - - -~
tpmp=61ps tpmp =61k
-—tp to
current polarity
not measured detection
criterion is
satisfied
Vi AL 1 1 1 1 1
% ) X | |
L JT i
typz =611 tpc =488 s
l - t g =244 ps .| t
«—t DS —»-le— tp| —» - tm1=244ps PR
tpme =61ps

the current waveform in Fig.5.
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Correction sequence (see Fig.7)

If a missing step is detected, a correction sequence is produced. This consists of a small pulse (tc1) which gives the motor
a defined position and after 29.30 ms a pulse of stage 6 (i) to turn the motor.

MOTOR DETECTION CORRECTION SEQUENCE
PULSE

VM1 - M2 | | I % %

%,
- Ltc1=977us - tc2=1tp |-
L—vtp

tp tc=3027Tms+tp — | MSA943

Fig.7 Correction sequence after a missing motor step with motor connected.
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Time calibration

Taking a normal quartz crystal with frequency 32768kHz,
frequency deviation (Af/f) of £15 x 106 and C_ = 8.2 pF;
the oscillator frequency is offset (by using non-symmetrical
internal oscillator input and output capacitances of 10 pF
and 15 pF) such that the frequency deviation is
positive-only. This positive deviation can then be
compensated for to maintain time-keeping accuracy.

Once the positive frequency deviation is measured, a
corresponding number ‘n’ (see Table 2) is programmed
into the device’s EEPROM. This causes n pulses of
frequency 8192 Hz to be inhibited every minute of
operation, which achieves the required calibration.

The programming circuit is shown in Fig.8. The required
number n is programmed into EEPROM by varying Vpp
according to the steps shown in Fig.9, which are

avnlainad halaws:
SApiainiclu USiUw.

1. The positive quartz frequency deviation (Afff) is
measured, and the corresponding values of n are
found according to Table 2.

2. Vppisincreased to 5.1 V allowing the contents of the
EEPROM to be checked from the motor pulse period
tra at nominal frequency.

Table 2 Quartz crystal frequency deviation, n and tya

FREQUENCY NUMBER OF
DEVIATION trs
PULSES
Af/f ) (ms)
(x 109)

o 0 31.250(2
+2.03 1 31.372
+4.06 2 31.494

+127.89 63 38.936

Notes
1. Increments of 2.03 x 10-%/step.
2. Increments of 122 ps/step.

1998 Apr 21

3. Vpp is decreased to 2.5 V during a motor pulse to
initialize a storing sequence.

4. The first Vpp pulse to 5.1 V erases the contents of
EEPROM.

5. Whenthe EEPROM is erased a logic 1 is at the TEST
pin.

6. Vpp is increased to 5.1 V to read the data by pulsing
Vpp n times to 4.5 V. After the n edge, Vpp is
decreasedto 2.5 V.

7. Vppisincreased to 5.1 V to store n bits in the
EEPROM.

8. Vpp is decreased to 2.5 V to terminate the storing
sequence and to return to operating mode.

9. Vpp isincreased to 5.1 V to check writing from the
motor pulse period tr3.

10. Vpp is decreased to the operation voltage between
two motor pulses to return to operating mode.
(Decreasing Vpp during the motor pulse would restart
the programming mode).

The time calibration can be reprogrammed up to
100 times.

SIGNAL GENERATOR

Vss RESET

TEST M2
S 2

PCA148x
SERIES

OSC IN 3

32kHz 1

0SC ouT Vop
4 5

MSA971

Fig.8 Circuit for programming the time calibration.
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Power-on reset

For correct operation of the Power-on reset the rise time of
Vpp from 0 V to 2.1 V should be less than 0.1 ms.

All resettable flip-flops are reset. Additionally the polarity of
the first motor pulse is positive: Vg —Vpma 20 V.

Customer testing

An output frequency of 32 Hz is provided at RESET (pin 8)
to be used for exact frequency measurement. Every
minute a jitter occurs as a result of the inhibition, which
occurs 90 to 150 ms after disconnecting the RESET from
Vpp-

Connecting the RESET to Vpp stops the motor pulses
leaving them in a 3-state mode and sets the motor pulse
width for the next available motor pulse to stage 1. A 32 Hz
signal without jitter is produced at the TEST pin. Debounce
time RESET = 14.7 to 123.2 ms.

Connecting RESET to Vgg activates Tests 1 and 2 and
disables the inhibition.

AVAILABLE TYPES

Test 1, Vpp > VeoL. Normal function takes place except
that the motor pulse period is tr1 = 125 ms instead of tr,
and the motor pulse stage is reduced every second
instead of every 8 minutes. At TEST a speeded-up

8 minute signal is available.

Test 2, Vpp < VeoL. Motor pulses of stage 6 are produced,
with a time period of tto = 31.25 ms.

Test and reset modes are terminated by disconnecting the
RESET pin.

Test 3, Vpp > 5.1 V. Motor pulses without chopping are
produced, with a time period of tt3 = 31.25 ms and

n x 122 ps to check the contents of the EEPROM.

At TEST a speeded-up cycle for motor pulse period signal
tr is available at 1024 times its normal frequency.
Decreasing Vpp voltage level to lower than 2.5 V between
two motor pulses returns the circuit to normal operating
conditions.

Refer to Chapters “Ordering information” and “Functional description and testing”.

SPECIFICATIONS
SPY?’l;T il PE?T'OD svl::)-?ﬁ DRIVE | DETECTION BATTERY
FORMAT()
NUMBER (s) o EEPROM EOL REMARKS
tp (%) CRITERION DETECTION
(ms)

1485 ur7 1 5.8 75 P=1 yes yes
N=2

1486 ur7z 1 5.8 75 P=1 yes no
N=2

1487 u/5 1 7.8 75 P=2 yes yes
N=3

Note

1.

1998 Apr 21
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vpp supply voltage Vss =0 V; note 1 -1.8 +6 \)
\ all input voltages Vss Voo \J
output short-circuit duration indefinite
Tamb operating ambient temperature -10 +60 °C
Tstg storage temperature -30 +100 °C
Note

1. Connecting the battery with reversed polarity does not destroy the circuit, but in this condition a large current flows,
which will rapidly discharge the battery.
HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”.
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CHARACTERISTICS

Vpp = 1.55 V; Vgg = 0 V; fosc = 32.768 kHz; Tamp = 25 °C; crystal: Rg = 20 kQ; C1 =2 to 3 fF; C_ =8 to 10 pF;
Cp = 1 to 3 pF; unless otherwise specified.

Immunity against parasitic impedance = 20 MQ from one pin to an adjacent pin.

symBoL | PARAMETER CONDITIONS {wmn [ e | wmax. [unim
Supply

Vpp1 supply voltage Tamb =—10to +60 °C 1.2 1.65 25 \)
AVpp supply voltage variation transient - - 0.25 \"
Vbp2 supply voltage pulse programming 5.0 5.1 5.2 \
AVppp supply voltage pulse programming 0.55 [0.6 0.65 Vv

variation
lop1 supply current between motor pulses - 170 260 nA
lop2 supply current Tamb =-10to +60 °C - - 600 nA
lbpa supply current stop mode; pin 8 connected |— 180 280 nA
to Vpp
Motor output
Vsat saturation voltage X (P + N) | Ry =2 kQ; - 150 200 mV
Tamb =-10 to +60 °C
Zo(sc) output short-circuit between motor pulses - 200 300 Q
impedance lransistor < 1 MA

Oscillator

Vosc st starting voltage 1.2 - - \"
Im transconductance Vip-p) <50 mV 6 15 - uS
tosc start-up time - 1 - s
Af/f frequency stability AVpp = 100 mV - 0.05x10¢ |0.3x 106

Ci input capacitance 8 10 12 pF
Co output capacitance 12 15 18 pF
Voltage level detector

VeoL threshold voltage 1.30 1.38 1.46 \Y
AVEoL hysteresis of threshold - 10 - mV
TCeoL temperature coefficient - -1 - mV/K
Reset input

fo : output frequency - 32 - Hz
AV, output voltage swing R=1MQ; C=10pF 14 - - \'
tedge edge time R=1MQ;C=10pF - 1 - us
lim peak input current note 1 - 320 - nA
liav) average input current - 10 - nA
Note

1. Duty factoris 1 : 32 and RESET = Vpp or Vgs.
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TIMING PARAMETERS
SYMBOL PARAMETER SECTION VALUE OPTION UNIT
tr cycle for motor pulse (note 1) | motor pulse (Figs 2 and 3) 1 5,10,120r20 |s
tp motor pulse width 7.81 3.9o0r5.9 ms
tor duty factor 977 - us
tonL last duty factor on 183 to 488 - us
ty voltage detection cycle level mode 60 - s
tson duty factor on silver-oxide mode (Fig.3) 427 to 733 - us
tsorr duty factor off 550 to 244 - us
tsoNF first duty factor on 244 - us
te . | EOL sequence end-of-life mode 4 - S
teq motor pulse width tp - ms
teo time between pulses 31.25 - ms
to detection sequence detection (Fig.6) 4.31028.3 - ms
tps short-circuited motor 977 - us
tpl dissipation of energy 977 - us
tme measurement cycle 488 - us
tm1 phase 1 244 - us
tme phase 2 (measure window) 61 - us
tma phase 3 122 - us
tma phase 4 61 - us
P positive current polarities 2 P<N
N negative current polarities 3 2t06
tc correction sequence correction sequence (Fig.7) tp + 30.27 - ms
tc1 small pulse width 977 - us
tco large pulse width tp - ms
cycle time for motor pulses in: | testing
tr1 test 1 125 - ms
tro test 2 31.25 - ms
trs test 3 see Fig.9 31.25t0 39 - ms
tpes debounce time for 14.7t0 1232 |- ms
RESET = Vpp

Note
1. No option available when EOL indication is required.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS
y
osc ouT OSC IN TEST Vss
PCA148xU
1.44 mm SERIES
0
o i R —
N — = — x
Vbp M1 M2 RESET
2.02 mm
MSA972
Chip area: 2.91 mm2,
Bonding pad dimensions: 110 pm x 110 um.
Chip thickness: 200 +25 pm, with bumps: 270 +25 pm.
Fig.10 Bonding pad locations, PCA148xU series; 8 terminals.
Table 3 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to bottom left pad (Vpp), see Fig.10.
PAD X y
Vss 1290 1100
TEST 940 1100
OSC IN 481 1100
OSC ouT -102 1100
Voo 0 0
M1 578 0
M2 : 930 0
RESET 1290 0
chip corner (max. value) -497.5 -170
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APPLICATION INFORMATION

155V |
[
1%
Vss RESET . |
CM(Z)
TEST S| M2 I
] L]
PCA148x
M SERIES cu®
C~7"7 osciN M1 M
| 6 1t
=N y
| 0SC OUT 5|00
T_—J
MSA967

(1) Quartz crystal case should be connected to Vpp. Stray capacitance and leakage resistance from RESET, M1 or M2 to OSC IN should be less than
0.5 pF or larger than 20 MQ.

(2) Motor, probe and stray capacitance from M2 or M1 to Vpp or Vgg should be less than Cy = 80 pF for correct operation of the detection circuit.
Driving the motor at its minimum energy, probe and stray capacitance must be avoided.

Fig.11 Typical application circuit diagram.
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32 kHz watch circuits with EEPROM

FEATURES

¢ 32 kHz oscillator, amplitude regulated with excellent

frequency stability

High immunity of the oscillator to leakage currents

Time calibration electrically programmable and
reprogrammable (via EEPROM)

A quartz crystal is the only external component required

* Very low current consumption; typically 170 nA

» Detector for silver-oxide or lithium battery voltage levels

« Indication for battery end-of-life

ORDERING INFORMATION

Product specification

PCA16xx series

o Stop function for accurate timing
¢ Power-on reset for fast testing

e Various test modes for testing the mechanical parts of
the watch and the IC.

GENERAL DESCRIPTION

The PCA16xx series devices are CMOS integrated circuits
specially suited for battery-operated,
quartz-crystal-controlled wrist-watches, with bipolar
stepping motors.

TYPE PACKAGE("

NUMBER NAME DESCRIPTION VERSION
PCA1601U/10 - chip on foil -
PCA1602T PMFP8 plastic micro flat package; 8 leads (straight) SOT144-1
PCA1603U/7 - chip with bumps on tape -
PCA1604U - chip in tray -
PCA1604U/10 - chip on foil -
PCA1605U/7 - chip with bumps on tape -
PCA1606U/10 - chip on foil -
PCA1607U = chip in tray -
PCA1608U - chip in tray -
PCA1611U - chip in tray -
PCA1621U/7 - chip with bumps on tape -
PCA1621U/10 - chip on foil -
PCA1622U - chip in tray -
PCA1623U/7 - chip with bumps on tape -
PCA1624U - chip in tray -
PCA1625U/7 - chip with bumps on tape -
PCA1626U - chip in tray -
PCA1627U/7 - chip with bumps on tape -
PCA1628U - chip in tray -
PCA1629U/7 - chip with bumps on tape -

Note

1. Figure 1 and Chapter “Package outline” show details of standard package, available for specified devices and for

large orders only.

Chapter “Chip dimensions and bonding pad locations” shows exact pad locations for other delivery formats.
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PINNING
SYMBOL PIN DESCRIPTION
Vss 1 ground (0 V) ves [1] U 5] ReseT
TEST 2 test output TesT 2] 7] me
OSC IN 3 oscillator input PCA16xxT 5]
0SC OUT 4 |oscillator output osom [3] e M
Vbp 5 | positive supply voltage oscouT |4 5] Voo
M1 6 motor 1 output MSA973
M2 7___|motor 2 output Fig.1 Pin configuration, PCA16xxT, (PMFP8).
RESET 8 reset input

FUNCTIONAL DESCRIPTION AND TESTING

Motor pulse

The motor pulse width (tp) and the cycle times (tr) are
given in Chapter “Available types”.

Voltage level detector

The supply voltage is compared with the internal voltage
reference Vit and Vgo every minute. The first voltage
level detection is carried out 30 ms after a RESET.

Lithium mode

If a lithium voltage is detected (Vpp = V1), the circuit will
operate in the lithium mode. The motor pulse will be
produced with a 75% duty factor.

Silver-oxide mode

If the voltage level detected is between V|t and Vggy, the
circuit will operate in silver-oxide mode.

Battery end-of-life(!)

If the battery end-of-life is detected (Vpp < VeoL), the
motor pulse will be produced without chopping. To indicate
this condition, bursts of 4 pulses are produced every 4 s.

Power-on reset

For correct operation of the Power-on reset the rise time of
Vpp from 0 V to 2.1 V should be less than 0.1 ms.

All resettable flip-flops are reset. Additionally the polarity of
the first motor pulse is positive: Vi1 — Vm2 20 V.

(1) Only available for types with a 1 s motor pulse.
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Customer testing

An output frequency of 32 Hz is provided at RESET (pin 8)
to be used for exact frequency measurement. Every
minute a jitter occurs as a result of time calibration, which
occurs 90 to 150 ms after disconnecting the RESET from
Vpp-

Connecting the RESET to Vpp stops the motor pulses
leaving them in a HIGH impedance 3-state condition and a
32 Hz signal without jitter is produced at the TEST pin.

A debounce circuit protects accidental stoppages due to
mechanical shock to the watch (tpgg = 14.7 to 123.2 ms).

Connecting RESET to Vgg activates Tests 1 and 2 and
disables the time calibration.

Test 1, Vpp > VeoL- Normal function takes place except
the voltage detection cycle (ty) is 125 ms and the cycle
time tty is 31.25 ms. At pin TEST a minute signal is
available at 8192 times its normal frequency.

Test 2(3), Vpp < Veor. The voltage detection cycle (ty) is
31.25 ms and the motor pulse period (t12) = 31.25 ms.

Test and reset mode are terminated by disconnecting the
RESET pin. :

Test 3, Vpp > 5.1 V. Motor pulses with a time period of
tra = 31.25 ms and n x 122 us are produced to check the
contents of the EEPROM. At pin TEST the motor pulse
period signal (t7) is available at 1024 times its normal
frequency. The circuit returns to normal operation when
Vpp < 2.5 V between two motor pulses.

(2) Only applicable for types with the battery end-of-life detector.
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Time calibration

Taking a normal quartz crystal with frequency 32768kHz,
frequency deviation (Af/f) of +15 x 106 and C_ = 8.2 pF;
the oscillator frequency is offset (by using non-symmetrical
internal oscillator input and output capacitances of 10 pF
and 15 pF) such that the frequency deviation is
positive-only. This positive deviation can then be
compensated for to maintain time-keeping accuracy.

Once the positive frequency deviation is measured, a
corresponding number ‘n’ (see Table 1) is programmed
into the device’s EEPROM. This causes n pulses of
frequency 8192 Hz to be inhibited every minute of
operation, which achieves the required calibration.

The programming circuit is shown in Fig.2. The required

number n is programmed into EEPROM by varying Vpp

according to the steps shown in Fig.3, which are

explained below:

1. The positive quartz frequency deviation (Af/f) is
measured, and the corresponding values of n are
found according to Table 1.

2. Vpp isincreased to 5.1 V allowing the contents of the
EEPROM to be checked from the motor pulse period
trs at nominal frequency.

Table 1 Quartz crystal frequency deviation, n and trz

FREQUENCY NUMBER OF
DEVIATION PULSES trs
Afff oy (ms)
(x 10°6) w
oM 0 31.250
+2.03 1 31.372
+4.06 2 31.494
+127.89 63 38.936
Notes

1. Increments of 2.03 x 10-%/step.
2. Increments of 122 ps/step.
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3. Vpp is decreased to 2.5 V during a motor pulse to
initialize a storing sequence.

4. The first Vpp pulse to 5.1 V erases the contents of
EEPROM.

5. When the EEPROM is erased a logic 1 is at the TEST
pin.

6. Vpp is increased to 5.1 V to read the data by pulsing
Vpp n times to 4.5 V. After the n edge, Vpp is
decreasedto 2.5 V.

7. Vppisincreased to 5.1V to store n bits in the
EEPROM.

8. Vpp is decreased to 2.5 V to terminate the storing
sequence and to return to operating mode.

9. Vpp is increased to 5.1 V to check writing from the
motor pulse period tr3.

10. Vpp is decreased to the operation voltage between
two motor pulses to return to operating mode.

(Decreasing Vpp during the motor pulse would restart
the programming mode).

The time calibration can be reprogrammed up to 100
times.

SIGNAL GENERATOR
Vss ; RESET
.
TEST |, S| me
PCA16xx
SERIES
1 i
OsCIN |, AL
32 kHz 1:1'[ ,
0SC ouT Vbp
4 5
MSA975

Fig.2 Circuit for programming the time calibration.
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AVAILABLE TYPES
Refer to Fig.4 and to Chapters “Ordering information” and “Functional description and testing”.
SPECIFICATIONS
S:Y?JZT ?g;‘,ﬁ% PE':TIOD PULSE DRIVE BATTERY
NUMBER (s) WIDTH tp (%) EEPROM EOL REMARKS
(ms) DETECTION
1601 u/1o 1 7.8 100 yes no
1602 T 1 7.8 75 yes no
1603 us7 20 7.8 100 yes no
1604 u/10 5 7.8 75 yes no
1605 us7 5 48 75 yes no
1606 u/10 10 6.8 100 yes no
1607 U 5 5.8 100 yes no 1.5V and
75 2.1V Lithium
1608 U 5 7.8 100 yes no 1.5V and
75 2.1 V Lithium
1611 u 1 6.8 75 yes no
1621 ur7 20 4.8 100 yes no
1622 U 1 4.8 100 yes yes
1623 u 20 4.8 75 yes no
1624 U 12 3.9 75 yes no 1.5V and
56 2.1V Lithium
1625 urz 5 5.8 75 yes no
1626 u 20 5.8 100 yes no
1627 us7 20 5.8 100 yes no 1.5V and
75 2.1V Lithium
1628 U 20 5.8 75 yes no
1629 U7 5 6.8 75 yes no
Note
1. U = Chip in trays; U/7 = chip with bumps on tape; U/10 = chip on foil.
T =S0T144-1.

—
| i

tt +I‘PL

2ty MSA977

Fig.4 Motor output waveform (normal operation).
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32 kHz watch circuits with EEPROM PCA16xx series
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vbp supply voltage Vgs =0V, note 1 -1.8 +6 \"
Vv, all input voltages Vss Vbp \4
output short-circuit duration indefinite
Tamb operating ambient temperature -10 +60 °C
Tstg storage temperature -30 +100 °C
Note

1. Connecting the battery with reversed polarity does not destroy the circuit, but in this condition a large current flows,
which will rapidly discharge the battery.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”.

CHARACTERISTICS
Vpp = 1.55V; Vgg =0 V; fosc = 32.768 kHz; Tamp = 25 °C; crystal: Rg = 20 kQ; C1 =2 to 3 fF; CL =8 to 10 pF;

Co = 1 to 3 pF; unless otherwise specified.
Immunity against parasitic impedance = 20 MQ from one pin to an adjacent pin.
symeoL | PARAMETER CONDITIONS | miN. | TYP. | maX. | uNIT
Supply
Vbp supply voltage Tamb =—10 to +60 °C 1.2 1.5 25 Vv
AVpp supply voltage variation transient; Vpp=1.2t0 2.5V - - 025 |V
Vppp supply voltage pulse programming 5.0 5.1 5.2 \%
AVppp supply voltage pulse variation programming 0.55 0.6 0.65 \'
Ibp1 supply current between motor pulses - 170 260 nA
lbp2 supply current between motor pulses; - 190 300 nA
Vpp=21V ’
lopa supply current stop mode; pin 8 connected to - 180 280 nA
Vop
Ibpa supply current stop mode; pin 8 connected to - 220 360 nA
Vpp; Vpp=2.1V
Ipps supply current Vop=2.1YV, - - 600 nA
Tamb =—10 to +60 °C
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32 kHz watch circuits with EEPROM

PCA16xx series

symeoL |

PARAMETER

_CONDITIONS

| min. | TvP. | mAX. | UNIT

Motor output

Vsat saturation voltage X (P + N) RL=2kQ; Tamp=-10to +60 °C |- 150 200 mV
Rsc short-circuit resistance X (P + N) | liransistor < 1 MA - 200 300 Q
tr cycle time note 1

tp pulse width note 2
Oscillator

Vosc sT starting voltage 1.2 - - \%
Im transconductance Vip-p) <50 mV 6 15 - us
tosc start-up time - 1 - S
Af/f frequency stability AVpp = 100 mV - 0.05x [ 0.3 x

106 |106

Ci input capacitance 8 10 12 pF
Co output capacitance 12 15 18 pF
Voltage level detector

Vur threshold voltage lithium mode 1.65 1.80 195 |V
VeoL threshold voltage battery end-of-life 127 |[1.38 146 |V
AVyip hysteresis of threshold - 10 - mV
TCvip temperature coefficient - -1 - mV/K
tv voltage detection cycle - 60 - S
Reset input

fo output frequency - 32 - Hz
AV, output voltage swing R=1MQ; C=10pF 1.4 - - \Y
tedge edge time R=1MQ;C=10pF - 1 - us
lim peak input current note 3 - 320 - nA
liav) average input current - 10 - nA
Test mode

cycle time for motor pulses in:

tT1 test 1 - 125 - ms
tro test 2 - 31.25 |- ms
tra test 3 see Chapter “Available types”
toEB debounce time RESET = Vpp 147 |- [1232 [ms
Battery end-of-life

teoL end-of-life sequence - 4 - s
teq motor pulse width see “Available types” - tp - ms
teo time between pulses - 31.25 |- ms
Notes

1. Cycle time can be changed to one of the following values: 1, 5, 10, 12 or 20 s (see Chapter “Available types”).
2. Pulse width can be varied from 2 ms to 15.7 ms in steps of 1 ms (see Chapter “Available types”).

3. Duty factoris 1 : 32 and RESET = Vpp or Vsgs.
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Product specification

32 kHz watch circuits with EEPROM PCA16xx series
CHIP DIMENSIONS AND BONDING PAD LOCATIONS
y v
0SC ouT OSC IN TEST SS
PCA16xxU
1.44 mm SERIES
0
N4 o ™ — —
N I T T x
Vbp M1 M2 RESET
2.02mm ——————»
MSA976
Chip area: 2.91 mm?2.
Bonding pad dimensions: 110 pm x 110 um.
Chip thickness: 200 +25 pum, with bumps: 270 +25 pm.
Fig.5 Bonding pad locations, PCA16xxU series, 8 terminals.
Table 2 Bonding pad locations (dimensions in pm)
All x/y coordinates are referenced to the centre of pad (Vpp), see Fig.5.
PAD X y
Vss 1290 1100
TEST 940 1100
OSC IN 481 1100
OSC ouT -102 1100
Vob 0 0
M1 578 0
M2 930 0
RESET 1290 0
chip corner (max. value) —497.5 -170

1997 Dec 12 67



Philips Semiconductors Product specification

32 kHz watch circuits with EEPROM PCA16xx series

APPLICATION INFORMATION

155V
1l
15
Vss T
; g | FESET_ |
TEST 5 7 M2
) PCA16xx
F—77 o0sCIN . M1
B E— °
=3
| 0SC OUT Vop
4 5
T__J

MSA974

(1) Quartz crystal case should be connected to Vpp. Stray capacitance and leakage resistance from RESET, M1 or M2 to OSC IN should be less than
0.5 pF or larger than 20 MQ.

Fig.6 Typical application circuit diagram.
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32 kHz watch circuits using a silver-oxide

or a 3V lithium battery

FEATURES

¢ 32 kHz oscillator, amplitude regulated with excellent
frequency stability

¢ High immunity of the oscillator to leakage currents

¢ Very low current consumption; typically 150 nA

¢ Stop function for accurate timing

¢ Chopped motor pulses available

¢ Power-on reset for fast testing

Various test modes for testing the mechanical parts of

the watch and the IC.

ORDERING INFORMATION

Product specification

PCA167x series -

GENERAL DESCRIPTION

The PCA167x series devices are CMOS integrated circuits
specially suited for battery-operated,
quartz-crystal-controlled wrist-watches, with a bipolar
stepping motor.

TYPE PACKAGE(™
NUMBER NAME DESCRIPTION VERSION
PCA1672U - chip in tray -
PCA1673U - chip in tray -
PCA1675U - chip in tray -
PCA1676U/10 - chip on foil -
PCA1677U - chip in tray -
Note

1. Figure 1 and Chapter “Package outline” show details of standard package, available for large orders only.
Chapter “Chip dimensions and bonding pad locations” shows exact pad locations for other delivery formats.

PINNING
SYMBOL PIN DESCRIPTION
Vss 1 ground (0 V) vss [T] U 5] RESET
TEST 2 test output TesT [Z] 7] me
OSC IN 3 oscillator input PCA167xT
OSC OuUT 4 oscillator output osciN [3] 6] w1
Voo 5 | positive supply voltage oscout [4] 5] Voo
M1 6 motor 1 output MsA978
M2 7__|motor 2 output Fig.1 Pin configuration, PCA167xT, (PMFP8).
RESET 8 reset input
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Product specification

32 kHz watch circuits using a silver-oxide
or a 3V lithium battery

PCA167x series

FUNCTIONAL DESCRIPTION AND TESTING

Motor pulse

The motor output pulse widths (tp) and the cycle times (tr)

are given in Chapter “Available types”.

Power-on reset

For correct operation of the Power-on reset the rise time of

Vpp from 0 V to 1.55 V should be less than 0.1 ms.

All resettable flip-flops are reset. Additionally the polarity of

the first motor pulse is positive: Vp1 — Vpmz 20 V.

AVAILABLE TYPES
Refer to Fig.2 and to Chapters “Ordering information” and “Functional description and testing”.

Customer testing and stop mode

An output frequency of 32 Hz is provided at RESET (pin 8)
to be used for exact frequency measurement.

Connecting the RESET to Vpp stops the motor pulses
leaving them in a HIGH impedance 3-state condition and a
32 Hz signal is produced at the TEST pin. A debounce
circuit protects against accidental stoppages due to
mechanical shock to the watch (tpgg = 14.7 to 123.2 ms).

Connecting RESET to Vgg activates the test mode.

The motor pulse period is 31.25 ms instead of t1. Test and
stop mode are disabled by disconnecting RESET
(open-circuit).

SPECIFICATIONS
S{'ﬁf DELIVERY PE?IOD PULSE BATTERY
NumBer | FORMAT®) ©) WIDTH tp D?,/'VE EEPROM EOL | REMARKS
(ms) °) DETECTION
1672 U 1 7.8 56 no no 3V Lithium
1673 U 1 5.8 56 no no 3V Lithium
1675 U 116 5.8 100 no no no oscillator
1676 u/o 10 5.8 56 no no 3V Lithium
1677 U 10 7.8 100 no no 15V
Note

1. U = Chip in trays; U/10 = chip on foil.

VM1 - M2

2tg

Sliple

MSA977

Fig.2 Motor output waveform (normal operation).
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32 kHz watch circuits using a silver-oxide

- PCA167x series
or a 3V lithium battery
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vpp supply voltage Vss =0V, note 1 -1.8 +6 \
\ all input voltages Vss Vpp \
output short-circuit duration indefinite
Tamb operating ambient temperature -10 +60 °C
Tsig storage temperature -30 +100 °C
Note

1. Connecting the battery with reversed polarity does not destroy the circuit, but in this condition a large current flows,
which will rapidly discharge the battery.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisabie to take handiing precautions appropriate to handiing MOS devices. Advice can be found in

“Data Handbook IC16, General, Handling MOS Devices”.

CHARACTERISTICS
Vpp = 1.55V; Vgg = 0 V; fosc = 32.768 kHz; Tamp = 25 °C; crystal: Rg = 20 kQ; C; =2 to 3 fF; C = 8 to 10 pF;
Cp = 1 to 3 pF; unless otherwise specified.

symBoL | PARAMETER | conpmons [ min. [ Tve MAX. | UNIT
Supply
Vop supply voltage Tamb =-10 to +60 °C 1.2 15 3.5 \"
AVpp supply voltage variation transient; - - 0.25 \%
Vpp=121t03.5V
b1 supply current between motor pulses - 150 250 nA
Ipp2 supply current between motor pulses; |- 200 350 nA
Vpp=35V
lbps supply current stop mode; pin 8 - 180 300 nA
connected to Vpp
Ibp4 supply current stop mode; pin 8 - 300 480 nA
connected to Vpp;
Vpp=35V
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32 kHz watch circuits using a silver-oxide

PCA167x series

or a 3V lithium battery

symBoL | PARAMETER conNDITIONS [ MN. [ Tvp. | wmax. |unir
Motor output

Vsat saturation voltage X (P + N) R =2 kQ; - 150 200 mV

Tamb =—10 to +60 °C

Rsc short-circuit resistance X (P + N) | lyansistor < 1 MA - 200 300 Q
tr cycle time note 1

tp pulse width note 2

Oscillator

Vosc sT starting voltage 1.2 - - \Y
Im transconductance Vip-p) = 50 mV 6 15 - uS
tosc start-up time - 1 - S
Afff frequency stability AVpp = 100 mV - 0.05x 106 |0.3x 106

C; input capacitance - 3 - pF
Co output capacitance 19 24 29 pF
Reset input

fo output frequency - 32 - Hz
AV, output voltage swing R=1MQ;C=10pF 14 - - \
tedge edge time R=1MQ;C=10pF - 1 - us
lim peak input current note 3 - 320 - nA
li(av) average input current - 10 - nA
Test mode

tr1 cycle time - 31.25 - ms
toes debounce time RESET = Vpp 147 |- 123.2 ms
Notes

1. Cycle time can be changed to one of the following values: 1, 5, 10, 12 or 20 s (see Chapter “Available types”).
2. Pulse width can be varied from 2 ms to 15.7 ms in steps of 1 ms (see Chapter “Available types”).
3. Duty factoris 1 : 32 and RESET = Vpp or Vgs.
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32 kHz watch circuits using a silver-oxide

o PCA167x series
or a 3V lithium battery
CHIP DIMENSIONS AND BONDING PAD LOCATIONS
y
0SsC ouT 0SCIN TEST Vss
PCA167xU
1.44 mm SERIES
0
_ % 0 — — —
|- 1 |- X
Vpp M1 M2 RESET
2.02 mm
MSA979
Chip area: 2.91 mm2.
Bonding pad dimensions: 110 um x 110 um.
Chip thickness: 200 £25 um, with bumps: 270 £25 pm.
Fig.3 Bonding pad locations, PCA167xU series; 8 terminals.

Table 1 Bonding pad locations (dimensions in um)

All x/y coordinates are referenced to the centre of pad (Vpp), see Fig.3.

PAD X y

Vss 1290 1100
TEST 940 1100
OSC IN 481 1100
OSsC ouT -102 1100
Vbp 0 0
M1 578 0
M2 930 0
RESET 1290 0
chip corner (max. value) -497.5 -170
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Product specification

32 kHz watch circuits using a silver-oxide
or a 3V lithium battery

PCA167x series

APPLICATION INFORMATION

(1) Quartz crystal case should be connected to Vpp. Stray capacitance and leakage resistance from RESET, M1 or M2 to OSC IN should be less than
0.5 pF or larger than 20 MQ.

1.55V

[
15
Vss RESET
1 g | PESET o
TEST |, 7| M2
°r PCA167x
15pF _ (1 SERIES
w L 7 OSCIN 3 6 LM
A 1 T
| l_é_, 1
I | osc out Vobp
T i 4 5

MSA980

Fig.4 Typical application circuit diagram.
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4-digit LCD car clock
L __________________________________________________________________|]

FEATURES

e Driving standard 3, or a 4-digit LCD

e 4.19 MHz oscillator

resistor

ORDERING INFORMATION

Internal voltage regulator for 5 V LCD
Option for external stabilized voltage supply

Integrated oscillator output capacitor and polarization

Operating ambient temperature: —40 to +85 °C
40-lead plastic SMD, face down (VSO40).

Product specification

PCF1171C

GENERAL DESCRIPTION

The PCF1171C is a single chip, 4.19 MHz CMOS car clock
circuit indicating hours and minutes. It is designed to drive
a 3" or 4-digit liquid crystal display (LCD).

Two external single-pole, single-throw switches will
accomplish all time setting functions. A bonding option
allows the selection of 12-hour or 24-hour display mode.
The circuit is battery-operated via an internal 5 V voltage
regulator or by an external stabilized voltage supply.

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF1171CT VS040 | plastic very small outline package; 40 leads; face down(!) SOT158-2
PCF1171CU - uncased chip in tray@ -
Notes

1. See Fig.1 and Chapter “Package outline” for pin layout and package details.
2. See Chapter “Chip dimensions and bonding pad locations” for pad layout and package details.
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Product specification

4-digit LCD car clock PCF1171C
PINNING

SYMBOL | PIN DESCRIPTION SYMBOL | PIN DESCRIPTION
OSC OoUT 1 | oscillator output TR 38 test reset; connect to (Vpp)
OSC IN 2 | oscillator input TS 39 test speed-up; connect to (Vpp)
S1 3 |set hour (Vop) 40 positive supply for test and oscillator
S3 4 | +2 minute correction inputs
BP 5 | 64 Hz backplane driver

(common of LCD)

ADEGH1 6 | segment driver
C1 7 | segment driver
E2 8 |segment driver 0SC ouT [1 ] U [40] (VDD)
D2 9 |segment driver osc N [Z] 39 Ts
c2 10 |segment driver s1 [3] 5] TR
E3 11 | segment driver
D3 12 | segment driver sa [4] 27] &1
c3 13 | segment driver 8P 5 36] G2
E4 14 | segment driver apeG1 [6] 35| F2
D4 15 | segment driver c1 [7] [34] A2
C4 16 |segment driver 2 (8] 33] B2
B4 17 | segment driver p2 [3] [32] P3, P4
S2 18 §et minutes ' c2 [9] 5] 1,2
S4 19 |internal voltage regulation PCF1171CT
\ 20 [ negative suppl £ [11] 30] 63

Ss ga pply

S6 21 | selectable correction mode 0 [12] 29] F3
S5 22 | 12/24-hour mode cs [13] 28] A3
Vop 23 | positive supply 4 [14] 27] B3
A4 24 | segment driver D4 [15] 26] G4

F4 25 | segment driver ca [ig] 2] Fa
G4 26 |segment driver 84 [7] 37 na

B3 27 |segment driver
A3 28 |segment driver s2 [ie] 23] Voo

F3 29 | segment driver s4 [19] 22] s5

G3 30 |segment driver Vss [20] 21] s6

P1, P2 31 | colon flashing MSA981

P3, P4 32 | colon static

B2 33 |[segment driver
A2 34 [segment driver

F2 35 |segment driver

G2 36 |segment driver Fig.1 Pin configuration, PCF1171CT, (VSOA40).
B1 37 | segment driver
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4-digit LCD car clock PCF1171C

Fig.2 Segment designation of LCD.

TIME '- & L) ()
- '. | -. .
MSA985
Fig.3 Display mode (24-hour mode shown).

OPERATIONAL INPUTS Set minutes/reset seconds, switch S2
Operational inputs S1, S2 and S3 have an internal pull-up ~ When S2 is closed, the minute setting is corrected
resistor to facilitate use of external single-pole, according to the correction mode determined by S6 (see
single-throw switches. A specific debounce circuit is Chapter “Input options”).

integrated as protection against contact debounce and

parasitic voltages The seconds counter is reset to zero each time S2 is

closed, and begins running each time S2 is opened.
In the description below, an arrangement as shown in
Fig.5 is assumed and S1, S2 and S3 refer to the external ~ Segment test/reset, switches S1 and S2

itch h he corresponding inputs. .
switches rather than the P 9 inp If S1 and S2 are closed simultaneously all LCD segments

are switched on. When the switches are released, the
clock starts at 1 : 00 in the 12-hour mode or 0 : 00 in the
Closure of S1 increments the hours according to the 24-hour mode.

correction mode selected by S6 (see Chapter

“Input options”).

Set hours, switch S1
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4-digit LCD car clock

PCF1171C

Time correction +2 minutes, switch S3

This switch operates in two ranges:
o Displayed time > 58 minutes 00 seconds
¢ Displayed time < 1 minute 59 seconds.

When switch S3 is pressed in these ranges, the minutes
and seconds are reset to zero. For displayed

time > 58 minutes 00 seconds, the hour is also
incremented by one.

INPUT OPTIONS

In the description below S4, S5 and S6 refer to the external
switches shown in Fig.5 rather than to the corresponding
inputs.

In a real application, these inputs will normally be bonded
to the appropriate level to give the required function mode.

Internal/external regulation, switch S4

For internal regulation, S4 is closed, the internal voltage
regulator is active and the voltage supply for the LCD is
regulated to 5 V. For external regulation, S4 is open and
the circuit has to be supplied with an externally regulated
voltage.

LIMITING VALUES

12/24-hour mode, switch S5

For 12-hour display mode, S5 is connected to Vpp.
For 24-hour display mode, S5 is connected to Vgg.

Single/continuous correction mode, switch S6

For single-set correction mode, S6 is connected to Vpp.
Each closure of S1 or S2 advances the counter by one.

For continuous-set correction mode, S6 is connected to
Vss. Momentary closure of S1 or S2 causes single
increments as for single-set correction mode. If S1 or S2is
kept closed for more than 1s, the counter is automatically
incremented by 1 for each full second that S1 or S2 is kept
closed.

TESTING

In normal operation the test inputs TR (pin 38) and TS
(pin 39) have to be connected to Vpp (pin 23). A test
frequency (64 Hz) is available at BP (pin 5). The test mode
is activated by connecting TS to Vgg (pin 20). All output
frequencies are then increased by a factor of 65536.

In this mode the maximum input frequency is 100 kHz
(external generator at OSC IN). By connecting TR to Vsg
all counters (seconds, minutes and hours) are stopped.
After connecting TR to Vpp all counters start from an initial
state.

The switches/inputs described above also operate in the
test mode.

In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vbp supply voltage with respect to Vgg with internal | note 1 - 8 \"
regulation disconnected;
V| all input voltages Vgs—-0.3 |Vpp+03 |V
Tamb operating ambient temperature -40 +85 °C
Tetg storage temperature -55 +125 °C
Note

1. Connecting the supply voltage with reverse polarity, will not harm the circuit, provided the current is limited to 10 mA

by the external resistor.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in

“Data Handbook IC16, General, Handling MOS Devices”.
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4-digit LCD car clock PCF1171C

CHARACTERISTICS
Vpp =5 V; Vgg =0 V; Tamp = —40 to +85 °C; crystal: f = 4.194304 MHz; Rs = 50 Q; C; = 12 pF; unless otherwise
specified.

SYMBOL PARAMETER CONDITIONS | min. | Tve. | max. | uniT
Supply
Vpp supply voltage
external regulation 3 - 6 Vv
internal regulation lrReg =1 mMA 4 5 6 Vv
IrReg regulation current with 0.2 - 5 mA
internal regulation
lop current consumption all switches open; without LCD; | 50 400 700 pA

internal regulation
disconnected; note 1

fo differential internal impedance |lgeg =1 mA - - 150 Q

Oscillator (pins 1 and 2) (see note 2)

tosc start time - - 200 ms
Afffosc frequency stability AVpp = 100 mV - 0.2x106|1x106
R feedback resistance 0.1 - 1 MQ
G input capacitance - - 9 pF
Co output capacitance 19 24 29 pF
Switches S1, S2 and S3 (pins 18, 3 and 4) and test inputs, TS, TR (pins 38 and 39)
li input current with inputs connected to Vgg 50 150 500 A
14 debounce time 32 - 150 ms
Rs segment driver output I = £50 pA - 1 2.5 kQ
resistance
Rgp backplane driver output I = +250 pA - 0.2 0.5 kQ
resistance
fap backplane driver output - 64 - Hz
frequency
Votisetpc) | LCD DC offset voltage R =200kQ; CL=1nF - - +50 mV
Notes

1. The current lext = lgeg + lpp + 2 x |; (+ LCD current).
2. For correct operation of the oscillator: Vpp 23 V.
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4-digit LCD car clock PCF1171C

CHIP DIMENSIONS AND BONDING PAD LOCATIONS

8 1]
IS8 838 3
Fa OOo0oOoo0OoO0Oo000aQg|ca
G4 O | b4
B3 O | Es
A3 O |(cs
F3 [ | b3
G3 O | Ees
2.66 mm PCF1171CU
P1, P2 O |c2
P3, P4 O | b2
B2 O | e2
A2 O (ct
F2 [0 | ADEG1
0
e | HEHB8H5&88-888 -
5 T2 85 2 5 8 &
> O 8
9 O
0
o
2.36 mm MSA983

Chip area: 6.28 mm?2.
Bonding pad dimensions: 110 pm x 110 pm.
Chip thickness: 381 +25 um.

Fig.4 Bonding pad locations, PCF1171CU; 40 terminals.
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4-digit LCD car clock PCF1171C
Table 1 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to the pad G2, see Fig.4.
PAD X y PAD X y

OSC OUT 1060 0 S6 860 2320
OSCIN 1260 0 S5 660 2320
St 1460 0 Vop 460 2320
S3 1680 0 A4 240 2320
BP 1920 0 F4 0 2320
ADEG1 1920 240 G4 0 2080
C1 1920 460 B3 0 1860
E2 1920 660 A3 0 1660
D2 1920 860 F3 0 1460
c2 1920 1060 G3 0 1260
E3 1920 1260 P1, P2 0 1060
D3 1920 1460 P3, P4 0 860
C3 1920 1660 B2 0 660
E4 1920 1860 A2 0 460
D4 1920 2080 F2 0 240
C4 1920 2320 G2 0 0
B4 1680 2320 B1 240 0
S2 1460 2320 TR 460 0
S4 1260 2320 TS 660 0
Vss 1060 2320 Vop 860 0
chip corner (max. value) -220 -170
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4-digit LCD car clock PCF1171C

APPLICATION INFORMATION

R=4.7kQt082kQ

battery + 1 -
Y lexT CT=5pFto25pF 4.19 MHz |
w l[l |
a 1
osc | osc :
Vpp |TR |TS |(VpD) | IN ouT |
S6 Vpp —o S6 23 38 39 40 2 1 |
selectable 21 > I
correction mode Vsg 1 |
| Ipp+ 21j
S5 Vpp —o S5 REGY pp*2li |
22 33pF to £ |
12/24 hour mode Vg | e Bt |
VOLTAGE t ™
s S3 REGULATOR 3:32;2" Jf
3 ~
+ 2 minutes correction © 4 to LCD |
s2 S2 |
set minutes t+—e"o0—18 PCF1171C :
s1 S1 |
set hour t—e 0—3 :
19 20 |
\

sS4 s [
internal voltage | g4 |
regulation |
_
MsAg82

(1) Only required if internal regulation is disconnected.
From pin 2 (OSC IN) to any other pin the stray capacitance should not exceed 2 pF.

Fig.5 Typical application diagram.
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Product specification

31/,-digit LCD car clock

PCF1172C

FEATURES

Driving standard 3'/,-digit LCD with AM and PM
indicators

Internal voltage regulator for 5V LCD

Option for external stabilized voltage supply
4.19 MHz oscillator

Integrated oscillator output capacitor and polarization
resistor

Operating ambient temperature: —40 to +85 °C
40-lead plastic SMD, face down (VSO40).

ORDERING INFORMATION

GENERAL DESCRIPTION

The PCF1172C is a single chip, 4.19 MHz CMOS clock
circuit indicating hours and minutes. It is designed to drive
a 3V»-digit liquid crystal display (LCD) with AM and PM
indicators.

Two external single-pole, single-throw switches will
accomplish all time setting functions. The circuit is
battery-operated via an internal 5 V voltage regulator or by
an external stabilized voltage supply.

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF1172CT VS040 plastic very small outline package; 40 leads; face down(!) SOT158-2
PCF1172CU - uncased chip in tray(®@) -
Notes

1. See Fig.1 and Chapter “Package outline” for pin layout and package details.
2. See Chapter “Chip dimensions and bonding pad locations” for pad layout and package details.
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31/,-digit LCD car clock PCF1172C

PINNING

SYMBOL | PIN DESCRIPTION SYMBOL | PIN DESCRIPTION
OSC OUT 1 | oscillator output TR 38 |test reset; connect to (Vpp)
OSC IN 2 | oscillator input TS 39 |test speed-up; connect to (Vpp)
S1 3 |set hour (Vpp) 40 | positive supply for test and oscillator
s3 4 | +2 minute correction inputs

BP 5 | 64 Hz backplane driver

(common of LCD)

PM 6 | segment output for PM annunciator

AM 7 | segment output for AM annunciator

E2 8 |segment driver 0sc ouT [T] U %] (Vop)
D2 9 | segment driver oscin [Z] %) Ts

c2 10 |segment driver

E3 11 | segment driver st [2] 28] TR

D3 12 | segment driver s3 [4] 37] B1,C1
c3 13 | segment driver BP [5] 36] G2

E4 14 | segment driver PM [6| 35] F2

D4 15 | segment driver am [7] 34] A2

C4 16 |[segment driver e2 5] 9—_3} B2

B4 17 | segment driver

S2 18 | set minutes o2 [2] 2L
S4 19 |internal voltage regulation cz 1o} PCF1172CT 51] p1.P2
Vss 20 [negative supply €3 [11] 30] 3

S6 21 |selectable correction mode D3 [12 [29] F3

n.c. 22 | not connected c3 |_1_1 E A3

Vpp 23 | positive supply £4 [14] 27] B3

A4 24 [segment driver 04 [15] B

F4 25 |[segment driver

G4 26 |segment driver o« [ig] 2] e

B3 27 | segment driver B4 [17] 24] A4

A3 28 | segment driver sz [18] 23] VoD

F3 29 | segment driver s4 [19] 22] n.c.

G3 30 |segment driver Vss [29] [21] s6

P1, P2 31 | colon flashing prv

P3, P4 32 | colon static

B2 33 |segment driver

A2 34 | segment driver

F2 35 | segment driver

G2 36 _| segment driver Fig.1 Pin configuration, PCF1172CT, (VSO40).
B1, C1 37 |segment driver
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PCF1172C

B1 F2

Ct E2

PM

A2
B2
AM o B

Fig.2 Segment designation of LCD.

AM

TIME

Fig.3 Display mode (12-hour with AM/PM annunciator).

MSA990

OPERATIONAL INPUTS

Operational inputs S1, S2 and S3 have an internal pull-up
resistor to facilitate use of external single-pole,
single-throw switches. A specific debounce circuit is
integrated as protection against contact debounce and
parasitic voltages.

In the description below, an arrangement as shown in
Fig.5 is assumed and S1, S2 and S3 refer to the external
switches rather than the corresponding inputs.

Set hours, switch S1

Closure of S1 increments the hours according to the
correction mode selected by S6 (see Chapter “Input
options”).

1997 Apr 16

Set minutes/reset seconds, switch S2

When S2 is closed, the minute setting is corrected
according to the correction mode determined by S6 (see
Chapter “Input options”).

The seconds counter is reset to zero each time S2 is
closed, and begins running each time S2 is opened.
Segment test/reset, switches S1 and S2

If S1 and S2 are closed simultaneously all LCD segments
are switched on. When the switches are released, the
clock starts at 1 : 00.
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31/,-digit LCD car clock

PCF1172C

Time correction +2 minutes, switch S3

.This switch operates in two ranges:
¢ Displayed time > 58 minutes 00 seconds
» Displayed time < 1 minute 59 seconds.

When switch S3 is pressed in these ranges, the minutes
and seconds are reset to zero. For displayed

time > 58 minutes 00 seconds, the hour is also
incremented by one.

INPUT OPTIONS

In the description below S4 and S6 refer to the external
switches shown in Fig.5 rather than to the corresponding
inputs.

In a real application, these inputs will normally be bonded
to the appropriate level to give the required function mode.

Internal/external regulation, switch S4

For internal regulation, S4 is closed, the internal voltage
regulator is active and the voltage supply for the LCD is
regulated to 5 V. For external regulation, S4 is open and
the circuit has to be supplied with an externally regulated
voltage.

Single/continuous correction mode, switch S6

For single-set correction mode, S6 is connected to Vpp.
Each closure of S1 or S2 advances the counter by one.

For continuous-set correction mode, S6 is connected to
Vgs. Momentary closure of S1 or S2 causes single
increments as for single-set correction mode. If S1 or S2is
kept closed for more than 1s, the counter is automatically
incremented by 1 for each full second that S1 or S2 is kept
closed.

TESTING

In normal operation the test inputs TR (pin 38) and TS
(pin 39) have to be connected to Vpp (pin 23). A test
frequency (64 Hz) is available at BP (pin 5). The test mode
is activated by connecting TS to Vgg (pin 20). All output
frequencies are then increased by a factor of 65536.

In this mode the maximum input frequency is 100 kHz
(external generator at OSC IN). By connecting TR to Vgg
all counters (seconds, minutes and hours) are stopped.
After connecting TR to Vpp all counters start from an initial
state.

The switches/inputs described above also operate in the
test mode.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vpp supply voltage with respect to Vgg with internal note 1 - 8 \'
regulation disconnected

V| all input voltages Vgs—0.3 |Vpp+0.3|V

Tamb operating ambient temperature -40 +85 °C

Tstg storage temperature -55 +125 °C
Note

1. Connecting the supply voltage with reverse polarity, will not harm the circuit, provided the current is limited to 10 mA

by the external resistor.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in

“Data Handbook IC16, General, Handling MOS Devices”.
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CHARACTERISTICS
Vpp =5 V; Vgs = 0 V; Tamp = —40 to +85 °C; crystal: f = 4.194304 MHz; R = 50 Q; C|_ = 12 pF; unless otherwise
specified.

SYMBOL PARAMETER CONDITIONS | min. | Tve. | max. | unir

Supply

Vpp supply voltage external regulation 3 - 6 \%
external regulation 3 - 6 \
internal regulation IReg = 1 MA 4 5 6 \)

IREG regulation current with 0.2 - 5 mA

internal regulation
Ibp current consumption all switches open; without LCD; | 50 400 700 HA

internal regulation
disconnected; note 1

ro differential internal impedance | Iggg = 1 mA - - 150 Q

Oscillator (pins 1 and 2; note 2)

tosc start time - - 200 ms
Afffosc frequency stability AVpp = 100 mV - 0.2x106|1x106
Rt feedback resistance 0.1 - 1 MQ
G input capacitance - - 9 pF
Co output capacitance 19 24 29 pF
Switches S1, S2 and S3 (pins 18, 3 and 4)
li input current with inputs connected to Vgg 50 150 500 nA
tq debounce time 32 - 150 ms
Rs segment driver output IL=+50 pA - 1 2.5 kQ
resistance
Rep backplane driver output IL=+250 pA - 0.2 0.5 kQ
resistance
fap backplane driver output - 64 - Hz
frequency
Voffset([)c) LCD DC offset voltage R =200kQ; C_=1nF - - +50 mV
Notes

1. The current IgxT = Igeg + lpp + 2 x | (+ LCD current).
2. For correct operation of the oscillator: Vpp 23 V.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

Vbb

(2]
2 e 8L 3 8 3
F4 OO0 OO0OO0OO0OO0O0O0OA0O0 |ca
G4 O | b4
B3 O | es4
A3 O |cs
F3 O D3
G3 O | es
2.66 mm PCF1172CU
P1, P2 0 |ec2
P3, P4 O | o2
B2 O | e2
A2 O | am
F2 O | pm
0
G2 (O T e N SO e Y e O s O e N s O
| - j - = L} -} - - | - | - X
- Q E Z - 9 o
O 5 = 0o ® o
° ~ ;3 3 o
b o &
[}
o
2.36 mm MSA988

n.c. = not connected.

Chip area: 6.28 mm?2,

Bonding pad dimensions: 110 pm x 110 um.
Chip thickness: 381 25 pm.

Fig.4 Bonding pad locations, PCF1172CU; 40 terminals.
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Table 1 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to the pad G2, see Fig.4.
PAD X y PAD X y
OSC OUT 1060 0 S6 860 2320
OSCIN 1260 0 n.c. 660 2320
St 1460 0 Vop 460 2320
S3 1680 0 A4 240 2320
BP 1920 0 Fa 0 2320
PM 1920 240 G4 0 2080
AM 1920 460 B3 0 1860
E2 1920 660 A3 0 1660
D2 1920 860 F3 0 1460
c2 1920 1060 G3 0 1260
E3 1920 1260 P1, P2 0 1060
D3 1920 1460 P3, P4 0 860
C3 1920 1660 B2 0 660
E4 1920 1860 A2 0 460
D4 1920 2080 F2 0 240
C4 1920 2320 G2 0 0
B4 1680 2320 B1, C1 240 0
S2 1460 2320 TR 460 0
S4 1260 2320 TS 660 0
Vss 1060 2320 Voo 860 0
chip corner (max. value) -220 -170
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APPLICATION INFORMATION

R=47kQt08.2kQ

battery + ¢ -
Y lexT CT=5pFto25pF 4.19 MHz |
w ﬂ |
P { 1 |
0OsC osc |
Vpp |[TR | TS |(Vpp) |IN ouT !
s6 Vpp —o S6 23 38 39 40 2 1 |
selectable 21 >
correction mode Vss 1 }
| ReGY Ipp* 21; |
33pF to 1L |
100 pF T |
SHUNT )
VOLTAGE
s3 REGULATOR gﬁgg‘;m *

§3 i on [ % o4 to LCD
+ 2 minutes correction |
s2 S2 |
set minutes t+—e  o0— 18 PCF1172C :
s1 S1 |
set hour t—e"o—3 :
19 20 |

\

S4 ss l
intemal voltage | s4 |
regulation |
—

MSA987

(1) Only required if internal regulation is disconnected.
From pin 2 (OSC IN) to any other pin the stray capacitance should not exceed 2 pF.

Fig.5 Typical application diagram.
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4-digit static LCD car clock
L ____________________________________________________]

FEATURES

¢ Internal voltage regulator is electrically prbgrammable

for various LCD voltages

o Time calibration is electrically programmable
(no trimming capacitor required)

LCD voltage adjusts with temperature for good contrast
4.19 MHz oscillator
12-hour or 24-hour mode

¢ Operating ambient temperature: —40 to +85 °C

ORDERING INFORMATION

40-lead plastic SMD, face down (VS040).

Product specification

PCF1174C

GENERAL DESCRIPTION

The PCF1174C is a single chip, 4.19 MHz CMOS car clock
circuit providing hours, minutes and seconds functions.

It is designed to drive a 4-digit static liquid crystal display
(LCD).

Two external single-pole, single-throw switches will
accomplish all time setting functions. Time calibration and
voltage regulator are electrically programmable via an
on-chip EEPROM. The circuit is battery-operated via an
internal voltage regulator and an external resistor.

TYPE PACKAGE

NUMBER NAME DESCRIPTION VERSION
PCF1174CT VS040 | plastic very small outline package; 40 leads; face down(!) SOT158-2
PCF1174CU - uncased chip in tray(@ -
Notes

1. See Fig.1 and Chapter “Package outline” for pin layout and package details.

2. See Chapter “Chip dimensions and bonding pad locations” for pad layout and package details.
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4-digit static LCD car clock PCF1174C

PINNING

SYMBOL | PIN DESCRIPTION

BP 1 | backplane output

PM 2 | segment driver

AM 3 | segment driver

ADEG1 4 | segment driver

Ci 5 |segment driver

E2 6 | segment driver

D2 7 | segment driver .
c2 8 | segment driver : U

E3 9 |segment driver 8P [1] 0] B1
Cc3 10 |segment driver Pm [2] 39| @2
E4 11 | segment driver AMm [3] 38] F2
D4 12 | segment driver ADEG1 [4] [37] A2
C4 13 |segment driver c1 [5] 36] 62
B4 14 segmen.t driver e2 [6] 5] coL
S1 15 | hour adjustment input

DATA 16 | EEPROM data input oz [7] 4] e
OSCIN | 17 |oscillator input c2 [&] 3] F3
OSC OUT | 18 |oscillator output Es [o] [32] AD3
Vss 19 | negative supply c3 [10] PCF1174CT 31] B3
MODE 20 |12/24-hour mode select input E4 [11] 30| G4
Vpp 21 | programming voltage input b4 [12] 29] Fa
e | o | ot = I
ENABLE 23 |set enable input for S1 and S2

Vbp 24 | positive supply voltage 84 [14 27] s2
FLASH 25 | colon option input st [15] 26] SEL
SEL 26 | EEPROM select input DATA [16] 25| FLASH
S2 27 | minute adjustment input 0sC IN [17] E Vbp
A4 28 |segment driver osc ouT [18] 23] ENABLE
F4 29 | segment driver vss [19] 2] s
G4 30 |segment driver

- MODE [20 [21] Vpp

B3 31 |[segment driver

AD3 32 |segment driver mensst

F3 33 |[segment driver

G3 34 | segment driver

COL 35 | segment driver

B2 36 |segment driver

A2 37 |[segment driver

F2 38 |[segment driver

G2 39 |segment driver Fig.1 Pin configuration, PCF1174CT, (VSO40).
B1 40 | segment driver
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FUNCTIONAL DESCRIPTION AND TESTING
Outputs

The circuit outputs static data to the LCD. Generation of
BP and the output signals are shown in Fig.4.

The average voltages across the segments are:
1. Vongrms) = Vob
2. VorrRms)=0V.

AM
PM -
. my V-

Fig.2 Segment designation of LCD.

TIME

MSA993

(@)

a. 12-hour mode.

TIME

b. 24-hour mode.

Fig.3 Typical displays.

Vpp
BP |
0
SEGMENT
Vbb
OFF r
0
Vbbb
ON
0
le— 15625 ms —» ~ MSA9%

Fig.4 Backplane and output signals.
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LCD voltage (see Fig.5)

The adjustable voltage regulator controls the supply
voltage (see Section “LCD voltage programming”) in
relation to temperature for good contrast, for example
when Vpp = 4.5V at +25 °C, then:

Vpp=3to 4V at+85 °C.
Vpp=5to 6V at—40 °C.

MSA995

Vss
v)

[/
/

-4 (1)

[/

I

-2

-40 0 40 80 12
T (°c)

(1) Programmed to 4.0 V at 25 °C (value within the specified operating range).
(2) Programmed to 4.5 V at 25 °C (value within the specified operating range).
(3) Programmed to 5.0 V at 25 °C (value within the specified operating range).

Fig.5 Regulated voitage as a function of temperature (typical).
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PCF1174C

12/24-hour mode

Operation in 12-hour or 24-hour mode is selected by
connecting MODE to Vpp or Vgg respectively.
Power-on

After connecting the supply, the start-up mode is:
1:00 AM; 12-hour mode.

0:00; 24-hour mode.

Colon

If FLASH is connected to Vpp the colon pulses at 1 Hz.
If FLASH is connected to Vgg the colon is static.

Time setting

Switch inputs S1 and S2 have a pull-up resistor to facilitate
the use of single-pole, single-throw contacts. A debounce
circuit is incorporated to protect against contact bounce
and parasitic voltages.

Set enable

Inputs S1 and S2 are enabled by connecting ENABLE to
Vpp or disabled by connecting to Vss.

Set hours

When S1 is connected to Vgg the hours displayed
advances by one and after one second continues with one

advance per second until S1 is released (auto-increment).

Set minutes

When S2 is connected to Vgg the time displayed in
minutes advances by one and after one second continues
with one advance per second until S2 is released
(auto-increment). In addition to minute correction, the
seconds counter is reset to zero.

1997 Apr 16
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Segment test/reset

When S1 and S2 are connected to Vgg, all LCD segments
are switched ON. Releasing switches S1 and S2 resets the
display. No reset occurs when DATA is connected to Vgg
(overlapping S1 and S2).

Test mode

When TS is connected to Vpp, the device is in normal
operating mode. When connecting TS to Vgg all counters
(seconds, minutes and hours) are stopped, allowing quick
testing of the display via S1 and S2 (debounce and
auto-increment times are 64 times faster). TS has a
pull-up resistor but for reasons of safety it should be
connected to Vpp.

EEPROM

Vpp has a pull-up resistor but for reasons of safety it should
be connected to Vpp.

LCD voltage programming

To enable LCD voltage programming, SEL is set to
open-circuit and a level of Vpp — 5 V is applied to Vpp
(see Fig.6). The first pulse (tg) applied to the DATA input
clears the EEPROM to give the lowest voltage output.
Further pulses (t.) will increment the output voltage by
steps of typically 150 mV (Tamp = 25 °C).

For programming, measure Vpp — Vsgs and apply a store
pulse (tw) when the required value is reached. If the
maximum number of steps (n = 31) is reached and an
additional pulse is applied the voltage will return to the
lowest value.

Time calibration

To compensate for the tolerance in the quartz crystal
frequency which has been positively offset (nominal
deviation +60 x 1075) by capacitors at the oscillator input
and output, a number (n) of 262144 Hz pulses are
inhibited every second of operation.
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The number (n) is stored in a non-volatile memory which is achieved by the following steps (see Fig.6):

1.
2.
3.
4

5.
6.

Set SEL to Vgg and a level of Vpp — 5V to Vpp

The quartz-frequency deviation Af/f is measured and (n) is calculated (see Table 1)

A first pulse tg is applied to the DATA input clears the EEPROM to give the highest backplane frequency
The calculated pulses (n) are entered in (ty, t,). If the maximum backplane period is reached and an additional pulse

is applied the period will return to the lowest value.

Release SEL and Vpp.

Table 1 Time calibration (At = 3.81 pus; SEL at Vgg)

The backplane period is controlled and (when correct) fixed by applying the store pulse tw

OSCILLATOR-FREQUENCY DEVIATION

Al NUMBER OF PULSES BACKPLANE PERIOD

(X 10_6) (n) (ms)
0 0 15.625
+3.8 1 15.629
+7.6 2 15.633
+11.4 3 15.636
+117.8 31 15.743
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50 ps 50 us ~—
V
DD
Vpp-5V

50 us —>| |-— . X —! L—SO us
clears cells incrementing counters store pulse
Vpp —— —
DATA 0 r/ r/ —_—— I j
Vpp-5V
tg ty tL ty tL
n tH tw

tE’tW =4to6ms

tH ==1ps

ty=1to15us
oV
pulse
generators v

PP SEL
@ > e o— Vss
Vpb
DATA
PCF1174C
OSC ouT
+
—1 == Cext =47 uF
Vss OSCIN T
MSA997 R
33— -12V
6.8 kQ

Fig.6 Programming diagram.
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vobp supply voltage with respect to Vgg - 8 \
lop supply current Vss=0V; note 1 - 3 mA
\A input voltage all pins except Vpp and DATA -0.3 Vpp+0.3 |V
pins Vpp and DATA -3 Vpp+0.3 |V
Tamb operating ambient temperature -40 +85 °C
Tstg storage temperature -55 +125 °C
Note

1. Connecting the supply voltage with reverse polarity, will not harm the circuit, provided the current is limited to 10 mA

by the external resistor.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”.
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PCF1174C

CHARACTERISTICS

Vpp=31t06V; Vgg =0V, Tamp = —40 to +85 °C; crystal: f = 4.194304 MHz; Rs = 50 Q; C|_ = 12 pF; maximum

frequency tolerance = +30 x 10-5; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS [ min. | TR MAX. | UNIT
Supply
Vbp supply voltage voltage regulator programmed |3 - 6 \Y
to4.5Vat Tymp =25°C
AVpp supply voltage variation S1 or S2 closed - - 50 mV
TC supply voltage variation due - -0.35 - %/K
to temperature Vpp=4.5V - -16 - mV/K

Ibp supply current note 1 700 950 - pA
CexT capacitance external capacitor 47 - - uF
Oscillator
tosc start time - - 200 ms
Af/f frequency deviation nominal n = 0 0 60x 10 [110x 106
Af/f frequency stability AVpp =100 mV - - 1x 106
Ry feedback resistance 300 1000 3000 kQ
Ci input capacitance - 16 - pF
Co output capacitance - 27 - pF
Inputs
Ro pull-up resistance S1, 82, TS, SEL and DATA 45 90 180 kQ
I leakage current FLASH, ENABLE, MODE - - 2 uA
ty debounce time S1 and S2 only 30 65 100 ms
Vpp programming voltage
loz output current Vpp=Vpp-5V 70 - 700 LA

' during programming - 500 - pA
Backplane (high and low levels)
Rgp | output resistance I +£100 pA ] - J - I 3 l kQ
Segment
Rsea | output resistance I +100 pA F J - [ 5 | kQ
LCD
Vottset(dc) I DC offset voltage |200 kQ/1 nF T— |— ]EO I mV

Note

1. A suitable resistor (R) must be selected (example):
a) Vpp=5V; Rmax. (12V -5 V)/700 pA = 10 kQ.
b) Vpp=5V; Rtyp. (12V -5 V)/900 pA = 7.8 kQ (more reserve).
c) Ipp must not exceed 3 mA.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

ADEG1

C1
E2
D2
Cc2
E3
c3
E4

3.02 mm

D4

g

OooOooooOoooooao

|

S1
DATA

O
O
O
a
O
O

PCF1174CU

(=]

ooooOoOooooooao

Chip area: 6.4 mm?2.
Bonding pad dimensions: 110 um x 110 pm.
Chip thickness: 381 £25 mm.

OSCIN
0sC ouT
Vss
MODE
Vep

TS
ENABLE
Vop

———————— 2. 12 mm ——»

B2
coL
G3
F3
AD3
B3
G4
F4
A4
s2
SEL
FLASH

MSA998

Fig.7 Bonding pad locations, PCF1174CU; 40 terminals.
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Table 2 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to the bottom left pad (OSC IN), see Fig.7.
PAD X y PAD X y
BP 600 2676 Vep 800 0
PM 400 2676 TS 1000 0
AM 200 2676 ENABLE 1200 0
ADEG1 0 2676 Vbp 1400 0
C1 —-138 2448 FLASH 1538 168
E2 -138 2228 SEL 15638 388
D2 -138 2008 S2 1538 608
Cc2 -138 1808 A4 1538 808
E3 -138 1608 F4 1538 1008
C3 -138 1408 G4 1538 1208
E4 -138 1208 B3 1538 1408
D4 -138 1008 AD3 1538 1608
C4 -138 808 F3 1538 1808
B4 -138 608 G3 1538 2008
S1 -138 388 COoL 1538 2208
DATA -138 168 B2 1538 2448
OSCIN 0 0 A2 1400 2676
OSC ouT 200 0 F2 1200 2676
Vss 400 0 G2 1000 2676
MODE 600 0 B1 800 2676
chip corner (max. value) -360 -170
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APPLICATION INFORMATION

2-14
BP |1 - .
< DECODER : } o r|]_tcdDrI vers
i 28 - 40
DECODER PCF1174C
AM/PM HOURS MINUTES SECONDS
COUNTER COUNTER [* | COUNTER COUNTER
D, OSCIN | 17
J ADJUSTABLE
l—l oscout | 18 OSCILLATOR ) DIVIDER 12V
SEL | 26 R h“ ka
DATA | 16 EEPROM  [— 21| Vpp 'pD
St 15 25 | FLASH
o )
s2
— 27 CONTROL 21 TS
© LOGIC
MODE | 20 R 23 | ENABLE
Ves | 19 voLTAGE [* v
REGULATOR DD
_Lm Cext [+
= 47yF
Tioonr T
MSA999 j

(1) To be placed close to the IC.

Fig.8 Typical application diagram.
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4-digit duplex LCD car clock PCF1175C

FEATURES

Product specification

GENERAL DESCRIPTION

¢ Internal voltage regulator is electrically programmable The PCF1175C is a single chip, 4.19 MHz CMOS car clock
for various LCD voltages

« Time calibration is electrically programmable Itis designed to drive a 4-digit duplex liquid crystal display
(no trimming capacitor required) (LCD).

e 4.19 MHz oscillator

1 Hz set mode.

12-hour or 24-hour mode
Operating ambient temperature: —40 to +85 °C internal voltage regulator and an external resistor.
28-lead plastic SMD (S0O28)

ORDERING INFORMATION

circuit providing hours, minutes and seconds functions.

LCD voltage adjusts with temperature for good contrast ~ Two external single-pole, single-throw switches will

accomplish all time setting functions. Time calibration and
voltage regulator are electrically programmable via an
on-chip EEPROM. The circuit is battery-operated via an

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF1175CT S028 plastic small outline package; 28 leads; body width 7.5 mm(?) SOT136-1
PCF1175CU - uncased chip in tray® -
PCF1175CU/10 - chip-on-film frame carrier (FFC)@ -
Notes

1. See Fig.1 and Chapter “Package outline” for pin layout and package details.
2. See Chapter “Chip dimensions and bonding pad locations” for pad layout and package details.
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PINNING
SYMBOL | PIN DESCRIPTION
S1 1 hour adjustment input
DATA 2 | EEPROM data input
OSC IN 3 | oscillator input
OSC OUT 4 | oscillator output
Vss 5 | negative supply voltage
MODE 6 | 12/24-hour mode select input st [1] U 28] BP1
Vep 7 | programming voltage input DATA [2] ~2_7] BP2
TS 8 |test speed-up mode input 0SCIN E 25] AwPM
ENABLE 9 | enable input (for S1 and S2)
Vpp 10 | positive supply voltage oscout [I E A2/ADEG1
FLASH 11| colon option input vss [5] [24] B1/C1
SEL 12 | EEPROM select input MODE [6 | 23] F/E2
S2 13 | minute adjustment input Vpp [7] PCF1175CT 22] G2/D2
B4/C4 14 | segment driver Ts [&] 21] B2/c2
G4/D4 15 | segment driver ENABLE [3] 20] Ad/COL
F4/E4 16 |segment dr!ver Voo [19] 8] Faes
B3/C3 17 | segment driver
G3/AD3 18 | segment driver FLASH [11] 18] Ga/aps
F3/E3 19 | segment driver seL [i2] 7] Barca
A4/COL 20 |segment driver s2 [13] 16] Fa/E4
B2/C2 21 | segment driver B4/C4 [14 15] G4/D4
G2/D2 22 | segment driver WsB222
F2/E2 23 | segment driver
B1/C1 24 | segment driver
A2/ADEG1 | 25 |segment driver
AM/PM 26 | segment driver
BP2 27_| backplane 2 Fig.1 Pin configuration, PCF1175CT, (SO28).
BP1 28 | backplane 1
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FUNCTIONAL DESCRIPTION AND TESTING The average voltages across the segments are:
Outputs 1. Vonrms) = 0.79 Vpp

The circuit outputs 1 : 2 multiplexed data (duplex) to the = Vorr(rus) = 0.35 Voo.

LCD. Generation of BP1 and BP2 (three-level backplane
signals) and the output signals are shown in Fig.4.

A1 A2 A4
B1 F2 B2 F3 B3 F4 B4
P M E1 . '01 E2 ' .cz P2i4) E3 . c3 E4. c4
D1 D2 D3 D4
MSA992
Fig.2 Segment designation of LCD.
Vbb
BP1 Vpp /2
0
Vbb
‘ ". ol N ‘ BP2  Vpp/2
TIME o a® @ "e o 1
| PM a1 & V|
MSA993 SEGMENT  SEGMENT
(a) 1 2 Vbp
ON ON
a. 12-hour mode. o
Vbp
OFF ON
1 - 0
L R I N
I (N Yoo
. - ON OFF
MSA994 0
(b)
VoD
OFF OFF
b. 24-hour mode. o e
MSB226 I‘— 15.625 ms —»
Fig.3 Typical displays. Fig.4 Backplane and output signals.
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LCD voltage (see Fig.5)

The adjustable voltage regulator controls the supply
voltage (see Section “LCD voltage programming”) in
relation to temperature for good contrast, for example
when Vpp = 4.5V at +25 °C, then:

Vpp=3to4V at +85 °C.
Vpp=5to 6V at-40 °C.

MSA995
-8
_ Vss
v)
-6
(3
'\\
\
) \
-4 (1) ~——
\ —
\\
-2
0 40 0 40 0 120
) T (°C)
Programmed to 4.0 V at 25 °C (value within the specified operating range).
<2) Drr\grammall ta A : \l ah 0: Ol" {':aluv wi in 0hn apec'ﬂed cperahnn rangn\_
(3) Programmed to 5.0 V at 25 °C (value within the specified operating range).
Fig.5 Regulated voltage as a function of temperature (typical).
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12/24-hour mode

Operation in 12-hour or 24-hour mode is selected by
connecting MODE to Vpp or Vgg respectively. If MODE is
left open-circuit and a reset occurs, the mode will change
from 12-hour to 24-hour mode or vice versa.

Power-on

After connecting the supply, the start-up mode is:

MODE connected to Vpp: 12-hour mode, 1:00 AM.
MODE connected to Vss: 12-hour mode, 0:00.

MODE left open-circuit: 24-hour mode, 0:00 or 1:00.

Colon

If FLASH is connected to Vpp the colon pulses at 1 Hz.
If FLASH is connected to Vgg the colon is static.

Time setting

Switch inputs S1 and S2 have a pull-up resistor to facilitate
the use of single-pole, single-throw contacts. A debounce
circuit is incorporated to protect against contact bounce
and parasitic voltages.

Set enable
Inputs S1 and S2 are enabled by connecting ENABLE to
Vpp or disabled by connecting to Vgs.

Set hours

When S1 is connected to Vgg the hours displayed
advances by one and after one second continues with one

advance per second until S1 is released (auto-increment).

Set minutes

When S2 is connected to Vgg the time displayed in
minutes advances by one and after one second continues
with one advance per second until S2 is released
(auto-increment). In addition to minute correction, the
seconds counter is reset to zero.
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Segment test/reset

When S1 and S2 are connected to Vsg, all LCD segments
are switched ON. Releasing switches S1 and S2 resets the
display. No reset occurs when DATA is connected to Vss

" (overlapping S1 and S2).

Test mode

When TS is connected to Vpp, the device is in normal
operating mode. When connecting TS to Vgg all counters
(seconds, minutes and hours) are stopped, allowing quick
testing of the display via S1 and S2 (debounce and
auto-increment times are 64 times faster). TS has a
pull-up resistor but for reasons of safety it should be
connected to Vpp.

EEPROM

Vpp has a pull-up resistor but for reasons of safety it should
be connected to Vpp.

LCD voltage programming

To enable LCD voltage programming, SEL is set to
open-circuit and a level of Vpp — 5 V is applied to Vpp (see
Fig.6). The first pulse (tg) applied to the DATA input clears
the EEPROM to give the lowest voltage output. Further
pulses (t.) will increment the output voltage by steps of
typically 150 mV (Tamp = 25 °C). For programming,
measure Vpp — Vgg and apply a store pulse (tw) when the
required value is reached. If the maximum number of steps
(n=31) is reached and an additional pulse is applied the
voltage will return to the lowest value.

Time calibration

To compensate for the tolerance in the quartz crystal
frequency which has been positively offset (nominal
deviation +60 x 10-6) by capacitors at the oscillator input
and output, a number (n) of 262144 Hz are inhibited every
second of operation.
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The number (n) is stored in a non-volatile memory which is achieved by the following steps (see Fig.6):

1.

2.
3.
4

o

6.

Set SEL to Vgg and a level of Vpp -5V to Vpp

The quartz-frequency deviation Af/f is measured and (n) is calculated (see Table 1)

A first pulse tg is applied to the DATA input clears the EEPROM to give the highest backplane frequency

The calculated pulses (n) are entered in (ty, t.). If the maximum backplane period is reached and an additional pulse

is applied the period will return to the lowest value.

Release SEL and Vpp.

Table 1 Time calibration (At = 7.63 us; SEL at Vgs)

The backplane period is controlled and when correct fixed by applying the store pulse tw

OSCILLATOR-FREQUENCY DEVIATION

NUMBER OF PULSES BACKPLANE PERIOD
Afff

(X 10_.5) (n) (ms)
0 0 15.625
+3.8 1 15.633
+7.6 2 15.641
+11.4 3 15.648
+117.8 31 15.861
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e 50 us 50 us
V
DD
Vep \ /
Vpp-5V | -

50 ps e ) i > L‘SO us
clears cells incrementing counters store pulse
Vpp ——— - / d / /
DATA —_—
Vpp-5V
te tw ot thot
tH tw

te.ty =4to6ms

ty==1uys

ty=1to15ps
ov
pulse
generators v

PP SEL
W ——o— Vss
Vbp
DATA
PCF1175C
OSC ouT
+
— == Cext =47 yF
Vss OSCIN T
MsB223 R
T +— -12V
6.8 kQ

Fig.6 Programming diagram.
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vbp supply voltage with respect to Vgg - 8 \"
lop supply current Vss =0V; note 1 - 3 mA
V) input voltage all pins except Vpp and DATA -0.3 Vpp+0.3 |V
pins Vpp and DATA -3 Vpp+03 |V
Tamb operating ambient temperature -40 +85 °C
Tstg storage temperature -55 +125 °C
Note

1. Connecting the supply voltage with reverse polarity, will not harm the circuit, provided the current is limited to 10 mA

by an external resistor.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”.
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CHARACTERISTICS
Vpp =3106V; Vgg = 0 V; Tamp = —40 to +85 °C; crystal: f = 4.194304 MHz; Rs = 50 Q; C = 12 pF; maximum
frequency tolerance = +30 x 10-6; unless otherwise specified.

SYMBOL PARAMETER ] CONDITIONS ENIRE MAX. | UNIT
Supply

Vpp supply voltage voltage regulator programmed |3 - 6 \)

to45VatTymp=25°C
AVpp supply voltage variation S1 or S2 closed - - 50 mV
TC supply voltage variation due to - —-0.35 - %/K
temperature Vop=45V - -16 - mV/K

Ibp supply current note 1 700 950 - uA
Cext capacitance external capacitor 47 - - uF
Oscillator

tosc start time - - 200 ms
Af/f frequency deviation nominal n =0 0 60x 106 | 110 x 1076

Afff frequency stability AVpp = 100 mV - - 1x10°6

R feedback resistance 300 1000 3000 kQ
G input capacitance - 16 - pF
Co output capacitance - 27 - pF
Inputs

Ro pull-up resistance S1, 82, TS, SEL and DATA 45 90 180 kQ
Ro pull-up/pull-down resistance | MODE 100 300 1000 kQ
I leakage current ENABLE, FLASH - - 2 pHA
tq debounce time S1 and S2 only 30 65 100 ms
Vpp programming voitage

loz output current Vpp=Vpp-5V 70 - 700 A

during programming - 500 - A

Backplane (high and low levels)

Rgp | output resistance I +100 pA I - | - l 3 [ kQ
Segment

Rsea l output resistance I +100 nA I— I - | 5 I kQ
LCD

Votset(DC) | DC offset voltage | 200 kQ/1 nF | - | - | 50 | mV
Note

1. A suitable resistor (R) must be selected (example):
a) Vpp=5V;Rmax. (12V -5 V)/700 pA = 10 kQ.
b) Vpp=5V; Rtyp. (12 V -5 V)/900 pA = 7.8 kQ (more reserve).
c) Ipp must not exceed 3 mA.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

Y N 8 & D .
9 858§ &
o & o & 2 hd
] OooOooaog O
A2/ADEG1 | [J O | G3/AD3
AM/PM | [T O |B3c3
sr2 | O O | FaEs
BrP1 | O O | Ga/pa
.92 mm PCF1175CU
s1| O O | B4ca
DATA | O 0 |s2
OSCIN| O O | seL
oscout | O [0 | FLASH
0 | | o | N |
| S - | | Ny - T X
« w a o w a
£ g+ "3 &
= P
w
1.92 mm MSB224

Chip area: 5.61 mm?2,
Bonding pad dimensions: 110 pm x 110 pm.
Chip thickness: 381 £25 pm.

Fig.7 Bonding pad locations, PCF1175CU; 28 terminals.
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Table 2 Bonding pad locations (dimensions in pm)
All x/y coordinates are referenced to the bottom left pad (Vgg), see Fig.7.
PAD X y PAD X y

S1 -138 881 G4/D4 1438 1588
DATA -138 639 F4/E4 1438 1808
OSCIN -138 408 B3/C3 1438 2028
OSC ouT -138 188 G3/AD3 1438 2248
Vss 0 0 F3/E3 1400 2476
MODE 383 0 A4/COL 1000 2476
Vpp 583 0 B2/C2 800 2476
TS 846 0 G2/D2 600 2476
ENABLE 1046 0 F2/E2 400 2476
Vob 1352 0 B1/C1 0 2476
FLASH 1438 188 A2/ADEG1 -138 2248
SEL 1438 408 AM/PM -138 2028
S2 1438 628 BP2 -138 1808
B4/C4 1438 848 BP1 -138 1588
chip corner (max. value) —355 -175
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APPLICATION INFORMATION

BP1| 28 26 i
~BP2| 27 DECODER : }seg'?:',‘_cs“’e’s
) T 14
DECODER PCF1175C
AM/PM HOURS MINUTES SECONDS
COUNTER COUNTER [*| COUNTER COUNTER
D' OSCIN | 3
J ADJUSTABLE
|—| 0scouT | 4 OSCILLATOR DIVIDER vz
SEL | 12 I f]s.a kQ
DATA | 2 EEPROM [ 7| vep 'op
s1
1
_.S/C 1 . FLASH
2
— 13 CONTROL 8| TS
° * LoGIc
MODE | 6 o | ENABLE
Vss |5 voLTAGE |* v
REGULATOR 10| 'DD
c
_L 1 ext | +
) Lt o
T 100nF

]

MSB225

(1) To be placed close to the IC.

Fig.8 Typical application diagram.
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FEATURES

GENERAL DESCRIPTION

¢ Internal voltage regulator is electrically programmable The PCF1178C is a single chip, 4.19 MHz CMOS car clock
for various LCD voltages

« Time calibration is electrically programmable Itis designed to drive a 4-digit duplex liquid crystal display
(no trimming capacitor required) (LCD).

e 4.19 MHz oscillator

1 Hz set mode.

12-hour or 24-hour mode

ORDERING INFORMATION

circuit providing hours, minutes and seconds functions.

LCD voltage adjusts with temperature for good contrast ~ Two external single-pole, single-throw switches will

accomplish all time setting functions. Time calibration and
voltage regulator are electrically programmable via an
on-chip EEPROM. The circuit is battery-operated via an

Operating ambient temperature: —40 to +85 °C internal voltage regulator and an external resistor.
28-lead plastic SMD (S028)

PACKAGE

TYPE NUMBER

NAME DESCRIPTION VERSION
PCF1178CT S028 plastic small outline package; 28 leads; body width 7.5 mm() SOT136-1
PCF1178CU - uncased chip in tray(@ -
PCF1178CU/10 - chip-on-film frame carrier (FFC)(® -
PCF1178CU/5 - unsawn wafer(2) -

Notes

1. See Fig.1 and Chapter “Package outline” for pin layout and package details.
2. See Chapter “Chip dimensions and bonding pad locations” for pad layout and package details.
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PINNING
SYMBOL | PIN DESCRIPTION
BP1 1 backplane 1
BP2 2 |backplane 2
AM/PM 3 | segment driver
A2/ADEG1 4 | segment driver
B1/C1 5 |segment driver 8p1 [1] J B
F2/E2 6 | segment driver
G2/D2 7 | segment driver 5Pz [2] 27] paTA
B2/C2 8 |segment driver Awpm [3] 26] osc N
A4/COL 9 | segment driver A2/aDEG1 [4] [25] oscout
F3/E3 10 |segment driver B1/C1 5| [24] vss
G3/AD3 11 | segment driver Fo/E2 [6] 23] MODE
B3/C3 12 | segment driver Gz [7] 2] Vpp
F4/E4 13 | segment driver PCF1178CT
- B2/C2 [8 | 21] TS
G4/D4 14 | segment driver
B4/C4 15 | segment driver awcoL [9] 20 EnvaLe
S2 16 | minute adjustment input Fa/e3 [10] 9] Vop
SEL 17 | EEPROM select input aa/AD3 [11] 18] FLASH
FLASH 18 | colon option input Ba/c3 [12 17] SEL
Vpp 19 | positive supply voltage F4/E4 E [16] s2
ENABLE 20 |enable input (for S1 and S2) Ga/D4 [12 [75] Baic4
TS 21 |test speed-up mode input —
Vpp 22 | programming voltage input
MODE 23 | 12/24-hour mode select input
Vss 24 | negative supply voltage
OSC OUT | 25 |oscillator output
OSC IN 26 | oscillator mput
DATA 27 | EEPROM data input Fig:1 Piim comfiguration, PCF1178CT, (SO28).
S 28 | howr adjustmemt imput
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FUNCTIONAL DESCRIPTION AND TESTING
Outputs

The circuit outputs 1 : 2 multiplexed data (duplex) to the
LCD. Generation of BP1 and BP2 (three-level backplane
signals) and the output signals are shown in Fig.4.

The average voltages across the segments are:
1. Vonrms) = 0.79 Vpp
2. Vorrrms) = 0.35 Vpp.

A3 A4

Fig.3 Typical displays.

A1 A2
Bl F2 F3 B3 F4 B4
G1 G2 G3 G4
) L) coL { ()
D1 D2 D3 D4
MLB251
Fig.2 Segment designation of LCD.
Vbb
BP1  Vppl2
0
e . 3 o
TIVE BP2  Vpp/2
PM . ‘ . |
MSA993
@ SEGMENT  SEGMENT
1 2 Vbp
a. 12-hour mode. ON ON
0
Vbb
OFF ON
0
[ ] A/
(N (N v
TIME . .' .' -' DD
I m ON OFF
MSA994 0
b
(b) VoD
OFF OFF
b. 24-hour mode. 0 L
MsSB226 15.625 ms —»!

Fig.4 Backplane and output signals.
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LCD voltage (see Fig.5)

The adjustable voltage regulator controls the supply
voltage (see Section “LCD voltage programming”) in
relation to temperature for good contrast, for example
when Vpp =4.5 V at +25 °C, then:

Vpp=3t0 4V at+85 °C.
Vpp=5to 6V at—40 °C.

MSA995

-8
Vss
V)
-6
(€]
~
\&\\
-4 (1) ~JC
\(\\
-2
0 40 40 80 2
- 0 T C)1 0

(1) Programmed to 4.0 V at 25 °C (value within the specified operating range).
(2) Programmed to 4.5 V at 25 °C (value within the specified operating range).
(3) Programmed to 5.0 V at 25 °C (value within the specified operating range).

Fig.5 Regulated voltage as a function of temperature (typical).
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12/24-hour mode

Operation in 12-hour or 24-hour mode is selected by
connecting MODE to Vpp or Vgg respectively. If MODE is
left open-circuit and a reset occurs, the mode will change
from 12-hour to 24-hour mode or vice versa.

Power-on

Atfter connecting the supply, the start-up mode is:

MODE connected to Vpp: 12-hour mode, 1:00 AM.
MODE connected to Vgg: 24-hour mode, 0:00.

MODE left open-circuit: 24-hour mode, 0:00 or 1:00.

Colon

If FLASH is connected to Vpp the colon pulses at 0.5 Hz.
If FLASH is connected to Vgg the colon is static.

Time setting

Switch inputs S1 and S2 have a pull-up resistor to facilitate
the use of single-pole, single-throw contacts. A debounce
circuit is incorporated to protect against contact bounce
and parasitic voltages.

Set enable

Inputs S1 and S2 are enabled by connecting ENABLE to
Vpp or disabled by connecting to Vgs.

Set hours

When S1 is connected to Vgg the hours displayed
advances by one and after one second continues with one

advance per second until S1 is released (auto-increment).

Set minutes

When S2 is connected to Vsg the time displayed in
minutes advances by one and after one second continues
with two advances per second until S2 is released
(auto-increment). In addition to minute correction, the
seconds counter is reset to zero.

1997 Apr 16

Segment test/reset

When S1 and S2 are connected to Vgg, all LCD segments
are switched ON. Releasing switches S1 and S2 resets the
display. No reset occurs when DATA is connected to Vgg
(overlapping S1 and S2).

Test mode

When TS is connected to Vpp, the device is in normal
operating mode. When connecting TS to Vgg all counters
(seconds, minutes and hours) are stopped, allowing quick
testing of the display via S1 and S2 (debounce and
auto-increment times are 64 times faster). TS has a
pull-up resistor but for reasons of safety it should be
connected to Vpp.

EEPROM

Vpp has a pull-up resistor but for reasons of safety it should
be connected to Vpp.

LCD voltage programming

To enable LCD voltage programming, SEL is set to
open-circuit and a level of Vpp — 5 V is applied to Vpp (see
Fig.6). The first pulse (tg) applied to the DATA input clears
the EEPROM to give the lowest voltage output. Further
pulses (t.) will increment the output voltage by steps of
typically 150 mV (Tamp = 25 °C). For programming,
measure Vpp — Vgs and apply a store pulse (tw) when the
required value is reached. If the maximum number of steps
(n = 31) is reached and an additional pulse is applied the
voltage will return to the lowest value.

Time calibration

To compensate for the tolerance in the quartz crystal
frequency which has been positively offset (nominal
deviation +60 x 1076) by capacitors at the oscillator input
and output, a number (n) of 262144 Hz pulses are
inhibited every second of operation.
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The number (n) is stored in a non-volatile memory which is achieved by the following steps (see Fig.6):

1. Set SEL to Vgg and a level of Vpp — 5V to Vpp

2. The quartz-frequency deviation Af/f is measured and (n) is calculated (see Table 1)

3. Afirst pulse tg is applied to the DATA input clears the EEPROM to give the highest backplane frequency
4

The calculated pulses (n) are entered in (ty, t,). If the maximum backplane period is reached and an additional puise
is applied the period will return to the lowest value.

5. The backplane period is controlled and when correct fixed by applying the store pulse tw
6. Release SEL and VPP.

Table 1 Time calibration (At = 7.63 ps; SEL at Vgg)

OSC'LLAT°R'FRE§/2EN°Y s Ll NUMBER OF PULSES BACKPLANE PERIOD
8 () (ms)
0 0 15.625
138 1 15.633
176 2 15.641
14 3 15.648
1178 31 15.861
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50 us 50 us
\
DD
Vpp \ /
Vpp-5V :

50 s —>| - . . - L—SO us
clears cells incrementing counters store pulse
Vpp — — 7
DATA r/ﬁ b /T —_— r
Vpp-5V
te th ottty ot
n ty tw

tE’tW =4to6ms

tH ==1pus

t=1to15ps
oV
pulse
generators Vi

PP SEL
© o Vss
Vbp
DATA
PCF1178C
OSC ouT
= L Cexza7 WF
= Cext=>
Vss OSCIN T T
MSB230 R
— 1 +— -12V
6.8 kQ

Fig.6 Programming diagram.
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vpp supply voltage with respect to Vgg - 8 \
lbp supply current Vss =0V, note 1 - 3 mA
A input voltage all pins except Vpp and DATA | -0.3 Vpp+0.3 |V
pins Vpep and DATA -3 Vpp+03 |V
Tamb operating ambient temperature -40 +85 °C
Tstg storage temperature -55 +125 °C
Note

1. Connecting the supply voltage with reverse polarity, will not harm the circuit, provided the current is limited to 10 mA
by an external resistor.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”. )
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CHARACTERISTICS

Vpp=3106V; Vgs =0V, Tamp = —40 to +85 °C; crystal: f = 4.194304 MHz; Rg = 50 Q; C_ = 12 pF; maximum
frequency tolerance = +30 x 10-5; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS I MIN. l TYP. l MAX. J UNIT

Supply

Vobp supply voltage voltage regulator programmed |3 - 6 \
to4.5Vat Tamp=25°C

AVpp supply voltage variation S1 or S2 closed - - 50 mV

TC supply voltage variation due - -0.35 - %lK

to temperature Vop=4.5V — -16 _ mV/K

lop supply current note 1 700 950 - HA

CexT capacitance external capacitor 47 - - uF

Oscillator

tosc start time - 200 ms

Afft frequency deviation nominain=0 0 60x 106 |110x 106

Afff frequency stability AVpp = 100 mV - - 1x10°6

Rty feedback resistance 300 1000 3000 kQ

Ci input capacitance - 16 - pF

Co output capacitance - 27 - pF

Inputs

Ro pull-up resistance S1, 82, TS, SEL and DATA 45 90 180 kQ

Ro pull-up/pull-down resistance | MODE 100 300 1000 kQ

I leakage current ENABLE, FLASH - - 2 HA

4 debounce time S1 and S2 only 30 65 100 ms

Vpp programming voltage

loz output current Vpp=Vpp-5V 70 - 700 HA
during programming - 500 - A

Backplane (high and low levels)

Rgp I output resistance [ﬂ 00 nA [ - —l - I 3 I kQ
Segment

Rseg I output resistance | +100 pA [ - b I 5 I kQ
LCD

Vofisetoc) | DC offset voltage | 200 k/1 nF 1- - [ 50 [mv

Note

1. A suitable resistor (R) must be selected (example):
a) Vpp=5V;Rmax. (12V -5 V)/700 pA = 10 kQ.
b) Vpp=5V; Rtyp. (12V -5 V)/900 pA = 7.8 kQ (more reserve).

¢) Ipp must not exceed 3 mA.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

- |
g 288y g
vl 33 by
m OooOooao O
G3/AD3 | [ [0 | A2ADEG1
B3/c3 | O O [ AampPm
Fa/E4 | O O |sr2
Ga/D4 | O [ | s8P1
2.92 mm PCF1178CU
B4/Ca | [ O st
s2 | O [0 | DATA
SEL | [0 |oscCIN
FLASH | O 4 O | oscout
N S | | o S | |
0 [ e |y = X
o w on Qa w 1)
£ gh rg 4
< =
P4
w
~——— 192 mm ——+———————»| MSB228

Chip area: 5.61 mm2,
Bonding pad dimensions: 110 pm x 110 pm.
Chip thickness: 381 25 um.

Fig.7 Bonding pad locations, PCF1178CU; 28 terminals.
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Table 2 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to the bottom left pad (Vpp), see Fig.7.

PAD X y PAD X y

S1 1490 881 G4/D4 -86 1588
DATA 1490 639 F4/E4 -86 1808
OSC IN 1490 408 B3/C3 -86 2028
OSC ouT 1490 188 G3/AD3 —-86 2248
Vss 1352 0 F3/E3 -48 2476
MODE 969 0 A4/COL 352 2476
Vep 770 0 B2/C2 552 2476
TS 506 0 G2/D2 752 2476
ENABLE 306 0 F2/E2 952 2476
Vpp 0 0 B1/C1 1352 2476
FLASH -86 188 A2/ADEGH1 1490 2248
SEL -86 408 AM/PM 1490 2028
S2 -86 628 BP2 1490 1808
B4/C4 -86 848 BP1 1490 1588
chip corner (max. value) -305 -175
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APPLICATION INFORMATION

(1) To be placed close to the IC.

Fig.8 Typical application diagram.
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SEL | 17 R [I]G-“Q
DATA | 27 EEPROM  [—— 22 | Vpp 'pD
s1 o8 18 | FLASH
—0?: ¢
2
" 16 CONTROL 21| TS
© LOGIC
MODE | 23 . 20 | ENABLE
Vss | 24 voLTAGE [* v
REGULATOR 19 | 'DD
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4-digit duplex LCD car clock PCF1179C

FEATURES

Product specification

GENERAL DESCRIPTION

¢ Internal voltage regulator is electrically programmable The PCF1179C is a single chip, 4.19 MHz CMOS car clock
for various LCD voltages

« Time calibration is electrically programmable Itis designed to drive a 4-digit duplex liquid crystal display
(no trimming capacitor required) (LCD).

4.19 MHz oscillator

e 12-hour or 24-hour mode

e 4 Hz set mode.

ORDERING INFORMATION

circuit providing hours, minutes and seconds functions.

LCD voltage adjusts with temperature for good contrast ~ Two external single-pole, single-throw switches will

accomplish all time setting functions. Time calibration and
voltage regulator are electrically programmable via an
on-chip EEPROM. The circuit is battery-operated via an

Operating ambient temperature: —40 to +85 °C internal voltage regulator and an external resistor.
28-lead plastic SMD (S028)

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF1179CT S028 plastic small outline package; 28 leads; body width 7.5 mm(?) SOT136-1
PCF1179CU - uncased chip in tray® -
PCF1179CU/10 - chip-on-film frame carrier (FFC)(@) -
Notes

1. See Fig.1 and Chapter “Package outline” for pin layout and package details.

2. See Chapter “Chip dimensions and bonding pad locations” for pad layout and package details.
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PINNING
SYMBOL | PIN DESCRIPTION
S1 1 | hour adjustment input
DATA 2 | EEPROM data input
OSCIN 3 | oscillator input
OSC OouT 4 | oscillator output U
Vss 5 | negative supply voltage st [1] 28] BP1
MODE 6 | 12/24-hour mode select input DATA [2] 27] BP2
Vpp 7 | programming voltage input oscIN [3] E} AM/PM
TS 8 |test speed-up mode input 0SC OUT 4] 25] A2/ADEGH
ENABLE 9 |enable input (for S1 and S2) vss [5] 24] B1/C1
Voo 10 | positive supply voltage MODE [©] E Fo/E2
FLASH 11 | colon option input
SEL 12 | EEPROM select input ver [ o crrract} 22 822
s2 13 | minute adjustment input s (8] 21] B2/c2
B4/C4 14 | segment driver ENABLE @ 20§ A4/COL
G4/D4 15 | segment driver vpp [10 [19] Fa/E3
F4/E4 16 | segment driver FLASH E 18] Ga/AD3
B3/C3 17 |segment driver seL [i2] 7] Baics
G3/AD3 18 |segment drfver s2 73] 6] Fas
F3/E3 19 | segment driver
A4/COL 20 |segment driver aucs [13 15] Gaps
B2/C2 21 | segment driver msszst
G2/D2 22 | segment driver
F2/E2 23 |[segment driver
B1/C1 24 | segment driver
A2/ADEG1 | 25 |segment driver
AM/PM 26 |segment driver
BP2 27 | backplane 2 Fig.1 Pin configuration, PCF1179CT, (SO28).
BP1 28 | backplane 1
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FUNCTIONAL DESCRIPTION AND TESTING
Outputs

The circuit outputs 1 : 2 multiplexed data (duplex) to the
LCD. Generation of BP1 and BP2 (three-level backplane
signals) and the output signals are shown in Fig.4.

The average voltages across the segments are:
1. Vonrwms) = 0.79 Vpp
2. Vorrrms) = 0.35 Vpp.

Al A2 A3 A4
\ __/ \ _/ B \ _/ \ __/
B1 F2 B2 F3 B3 F4 B4
G1 G2 G3 G4
\_J ) coL ) ()
D1 D2 D3 D4
MLB251
Fig.2 Segment designation of LCD.
VbD
BP1 Vpp 2
0
Vbp
-y -y
(I N BP2  Vpp/2
TIME P - - -
LR :
@ MsA953 SEGMENT ~ SEGMENT
1 2 Vpp
ON ON
0
a. 12-hour mode.
Vbb
OFF ON
0
| -y
%
TIME { .-. -‘ .-. Db
N IR R | on OFF
0
MSA994
(b) Vbp 1
OFF OFF |
b. 24-hour mode. 0 —b—J — L
MSB226 L- 15.625 ms -»l
Fig.3 Typical displays. Fig.4 Backplane and output signals.
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LCD voltage (see Fig.5)

The adjustable voltage regulator controls the supply
voltage (see Section “LCD voltage programming”) in
relation to temperature for good contrast, for example
when Vpp = 4.5V at +25 °C, then:

Vpp=3to4V at +85 °C.
Vpp =5to 6V at—40 °C.

MSA995
-8
Vss
v)
-6
(3)
~1
~2) §
-4 (1) ~ -
\\
-2
0
~40 0 40 80 L <°C)120

(1) Programmed to 4.0 V at 25 °C (value within the specified operating range).
(2) Programmed to 4.5 V at 25 °C (value within the specified operating range).
(3) Programmed to 5.0 V at 25 °C (value within the specified operating range).

Fig.5 Regulated voltage as a function of temperature (typical).
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12/24-hour mode

Operation in 12-hour or 24-hour mode is selected by
connecting MODE to Vpp or Vgg respectively. If MODE is
left open-circuit and a reset occurs, the mode will change
from 12-hour to 24-hour mode or vice versa.

Power-on
After connecting the supply, the start-up mode is:
MODE connected to Vpp: 12-hour mode, 1:00 AM.

MODE connected to Vss: 24-hour mode, 0:00.
MODE left open-circuit: 24-hour mode, 0:00 or 1:00.

Colon

If FLASH is connected to Vpp the colon pulses at 1 Hz.
If FLASH is connected to Vgg the colon is static.

Time setting

Switch inputs S1 and S2 have a pull-up resistor to facilitate
the use of single-pole, single-throw contacts. A debounce
circuit is incorporated to protect against contact bounce
and parasitic voltages.

Set enable

Inputs S1 and S2 are enabled by connecting ENABLE to
Vpp or disabled by connecting to Vss.

Set hours

When S1 is connected to Vgg the hours displayed
advances by one and after one second continues with four
advances per second until S1 is released
(auto-increment). An overflow in the hour counter must not
have an influence on the minute counter.

Set minutes

When S2 is connected to Vgg the time displayed in
minutes advances by one and after one second continues
with four advances per second until S2 is released
(auto-increment). In addition to minute correction, the
seconds counter is reset to zero. An overflow in the minute
counter must not have an influence on the hour counter.
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Segment test/reset

When S1 and S2 are connected to Vsg, all LCD segments
are switched ON. Releasing switches S1 and S2 resets the
display. No reset occurs when DATA is connected to Vgg
(overlapping S1 and S2).

Test mode

When TS is connected to Vpp, the device is in normal
operating mode. When connecting TS to Vsg all counters
(seconds, minutes and hours) are stopped, allowing quick
testing of the display via S1 and S2 (debounce and
auto-increment times are 64 times faster). TS has a
pull-up resistor but for reasons of safety it should be
connected to Vpp.

EEPROM

Vpp has a pull-up resistor but for reasons of safety it should
be connected to Vpp.

LCD voltage programming

To enable LCD voltage programming, SEL is set to
open-circuit and a level of Vpp — 5 V is applied to Vpp (see
Fig.6). The first pulse (t) applied to the DATA input clears
the EEPROM to give the lowest voltage output. Further
pulses (t.) will increment the output voltage by steps of
typically 150 mV (Tamp = 25 °C). For programming,
measure Vpp — Vgg and apply a store pulse (tw) when the
required value is reached. If the maximum number of steps
(n = 31) is reached and an additional pulse is applied the
voltage will return to the lowest value.

Time calibration

To compensate for the tolerance in the quartz crystal
frequency which has been positively offset (nominal
deviation +60 x 108 by capacitors at the oscillator input
and output, a number (n) of 262144 Hz pulses are
inhibited every second of operation.
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The number (n) is stored in a non-volatile memory which is achieved by the following steps (see Fig.6):

1. Set SEL to Vgs and a level of Vpp — 5V to Vpp

2. The quartz-frequency deviation Af/f is measured and (n) is calculated (see Table 1)

3. Afirst pulse tg is applied to the DATA input clears the EEPROM to give the highest backplane frequency
4

The calculated pulses (n) are entered in (ty, t,). If the maximum backplane period is reached and an additional pulse
is applied the period will return to the lowest value.

The backplane period is controlled and when correct fixed by applying the store pulse tw
6. Release SEL and Vpp.

o

Table 1 Time calibration (At = 7.63 ps; SEL at Vgg)

OSC'L"ATOR'FREAC:/‘:ENCY DEVIATION NUMBER OF PULSES BACKPLANE PERIOD
(x10°6) (n) (ms)
0 0 15.625
138 1 15.633
176 2 15.641
14 3 15.648
17.8 31 15.861
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50 ps 50 ps
v :’ F
DD
Vpp
Vpp-5V —

50us *J = L‘so us

-
clears cells incrementing counters store pulse

Vpp ———— o/ -
DATA bb F | f —_——
Vpp-5V | |
te tho ottty Y

n tH tw
'E’tW =4to6ms

tH=21us
ty=1to15ps

oV
pulse
generators v
EL
PP _s_./o_ Vss
VoD
DATA
PCF1179C
OSC OuT
+
 — | = Cext=47
Vss OSCIN T © v
MsB232 R
—F+— -12V
6.8 kQ

Fig.6 Programming diagram.
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134). »
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vop supply voltage with respect to Vgg - 8 \
Iop supply current Vss =0V, note 1 - 3 mA
V| voltage range all pins except Vpp and DATA |-0.3 Vpp+0.3 |V
pins Vpp and DATA -3 Vbp+0.3 |V
Tamb operating ambient temperature -40 +85 °C
Tstg storage temperature -55 +125 °C
Note

1. Connecting the supply voltage with reverse polarity, will not harm the circuit, provided the current is limited to 10 mA
by an external resistor.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, it is
advisable to take handling precautions appropriate to handling MOS devices. Advice can be found in
“Data Handbook IC16, General, Handling MOS Devices”.
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CHARACTERISTICS
Vpp =310 6 V; Vgg = 0 V; Tamp = —40 to +85 °C; crystal: f = 4.194304 MHz; Rs = 50 Q; C; = 12 pF; maximum
frequency tolerance = +30 x 10-6; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS [ min. | VR max. | uniT
Supply

Vop supply voltage voltage regulator programmed |3 - 6 \%

to45VatTaymp =25°C
AVpp supply voltage variation S1 or S2 closed - - 50 mV
TC supply voltage variation due to - -0.35 - %/K
temperature Vop=4.5V - -16 - mV/K

Ibp supply current note 1 700 950 - pA
Cext capacitance external capacitor 47 - - uF
Oscillator

tosc start time - - 200 ms
Afff frequency deviation nominal n =0 0 60x 106 |110x 106

Afff frequency stability AVpp = 100 mV - - 1x106

R feedback resistance 300 1000 3000 kQ
Ci input capacitance - 16 - pF
Co output capacitance - 27 - pF
Inputs

Ro pull-up resistance S1, S2, TS, SEL and DATA 45 90 180 kQ
Ro pull-up/pull-down resistance | MODE 100 300 1000 kQ
I leakage current ENABLE, FLASH - - 2 uA
ty debounce time S1 and S2 only 30 65 100 ms
Vpp programming voitage

loz output current Vpp=Vpp-5V 70 - 700 HA

during programming - 500 - HA

Backplane (high and low levels)

Rgp I output resistance l +100 pA l - | - I 3 | kQ
Segment

Rseg I output resistance I +100 pA ] - I - l 5 | kQ
LCD

Votsetoc) | DC offset voltage [ 200 kQ/1 nF [- - [ 50 [ mv
Note

1. A suitable resistor (R) must be selected (example):
a) Vpp=5V; R max. (12V -5 V)/700 pA = 10 kQ.
b) Vop=5V;Rtyp. (12V -5V)/900 pA = 7.8 kQ (more reserve).
¢) Ipp must not exceed 3 mA.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

Chip area: 5.61 mm2.
Bonding pad dimensions: 110 um x 110 pm.
Chip thickness: 381 25 um.

g §88¢ &
by o a 2 2
o Ooooao O
A2/ADEG1 | [J [0 | G3/AD3
AmPM | [0 O |Bscs
BP2 | O O | FaEa
BP1 | O | capa
292 mm PCF1179CU
s1| O O | B4ca
DATA | O O |s2
OSCIN | [J O | seEL
oscout | O [ | FLASH
0 N s o . | |
| S - | S - | | - X
[7)] w Q. w w (=)
$ gF Fg 8
= =
w
1.92 mm MSB233

Fig.7 Bonding pad locations, PCF1179CU; 28 terminals.
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Table 2 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to the bottom left pad (Vsg), see Fig.7.
PAD X y PAD b 4 y

S1 -138 881 G4/D4 1438 1588
DATA -138 639 F4/E4 1438 1808
OSC IN -138 408 B3/C3 1438 2028
OSC ouT -138 188 G3/AD3 1438 2248
Vss 0 0 F3/E3 1400 2476
MODE 383 0 A4/COL 1000 2476
Vpp 583 0 B2/C2 800 2476
TS 846 0 G2/D2 600 2476
ENABLE 1046 0 F2/E2 400 2476
Voo 1352 0 B1/C1 0 2476
FLASH 1438 188 A2/ADEG1 -138 2248
SEL 1438 408 AM/PM -138 2028
S2 1438 628 BP2 -138 1808
B4/C4 1438 848 BP1 -138 1588
chip corner (max. value) -355 -175
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APPLICATION INFORMATION

(1) To be mounted close to the IC.

Fig.8 Typical application diagram.
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Real-time clock/calendar PCF8563

FEATURES

e Provides year, month, day, weekday, hours, minutes,
seconds based on 32.768 kHz quartz crystal

¢ Century flag

¢ Wide clock operating voltage: 1.0 - 5.5V

¢ Low back-up current typical 0.25 uA @ 3.0V, 25 °C

e 400 kHz two-wire 12C interface (1.8 - 5.5 V)

e Programmable clock output for peripheral devices
(32.768 kHz, 1024 Hz, 32 Hz, 1 Hz)

Alarm and timer functions

GENERAL DESCRIPTION

The PCF8563 is a CMOS real-time clock/calendar
optimized for low power consumption. A programmable
clock output, interrupt output and voltage low detector are
also provided. All address and data are transferred serially
via a two-line bidirectional I12C bus. Maximum bus speed is
400 kbit/sec. The built-in word address register is
incremented automatically after each written or read data

Low-voltage detector
Integrated oscillator capacitor

« Internal power-on reset byte.
e |2C slave address: read A3h, write A2h
¢ Open drain interrupt pin.
APPLICATIONS
* Mobile telephones
e Portable instruments
o Fax machines
e Battery powered products.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vpp Supply voltage operating mode 12C bus active -40to +85°C | 1.8 5.5 \
Clock operating, 25 °C 1.0 5.5 \
Ipp Supply current fscL = 100 kHz - 200 HA
(Timer and CLKOUT disabled) fsoL = 400 kHz — 800 pA
fSCL =0Hz: VDD =5V,25°C - 1.0 |.LA
fsc,=0Hz:Vpp=2V,25°C |- 0.75 uA
Tavs Operating ambient temperature -40 +85 °C
Tsta Storage temperature -55 +125 °C
ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF8563P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1
PCF8563T SO8 plastic small outline package; 8 leads; body width 3.9 mm SOT96-1
1998 Mar 25 139
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BLOCK DIAGRAM
CLKOUT
?
_J 7
1 CONTROL/STATUS1 |0
oscl " | OSCILLATOR 1 Hz
2 |OSCALATOR. > DIVIDER [—>—] CONTROL/STATUS2 |1
< < . Z
0SCO +—— SECONDS/VL 2
__|s
iNT < MINUTES 3
4 HOURS 4
Vgs —— | voLTace DAYS 5
v g | DETECTOR WEEKDAYS 6
ob CONTROL
OSCILLATOR oS MONTHS/CENTURY |7
MONITOR POR YEARS 8
T3 MINUTE ALARM 9
. HOUR ALARM A
scL | 2caus DAY ALARM B
DA | 5| INTERFACE ,__| ADDRESS || WEEKDAYALARM _|C
I REGISTER CLKOUT CONTROL 1D
TIMER CONTROL __ | E
TIMER F
A N |
< S
MGM662

Fig.1 Block diagram PCF8563 real-time clock/calendar.

PINNING INFORMATION Pinning
Pin description
:YMBOL PIN . PESCRIPTION osa1 1] U E Voo
SCI 1 Oscillator input
0SCO 2 | Oscillator output 050 [2] pepgssap [7] CLKOUT
INT 3 | Open drain interrupt output (active iNT [3| PCF8S63T I'5]scL
LOW) Vss [4] % SDA
Vss 4 Ground _ e
SDA 5 Serial data I/0
SCL 6 Serial clock input Fig.2 Pinning.
CLKOUT 7 Clock output
Vbp 8 Positive supply
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FUNCTIONAL DESCRIPTION

The PCF8563 contains sixteen 8-bit registers with an
auto-incrementing address register, an on-chip

32.768 kHz oscillator with one integrated capacitor, a
frequency divider which provides the source clock for the
real time clock (RTC), a programmable clock output, a
timer, an alarm, a voltage-low detector and a 400 kHz
I2C bus interface.

All 16 registers are designed as addressable 8-bit parallel
registers although not ali bits are implemented. The first
two registers (memory address 00, 01) are used as control
and/or status registers. The memory addresses 02
through 08 are used as counters for the clock function
(seconds up to year counters). Address locations

09 through OC contain alarm registers which define the
conditions for an alarm. Address 0D controls the CLKOUT
output frequency. OE and OF are the timer control and
timer registers, respectively.

The seconds, minutes, hours, days, weekdays, months,
years as well as the minute alarm, hour alarm, day alarm

and weekday alarm registers are all coded in BCD format.

When one of the RTC registers is read the contents of all
counters are frozen. Therefore, faulty reading of the
clock/calendar during a carry condition is prevented.

Alarm function modes

By clearing the MSB of one or more of the alarm registers
(AE = ‘Alarm Enable’), the corresponding alarm
condition(s) will be active. In this way an alarm can be
generated from once per minute up to once per week. The
alarm condition sets the alarm flag, AF. The asserted AF
can be used to generate an interrupt (INT). The AF may
only be cleared by software.

Timer

The 8-bit countdown timer at address OF is controlled by -

the timer control register at address OE. The timer control
register determines one of 4 source clock frequencies for
the timer (4096 Hz, 64 Hz, 1 Hz, or ¢ Hz), and
enables/disables the timer. The timer counts down from a
software-loaded 8-bit binary value. At the end of every
countdown, the timer sets the timer flag TF. The TF may
only be cleared by software. The asserted TF can be used
to generate an interrupt (INT). The interrupt may be
generated as a pulsed signal every countdown period or
as a permanently active signal which follows the condition
of TF. TI/TP is used to control this mode selection. When

reading the timer, the current countdown value is returned.

1998 Mar 25

CLKOUT output

A programmable square wave is available at the CLKOUT
pin. Operation is controlled by the CLKOUT register at
address 0D. Frequencies of 32.768 kHz (default),

1024 Hz, 32 Hz and 1 Hz can be generated for use as a
system clock, microcontroller clock, input to a charge
pump, or for calibration of the oscillator. CLKOUT is a
push-pull output and enabled at power on. If disabled it
becomes logic 0.

Reset

The PCF8563 includes an internal reset circuit which is
active whenever the oscillator is stopped. In the reset state
the 12C bus logic is initialized and all registers, including
the address pointer, are cleared with the exception of
bits FE, VL, TD1, TDO, TESTC and AE bits which are set
to1.

Voltage low detector & clock monitor

The PCF8563 has an on-chip voltage low detector. When
Vpp drops below V| ow the ‘Voltage Low’ (VL, bit 7 in the
seconds register) is set to indicate that the integrity of the
clock information is no longer guaranteed. The VL flag can
only be cleared by software.
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Register organization

Bit positions labelled as ‘X’ are not implemented, those labelled with ‘0’ should always be written with 0.

ADDRESS FUNCTION BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
00 Control/status 1 TEST1 0 STOP 0 TESTC 0 0 0
01 Control/status 2 0 0 0 TUTP AF TF AlE TIE
02 Seconds VL 4 2 1 8 4 2 1
03 Minutes X 4 2 1 8 4 2 1
04 Hours X X 2 1 8 4 2 1
05 Days X X 2 1 8 4 2 1
06 Weekdays X X X X X 4 2 1
07 Months/Century C X X 1 8 4 2 1
08 Years 8 4 2 1 8 4 2 1
09 Minute alarm AE 4 2 1 8 4 2 1
0A Hour alarm AE X 2 1 8 4 2 1
0B Day alarm AE X 2 1 8 4 2 1
oC Weekday alarm AE X X X X 4 2 1
oD CLKOUT frequency FE X X X X X FD1 FDO
OE Timer control TE X X X X X TD1 TDO
OF Timer 128 64 32 16 8 4 2 1
Bit assignments
BIT NO. BIT NAME | BIT VALUE DESCRIPTION
Control/Status 1 Address 00
3 TESTC 0 Power on reset override facility is disabled. Set to 0 for normal operation.
1 Power on reset override may be enabled.
5 STOP 0 RTC source clock runs.
1 All RTC divider chain flip flops are asynchronously set to 0; the RTC clock
is stopped (CLKOUT at 32.768 kHz is still available)
7 TESTH 0 Normal mode.
1 EXT_CLK test mode.
Control/Status 2 Address 01
TIE & AIE These bits activate or deactivate the generation of an interrupt when TF or AF is
asserted, respectively. The interrupt is the logical OR of these two conditions when both
AIE and TIE are set
0 TIE 0 Timer interrupt disabled
1 Timer interrupt enabled
1 AlIE 0 Alarm interrupt disabled
1 Alarm interrupt enabled
1998 Mar 25 142
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BITNO. | BIT NAME

BIT VALUE I DESCRIPTION

TF & AF

When an alarm occurs, AF is set to 1. Similarly, at the end of a timer countdown, TF is
set to 1.These bits maintain their value until overwritten by software. If both timer and
alarm interrupts are required in the application, the source of the interrupt can be
determined by reading these bits. To prevent one flag being overwritten while clearing
another a logic AND is performed during a write access.

2 TF 0 (READ) | Timer flag inactive.
1 (READ) | Timer flag active.
0 (WRITE) | Timer flag is cleared.
1 (WRITE) | Timer flag remains unchanged.
3 AF 0 (READ) | Alarm flag inactive.
1 (READ) | Alarm flag active.
0 (WRITE) | Alarm flag is cleared.
1 (WRITE) [ Alarm flag remains unchanged.
4 TUTP 0 INT is active when TF is active (subject to the status of TIE).
1 INT pulses active according to table 1(subject to the status of TIE). Note
that if AF and AIE are active then INT will be permanently active.
Seconds & VL Address 02
6..0 Seconds 00 - 59 This register holds the current seconds coded in BCD format.
Example: seconds register contains ‘x1011001’ = 59 seconds.
7 VL 0 Clock integrity is guaranteed.
1 Integrity of the clock information is no longer guaranteed.
Minutes Address 03
6..0 I Minutes 00-59 | This register holds the current minutes coded in BCD format.
Hours Address 04
5.0 | Hours 00 -23 ] This register holds the current hours coded in BCD format.
Days Address 05
5..0 | Days(") 01-31 | This register holds the current day coded in BCD format.
Weekdays Address 06
2.0 l Weekdays(@ 0-6 I This register holds the current weekday coded in BCD format, see table 4.
Months & Century Address 07
4.0 Month 01-12 This register holds the current month coded in BCD format, see table 5.
7 Century@ 0 Indicates the century is 20xx.
1 Indicates the century is 19xx.
This bit is toggled when the years register overflows from 99 to 00.
Years Address 08
7.0 Years 00-99 This register holds the current year coded in BCD format.
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BIT NO.

| BITNAME

BIT VALUE l DESCRIPTION

Alarm registers

Address 09 to 0C

When one or more of these registers is loaded with a valid minute, hour, day or weekday
and its corresponding ‘Alarm Enable’ (AE) is ‘0, then that information will be compared
with the current minute, hour, day and weekday. When all enabled comparisons first
match, the ‘Alarm Flag’ (AF) is set. AF will remain set until cleared by software. Once AF
has been cleared it will only be set again when the time increments to match the alarm
condition once more. Alarm registers which have their ‘Alarm Enable’ bit at ‘1’ will be
ignored.

Alarm: Minute Address 09
6..0 Alarm minutes | 00 - 59 This register holds the minute alarm information coded in BCD format.
7 AE 0 Minute alarm is enabled.
1 Minute alarm is disabled.
Alarm: Hour Address 0A
5..0 Alarm hours 00 - 23 This register holds the hour alarm information coded in BCD format.
7 AE 0 Hour alarm is enabled.
1 Hour alarm is disabled.
Alarm: Day Address 0B
5..0 Alarm days 01-31 This register holds the day alarm information coded in BCD format.
7 AE | 0 Day alarm is enabled.
1 Day alarm is disabled.
Alarm: Weekday Address 0C
2.0 Alarm 00 - 00 This register holds the weekday alarm information coded in BCD format.
weekdays
7 AE 0 Weekday alarm is enabled.
1 Weekday alarm is disabled.
CLKOUT frequency Address 0D
1.0 FD1, FDO These bits control the frequency output on the CLKOUT pin, see table 2.
7 FE 0 The CLKOUT output is inhibited and CLKOUT output is set to logic 0.
1 The CLKOUT output is activated.
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BITNO. | BIT NAME

BIT VALUE |

DESCRIPTION

Countdown Timer

Address OE and OF

The timer register is an 8-bit binary countdown timer. It is enabled and disabled via the
timer control register bit TE. The source clock for the timer is also selected by the timer
control register. Other timer properties such as interrupt generation are controlied via
control/status 2 registers.

For accurate read back of the countdown value, the 12C clock (SDA) must be operating
at a frequency of at least twice the selected timer clock.

Timer control Address OE
1..0 TD1, TDO Timer source clock frequency select. These bits determine the source
clock for the countdown timer, see table 3.
When not in use, TD1 & TDO should be set to 1/60 Hz for power saving.
7 TE 0 Timer is disabled.
1 Timer is enabled.
Timer countdown value | Address OF
7.0 Ti 00..FF
imer Countdown value, n. CountdownPeriod = n
SourceClockFrequency

Notes

1. The PCF8563 compensates for leap years by adding a 29th day to February if the year counter contains a value

which is exactly divisible by 4, including the year 00.

2. These bits may be re-assigned by the user.

Table 1 INT OPERATION (TI/TP=1)

Table 2 FD1, FDO: CLKOUT frequency selection.

INT PERIOD FD1 FDO CLKOUT FREQUENCY
SOURCE CLOCK n=1 n>1 0 0 32.768 kHz
4096 Hz 1/8192 s 1/4096 s 0 1 1024 Hz
64 Hz 1/128's 1/64 s 1 0 32 Hz
1Hz 1/64 s 1/64 s 1 1 1Hz
1/60 Hz 1/64 s 1/64 s .
Table 3 TD1, TDO: Timer frequency selection.
Notes TIMER SOURCE CLOCK
1. n= Loaded countdown value. D1 TDO FREQUENCY
Timer stoﬁ)ed when n = 0. . o o 2096 Hz
2. TF and INT become active simultaneously. 0 1 64 Ha
1 0 1Hz
1 1 1/60 Hz
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Table 4 Weekday assignments.

DAY BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
Sunday X X X X 0 0 0
Monday X X X X X 0] 0
Tuesday X X X X X 0 1 0
Wednesday X X X X X 0 1 1
Thursday X X X X X 1 0 0
Friday X X X X X 1 0 1
Saturday X X X X X 1 1 0

Table 5 Month assignments

MONTH BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
January C X X 0 0 0 0 1
February C X X 0 0 0 1 0
iviarch C X X 0 0 0 i i
April C X X 0 0 1 0 0
May C X X 0 0 1 0 1
June C X X 0 0 1 1 0
July C X X 0 0 1 1 1
August C X X 0 1 0] 0 0
September C X X 0 1 0 0 1
October C X X 1 0 0 0 0
November (o] X X 1 0 0 0 1
December C X X 1 0 0 1 0
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EXT_CLK test mode.

A test mode is available which allows for on board testing.
In such a mode it is possible to set up test conditions and
control the operation of the RTC.

The test mode is entered by setting the TEST1 bit in
Control/Status1. The CLKOUT pin then becomes an input.
The test mode replaces the internal 64 Hz signal with that
applied to the CLKOUT pin. Every 64 positive edges
applied to CLKOUT will then generate an increment of one
second.

The signal applied to the CLKOUT pin should have a
minimum pulse width of 300ns and a minimum period of
1000ns. The internal 64 Hz clock, now sourced from
CLKOUT, is divide down to 1 Hz by a 26 divide chain
called a pre-scaler. The pre-scaler can be set into a known
state by using the STOP bit. When the STOP bit is set, the
pre-scaler is reset to 0. (STOP must be cleared before the
pre-scaler can operate again).

From a STOP condition, the first 1 second increment will
take place after 32 positive edges on CLKOUT.
Thereafter, every 64 positive edges will cause a 1 second
increment.

Note. Entry into EXT_CLK test mode is not synchronized
to the internal 64 Hz clock. When entering the test mode,
no assumption as to the state of the pre-scaler can be -
made.

OPERATION EXAMPLE.

Set EXT_CLK test mode (Bit7 Control/Status1 = 1).
Set STOP (Bit5 Control/Status1 = 1).

Clear STOP (Bit5 Control/Status1 = 0).

Set time registers to desired value.

Apply 32 clock pulses to CLKOUT.

Read time registers to see the first change.

Apply 64 clock pulses to CLKOUT.

Read time registers to see the second change.

© N Ok OND

Repeat 7 & 8 for additional increments.

Power On Reset override.

The POR duration is directly related to the crystal oscillator
start-up time. Due to the long start-up times experienced
by these types of circuits, a mechanism has been built in
to disable the POR and hence speed up on board test of
the device. The setting of this mode requires that the 12C
pins, SDA and SCL, be toggled in a specific order as
shown in figure 3. All timings are required minimums.

Once the override mode has been entered, the chip
immediately stops being reset and normal operation may
commence i.e. entry into the EXT_CLK test mode via 12C
access. The override mode may be cleared by writing a 0
to TESTC. TESTC must be set to 1 before re-entry into the
override mode is possible. Setting TESTC to 0 during
normal operation has no effect except to prevent entry into
the POR override mode.

= <+ 500 ns

son ]

[ 1

<+ 2000 ns —»

—

| L

SCL |

-
L] |

-8 ms —»|

power up

Fig.3 POR override sequence.

override active MGM664

1998 Mar 25

147



Philips Semiconductors Objective specification

Real-time clock/calendar PCF8563
LIMITING VALUES.
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Vbbp supply voltage -0.5 +6.5 \
\ input voltage -0.5 Vpp + 0.5 Vv
Iy DC input current -10 +10 mA
lo DC output current -10 +10 mA
lop Supply current -50 +50 mA
Iss Supply current -50 +50 mA
Prot total power dissipation - 300 mW
Tavs operating ambient temperature -40 +85 °C
Tsta storage temperature -65 +150 °C
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CHARACTERISTICS OF THE I2C-BUS.

The [2C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a control signal.

o/ | X :

.
|
|
|
|
|
|

| |

| data line | change |

| stable; | of data |

| data valid | allowed | MBC621

Fig.4 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is
defined as the stop condition (P).

-

/ SDA

[ ——) [E—

START condition STOP condition MBC622

Fig.5 Definition of start and stop conditions.
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System configuration (see Fig.6)

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA
= | | | |
MASTER SLAVE MASTER
TRANSMITTER / ReaVE TRANSMITTER/ TR TR TRANSMITTER /
RECEIVER RECEIVER RECEIVER
MBA605
Fig.6 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to receiver is unlimited. Each
byte of eight bits is followed by an acknowledge bit. The acknowledge bit is a HIGH level signal put on the bus by the
transmitter during which time the master generates an extra acknowledge related clock pulse. A slave receiver which is
addressed must generate an acknowledge after the reception of each byte. Also a master receiver must generate an
acknowledge after the reception of each byte that has been clocked out of the slave transmitter.

The device that acknowledges must pull down the SDA line during the acknowledge clock pulse, so that the SDA line is
stable LOW during the HIGH period of the acknowledge related clock pulse (set-up and hold times must be taken into
consideration). A master receiver must signal an end of data to the transmitter by not generating an acknowledge on the
last byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable the
master to generate a stop condition.

.
DATA OUTPUT | \ | / X -
BY TRANSMITTER | L .
T
| | not acknowledge \
DATA OUTPUT 1 --
BY RECEIVER | |
[ acknowledge
SCL FROM
MASTER | | 1 2 B __/_e_\_/_g—\_
L§_J clock ptlse for
ﬂﬁaﬁ; acknowledgement

MBCe02

Fig.7 Acknowledgment on the I12C-bus.
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12C-BUS PROTOCOL.
Addressing

Before any data is transmitted on the 12C-bus, the device which should respond is addressed first. The addressing is
always carried out with the first byte transmitted after the start procedure.

The PCF8563 acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal, but
the data signal SDA is a bidirectional line.

The PCF8563 slave address is shown in Fig.8.

Llofifofe o]t [l

L— group 1 —»L group 2—»‘ MGM812

Fig.8 Slave address.

Clock/calendar READ/WRITE cycles

The I2C-bus configuration for the different PCF8563 READ and WRITE cycles is shown below. The word address is four
bit value that defines which register is to be accessed next. The upper four bits of the word address are not used.

acknowledgement acknowledgement acknowledgement
from slave from slave from slave
T T T T T T T T T T T T T * T T T T T T T *
| ) l SLAVE ADDRESS l 0 I AI WORD ADDRESS IA l DATA A ' P ‘
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

: T

auto increment
memory word address

MmBD822

Fig.9 Master transmits to slave receiver (WRITE) mode.
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acknowledgement acknowledgement acknowledgement acknowledgement
from slave from slave from slave from master
T T T T T T T + T T T T T T T T T T T T T T ‘ T T T T T T T *
| S | SLAVE ADDRESS 0 Al WORD ADDRESS | Al S | SLAVE ADDRESS 1 | A DATA :|— -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 * 1 1 11 1 1 1 /
R/*W RW [ nbytes —‘j
at this moment master-transmitter auto increment
becomes master receiver and memory word address

PCF8563 slave-receiver
becomes slave-transmitter

S

MGL409

no acknowledgement
from master
DATA

BESINME
17

auto increment
memory word address

— last byte

Fig.10 Master reads after setting word address (write word address; READ data).

acknowledgement acknowledgement acknowledgement
from slave from slave from slave
T T T T T T T T T T T T T T ‘ 1 7T T T 1 T ‘
I S I SLAVE ADDRESS 1|Ai DATA A DATA 1| P l
1 1 1 1 1 1 1 1 1 1 1 1

Fig.11 Master reads slave immediately after first byte (READ mode).

R IO (R |

auto increment
word address

auto increment
word address

MBD824
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DC CHARACTERISTICS.
Vpp = 1.810 5.5 V; Vgg = 0 V; Tamp = —40 to +85 °C; fogc = 32.768 kHz; quartz Rg = 40 kQ, C|_ = 8 pF unless
otherwise specified.

SYMBOL PARAMETER CONDITIONS | min. | Tve | max. | uniT
Supplies
Vbp supply voltage (M 12C bus inactive, 25 °C 1.0 - 5.5 Vv
400 kHz I2C bus activity 1.8 - 5.5 \Y
clock data integrity 25°C Viow - 55 \'
b supply current @ fscL = 400 kHz - - 800 pA
fscL = 100 kHz - - 200 HA
fSCL =0Hz VDD =50V - 0.3 1.0 ]J,A
25°C
fscL,=0Hz Vpp=2.0V - 0.25 0.75 HA
25°C
Inputs
ViL LOW level input voltage Vss - 0.3Vpp |V
Vi HIGH level input voltage 0.7Vpp |- Vpp \"
I input leakage V| =Vpp or Vgg -1 - 1 uA
C input capacitance (note 3) - - 7 pF
Outputs
loL(spa) SDA LOW output current  |VoL=0.4V,Vpp=5V -3 - - mA
loL(NT) INT LOW output current | VoL =0.4V, Vpp=5V -1 - - mA
loLcLkouT) CLKOUT LOW output VoL=04V,Vpp=5V -1 - - mA
current
loH(cLKOUT) CLKOUT HIGH output Vou=4.6V,Vpp=5V 1 - - mA
current
Lo output leakage Vo = Vpp or Vgg -1 - 1 nA
Voltage detector
Viow Low voltage detection [ 25°C - 0.9 1.0 \Y
Notes

1. When powering up the device, Vpp must exceed the specified minimum value by 300 mV to guarantee correct

start-up of the

oscillator.

2. CLKOUT disabled, (FE = 0). Timer source clock = V5 Hz.
3. Tested on sample basis.
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AC

CHARACTERISTICS.

Vpp = 1.8105.5V; Vgs =0 V; Tams = —40 to +85 °C; fosc = 32.768 kHz; quartz Rg = 40 kQ, C|_ = 8 pF unless
otherwise specified.

SYMBOL PARAMETER CONDITIONS | MIN. | TYp. | max. | uNiT
Oscillator

CL integrated load capacitance 19 25 31 pF
fffosc oscillator stability for AVpp =200 mV; 25 °C | - 2x107 | - -
Quartz crystal parameters (f = 32.768 kHz)

Rs series resistance - - 40 kQ
CL parallel load capacitance - 10 - pF
Cr trimmer capacitance 5 - 25 pF
CLKOUT output

TolkouT | CLKOUT duty cycle note 1 [- [s0 |- [ %
Timing characteristics: I2C-bus; notes 5 & 6

fscL SCL clock frequency note 4 - - 400 kHz
tHD;STA START condition hold time 0.6 - - us
tsu;sTa set-up time for a repeated START condition 0.6 - - us
tLow SCL LOW time 1.3 - - us
tHiGH SCL HIGH time 0.6 - - us
t SCL and SDA rise time - - 0.3 us
t SCL and SDA fall time - - 0.3 us
Cs capacitive bus line load - - 400 pF
tsu:.pAT data set-up time 100 - - ns
tip.paT data hold time 0 - - ns
tsu:sTo set-up time for STOP condition 4.0 - - us
tsw tolerable spike width on bus - - 50 ns
Notes

1.
2.

Unspecified for fg xout = 32.768 kHz.

All timing values are valid within the operating supply voltage at ambient temperature and referenced to V,_and V|4
with an input voltage swing of Vgg to Vpp.

A detailed description of the I2C bus specification, with applications, is given in brochure “The 12C bus and how to
use it”. This brochure may be ordered using the code 9398 393 40011.

I12C access time between two STARTSs or between a START and a STOP condition to this device must be less than
one second.
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tauF ’l tLow !« tfr L

scL \

—
'HD;STA tr 'HD;DAT tHIGH tsu;pAT

SDA /
e

— tsu;sTA —

MGA728

Fig.12 12C-bus timing waveforms.

APPLICATION INFORMATION
Quartz frequency adjustment
METHOD 1: FIXED OSCI CAPACITOR

By evaiuating the average capacitance necessary for the appiication layout a fixed capacitor can be used. The frequency
is best measured via the 32.768 kHz signal available after power-on at the CLKOUT pin. The frequency tolerance
depends on the quartz crystal tolerance, the capacitor tolerance and the device-to-device tolerance (on average

15 x 10-6). Average deviations of 5 minutes per year can be easily achieved.

MEeTHOD 2: OSCI TRIMMER

Using the 32.768 kHz signal available after power-on at the CLKOUT pin fast setting of a trimmer is possible.

METHOD 3:

Direct measurement of OSCO out (accounting for test probe capacitance).
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VbD
v
- «—>—| sDA
MASTER
— TRANSMITTER/
+ O RECEIVER
;.; 1F —e| scL
v
bb scL
CLOCK CALENDAR
OSCl PCF8563
 o—
SDA |— VoD
T {osco Vss

L

R R R: pull-up resistor
t
r

R=
CBus

SDA SCL
(lZC-bus) MGMe665

Fig.13 Application diagram.

1998 Mar 25 156



Philips Semiconductors Product specification
S S

Clock/calendar with Power Fail Detector PCF8573
]
CONTENTS

FEATURES
2 GENERAL DESCRIPTION
3 QUICK REFERENCE DATA
4 ORDERING INFORMATION
5 BLOCK DIAGRAM
6 PINNING
7 FUNCTIONAL DESCRIPTION
71 Oscillator
7.2 Prescaler and time counter
7.3 Alarm register
7.4 Comparator
7.5 Power on/power fail detection
7.6 Interface level shifters
8 CHARACTERISTICS OF THE I2C-BUS
8.1 Bit transfer
8.2 Start and stop conditions
8.3 System configuration
8.4 Acknowledge
9 12C-BUS PROTOCOL
9.1 Addressing
9.2 Clock/calendar READ/WRITE cycles
10 LIMITING VALUES
11 HANDLING
12 DC CHARACTERISTICS
13 AC CHARACTERISTICS
14 APPLICATION INFORMATION
15 PACKAGE OUTLINES
16 SOLDERING
16.1 Introduction
16.2 DIP

16.2.1 Soldering by dipping or by wave
16.2.2 Repairing soldered joints

16.3 SO

16.3.1 Reflow soldering

16.3.2 Wave soldering

16.3.3 Repairing soldered joints

17 DEFINITIONS
18 LIFE SUPPORT APPLICATIONS
19 PURCHASE OF PHILIPS 12C COMPONENTS

1997 Mar 28 157



Philips Semiconductors

Product specification

Clock/calendar with Power Fail Detector

PCF8573

1 FEATURES

o Serial input/output I2C-bus interface for minutes, hours,
days and months
e Additional pulse outputs for seconds and minutes

o Alarm register for presetting a time for alarm or remote
switching functions

e On-chip power fail detector

o Separate ground pin for the clock allows easy
implementation of battery back-up during supply
interruption

o Crystal oscillator control (32.768 kHz)
o Low power consumption.

3 QUICK REFERENCE DATA

2 GENERAL DESCRIPTION

The PCF8573 is a low threshold, CMOS circuit that
functions as a real time clock/calendar. Addresses and
data are transferred serially via the two-line bidirectional
12C-bus.

The IC incorporates an addressable time counter and an
addressable alarm register for minutes, hours, days and
months. Three special control/status flags, COMP, POWF
and NODA, are also available. Back-up for the clock during
supply interruptions is provided by a 1.2 V nickel cadmium
battery. The time base is generated from a 32.768 kHz
crystal-controlled oscillator.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vpp — Vss1 supply voltage, clock (pin 16 to pin 15) 1.1 - 6.0 \

Vpp — Vss2 supply voltage, 12C-bus (pin 16 to pin 8) 25 - 6.0 \%

fosc crystal oscillator frequency - 32.768 - kHz
4 ORDERING INFORMATION

PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION

PCF8573P DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1

PCF8573T SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
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5 BLOCK DIAGRAM
FSIET MIN  SEC Voo
1 9 10 16
-LS 1t
32,768 kz Tusv
_Losco 14 PRESCALER SECONDS POWER-ON |15
s [13 ] OSCILLATOR =1 s T CT{';‘:)ER RESET Vesi
N LS
cr 8| Vss2
Voo — D""";
. 6
SDA = TIME COUNTER EXTPF
N g DAYS —> MONTHS
PFIN

MINUTES —= HOURS — DATE =—
s ] I | !

COMPARATOR

7
3
— COMP

12c I
INPUT

i 1

FILTER 8US
CONTROL

ALARM REGISTER |— TEST

12
Ls

Ls LEVEL SHIFTER

PCF8573

7286691.1

AO Al
Fig.1 Block diagram.
6 PINNING
SYMBOL | PIN DESCRIPTION
AO 1 |address input
Al 2 |address input U
ao 1] 6] Voo
COMP 3 | comparator output
SDA 4 | serial data line; I2C-bus a1 [2] 15] Vssi
SCL 5 | serial clock line; I2C-bus comp [3] E 0sco
EXTPF 6 | enable power fail flag input SDA E E osci
PFIN 7 | power fail flag input PoposT3
, , scu [5] POFES73T [77] Test
Vss2 8 | negative supply 2 (I12C interface)
MIN 9 | one pulse per minute output EXTPF E 1] Fser
SEC 10 | one pulse per second output PEIN [7] [10] sec
FSET 11 | oscillator tuning output : : Vssa LT_ E] MIN
TEST 12 |test input; connect to Vggp if not in use ———r
OSCl 13 | oscillator input ’
0OSCO 14 | oscillator input/output
Vss1 15 | negative supply 1 (clock) Fig.2 Pinning diagram.
Vop 16 | common positive supply
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7 FUNCTIONAL DESCRIPTION
71 Oscillator

The PCF8573 has an integrated crystal-controlled
oscillator which provides the timebase for the prescaler.
The frequency is determined by a single 32.76 kHz crystal
connected between OSCI and OSCO. A trimmer is
connected between OSCI and Vpp.

7.2 Prescaler and time counter

The prescaler provides a 128 Hz signal at the FSET output
for fine adjustment of the crystal oscillator without loading
it. The prescaler also generates a pulse once a second to
advance the seconds counter. The carry of the prescaler
and the seconds counter are available at the outputs SEC,
MIN respectively, and are also readable via the 12C-bus.
The mark-to-space ratio of both signals is 1 : 1. The time
counter is advanced one count by the falling edge of output
signal MIN. A transition from HIGH-to-LOW of output
signal SEC triggers MIN to change state. The time counter
counts minutes, hours, days and months, and provides a
full calendar function which needs to be corrected only
once every four years - to allow for leap-year. Cycle
lengths are shown in Table 1.

Table 1 Cycle length of the time counter

7.3  Alarm register

The alarm register is a 24-bit memory. It stores the
time-point for the next setting of the status flag COMP.
Details of writing and reading of the alarm register are
included in the description of the characteristics of the
12C-bus.

7.4 Comparator

The comparator compares the contents of the alarm
register and the time counter, each with a length of 24 bits.
When these contents are equal the flag COMP will be set
4 ms after the falling edge of MIN. This set condition
occurs once at the beginning of each minute. This
information is latched, but can be cleared by an instruction
via the 12C-bus. A clear instruction may be transmitted
immediately after the flag is set and will be executed. Flag
COMP information is also available at the output COMP.
The comparison may be based upon hours and minutes
only if the internal flag NODA (no date) is set. Flag NODA
can be set and cleared by separate instructions via the
12C-bus, but it is undefined until the first set or clear
instruction has been received. Both COMP and NODA
flags are readable via the 12C-bus.

CARRY FOR CONTENT OF MONTH
UNIT NUMBER OF BITS | COUNTING CYCLE FOLLOWING UNIT COUNTER
minutes 7 00 to 59 59 — 00
hours 6 00 to 23 23 — 00
days(") 6 01to28 28 — 01 2 (note 1)
or29 — 01 2 (note 1)
01to 30 30 - 01 4,6,9, 11
01 to 31 31 - 01 1,8,5,7,8,10, 12
months 5 01to12 12501
Note

1. During February of a leap-year the ‘Time Counter Days’ may be set to 29 by directly writing into it usiing the ‘execute
address’ function. Leap-years must be tracked by the system software.
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7.5 Power on/power fail detection

If the voltage Vpp — Vss1 falls below a certain value the
operation of the clock becomes undefined. Thus a warning
signal is required to indicate that faultless operation of the
clock is not guaranteed. This information is latched in a
flag called POWF (Power Fail) and remains latched after
restoration of the correct supply voltage until a write
procedure with EXECUTE ADDRESS has been received.
The flag POWF can be set by an internally generated
power fail level-discriminator signal for application with
(Vop — Vss1) greater than Vyy1, Or by an externally
generated power fail signal for application with

(Vop — Vsst) less than V4. The external signal must be
applied to the input PFIN. The input stage operates with
signals of slow rise and fall times. Internally or externally
controlled POWF can be selected by input EXTPF as
shown in Table 2.

Table 2 Power fail selection

EXTPF() | PFIN() FUNCTION
0 0 power fail is sensed internally
0 1 test mode
1 0 power fail is sensed externally
1 1 no power fail sensed
Note

1. 0=Vggs (LOW); 1 = Vpp (HIGH).
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The external power fail control operates by absence of the
Vbp — Vss2 supply. Therefore the input levels applied to
PFIN and EXTPF must be within the range of Vpp—Vss1.
A LOW level at PFIN indicates a power fail. POWF is
readable via the I2C-bus. A power-on reset for the 12C-bus
control is generated on-chip when the supply voltage

Vpp — Vs is less than Vypo.

7.6 Interface level shifters

The level shifters adjust the 5 V operating voltage

(Vpp — Vss2) of the microcontroller to the internal supply
voltage (Vpp — Vss1) of the clock/calendar. The oscillator
and counter are not influenced by the Vpp — Vssa2 supply
voltage. If the voltage Vpp — Vss2 is absent (Vpp = Vss2)
the output signal of the level shifter is HIGH because Vpp
is the common node of the Vpp — Vggp and the Vpp — Vssq
supplies. Because the level shifters invert the input
signals, the internal circuit behaves as if a LOW signal is
present on the inputs. FSET, SEC, MIN and COMP are
CMOS push-pull output stages. The driving capability of
these outputs is lost when the supply voltage

Vpp— Vss2 = 0.
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8 CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are a serial data line
(SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor when
connected to the output stages of a device. Data transfer may be initiated only when the bus is not busy.

8.1 Bit transfer (see Fig.3)

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as control signals.

SDA / é

| |

| data line | change |
| stable; | ofdata |
| data valid | allowed | MBC621

Fig.3 Bit transfer.

8.2  Start and stop conditions (see Fig.4)

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is
defined as the stop condition (P).

START condition STOP condition wBC622

Fig.4 Definition of start and stop conditions.
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8.3 System configuration (see Fig.5)

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA

SCL I I

l l

MASTER SLAVE MASTER
TRANSMITTER / Rgéél‘\’/%ﬁ TRANSMITTER / TR;\“@SSJE_F}ER TRANSMITTER/
RECEIVER RECEIVER RECEIVER

Fig.5 System configuration.

MBA605

8.4 Acknowledge (see Fig.6)

The number of data bytes transferred between the start
and stop conditions from transmitter to receiver is
unlimited. Each byte of eight bits is followed by an
acknowledge bit. The acknowledge bit is a HIGH level
signal put on the bus by the transmitter during which time
the master generates an extra acknowledge related clock
pulse. A slave receiver which is addressed must generate
an acknowledge after the reception of each byte. Also a
master receiver must generate an acknowledge after the
reception of each byte that has been clocked out of the
slave transmitter.

The device that acknowledges must pull down the SDA
line during the acknowledge clock pulse, so that the SDA
line is stable LOW during the HIGH period of the
acknowledge related clock pulse (set-up and hold times
must be taken into consideration). A master receiver must

- signal an end of data to the transmitter by not generating

an acknowledge on the last byte that has been clocked
out of the slave. In this event the transmitter must leave the
data line HIGH to enable the master to generate a stop
condition, see Figs. 9 and 10.

KX/

not acknowledge N\

T
DATA OUTPUT | \ | / X
BY TRANSMITTER |
|
|
DATA OUTPUT T
BY RECEIVER |
I
SCL FROM ]
MASTER .
LS
START
condition

Fig.6 Acknowledgment on the I2C-bus.

N/

acknowledge

clock pulse for
acknowledgement

MBC602
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9 I12C-BUS PROTOCOL
9.1 Addressing

Before any data is transmitted on the 12C-bus, the device which should respond is addressed first. The addressing is
always done with the first byte transmitted after the start procedure.

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal,
but the data signal SDA is a bidirectional line.

The clock/calendar slave address is shown in Fig.7. Bits AO and A1 correspond to the two hardware address pins A0 and
A1. Connecting these to Vpp or Vgg allows the device to have 1 of 4 different addresses.

Ms8 LSB

1 1 0 1 0 | A1 | A0 |R/W

7286686

9.2 Clock/calendar READ/WRITE cycles
The 12C-bus configuration for different clock/calendar READ and WRITE cycles is shown in Figs 8, 9 and 10.

The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the clock/calendar
address is followed by the MODE-POINTER-word which contains a CONTROL-nibble (Table 3) and an
ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding CONTROL-nibble is set to EXECUTE
ADDRESS. The third transmitted word contains the data to be written into the time counter or alarm register.

acknowledge acknowledge acknowledge
from slave from slave from slave
n/W‘ imsa LSB‘
—T T T — T T T T
CLOCK/CALENDAR MODE POINTER A
S| aoomess [°|R) PR ML ML LR
L
n bytes
(n=0,1,2,...)

auto increment
of B1,B0O

0 {C2|C1{CO (ﬂBZ B1(80

72868687

Fig.8 Master transmitter transmits to clock/calendar slave receiver.
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acknowledge acknowledge acknowledge acknowledge o
from slave from slave from slave from master nao acknowledge
RIW l A/ § mse LSB ‘ MSB LS8 l
—T——r—r— —r—r—T—T —— T —rTr T T
CLOCK/CALENDAR 1 CLOCK/CALENDAR
(S L ADDRESS '0 IAI MODE POINTER |A! S I ADDRESS i 1 lA DATA IA DATA 1| P
it O SR P A P P S S S
|
at this moment master (n—1) bytes | ot byte |
transmitter becomes
master receiver and —_—
CLOCK/CALENDAR . " t0 i "
becomes slave transmitter auto incremen auto incremen
of B1, B0 of B, BO 72866901

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been clocked
out of the slave.

Fig.9 Master transmitter reads clock/calendar after setting mode pointer.

acknowledge

acknowledge
from slave from master (1!
R/W ‘ MSB LS8
T

s CLOCK/CALENDAR
ADDRESS

T T T T T T ‘
1 [A DATA AI PJ

1 1
I n bytes —!

auto increment

of B1, B0 7286689

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been clocked
out of the slave.

Fig.10 Master reads clock/calendar immediately after first byte.
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Table 3 MODE-POINTER-word, CONTROL-nibble (bits 8, 7, 6 and 5)

BIT 8 Cc2 C1 co FUNCTION

0 0 0 0 execute address
0 0 0 1 read control/status flags
0 0 1 0 reset prescaler, including seconds counter; without carry for minute counter
0 0 1 1 time adjust, with carry for minute counter (note 1)
0 1 0 0 reset NODA flag
0 1 0 1 set NODA flag
0 1 1 0 reset COMP flag

Note

1. If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s. From the count
30 there is a carry which adjusts the time by max. +30 s.

Table 4 MODE-POINTER-word, ADDRESS-nibble (bits 4, 3, 2 and 1)

BIT 4 B2 B1 BO ADDRESSED TO:
0 0 0 0 time counter hours
0 0 0 1 time counter minutes
0 0 1 0 time counter days
0 0 1 1 time counter months
0 1 0 0] alarm register hours
0 1 0 1 alarm register minutes
0 1 1 0 alarm register days
0 1 1 1 alarm register months

At the end of each data word the address bits B1, BO will be incremented automatically provided the preceding
CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2.

Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the addressed part of
the time counter and alarm register respectively.

Table 6 shows the acknowledgement response of the clock calendar as a slave receiver.

Table 5 Placement of BCD digits in the DATA byte; note 1

MSB DATA LSB
UPPER DIGIT LOWER DIGIT

ub uc uB UA LD LC LB LA ADDRESSED TO:
X X D D D D D D hours

X D D D D D D D minutes

X X D D D D D D days

X X X D D D D D months

Note

1. X' is the don't care bit; ‘D’ is the data bit.
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Acknowledgement response of the PCF8573 as slave-receiver is shown in Table 6. Note that data is only associated
with the ‘execute address’ function where C0, C1,C2=0, 0, 0.

Table 6 Slave receiver acknowledgement; note 1

MODE POINTER ACKNOWLEDGE ON BYTE:
BIT 8 C2 c1 Co BIT 4 B2 B1 BO ADDRESS | MODE POINTER | DATA
0 0 0 0 0 X X X yes yes yes
0 0 0 0 1 X X X yes no no
0 0 0 1 X X X X yes yes no
0 0 1 0 X X X X yes yes no
0 0 1 1 X X X X yes yes no
0 1 0 0 X X X X yes yes no
0 1 0 1 X X X X yes yes no
0 1 1 0 X X X X yes yes no
0 1 1 1 X X X X yes no no
1 X X X X X X X yes no no
Note

1. ‘X'is ‘don’t care’.

To read the addressed part of the time counter and alarm register, plus information from specified control/status flags,
the BCD digits in the DATA byte are organized as shown in Table 7.

The status of the CONTROL-nibble of the MODE-POINTER-WORD (C2, C1, C0) remains unchanged until re-written.

Table 7 Organization of the BCD digits in the DATA byte; note 1

MSB DATA LSB
UPPER DIGIT LOWER DIGIT
ub uc uB UA LD LC LB LA ADDRESSED TO:
0 0 D D D D D D hours
0 D D D D D D D minutes
0 0 D D D D D D days
0 0 0 D D D D D months
0 0 0 m s NODA COMP POWF | control/status flags
Note

1. ‘D’ is the data bit; ‘m’ = minutes; ‘s’ = seconds.
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10 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Vpp — Vsst supply voltage (pin 16 to pin 15) -0.3 +8.0 \Y
Vpp — Vss2 supply voltage (pin 16 to pin 8) -0.3 +8.0 \"
\/ input voltage
pins 4 and 5 (with inputimpedance of minimum 500 Q) | Vgs> — 0.8 Vpp + 0.8 \Y
pins 6,7, 13 and 14 Vss1— 0.6 Vpp + 0.6 \'
any other pin Vggo — 0.6 Vpp + 0.6 \
ly DC input current - 10 mA
lo DC output current - 10 mA
Piot total power dissipation per package - 200 mW
Po power dissipation per output - 100 mW
Tamb operating ambient temperature -40 +85 °C
Tstg storage temperature -55 +125 °C
11 HANDLING

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally safe, it is
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12
under “Handling MOS Devices”.
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12 DC CHARACTERISTICS
Vgs2 =0 V; Tamp = —40 to + 85 °C unless otherwise specified. Typical values at Tomp = 25 °C.
SYMBOL PARAMETER CONDITIONS MIN. TYP. max. [N
Supply
Vpp — Vssz | supply voltage (12C interface) 25 5.0 6.0 \%
Vbp - Vssi | supply voltage (clock) tHp; paT = 300 ns 1.1 1.5 Vpp — Vss2 \Y
Isst supply current see Fig.11
at Vggy (pin 15) Vop-Vssi=15V |- -3 -10 pA
Vop-Vss1 =5V - -12 -50 HA
Iss2 supply current Vpp—-Vss2=5V; - - -50 uHA
at Vggso (pin 8) lo = 0 all outputs
Input SCL, input/output SDA
Vi LOW level input voltage - - 0.3Vpp \'
ViH HiGH ievel input voitage 0.7Vpp - - \
I input leakage current V) = Vggp Or Vpp -1 - +1 pA
Ci input capacitance - - 7 pF
Inputs A0, A1, TEST
ViL LOW level input voltage - - 0.2Vpp \")
Vi4 HIGH level input voltage 0.7Vpp - - \
L input leakage current Vi = Vggp or Vpp -250 - +250- nA
Inputs EXTPF, PFIN
Vi LOW level input voltage 0 - 0.2Vpp — Vss1 |V
ViH HIGH level input voltage 0.7Vpp—Vss1 |- - \Y
Iy input leakage current V| = Vgsq to Vpp -1.0 - +1.0 pA
V| =Vggj to Vpp; -0.1 - +0.1 HA
Tamb =25 °C
Output SDA (n channel open-drain)
VoL LOW level output voltage output ON; lo =3 mA; |- - 0.4 \
Vpp-Vss2=25t06V
L input leakage current Vpp—-Vss2 =6V, -1.0 - +1.0 pA
Vo=6V
Output SEC, MIN, COMP, FSET (normal buffer outputs)
Voo LOW level output voltage Vop-Vss2 =25V, - - 0.4 \'
lo=0.3mA
Vop—-Vss2=41t06V; - - 0.4 \Y
|o =1.6 mA
Vohn HIGH level output voltage Vop—Vgs2=2.5V, Vpp-0.4 - - \'
lo=-0.1mA
Vpp—Vgse=4to6V; Vpp- 0.4 - - Vv
lo=-0.5mA
1997 Mar 28 169



Philips Semiconductors Product specification

Clock/calendar with Power Fail Detector PCF8573
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. U.I':l !
Internal threshold voltages
VTH1 Power failure detection 1 1.2 1.4 \'
ViHe Power-on reset 1.5 2.0 25 \
MGLO72

-12

Iss1

(uA)

) /
/

-4

4 6
VbpVssi (V)

Fig.11 Typical supply current (lss) as a function of clock supply voltage (Vpp — Vss1) at Tamp = —40 to +85 °C.
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13 AC CHARACTERISTICS
Vgs2 =0 V; Tamp = —40 to +85 °C unless otherwise specified. Typical values at Tomp = +25 °C.

SYMBOL PARAMETER CONDITIONS l MIN. I TYP. LMAX. | UNIT
Rise and fall times of input signals

t rise time input EXTPF - - 1 us
input PFIN - - oo us
all other inputs (levels - - 1 us
between V|_and Vi)

t fall time input EXTPF - - 1 us
input PFIN - - oo us
all other inputs (levels - - 0.3 us
between V|L and V|H)

Oscillator

Cosc integrated oscillator capacitance - 40 - pF

R¢ oscillator feedback resistance - 3 - MQ

Afose oscillator stability A(Vpp — Vssi) =100 mV; |- 2x107 |-

Tamb = 25 °C;

(Vop —Vss1) =155V

Quartz crystal parameters (f = 32.768 kHz)

Rs series resistance - - 40 kQ
CL parallel load capacitance - 10 - pF
Cr trimmer capacitance 5 - 25 pF

I12C-bus timing (see Fig.12; notes 1 and 2)

fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width on bus - - 100 ns
tBuF bus free time 4.7 - - us
tsu:sTA START condition set-up time 4.7 - - us
tHD:STA START condition hold time 4.0 - - us
tLow SCL LOW time 4.7 - - us
tHiGH SCL HIGH time 4.0 - - us
t SCL and SDA rise time - - 1.0 us
t SCL and SDA fall time - - 0.3 us
tsu.patT data set-up time 250 - - ns
tHD;DAT data hold time 0 - - ns
tvp:DAT SCL LOW to data out valid - - 3.4 us
tsu:sTo STOP condition set-up time 4.0 - - us
Notes

1. Alltiming values are valid within the operating supply voltage and ambient temperature range and reference to V).
and V4 with an input voltage swing of Vgs to Vpp.

2. A detailed description of the 12C-bus specification, with applications, is given in brochure “The [2C-bus and how to
use it”. This brochure may be ordered using the code 9398 393 40011.
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START BIT7 BIT6 BITO ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A6) LS_B_ (A) CONDITION
(S) (A7) (RIW) (P)
tSU;STA* tLow tHIGH .

X

-
SCL /
/
-
'BUF |«
SDA
tHD;STA

et
A
.

tsu;pAT

-

-

' HD;DAT

-
tvp;DAT

Fig.12 12C-bus timing diagram; rise and fall times refer to V,_and V.

MBD820

>
tsy;sTO
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14 APPLICATION INFORMATION

@ +5V
R: pull -up resistor R [l] h R
Voo SDA  MASTER DEVICE
PCFB570 MICROCONTROLLER
— SCL
128 x 8 BIT STATIC CMOS RAM
Vss

I
1

*

32,768 kHz

R1 ' I cr PCF8577
EXTPF Vpp OSCO OSCI 64 LCO
SDA SEGMENT DRIVER
PCF8573
PFIN scL
A0 A1 Vss2 TEST Vssi

12v _I* 8 DIGIT LCD

4 (NiCa) 'I:

Q

Rgp ¢ resistor for
permanent charging

detection circuit
with very high
impedance

——

12¢C bus 7286688.3

Fig.13 Application example of the PCF8573 clock/calendar with battery backup.

+5V

®

o] ] T

& SDA
[ — scL
SCL SDA Vpp SOCL SDA Vpp cr SCL SDA Vpp
Al
Al osci
MASTER PCF8573
MICRO - TEST PCFB571
CONTROLLER PFIN
EXTPF
Vss Vss2 Vss
JZ 9L 7287945.1

Fig.14 Application example of the PCF8573 with common Vggy and Vss» supply.
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1 FEATURES

12C-bus interface operating supply voltage: 2.5 V to 6 V

Clock operating supply voltage (0 to +70 °C):
10Vto6.0V

240 x 8-bit low-voltage RAM

Data retention voltage: 1.0 Vto 6 V

Operating current (at fsci. = 0 Hz): max. 50 pA
Clock function with four year calendar

Universal timer with alarm and overflow indication

e 24 or 12 hour format

" e 32.768 kHz or 50 Hz time base

Serial input/output bus (12C)

Automatic word address incrementing
Programmable alarm, timer and interrupt function
Slave address:

— READ: A1 or A3

— WRITE: AO or A2.

3 QUICK REFERENCE DATA

2 GENERAL DESCRIPTION

The PCF8583 is a clock/calendar circuit based on a
2048-bit static CMOS RAM organized as 256 words by

8 bits. Addresses and data are transferred serially via the
two-line bidirectional I2C-bus. The built-in word address
register is incremented automatically after each written or
read data byte. Address pin A0 is used for programming
the hardware address, allowing the connection of two
devices to the bus without additional hardware.

The built-in 32.768 kHz oscillator circuit and the first

8 bytes of the RAM are used for the clock/calendar and
counter functions. The next 8 bytes may be programmed
as alarm registers or used as free RAM space.

The remaining 240 bytes are free RAM locations.

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNIT
Vbp supply voltage operating mode I2C-bus active 25 - 6.0 \
12C-bus inactive 1.0 - 6.0 \Y
Ibp supply current operating mode fscL = 100 kHz - - 200 A
Ibbo supply current clock mode fsco =0Hz; Vpp =5V - 10 50 uA
fsc=0Hz; Vpp=1V - 2 10 HA
Tamb operating ambient temperature range -40 - +85 °C
Tetg storage temperature range -65 - +150 |°C
4 ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF8583P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1
PCF8583T SO8 plastic small outline package; 8 leads; body width 7.5 mm SOT176-1
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5 BLOCK DIAGRAM

OSCI L~ PCF8583 DIVIDER | 400 1z control/status 00
o | osciLLaTOR > 1256 >—{ hundredth of a second _| 01
OSCO « 32.768 kHz 100 : 128 seconds
— 7 minutes
INT < ] hours
V, 8 year/date
bo POWER-ON CONTROL weekdays/months
v 4 RESET LOGIC -
ss timer 07
alarm control 08

alarm registers

A0 > or RAM
6 rcBus | [ 1 F——————
SCL > INTERFACE R ADDRESS o
SDA " S [ — RAM
T (240 x 8)
FF
PN 7]
< p3
MRB0O1
Fig.1 Block diagram.
6 PINNING
SYMBOL | PIN DESCRIPTION
OSCl 1 | oscillator input, 50 Hz or event-pulse )
input osci [1 U 8] Voo
OSCO 2 | oscillator output 0sco [2] pe p Z]IN_T
- PCF8583
AO 3 | address input Aoé PCF8583T 5] sot
Vss 4 | negative supply
SDA 5 |serial data line Vss [4] 5 | SDA
SCL 6 |serial clock line MRBo14
INT 7 | open drain interrupt output (active
LOW) Fig.2 Pinning diagram.
Vpp 8 | positive supply
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7 FUNCTIONAL DESCRIPTION

The PCF8583 contains a 256 by 8-bit RAM with an 8-bit
auto-increment address register, an on-chip 32.768 kHz
oscillator circuit, a frequency divider, a serial two-line

bidirectional I12C-bus interface and a power-on reset circuit.

The first 16 bytes of the RAM (memory addresses

00 to OF) are designed as addressable 8-bit parallel
special function registers. The first register (memory
address 00) is used as a control/status register.

The memory addresses 01 to 07 are used as counters for
the clock function. The memory addresses 08 to OF may
be programmed as alarm registers or used as free RAM
locations, when the alarm is disabled.

7.1 Counter function modes

When the control/status register is programmed, a
32.768 kHz clock mode, a 50 Hz clock mode or an
event-counter mode can be selected.

In the clock modes the hundredths of a second, seconds,
minutes, hours, date, month (four year calendar) and
weekday are stored in a BCD format. The timer register
stores up to 99 days. The event counter mode is used to
count pulses applied to the oscillator input (OSCO left
open-circuit). The event counter stores up to 6 digits of
data.

When one of the counters is read (memory locations

01 to 07), the contents of all counters are strobed into
capture latches at the beginning of a read cycle. Therefore,
faulty reading of the count during a carry condition is
prevented.

When a counter is written, other counters are not affected.

7.2  Alarm function modes

By setting the alarm enable bit of the control/status register
the alarm control register (address 08) is activated.

By setting the alarm control register a dated alarm, a daily
alarm, a weekday alarm or a timer alarm may be
programmed. In the clock modes, the timer register
(address 07) may be programmed to count hundredths of
a second, seconds, minutes, hours or days. Days are
counted when an alarm is not programmed.

1997 Jul 15

Whenever an alarm event occurs the alarm flag of the
control/status register is set. A timer alarm event will set
the alarm flag and an overflow condition of the timer will set
the timer flag. The open drain interrupt output is switched
on (active LOW) when the alarm or timer flag is set
(enabled). The flags remain set until directly reset by a
write operation.

When the alarm is disabled (Bit 2 of control/status
register = 0) the alarm registers at addresses 08 to OF
may be used as free RAM.

7.3  Control/status register

The control/status register is defined as the memory
location 00 with free access for reading and writing via the
I2C-bus. All functions and options are controlled by the
contents of the control/status register (see Fig.3).

7.4  Counter registers

In the clock modes 24 h or 12 h format can be selected by
setting the most significant bit of the hours counter
register. The format of the hours counter is shown in Fig.5.

The year and date are packed into memory location 05
(see Fig.6). The weekdays and months are packed into
memory location 06 (see Fig.7). When reading these
memory locations the year and weekdays are masked out
when the mask flag of the control/status register is set.
This allows the user to read the date and month count
directly.

In the event-counter mode events are stored in BCD
format. D5 is the most significant and DO the least
significant digit. The divider is by-passed.

In the different modes the counter registers are
programmed and arranged as shown in Fig.4. Counter
cycles are listed in Table 1.

177



Philips Semiconductors

Product specification

Clock/calendar with 240 x 8-bit RAM

PCF8583

MSB

LsB

memory location 00
reset state: 0000 0000

(50% duty factor
seconds flag if alarm
enable bit is 0)

timer flag

alarm flag (50% duty factor
minutes flag if alarm
enable bit is 0)

alarm ble bit:

0 alarm disabled: flags toggle
alarm control register disabled
(memory locations 08 to OF

are free RAM space)

1 enable alarm control register

(memory location 08 is the
alarm control register)

mask flag:

0 read locations 05 to 06
unmasked

1 read date and month count
directly

mode :

00 clock mode 32.768 kHz
01 clock mode 50 Hz

10 event-counter mode

11  test modes

hold last count flag :
0 count
1 store and hold last count in

capture latches

stop ing flag :

MRBO17

0 count pulses
1 stop counting, reset divider

Fig.3 Control/status register.
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Fig.4 Register arrangement.

control/status control/status 00
hundredth of a second
110s | 1100s b1 Do o1
seconds
10s | 1s D3 D2 02
minutes
10min | 1min D5 D4 03
hours free
10h | 1n 04
year/date
10day | 1day free 05
weekday/month free
10 month | 1 month 06
timer timer
10day | 1day m | To o7
alarm control alarm control
08
hundredth of a second alarm alarm
1/10s | 1/100s D1 DO 09
alarm seconds
D3 D2 0A
alarm minutes
| D5 D4 0B
alarm hours
free oc
alarm date
free oD
alarm month free OE
alarm timer alarm timer oF
free RAM free RAM
CLOCK MODES EVENT COUNTER
MRBO15
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MSB LSB -
[rlelelelele o] mepmesmess e

’ unit hours BCD

ten hours (0 to 2 binary)

AM/PM flag:
0 AM
1 PM

format:

MRB002 ) 0 24 h format, AM/PM flag
remains unchanged

1 12 h format, AM/PM flag
will be updated

Fig.5 Format of the hours counter.

MSB LSB

| 7 I 6—[ 5 I 4 | 3 | 2 I 1 | 0 | memory location 05 (year/date)
reset state: 0000 0001

N

ten days (0 to 3 binary)

year (0 to 3 binary, read as 0 if
the mask flag is set)

MRB003

Fig.6 Format of the year/date counter.

MsB LsB
| 7 | 6 I 5 l 4 | 3 l 2 I 1 l 0 | memory location 06 (weekdays/months)
reset state: 0000 0001
— | L[|
unit months BCD
ten months
weekdays (0 to 6 binary, read as 0 if
the mask flag is set)
MRB004

Fig.7 Format of the weekdays/month counter.
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Table 1 Cycle length of the time counters, clock modes
CONTENTS OF THE
UNIT COUNTING CYCLE CARRY TO NEXT UNIT MONTH COUNTER
Hundredths of a second 00 to 99 99 to 00 -
Seconds 00 to 59 59 to 00 -
Minutes 00 to 59 59 to 00 -
Hours (24 h) 00 to 23 23to 00 -
Hours (12 h) 12 AM - -
01 AMto 11 AM - -
12 PM - -
01 PMto 11 PM 11 PM to 12 AM -
Date 01 to 31 31to 01 1,3,5,7,8,10 and 12
01to 30 30 to 01 4,6,9and 11
01to29 2910 01 2,year=0
01to 28 28to 01 2,year=1,2and 3
Months 01to 12 12 to 01 -
Year Oto3 - -
Weekdays 0to6 6t00 -
Timer 00 to 99 no carry -
7.5 Alarm control register An alarm signal is generated when the contents of the

When the alarm enable bit of the control/status register is
set (address 00, bit 2) the alarm control register (address
08) is activated. All alarm, timer, and interrupt output
functions are controlled by-the contents of the alarm
control register (see Fig.8).

7.6  Alarm registers

All alarm registers are allocated with a constant address
offset of hexadecimal 08 to the corresponding counter
registers (see Fig.4, Register arrangement).
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alarm registers matches bit-by-bit the contents of the
involved counter registers. The year and weekday bits are
ignored in a dated alarm. A daily alarm ignores the month
and date bits. When a weekday alarm is selected, the
contents of the alarm weekday/month register will select
the weekdays on which an aiarm is activated (see Fig.9).
Remark: In the 12 h mode, bits 6 and 7 of the alarm hours
register must be the same as the hours counter.
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MSB LsB
[7[eflslafafz]r]0]
—

MRB005

memory location 08
reset state: 0000 0000

timer function :

000  no timer
001  hundredths of a second
010 seconds
011 minutes
100  hours
101  days
110  not used
111 test mode, all counters
in parallel (factory use only)

timer interrupt enable :

0 timer flag, no interrupt
1 timer flag, interrupt
clock alarm function :

00 no clock alarm

01 daily alarm

10 weekday alarm
1 dated alarm

timer alarm enable :

0 no timer alarm

1 timer alarm

alarm interrupt enable :

(valid only when ‘alarm enable' in
control / status register is set

0 alarm flag, no interrupt
1 alarm flag, interrupt

Fig.8 Alarm control register; clock mode.

1997 Jul 15

182




Philips Semiconductors

Product specification

Clock/calendar with 240 x 8-bit RAM

PCF8583

MsB LsSB

[7lelsfefoafef]0]
L

memory location OE (alarm weekday / month)

weekday 0 enabled when set
weekday 1 enabled when set
weekday 2 enabled when set

weekday 3 enabled when set

weekday 4 enabled when set

weekday 5 enabled when set

weekday 6 enabled when set

MRB006

Fig.9 Selection of alarm weekdays.

not used

7.7 Timer

The timer (location 07) is enabled by setting the
control/status register = XX0X X1XX. The timer counts up
from O (or a programmed value) to 99. On overflow, the
timer resets to 0. The timer flag (LSB of control/status
register) is set on overflow of the timer. This flag must be
reset by software. The inverted value of this flag can be
transferred to the external interrupt by setting bit 3 of the
alarm control register.

Additionally, a timer alarm can be programmed by setting
the timer alarm enable (bit 6 of the alarm control register).
When the value of the timer equals a pre-programmed
value in the alarm timer register (location OF), the alarm
flag is set (bit 1 of the control/status register). The inverted
value of the alarm flag can be transferred to the external
interrupt by enabling the alarm interrupt (bit 6 of the alarm
control register).

Resolution of the timer is programmed via the 3 LSBs of
the alarm control register (see Fig.11, Alarm and timer
Interrupt logic diagram).

7.8  Event counter mode

Event counter mode is selected by bits 4 and 5 which are
logic 1, 0 in the control/status register. The event counter
mode is used to count pulses externally applied to the
oscillator input (OSCO left open-circuit).
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The event counter stores up to 6 digits of data, which are
stored as 6 hexadecimal values located in locations 1, 2,
and 3. Thus, up to 1 million events may be recorded.

An event counter alarm occurs when the event counter
registers match the value programmed in locations 9, A,
and B, and the event alarm is enabled (bits 4 and 5 which
are logic 0, 1 in the alarm control register). In this event,
the alarm flag (bit 1 of the control/status register) is set.
The inverted value of this flag can be transferred to the
interrupt pin (pin 7) by setting the alarm interrupt enable in
the alarm control register. In this mode, the timer
(location 07) increments once for every one, one-hundred,
ten thousand, or 1 million events, depending on the value
programmed in bits 0, 1 and 2 of the alarm control register.
In all other events, the timer functions are as in the clock
mode.

7.9 Interrupt output

The conditions for activating the open-drain n-channel
interrupt output INT (active LOW) are determined by
appropriate programming of the alarm control register.
These conditions are clock alarm, timer alarm, timer
overflow, and event counter alarm. An interrupt occurs
when the alarm flag or the timer flag is set, and the
corresponding interrupt is enabled. In all events, the
interrupt is cleared only by software resetting of the flag
which initiated the interrupt.
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MSB

LSB

memory location 08
reset state: 0000 0000

[rlels[afafafr]o]
—

timer f

000 no timer

001  units
010 100
011 10000

100 1000 000

101 not allowed

110  not allowed

111 test mode, all counters
in parallel

timer interrupt enable :

0 timer flag, no interrupt
1 timer flag, interrupt

clock alarm function :

00 no event alarm

01 event alarm
10 not allowed
1 not allowed

timer alarm enable :

0 no timer alarm
1 timer alarm

MRB007

Fig.10 Alarm control register, event-counter mode.

alarm interrupt enable :

0 alarm flag, no interrupt
1 alarm flag, interrupt

In the clock mode, if the alarm enable is not activated
(alarm enable bit of control/status register is logic 0), the
interrupt output toggles at 1 Hz with a 50% duty cycle (may
be used for calibration). This is the default power-on state
of the device. The OFF voltage of the interrupt output may
exceed the supply voltage, up to a maximum of 6.0 V.

A logic diagram of the interrupt output is shown in Fig.11.

7.10 Oscillator and divider

A 32.768 kHz quartz crystal has to be connected to OSCI
(pin 1) and OSCO (pin 2). A trimmer capacitor between
OSCI and Vpp is used for tuning the oscillator (see quartz
frequency adjustment). A 100 Hz clock signal is derived
from the quartz oscillator for the clock counters.

In the 50 Hz clock mode or event-counter mode the
oscillator is disabled and the oscillator input is switched to
a high impedance state.
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This allows the user to feed the 50 Hz reference frequency
or an external high speed event signal into the input OSCI.

7.11 Initialization

When power-up occurs the 12C-bus interface, the
control/status register and all clock counters are reset.
The device starts time-keeping in the 32.768 kHz clock
mode with the 24 h format on the first of January at
0.00.00: 00. A 1 Hz square wave with 50% duty cycle
appears at the interrupt output pin (starts HIGH).

It is recommended to set the stop counting flag of the
control/status register before loading the actual time into
the counters. Loading of illegal states may lead to a
temporary clock malfunction.
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MUX

mode
select

[+— oscillator

!

t
o o CLOCK/CALENDAR
L]
ALARM TIMER
clock alarm timer timer
alarm control alarm overflow control

g &

)

DR (( (((
[rlelsfelefe]efo] [zefs]efo]2]]o]

CONTROL/STATUS ALARM
REGISTER CONTROL
REGISTER
alarm timer overflow iNT

interrupt interrupt '_T

717 MBD818

(1) If the alarm enable bit of the control/status register is reset (logic 0), a 1 Hz signal can be observed on the interrupt pin INT.

Fig.11 Alarm and timer interrupt logic diagram.
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8 CHARACTERISTICS OF THE I2C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

8.1  Bit transfer (see Fig.12)

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a control signal.

OC \

| | 1
| data line | change |
1 stable; | of data |
| data valid | allowed | MBC621

Fig.12 Bit transfer.

8.2  Start and stop conditions (see Fig.13)

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is
defined as the stop condition (P).

START condition STOP condition MBCE22

Fig.13 Definition of start and stop conditions.
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8.3 System configuration (see Fig.14)

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA
= | I | |
MASTER SLAVE " MASTER
TRANSMITTER / RSé‘éX,‘ER TRANSMITTER / Tnmssnzﬁﬁsn TRANSMITTER /
RECEIVER RECEIVER RECEIVER

Fig.14 System configuration.

MBA605

8.4  Acknowledge (see Fig.15)

The number of data bytes transferred between the start
and stop conditions from transmitter to receiver is
unlimited. Each byte of eight bits is followed by an
acknowledge bit. The acknowledge bit is a HIGH level
signal put on the bus by the transmitter during which time
the master generates an extra acknowledge related clock
pulse. A slave receiver which is addressed must generate
an acknowledge after the reception of each byte. Also a
master receiver must generate an acknowledge after the
reception of each byte that has been clocked out of the
slave transmitter.

The device that acknowledges must pull down the SDA
line during the acknowledge clock pulse, so that the SDA
line is stable LOW during the HIGH period of the
acknowledge related clock pulse (set-up and hold times
must be taken into consideration). A master receiver must
signal an end of data to the transmitter by not generating
an acknowledge on the last byte that has been clocked out
of the slave. In this event the transmitter must leave the
data line HIGH to enable the master to generate a stop
condition.

X X/

not acknowledge
N

"
DATA OUTPUT | \ | / X
BY TRANSMITTER |
| T
[
DATA OUTPUT 1
BY RECEIVER |
[
SCL FROM |
MASTER I
LS
START
condition

Fig.15 Acknowledgment on the I2C-bus.

N,/

acknowledge

f

clock pulse for
acknowledgement

MBC602
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9 [I2C-BUS PROTOCOL
9.1 Addressing

Before any data is transmitted on the 12C-bus, the device which should respond is addressed first. The addressing is
always carried out with the first byte transmitted after the start procedure.

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal,
but the data signal SDA is a bidirectional line. '

The clock/calendar slave address is shown in Fig.16. Bit AO corresponds to hardware address pin AO. Connecting this
pin to Vpp or Vsg allows the device to have one of two different addresses.

[1]o]t]o]o]o]a]wm|
L— group 1 —»L— group 2—»\ MRBO16

Fig.16 Slave address.

9.2 Clock/calendar READ/WRITE cycles
The 12C-bus configuration for the different PCF8583 READ and WRITE cycles is shown in Figs 17, 18 and 19.

acknowledgement acknowledgement acknowledgement
from slave from slave from slave
T T T T T T ‘
[ ) | SLAVEADDRESS| | ‘ WORDADDRESS I DATA Al P ‘
[ T S O N | I

ﬂ‘

RW {— n bytes
auto increment

memory word address

MBD822

Fig.17 Master transmits to slave receiver (WRITE) mode.

1997 Jul 15 188



Philips Semiconductors Product specification

Clock/calendar with 240 x 8-bit RAM PCF8583

acknowledgement acknowledgement acknowledgement acknowledgement
from slave from slave from slave from master
T T T T T T T T T T T T T * T T T T T T T

DATA

T T T T T T *
S SLAVE ADDRESS 0
FI T N N

T
Al WORD ADDRESS IA’ S ‘ SLAVE ADDRESS
1

1A Al ———
? L 1 1 1 1 1 1 1 1 1 1 1 1 ? I 1 1 1 1 1 1 1 I» /
RW at this moment master - RW n bytes r

transmitter becomes auto increment
master - receiver and memory word address
PCF8593 slave - receiver

becomes slave - transmitter

no acknowledgement
from master

/_‘_4’ o 1] 7 |

[ R N N B |

— last byte \r
auto increment

MBD823

memory word address

Fig.18 Master reads after setting word address (write word address; READ data).

I B |

acknowledgement acknowledgement acknowledgement
from slave from slave from sIave
T T T T T T * T T
' S ' SLAVE ADDRESS . ] DATA ‘ DATA

st

KA 1 |

auto increment
word address

auto increment
word address

MBD824

Fig.19 Master reads slave immediately after first byte (READ mode).
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10 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Vpp supply voltage (pin 8) -0.8 +7.0 \'
Ibp supply current (pin 8) - 50 mA
Iss supply current (pin 4) - 50 mA
V, input voltage -0.8 Vpp + 0.8 \
Iy DC input current - 10 mA
lo DC output current - 10 mA
Piot total power dissipation per package - 300 mwW
Po power dissipation per output - 50 mwW
Tamb operating ambient temperature -40 +85 °C
Tetg storage temperature -65 +150 °C
11 HANDLING

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally safe, it is
desirable to take normal precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12
under “Handling MOS Devices”.

12 DC CHARACTERISTICS

Vpp =2.510 6.0 V; Vgg = 0 V; Tamp = ~40 to +85 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. [ TYP.(D | MAX. UNIT
Vpp supply voltage 12C-bus active 25 - 6.0 Vv
(operating mode) [2C-bus inactive 1.0 - 6.0 v
Vbposc supply voltage Tamb = 0 to 70 °C; note 2 1.0 - 6.0 \
(quartz oscillator)
Ibp supply current fscL = 100 kHz; clock mode; - - 200 A
(operating mode) note 3
Ibbo supply current see Fig.20
(clock mode) fscL=0Hz; Vpp =5V - 10 50 pA
fsc,=0Hz; Vpp=1V - 2 10 pA
Ibbr data retention fosci=0Hz; Vpp=1V
Tamb =—-40to + 85°C - - 5 pA
Tamp=—-25t0 + 70 °C - - 2 pA
VEN I2C-bus enable level note 4 1.5 1.9 2.3 \%
SDA
ViL LOW level input voltage note 5 -0.8 - 0.3Vpp \
ViH HIGH level input voltage note 5 0.7Vpp |- Vpp +0.8 |V
loL LOW level output current VoL=04V 3 - - mA
Iy input leakage current V= Vpp or Vss -1 - +1 HA
Ci input capacitance note 6 - — 7 pF
1997 Jul 15 190



Philips Semiconductors Product specification

Clock/calendar with 240 x 8-bit RAM PCF8583
SYMBOL | PARAMETER - | CONDITIONS | mn. [Ty | max. [ unir
AO0; OSCI
I l input leakage current | V= Vpp or Vgg J —-250 ] - | +250 l nA
INT
loL LOW level output current VoL=04V 3 - - mA
I input leakage current V| =Vpp or Vgg -1 - +1 A
SCL
G input capacitance note 6 - - 7 pF
I input leakage current V)= Vpp or Vss -1 - +1 A

Notes

1. Typical values measured at T, = 25 °C.

When powering-up the device, Vpp must exceed 1.5 V until stable operation of the oscillator is established.
Event counter mode: supply current dependant upon input frequency.

The I12C-bus logic is disabled if Vpp < Vgn.

When the voltages are above or below the supply voltages Vpp or Vgs, an input current may flow; this current
must not exceed +0.5 mA.

6. Tested on sample basis.

AN

MRB012

bbo

(1A) /

Vpp V)

fsoL = 32 KHZ; Tamp = 25 °C.

Fig.20 Typical supply current in clock mode as a function of supply voltage.
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13 AC CHARACTERISTICS
Vpp =2.510 6.0 V; Vgs = 0 V; Tamp = —40 to +85 °C; unless otherwise specified.

SYMBOL I PARAMETER CONDITIONS MIN. I TYP. I MAX. | UNIT
Oscillator
Cosc integrated oscillator - 40 - pF

capacitance
Afosc oscillator stability for AVpp = 100 mV; - 2x107 |-

Tamb=25°C; Vpp=15V

fi input frequency note 1 - - 1 MHz
Quartz crystal parameters (f = 32.768 kHz)
R¢ series resistance - - 40 kQ
CL parallel load capacitance - 10 - pF
Cr trimmer capacitance 5 - 25 pF

12C-bus timing (see Fig.21; notes 2 and 3)

fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width on bus — - 100 ns
tsuF bus free time 4.7 - - us
tsu;sTa START condition set-up time 4.7 - - us
tip;sTA START condition hold time 4.0 - - us
tLow SCL LOW time 47 - - us
tHIGH SCL HIGH time 4.0 - - us
t SCL and SDA rise time - - 1.0 us
t SCL and SDA fall time - - 0.3 us
tsu:.paT data set-up time 250 - - ns
tHD:DAT data hold time 0 - - ns
tvD.DAT SCL LOW to data out valid - - 3.4 us
tsu;sTO STOP condition set-up time 4.0 - - us
Notes

1. Event counter mode only.

2. All timing values are valid within the operating supply voltage and ambient temperature range and reference to V,_
and V|4 with an input voltage swing of Vgg to Vpp.

3. A detailed description of the 12C-bus specification, with applications, is given in brochure “The [2C-bus and how to
use it". This brochure may be ordered using the code 9398 393 40011.
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START BIT7 BIT6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A6) LSB (A) CONDITION
S) (A7) (RIW) (P)
tsu;sTA tlow HIGH it
- [4—»1 [4— SCL—
—
scL /
\ -
t el > ty
/
SDA
\ .
Y HD;STA 'suDAT  'HD,DAT tvp;pAT MBD820 tsu;sTO
Fig.21 12C-bus timing diagram; rise and fall times refer to V;_and V.

14 APPLICATION INFORMATION
1441
1411

Quartz frequency adjustment
METHOD 1: FIXED OSCI CAPACITOR

By evaluating the average capacitance necessary for the
application layout a fixed capacitor can be used.

The frequency is best measured via the 1 Hz signal
available after power-on at the interrupt output (pin 7).
The frequency tolerance depends on the quartz crystal
tolerance, the capacitor tolerance and the
device-to-device tolerance (on average 5 x 1076).
Average deviations of £5 minutes per year can be
achieved.

14.1.2 MEeTHOD 2: OSCI TRIMMER

Using the alarm function (via the 12C-bus) a signal faster
than 1 Hz can be generated at the interrupt output for fast
setting of a trimmer.

1997 Jul 15

Procedure:

e Power-on

 Initialization (alarm functions).

Routine:

e Set clock to time T and set alarm to time T +dT
o Attime T +dT (interrupt) repeat routine.

1413 MEeTHOD 3:

Direct measurement of OSC out (accounting for test probe
capacitance).

The PCF8583 slave address has a fixed combination 1010
as group 1.
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Vop
“—>—|SPA  MASTER
v TRANSMITTER
DD rd— SCL
F ”
Ao CLOCK
& CALENDAR ¢t
T OSCl  pCFg583
] '1010' SDA |
T —{osco Vss
-
VTD
1
Voo« EVENT
COUNTER
JL+osct “pcrasss
1010’ SDA
— 0sco Vss B
>
| |
P Voo
—M

R R R: pull-up resistor

l R =t/ge / C-bus
r___l

SDA SCL
(12C-bus) MRBO018

Fig.22 Application diagram.
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1 FEATURES 2 GENERAL DESCRIPTION
2C-bus i i :
* 12C-bus interface operating supply voltage: 2510 6.0V 1 porgsg3 is a CMOS clock/calendar circuit, optimized

o Clock operating supply voltage (Tamp = 0 to +70 °C): for low power consumption. Addresses and data are
1.0t0 6.0V transferred serially via the two-line bidirectional I2C-bus.
« 8 bytes scratchpad RAM (when alarm not used) The built-in word address register is incremented

automatically after each written or read data byte.

Data retenti ltage: 1.0t0 6.0 V
°be ention votage ° The built-in 32.768 kHz oscillator circuit and the first 8

* External RESET input resets I°C interface (only) bytes of RAM are used for the clock/calendar and counter
o Operating current (fsq; = 0 Hz, 32 kHz time base, functions. The next 8 bytes may be programmed as alarm
Vpp =2.0 V): typ. 1 A registers or used as free RAM space.

e Clock function with four year calendar

e Universal timer with alarm and overflow indication
e 24 or 12 hour format

e 32.768 kHz or 50 Hz time base

e Serial input/output bus (12C-bus)

o Automatic word address incrementing
Programmable alarm, timer and interrupt function

e Space-saving SO8 package available
Slave address:

- READ A3

— WRITE A2.

3 QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Vpp supply voltage operating mode 12C-bus active 25 - 6.0 Vv
12C-bus inactive 1.0 - 6.0 \%

Ipp supply current operating mode fsc1 = 100 kHz - - 200 LA

lbp supply current clock mode fsa =0Hz; Vpp=5V - 4.0 15.0 pA
fsa=0 Hz; Vpp=2V - 1.0 8.0 I.LA

Tamb operating ambient temperature -40 - +85 °C

Tstg storage temperature -65 - +150 °C

4 ORDERING INFORMATION

TYPE PACKAGE
NUMBER | NAME DESCRIPTION VERSION
PCF8593P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1
PCF8593T SO8 plastic small outline package; 8 leads; body width 3.9 mm SOT96-1
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5 BLOCK DIAGRAM

Vbb
|
|8
1
0SsCl ; OSCILLATOR | D1|\{I2DSESR 100 Hz
0SCO — %] 32768KHz 100: 128 I
. 7 control/status 00
INT <+ ! hundredths of a second 01
o seconds
— 3 CONTROL minutes
RESET > RESET LOGIC hours
- year/date
weekdays/months
PCF8593 timer o7
6 alarm control 08
SCL—>1 2cBUs | [ 1 [~ 7]
5 | INTERFACE .| ADDRESS
SDA il REGISTER :> alarm registers
or RAM
OF
— ]
i —
;’ MBD808
Vss
Fig.1 Block diagram.
6 PINNING
SYMBOL | PIN DESCRIPTION
OSCl 1 | oscillator input, 50 Hz or event-pulse
input
OSsCco 2 | oscillator output osci [1] U 8] VoD
RESET 3 |reset input (active LOW INT
inp ( ) 0s¢0 [2] porasose |21 INT
Vss 4 | negative supply RESET [3] PCF8593T 5] scL
SDA 5 serfal data |r.1put/output Ves [7] 5] soa
SCL 6 |serial clock input
INT 7 | open drain interrupt output Mebses
(active LOW)
Voo 8 | positive supply Fig.2 Pin configuration.
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7 FUNCTIONAL DESCRIPTION

The PCF8593 contains sixteen 8-bit registers with an 8-bit
auto-incrementing address register, an on-chip

32.768 kHz oscillator circuit, a frequency divider and a
serial two-line bidirectional 12C-bus interface.

The first 8 registers (memory addresses 00 to 07) are
designed as addressable 8-bit parallel registers. The first
register (memory address 00) is used as a control/status
register. The memory addresses 01 to 07 are used as
counters for the clock function. The memory addresses
08 to OF may be programmed as alarm registers or used
as free RAM locations.

741 Counter function modes

When the control/status register is programmed, a
32.768 kHz clock mode, a 50 Hz clock mode or an
event-counter mode can be selected.

In the clock modes the hundredths of a second, seconds,
minutes, hours, date, month (four year calendar) and
weekday are stored in a BCD format. The timer register
stores up to 99 days. The event counter mode is used to
count pulses applied to the oscillator input (OSCO left
open-circuit). The event counter stores up to 6 digits of
data.

When one of the counters is read (memory locations

01 to 07), the contents of all counters are strobed into
capture latches at the beginning of a read cycle. Therefore,
faulty reading of the count during a carry condition is
prevented.

When a counter is written, other counters are not affected.

7.2 Alarm function modes

By setting the alarm enable bit of the control/status register
the alarm control register (address 08) is activated.

By setting the alarm control register a dated alarm, a daily
alarm, a weekday alarm or a timer alarm may be
programmed. In the clock modes, the timer register
(address 07) may be programmed to count hundredths of
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a second, seconds, minutes, hours or days. Days are
counted when an alarm is not programmed.

Whenever an alarm event occurs the alarm flag of the
control/status register is set. A timer alarm event will set
the alarm flag and an overflow condition of the timer will set
the timer flag. The open-drain interrupt output is switched
on (active LOW) when the alarm or timer flag is set
(enabled). The flags remain set until directly reset by a
write operation.

When the alarm is disabled (Bit 2 of control/status
register = 0) the alarm registers at addresses 08 to OF may
be used as free RAM.

7.3  Control/status register

The control/status register is defined as the memory
location 00 with free access for reading and writing via the
12C-bus. All functions and options are controlled by the
contents of the control/status register (see Fig.3).

7.4 Counter registers

In the clock modes 24 h or 12 h format can be selected by
setting the most significant bit of the hours counter
register. The format of the hours counter is shown in Fig.5.

The year and date are packed into memory location 05
(see Fig 6). The weekdays and months are packed into
memory location 06 (see Fig.7). When reading these
memory locations the year and weekdays are masked out
when the mask flag of the control/status register is set.
This allows the user to read the date and month count
directly.

In the event-counter mode events are stored in BCD
format. D5 is the most significant and DO the least
significant digit. The divider is by-passed.

In the different modes the counter registers are
programmed and arranged as shown in Fig.4. Counter
cycles are listed in Table 1.
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mMsB LSB

4 3 2 1 0 memory location 00

(‘ o
I

T

L timer flag (50% duty factor
seconds flag if alarm
enable bit is 0)

alarm flag (50% duty factor
minutes flag if alarm
enable bit is 0)

alarm enable bit:

0 alarm disabled: flags toggle
alarm control register disabled
(memory locations 08 to OF
can be treated as RAM)

1 enable Alarm Control register
(memory location 08 is the

Alarm Control register)

mask flag:

0  read locations 05 to 06
unmasked

1 read date and month count
directly

function mode :

00 clock mode 32.768 kHz
01 clock mode 50 Hz

10 event-counter mode

11 test modes

hold last count flag :

0 count

1 store and hold last count in
capture latches

MBD810

stop cc¢ ing flag :
0 count pulses
1 stop counting, reset divider

Fig.3 Control/status register.

1997 Mar 25

199



Philips Semiconductors

Product specification

Low power clock/calendar

PCF8593

control/status control/status 00
hundredths of a second
110s | 1/100s D1 Do o1
seconds
10s | 1s D3 D2 02
minutes
10min_ | 1min DS D4 03
hours free
10h | 1n 04
year/date
10 day 1 1day free 05
weekday/month free
10 month | 1 month 06
timer timer
10day | 1day m | To o7
alarm control alarm control 08
hundredths of a second alarm alarm
110s | 1100s D1 Do 09
alarm seconds D3 b2
0A
alarm minutes D5 Da
0B
alarm hours
free oC
alarm date free
| oD
alarm month free 0E
alarm timer alarm timer oF
CLOCK MODES EVENT COUNTER

Fig.4 Register arrangement.

MmBD811

1997 Mar 25



Philips Semiconductors Product specification

Low power clock/calendar PCF8593

MSB LSB
| 7 [ 6 J 5 | 4 1 3 LZJ 1 ‘ 0 memory location 04 (hours counter)

unit hours BCD

ten hours (0 to 12 binary)

AM/PM flag:
0 AM
1 PM

format:

MBDB812 0 24 h format, AM/PM flag
remains unchanged

1 12 h format, AM/PM flag
will be updated

Fig.5 Format of the hours counter.

MSB LsSB
l 7 | 6 | 5 l 4 [ 3 l 2 I 1 l o—l memory location 05 (year/date)
l ' unit hours BCD
ten days (O to 3 binary)
year (0 to 3 binary, read as 0 if
the mask flag is set)
MBD813

Fig.6 Format of the year/date counter.

MSB LSB
l 7 I GJ 5 I 4 l 3 J 2 l 1 | o~| memory location 06 (weekdays/months)

unit months BCD

ten months

weekdays (0 to 6 binary, read as 0 if
the mask flag is set)

MBD814

Fig.7 Format of the weekdays/months counter.
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Table 1 Cycle length of the time counters, clock modes.
CONTENTS OF THE
UNIT COUNTING CYCLE CARRY TO NEXT UNIT MONTH COUNTER
Hundredths of a second 00 to 99 99 to 00 -
Seconds 00 to 59 59 to 00 -
Minutes 00 to 59 59 to 00 -
Hours (24 h) 00 to 23 23to 00 -
Hours (12 h) 12 AM - -
01 AMto 11 AM - -
12 PM - -
01 PMto 11 PM 11 PM to 12 AM -
Date 01 to 31 31 to 01 1,3,5,7,8,10and 12
01 to 30 30 to 01 4,6,9 and 11
01to 29 29 to 01 2,year=0
01 to 28 28 to 01 2,year=1,2and 3
Months 01to12 12to 01 -
Year Oto3 - -
Weekdays Oto6 6to0 -
Timer 00 to 99 no carry -
7.5 Alarm control register An alarm signal is generated when the contents of the

When the alarm enable bit of the control/status register is
set (address 00, bit 2) the alarm control register
(address 08) is activated. All alarm, timer, and interrupt
output functions are controlled by the contents of the alarm
control register (see Fig.8).

7.6  Alarm registers

All alarm registers are allocated with a constant address
offset of hexadecimal 08 to the corresponding counter
registers (see Fig.4,Register arrangement).
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alarm registers matches bit-by-bit the contents of the
involved counter registers. The year and weekday bits are
ignored in a dated alarm. A daily alarm ignores the month
and date bits. When a weekday alarm is selected, the
contents of the alarm weekday/month register will select
the weekdays on which an alarm is activated (see Fig.9).

Remark: in the 12 h mode, bits 6 and 7 of the alarm hours
register must be the same as the hours counter.

202



Philips Semiconductors

Product specification

Low power clock/calendar

PCF8593

LSB

o ]

MSB
Lrlelsfafafalr]
—

MBD815

Fig.8 Alarm control register, clock mode.

memory location 08

timer function :

000  no timer

001  hundredths of a second

010  seconds

o1 minutes

100  hours

101 days

110 not used

111 test mode, all counters
in parallel

timer interrupt enable :

0 timer flag, no interrupt
1 timer flag, interrupt
clock alarm function :

00 no clock alarm

(] daily alarm

10 weekday alarm
1 dated alarm

timer alarm enable :

0 no timer alarm

1 timer alarm

alarm interrupt enable :

(valid only when ‘alarm enable' in
control/status register is set)

0 alarm flag, no interrupt
1 alarm flag, interrupt
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memory location OE (alarm weekday/month)

HODDODnD
|

weekday 0 enabled when set

weekday 1 enabled when set
weekday 2 enabled when set

weekday 3 enabled when set

weekday 4 enabled when set

weekday 5 enabled when set

weekday 6 enabled when set

not used

MBD816

Fig.9 Selection of alarm weekdays.

7.7 Timer

The timer (location 07) is enabled by setting the
control/status register = XX0X X1XX. The timer counts up
from O (or a programmed value) to 99. On overflow, the
timer resets to 0. The timer flag (LSB of control/status
register) is set on overflow of the timer. This flag must be
reset by software. The inverted value of this flag can be
transferred to the external interrupt by setting bit 3 of the
alarm control register.

Additionally, a timer alarm can be programmed by setting
the timer alarm enable (bit 6 of the alarm control register).
When the value of the timer equals a pre-programmed
value in the alarm timer register (location OF), the alarm
flag is set (bit 1 of the control/status register). The inverted
value of the alarm flag can be transferred to the external
interrupt by enabling the alarm interrupt (bit 6 of the alarm
control register).

Resolution of the timer is programmed via the 3 LSBs of
the alarm control register (see Fig.11, Alarm and timer
Interrupt logic diagram).
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7.8 Event counter mode

Event counter mode is selected by bits 4 and 5 which are
logic 1, 0 in the control/status register. The event counter
mode is used to count pulses externally applied to the
oscillator input (OSCO left open-circuit). The event counter
stores up to 6 digits of data, which are stored as

6 hexadecimal values located in locations 1, 2, and 3.
Thus, up to 1 million events may be recorded.

An event counter alarm occurs when the event counter
registers match the value programmed in locations 9, A,
and B, and the event alarm is enabled (bits 4 and 5 which
are logic 0, 1 in the alarm control register). In this event,
the alarm flag (bit 1 of the control/status register) is set.
The inverted value of this flag can be transferred to the
interrupt pin (pin 7) by setting the alarm interrupt enable in
the alarm control register. In this mode, the timer
(location 07) increments once for every one, one-hundred,
ten thousand, or 1 million events, depending on the value
programmed in bits 0,1 and 2 of the alarm control register.
In all other events, the timer functions are as in the clock
mode.
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MSB

LSB

FJG[LL4J3ITI1|ITI

MBD817

memory location 08

timer function :

000  no timer

001 units

010 100

011 10 000

100 1000 000

101 not allowed

110  not allowed

111 test mode, all counters
in parallel

timer interrupt enable :

0 timer flag, no interrupt
1 timer flag, interrupt

clock alarm function :

00 no event alarm

01 event alarm
10 not allowed
1 not allowed

timer alarm enable :

0 no timer alarm
1 timer alarm
alarm interrupt enable :

0 alarm flag, no interrupt
1 alarm flag, interrupt

Fig.10 Alarm control register, event-counter mode.

7.9 Interrupt output

The conditions for activating the open-drain n-channel
interrupt output INT (active LOW) are determined by
appropriate programming of the alarm control register.
These conditions are clock alarm, timer alarm, timer
overflow, and event counter alarm. An interrupt occurs
when the alarm flag or the timer flag is set, and the
corresponding interrupt is enabled. In all events, the
interrupt is cleared only by software resetting of the flag
which initiated the interrupt.
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In the clock mode, if the alarm enable is not activated
(alarm enable bit of control/status register is logic 0), the
interrupt output toggles at 1 Hz with a 50% duty cycle (may
be used for calibration). The OFF voltage of the interrupt
output may exceed the supply voltage, up to a maximum
of 6.0 V. A logic diagram of the interrupt output is shown in

Fig.11.
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MUX
mode [<=— oscillator
select
te
o o CLOCK/CALENDAR
/—P
ALARM TIMER
clock alarm timer timer
alarm control alarm overflow control

S &

1)) (( (((
[7]elefefefz]o]o] [rlefsfefafe] ]o]

CONTROL/STATUS ALARM
REGISTER CONTROL
REGISTER

alarm timer overflow iNT

interrupt interrupt I_T

>
;’ MBD818

(1) If the alarm enable bit of the control/status register is reset (logic 0), a 1 Hz signal can be observed on the interrupt pin INT.

Fig.11 Alarm and timer interrupt logic diagram.
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7.10 Oscillator and divider

A 32.768 kHz quartz crystal has to be connected to OSCI
(pin 1) and OSCO (pin 2). A trimmer capacitor between
OSCI and Vpp is used for tuning the oscillator (see
Chapter 14, Section 14.1). A 100 Hz clock signal is derived
from the quartz oscillator for the clock counters.

In the 50 Hz clock mode or event-counter mode the
oscillator is disabled and the oscillator input is switched to
a high-impedance state. This allows the user to feed the
50 Hz reference frequency or an external high-speed
event signal into the input OSCI.

7.10.1  DESIGNING

When designing the printed-circuit board layout, keep the
oscillator components as close to the IC package as
possible, and keep all other signal lines as far away as
possible. In applications involving tight packing of
components, shielding of the oscillator may be necessary.
AC coupling of extraneous signals can introduce oscillator
inaccuracy.

7.11 Initialization (see Fig.12)

Note that immediately following power-on, all internal
registers are undefined and, following a RESET pulse on
pin 3, must be defined via software. Attention should be
paid to the possibility that the device may be initially in
event-counter mode, in which event the oscillator will not
operate. Over-ride can be achieved via software.

Reset is accomplished by applying an external RESET
pulse (active LOW) at pin 3. When reset occurs only the
I2C-bus interface is reset. The control/status register and
all clock counters are not affected by RESET. RESET
must return HIGH during device operation.
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Vbp
8
AR Vpp
reset
input 3
RESET
CR
T PCF8593

MBD819

To avoid overload of the internal diode by falling Vpp, an external
diode should be added in parallel to Ry if Cg 2 0.2 puF. Note that RC
must be evaluated with the actual Vpp of the application, as their
value will be Vpp rise-time dependent.

Fig.12 RC reset.

An RC combination can also be utilized to provide a
power-on RESET signal at pin 3. In this event, the values
of the RC must fulfil the following relationship to guarantee
power-on reset (see Fig.12).

RESET input must be <0.3Vpp when Vpp reaches Vppmin
(or higher).

It is recommended to set the stop counting flag of the
control/status register before loading the actual time into
the counters. Loading of illegal states may lead to a
temporary clock malfunction.
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8 CHARACTERISTICS OF THE I2C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

8.1 Bit transfer (see Fig.13)

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a control signal.

o/ X N\

| |
| data line | change |
| stable; | ofdata |
| data valid | allowed | MBC621

Fig.13 Bit transfer.

8.2  Start and stop conditions (see Fig.14)

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH is
defined as the stop condition (P).

[ —— [E——

START condition STOP condttion s

Fig.14 Definition of start and stop conditions.
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8.3 System configuration (see Fig.15)

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA
7 | I | I
MASTER SLAVE MASTER
TRANSMITTER / Rgéél‘(,'éR TRANSMITTER / TRR‘,\’:SSJIET?ER TRANSMITTER /
RECEIVER RECEIVER RECEIVER

Fig.15 System configuration.

MBA605

8.4  Acknowledge (see Fig.16)

The number of data bytes transferred between the start
and stop conditions from transmitter to receiver is
unlimited. Each byte of eight bits is followed by an
acknowledge bit. The acknowledge bit is a HIGH level
signal put on the bus by the transmitter during which time
the master generates an extra acknowledge related clock
pulse. A slave receiver which is addressed must generate
an acknowledge after the reception of each byte. Also a
master receiver must generate an acknowledge after the
reception of each byte that has been ciocked out of the
slave transmitter.

The device that acknowledges must pull down the SDA
line during the acknowledge clock pulse, so that the SDA
line is stable LOW during the HIGH period of the
acknowledge related clock pulse (set-up and hold times
must be taken into consideration). A master receiver must
signal an end of data to the transmitter by not generating
an acknowledge on the last byte that has been clocked out
of the slave. In this event the transmitter must leave the
data line HIGH to enable the master to generate a stop
condition.

XX/

not acknowledge \

r
DATAOUTPUT "\ | / X
BY TRANSMITTER ! )
1
[
DATA OUTPUT 1
BY RECEIVER |
I
SCL FROM 1
MASTER [
L3
START
condition

Fig.16 Acknowledgment on the I2C-bus.

N/

acknowledge

r

clock pulse for
acknowledgement

MBC602
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9 [I2C-BUS PROTOCOL
9.1 Addressing

Before any data is transmitted on the I12C-bus, the device which should respond is addressed first. The addressing is
always carried out with the first byte transmitted after the start procedure.

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only an input signal,
but the data signal SDA is a bidirectional line. The clock/calendar slave address is shown in Fig.17.

[1]0|1|o|0|0|1|a/WJ
e 1ol ] o0

Fig.17 Slave address.

9.2 Clock/calendar READ/WRITE cycles
The 12C-bus configuration for the different PCF8593 READ and WRITE cycles is shown in Figs 18, 19 and 20.

acknowledgement acknowledgement acknowledgement
from slave from slave from slave
T T T T T T T T T T T T T ‘ T T T T T T T ‘
‘ ) | SLAVE ADDRESS IOIAI WORD ADDRESS |A| DATA A’ P l
1 1 1 1

Y S S T N I T N I N | L1

RW ‘— n bytes
auto increment

memory word address

MBD822

Fig.18 Master transmits to slave receiver (WRITE) mode.
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transmitter becomes

auto increment

acknowledgement acknowledgement acknowledgement acknowledgement
from slave from slave from slave from master
T T T T T T T + T T T T T T T ‘ T T T T T T T * T T T T T T T ‘
| S \ SLAVE ADDRESS Ol AI WORD ADDRESS ‘ AI S l SLAVE ADDRESS 1 l A DATA A]— -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] ] 1 1 1 1 1 * 1 1 1 1 1 1 1 /
RW at this moment master - RW n bytes \r

master - receiver and
PCF8593 slave - receiver
becomes slave - transmitter

memory word address

no acknowledgement
from master

I
/—(——~{ " DATA 1|P|

T
1 1 1 1 1 1 1
auto increment

memory word address

——— last byte

MBD823

Fig.19 Master reads after setting word address (write word address, READ data).

auto increment
word address

acknowledgement acknowledgement acknowledgement
from slave from slave from slave
T T T T T T T + T T T T T T T ‘ T T T T T T +
| ) ‘ SLAVE ADDRESS 1 'A' DATA A DATA 1] P ‘
1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW L n bytes Tl— last bytes

auto increment
word address

MBD824

Fig.20 Master reads slave immediately after first byte (READ mode).
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10 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER MIN. MAX. UNIT
Vpp supply voltage (pin 8) -0.8 +7.0 \Y
3)) supply current (pin 8) - 50 mA
Iss supply current (pin 4) - 50 mA
Vi input voltage -0.8 Vpp + 0.8 \

Iy input current - 10 mA
lo DC output current - 10 mA
Piot total power dissipation per package - 300 mwW
Po power dissipation per output - 50 mwW
Tamb operating ambient temperature -40 +85 °C
Tetg storage temperature -65 +150 °C

11 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
desirable to take precautions appropriate to handling MOS devices Advice can be found in Data Handbook IC12 under
“Handling MOS Devices”.

12 DC CHARACTERISTICS
Vpp =2.5t06.0 V; Vgs = 0 V; Tamp = —40 to +85 °C; fosc = 32 kHz; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS | mn. [Tveo | max. |uniT
Supply
Vbp supply voltage 12C-bus active 25 - 6.0 v
(operating mode) I2C-bus inactive 1.0 - 6.0 Vv
VDbDosc supply voltage note 2
(quartz oscillator) Tamp = 0 to 70 °C 1.0 _ 6.0 Vv
Tamb =—401t0 85 °C 1.2 - 6.0 \"
Iop supply current fsci = 100 kHz; clock mode; - - 200 HA
(operating mode) note 3
lobo supply current fsot = 0 Hz;
(clock mode with 12C-bus inputs at Vpp or Vgg
inactive) Vpp=2V - 1.0 8.0 pA
Vpp=5V - 4.0 15 HA
SDA, SCL, INT and RESET
Vi LOW level input voltage 0 - 0.3Vpp \
ViH HIGH level input voltage 0.7Vpp - Vpp \"
loL LOW level output current VoL=04V 3 - - mA
Iy input leakage current V)= Vpp or Vgs -1 - +1 HA
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SYMBOL PARAMETER CONDITIONS ' MIN. TYP.(D MAX. UNIT
Ci input capacitance note 4 - - 7 pF
0SCl and RESET
M input leakage current V)= Vpp or Vgg -250 | - J +250 nA
INT
loL LOW level output current VoL=04V 1 - - mA
L input leakage current Vi =Vpp or Vgs -1 - +1 A
SCL
Ci input capacitance note 4 - - 7 pF
TR input leakage current V| =Vpp or Vss -1 — +1 uA

Notes

1. Typical values measured at Ty = 25 °C.

2. When powering up the device, Vpp must exceed the specified minimum value by 300 mV to guarantee correct
start-up of the oscillator.

3. Event counter mode: supply current dependent upon input frequency.
4. Tested on sample basis.

MBD826

12

Ibbo
(nA)

Vpp (V)

fscL = 32 kHz; Tamp =25 °C.

Fig.21 Typical supply current in clock mode as a function of supply voltage.
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13 AC CHARACTERISTICS
Vpp =2.510 6.0 V; Vgs = 0 V; Tamp = —40 to +85 °C; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MN. | TYP. | mAX. |UNT

Oscillator

Cosc integrated oscillator 20 25 30 pF
capacitance

Afosc oscillator stability for AVpp = 100 mV; - 2x107 -

Tamb=25°C;Vpp=1.5V

fi input frequency note 1 - - 1 MHz

Quartz crystal parameters (f = 32.768 kHz)

Rs series resistance - - 40 kQ

CL parallel load capacitance - 10 - pF

Cr trimmer capacitance 5 - 25 pF

I12C-bus timing (see Fig.22; notes 2 and 3)

fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width on bus - - 100 ns
tBUF bus free time 4.7 - - us
tsu;sTA START condition set-up time 4.7 - - us
tHp;sTA START condition hold time 4.0 - - us
tLow SCL LOW time 4.7 - - us
tHIGH SCL HIGH time 4.0 - - us
t SCL and SDA rise time - - 1.0 us
ts SCL and SDA fall time - - 0.3 us
tsu:pAT data set-up time 250 - - ns
tHD:DAT data hold time 0 - - ns
tvp;pAT SCL LOW to data out valid - - 3.4 us
tsu;sTo STOP condition set-up time 4.0 - - us
Notes

1. Event counter mode only.

2. All timing values are valid within the operating supply voltage and ambient temperature range and reference to V_
and V| with an input voltage swing of Vgs to Vpp.

3. A detailed description of the I2C-bus specification, with applications, is given in brochure “The PC-bus and how to
use it”. This brochure may be ordered using the code 9398 393 40011.
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START BIT7 BIT6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A6) LSB ®) CONDITION
(S) (A7) (R/W) P)
'su;sTA ‘Low 'HiGH
- - 1/t SCL—

/\

SCL / \ /
—
t
/
SDA
X
S 0 Ul AL N
'supAT  'HDpAT tvp;DAT MBDE20 tsu;sTO
Fig.22 12C-bus timing diagram; rise and fall times refer to V,_and V.
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14 APPLICATION INFORMATION
14.1 Quartz frequency adjustment
14.1.1 MEeTHOD 1: FIXED OSCI CAPACITOR

By evaluating the average capacitance necessary for the
application layout a fixed capacitor can be used. The
frequency is best measured via the 1 Hz signal which can
be programmed to occur at the interrupt output (pin 7). The
frequency tolerance depends on the quartz crystal
tolerance, the capacitor tolerance and the
device-to-device tolerance (on average +5 x 1075).
Average deviations of +5 minutes per year can be
achieved.

14.1.2 METHOD 2: OSCI TRIMMER

Using the alarm function (via the 12C-bus) a signal faster
than 1 Hz can be generated at the interrupt output for fast
setting of a trimmer.

Procedure:

e Power-on

e Apply RESET

e Initialization (alarm functions).

Routine:

o Set clock to time T and set alarm to time T + AT
o Attime T + AT (interrupt) repeat routine.

14.1.3 METHOD 3: DIRECT OUTPUT

Direct measurement of oscillator output (accounting for
test probe capacitance).

(1) Example Philips DLC 196 Double-Layer Capacitor family.

RESET Vbp
Yy
<«—>— SDA
MASTER
L——Fi—' TRANSMITTER/
+ 1
Ok RECEIVER
o B
r
, %
RESET
= scL
CLOCK CALENDAR
oscl PCF8593
) v
T—{osco Vgg SDA[— b
R R R: pull-up resistor
= tr
Cpus
SDA SCL MBD825
(12C-bus)

Fig.23 Application diagram.
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Package information Package outlines
- |
INDEX

NAME | DESCRIPTION | versioN | pacE
DIP (dual in-line package)
DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1
DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
PMFP8 (plastic micro flat package)
PMFP8 | plastic micro flat package; 8 leads (straight) SOT144-1
SO (small outline)
SO8 plastic small outline package; 8 leads; body width 3.9 mm SOT96-1
SO8 plastic small outline package; 8 leads (straight); body width 3.9 mm SOT96-2
SO8 plastic small outline package; 8 leads; body width 7.5 mm SOT176-1
SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
S028 plastic small outline package; 28 leads; body width 7.5 mm SOT136-1
VSO (very small outline)
VS040 [plastic very small outline package; 40 leads; face down SOT158-2
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DIP
DIP8: plastic dual in-line package; 8 leads (300 mil) SOT97-1
D
]
[
o
Q
(=]
|t
$ i h2 A
Aq
1
b b,
NN rr{‘
pin 1 index
] -__+_____ E
1
[ TT T TT
L~ 't |
1 4
0 5 10 mm
S SR T S N1 L |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A Ay Az ) ™ z™
UNIT | o ox. min. | max. b b4 by c D E e eq L Mg My w max.
173 | 053 | 1.07 | 036 | 9.8 | 648 360 | 825 | 10.0
mm | 42 ) 051 | 32 | 494 | 038 | 089 | 023 | 92 | 620 | 254 | 762 | 305 | 7580 | 83 | 0254 | 115
inch 0.068 | 0.021 | 0.042 | 0.014 | 0.39 | 0.26 014 | 032 | 039
inenes | 017 10020 | 013 | 45 | 0015 | 0.035 | 0,009 | 0.36 | 024 | 010 | 030 | g5 | o35 | g3z | 001 | 0.045
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION EC JEDEG EAd PROJECTION | I|SSUEDATE
9217
SOT97-1 050G01 MO-001AN E @ 95-02.04
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DIP16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
D
(]
f =
k] |
Q T
=2} SR I T T
£
kS — YR
D
(2]
I ﬁ_iJJ
F A
L 1
@@
— b |-
16 ‘ ‘ l 9
(I e
pin 1 index |
D e R O
1
LTI I LI I I 1
™ e I ol I el | ' e ¥ s B ol W
1 8
0 5 10 mm
I SR SN SR SN S U SO S |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A Aq A2 1) ) zM
UNIT | max. | min. | max. b b ¢ pf E e €1 L Me My w max.
1.40 0.53 0.32 21.8 6.48 3.9 8.25 9.5
mm 4.7 0.51 3.7 114 0.38 0.23 21.4 6.20 2.54 7.62 3.4 7.80 8.3 0.254 22
P 0.055 | 0.021 | 0.013 0.86 0.26 0.15 0.32 0.37
inches 0.19 0.020 0.156 0.045 | 0.015 | 0.009 0.84 0.24 0.10 0.30 0.13 0.31 0.33 0.01 0.087
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION o JEDEC E1AY PROJECTION | I|SSUEDATE
92-16-62-
SOT38-1 050G09 MO-001AE = @ 950119
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PMFP
PMFP8: plastic micro flat package; 8 leads (straight) SOT144-1
D E _
_ | | 71 X
L (— I j * | / W \
m I I O o T T c+ ) T J |
e ! |\ /
T [
t = N |- -
He
8 K‘\ VT
\ s
¥ 1 l
| _ ¢
| (R R I
| L_ N | Az ] T |
- Pin 1index ‘ ( Q4
[}
- | —>
/ L \
1 H/ U_’ ! \\‘_\ \\;X 4
N A
=\ S v @)
0 25 5 mm
[ L [ |
scale
DIMENSIONS (mm are the original dimensions)
UNT | Ay | b ¢ | o® | E® | e | He | L | B | max | Q1 | Q2 | t w
0.90 0.40 0.19 3.1 3.1 4.6 0.40 0.40
mm | 070 | 025 | 012 | 29 | 29 | 980 | 44 | 075 | 026 | 03 | 535 | g3 | 095 | O
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
-94-61+-25—
SOT144-1 Ef @ 95-01-24
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SO
S08: plastic small outline package; 8 leads; body width 3.9 mm SOT96-1
D E (A]
| T
| \
f
I/ m——
S c N /
Y R
O]y ! He {f=[v™]A]
Z |-
’\" olg /e
1
1 T Q T
- [ | Az
| I + Ay B T () A
pin 1 index ' 4 * + l
a | ¥ o
l Ll f
[ P
1 ‘ H H 4 | | —]
Al - lera
P
0 25 5 mm
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | (o | A1 | A2 | As | by c | DM | E@ | e | He L Lp Q v w y | zM| ¢
0.25 | 1.45 049 [ 025 | 50 | 4.0 6.2 1.0 | 07 0.7
mm | 175 1 o0 | 125 | %25 | 036 | 019 | 48 | 38 | %7 | 58 | 0% | 04 | 06 | 025|025 | 01 | g5 | 4o
. 0.010 | 0.057 0.019 {0.0100{ 0.20 | 0.16 0.244 0.039 | 0.028 0.028| ©0°
inches | 0.089 | 4004 | 0.049 | 907 | 0.014 [0.0075| 0.19 | 0.15 | %950 | 0208 | %941 | 0016 | 0.024 | 001 | 001 0004 5q5
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION \EC JEDEC EIAJ PROJECTION
SOT96-1 076E03S MS-012AA = @ P
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SO08: plastic small outline package; 8 leads; body width 7.5 mm SOT176-1
D E [A]

e—==1

-

Az S I
“‘;‘ff‘—‘“ R R

in 1 inde
pin |n?x ? N *\fe
- ! <—|_p
1 WHJH‘*
Rt

0 5 1'0 mm

scale

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

UNIT m:x‘ Ay | Az | A3 | by ¢ | D | EM| e He L Lp Q v w y z(n | o
om [ 2os | 93 [ 258 [oas [ 082 [ 32 72 | 72 [ 1o o] 1o | o | 1o |0 [0 | 0 [ 23]
oores | 010 | 3312 | 32881 o0r | 3518 85ie] a0 030 Jooso| 3312 0oy | 3083 [ 2085 wor | oo [oces| 3378
Note

1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.

OUTLINE REFERENCES EUROPEAN
VERSION EC JEDEC EIAJ PROJECTION

soT176- 30 | Tex

ISSUE DATE
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S016: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
D E —{A]
! -
= T { \/.
= 7 ,
pIninlnininlninli N
F — 7
Ol He
Z -
16 9
1
v
‘ f a T
| [ I | E Az
D A, ‘\* as A
. ' ' l
pin 1 index
f e
¥ — Lp [-—
I |
1 ﬁ HL e
=] @@
P
(l) ? 1|0 mm
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | o | Av | A2 | As | bp | ¢ [DM|EM| e | He | L | L, | Q v w y | z"| e
0.30 | 2.45 049 | 032 | 105 | 7.6 10.65 1.1 | 1.4 0.9
mm | 265 | 530 | 225 | 925 | 036 | 0.23 | 1011 | 7.4 | %7 |1000| 4 | 04 | 10 | 025|025 01 | oy | o
o
. 0.012 | 0.096 0.019{0.013 | 0.41 | 0.30 0.419 0.043 | 0.043 0.035| ©
inches | 010 | 5504 | 0.089 | %01 | 0.014 | 0,009 | 0.40 | 0.29 | %950 | 0.304 | %055 | 0016 | 0039 | O-0T | 001 | 0004 | 5546
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAd PROJECTION
SOT162-1 075E03 MS-013AA E @ 9957_095' _222'
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$028: plastic small outline package; 28 leads; body width 7.5 mm SOT136-1
D p E =
| - X
F-T \ L l—-}-—' / .
1 — L
L N A
M c |
H ~—-]
(O] He =[v@[A]
4>IZ
1 HHHHHHIHHHHHHH1S
|
]
| T a T
N [ | I A2
B l A, A\’ gy A
o ! P vy
pin 1 index l ? *\ 9
- | <>‘ |_p [-—
1 jJ QL' e
&l L ava
P
0 5 10 mm
L L N 1 1 I L L 1 1
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | = | Ay | A2 | As | bp c | DM EM| He L Lp Q v w zM | e
0.30 | 2.45 049 | 032 | 181 | 7.6 10.65 1.1 | 141 0.9
mm | 2651 530 | 225 | 925 | 036 | 023 | 177 | 74 | %7 |1000| 4 | 04 | 10 | 05| 025 04 | go
) 0.012 | 0.096 0.0190.013 | 0.71 | 0.30 0.419 0.043 | 0.043 0035 | O°
inches | 010 | 5504 | 0.089 | 001 | 0.014 | 0.000 | 0.69 | 0.29 | 9950 | 9304 | 0-055 | 016 | glogg | 001 | 001 | 0004 | 5'pig
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
95-61-24
SOT136-1 075E06 MS-013AE = @ o 0s00
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VSO

VSO040: plastic very small outline package; 40 leads; face down

SOT158-2

O] y]

e

J—

1998 Mar 17

He =|vM)
1L
reL,
P
o
_/; (A3) 1\
0 5 10 mm
S S T S ST SN S S |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A 1 2) 1
UNIT | = | A1 | Az | A | by ¢c | DM | E®@| e | He L Lp Q v w y |z | o
0.3 2.45 042 | 0.22 | 156 7.6 123 17 1.15 0.6
mm o270 | oy | 225 | 925 | 030 | 014 | 152 | 7.5 [0782| 118 | 225 | 45 | 105 | 02 | O | O | o3 | Lo
. 0.012 | 0.096 0.017 10.0087| 0.61 | 0.30 0.48 0.067 | 0.045 0.024| 0°
inches | 0.11 | 5004 | 0.089 | ©01° | 0.012 [0.0055| 0.60 | 0.20 | %03 | 0.46 | 0989|0050 | 0.041 | 0-008 | 000400041 ¢ 15
Note
1. Plastic or metal protrusions of 0.4 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
S2-+-17
SOT158-2 == @ 95-01-24
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INTRODUCTION

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “IC Package Databook” (order code 9397 750 0011).

THROUGH-HOLE MOUNTED PACKAGES
Table 1 Types of through-hole mounted packages

SURFACE MOUNTED PACKAGES

Table 2 Types of surface mounted packages

TYPE DESCRIPTION
DIP plastic dual in-line package
SDIP plastic shrink dual in-line package
HDIP plastic heat-dissipating dual in-line package
DBS plastic dual in-line bent from a single in-line
package
SIL plastic single in-line package
Soldering by dipping or wave

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

es must nct excee
5 seconds.

The device may be mounted to the seating plane, but the
temperature of the plastic body must not exceed the
specified maximum storage temperature (Tsig max)- If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

Repairing soldered joints

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

1995 Oct 26

TYPE DESCRIPTION

SO plastic small outline package

SSOP plastic shrink small outline package
TSSOP plastic thin shrink small outline package
VSO plastic very small outline package
QFP plastic quad flat package

LQFP plastic low profile quad flat package
SQFP plastic shrink quad flat package
TQFP plastic thin quad flat package

PLCC plastic leaded chip carrier
Reflow soldering

Reflow soldering techniques are suitable for all SMD
packages, ease of soldering varies with the type of
package as indicated in Table 3.

The choice of heating method may be influenced by larger
plastic packages (QFP or PLCC with 44 leads, or more). If
infrared or vapour phase heating is used and the large
packages are not absolutely dry (less than 0.1% moisture
content by weight), vaporization of the small amount of
moisture in them can cause cracking of the plastic body.
For more information on moisture prevention, refer to the
Drypack chapter in our “Quality Reference Handbook”
(order code 9397 750 00192).

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
21510 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.
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Table 3 Suitability of surface mounted packages for various soldering methods: rating from ‘a’ to ‘d": ‘a’ indicates
most suitable (soldering is not difficult); ‘d’ indicates least suitable (soldering is achievable with difficulty).

PACKAGE REFLOW METHOD DOUBLE
TYPE INFRARED | HOTBELT | HOT GAS VAPOUR | booicrancE | memne

PHASE METHOD
SO a a a a d a
SSOP a a a c d c
TSSOP b b b c d d
VSO b b a b a b
QFP b b a c a c
LQFP b b a c d d
SQFP b b a p d d
TQFP b b a [ d d
PLCC c b b d d b

Wave soldering

Wave soldering is not recommended for SSOP, TSSOP,
QFP, LQFP, SQFP or TQFP packages, this is because of
the likelihood of solder bridging due to closely-spaced
leads and the possibility of incomplete solder penetration
in multi-lead devices.

If wave soldering cannot be avoided, the following

conditions must be observed:

o A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

o For SSOP, TSSOP and VSO packages, the longitudinal
axis of the package footprint must be parallel to the
solder flow and must incorporate solder thieves at the
downstream end.

e For QFP, LQFP and TQFP packages, the footprint must
be at an angle of 45° to the board direction and must
incorporate solder thieves downstream and at the side
corners.

Even with these conditions, consider wave soldering only
for the following package types:

e SO

¢ VSO

e PLCC

e SSOP only with body width 4.4 mm, e.g. SSOP16
(SOT369-1) or SSOP20 (SOT266-1).

e QFP except QFP52 (SOT379-1), QFP100 (SOT317-1,
SOT317-2, SOT382-1) and QFP160 (SOT322-1); these
are not suitable for wave soldering.

1995 Oct 26

o LQFP except LQFP32 (SOT401-1), LQFP48
(SOT313-1, SOT313-2), LQFP64 (SOT314-2), LQFP80
(SOT315-1); these are not suitable for wave soldering.

* TQFP except TQFP64 (SOT357-1), TQFP80
(SOT375-1) and TQFP100 (SOT386-1); these are not
suitable for wave soldering.

SQFP are not suitable for wave soldering.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and

. maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within
6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

Repairing soldered joints

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.
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DATA HANDBOOK SYSTEM

Philips Semiconductors data handbooks contain all
pertinent data available at the time of publication and each
is revised and reissued regularly.

Loose data sheets are sent to subscribers to keep them
up-to-date on additions or alterations made during the
lifetime of a data handbook.

Catalogues are available for selected product ranges
(some catalogues are also on floppy discs).

Our data handbook titles are listed here.

Integrated circuits

Book Title

1COo1 Semiconductors for Radio, Audio and CD/DVD
Systems

1C02 Semiconductors for Television and Video
Systems

1C03 Semiconductors for Wired Telecom Systems

1C04 HE4000B Logic Family CMOS

IC05 Advanced Low-power Schottky (ALS) Logic

1C06 High-speed CMOS Logic Family

IC11 General-purpose/Linear ICs

IC12 I2C Peripherals

IC13 Programmable Logic Devices (PLD)

IC14 8048-based 8-bit Microcontrollers

IC15 FAST TTL Logic Series

IC16 CMOS ICs for Clocks and Watches

IC17 Semiconductors for Wireless Communications

1IC18 Semiconductors for In-Car Electronics

IC19 ICs for Data Communications

IC20 80C51-based 8-bit Microcontrollers

IC22 Multimedia ICs

IC23 BiCMOS Bus Interface Logic

IC24 Low Voltage CMOS & BiCMOS Logic

IC25 16-bit 80C51XA Microcontrollers
(eXtended Architecture)

IC26 Integrated Circuit Packages

IC27 Complex Programmable Logic Devices

1998 Apr 29

Discrete semiconductors

Book  Title

SC01  Small-signal and Medium-power Diodes

SC02 Power Diodes

SC03  Power Thyristors and Triacs

SC04  Small-signal Transistors

SC05 Video Transistors and Modules for Monitors

SC06 High-voltage and Switching NPN Power
Transistors

SC07 Small-signal Field-effect Transistors

SC13a PowerMOS Transistors including TOPFETs
and IGBTs

SC13b Small-signal and Medium-power MOS
Transistors

SC14  RF Wideband Transistors

SC16  Wideband Hybrid Amplifier Modules for CATV

SC17  Semiconductor Sensors

SC18 Discrete Semiconductor Packages

SC19  RF & Microwave Power Transistors, RF Power

Modules and Circulators/Isolators

MORE INFORMATION FROM PHILIPS
SEMICONDUCTORS?

For more information about Philips Semiconductors data
handbooks, catalogues and subscriptions contact your
nearest Philips Semiconductors national organization,
select from the address list on the back cover of this
handbook. Product specialists are at your service and
enquiries are answered promptly.
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OVERVIEW OF PHILIPS COMPONENTS
DATA HANDBOOKS

Our sister product division, Philips Components, also has
a comprehensive data handbook system to support their
products. Their data handbook titles are listed here.

Display components

Book
DCo1
DC02

DC03

DCo4
DCO05

Title
Colour Television Tubes

Monochrome Monitor Tubes and Deflection
Units

Television Tuners, Coaxial Aerial Input
Assemblies

Colour Monitor and Multimedia Tubes
Wire Wound Components

Magnetic products

MAO1
MAO03

MAO4

Soft Ferrites

Piezoelectric Ceramics
Specialty Ferrites

Dry-reed Switches

Passive components

PAO1
PAQ2
PAO3

DANA
T NvT

PA05
PA06
PAO6a

PAO6b
PA08
PA10
PA11

Electrolytic Capacitors

Varistors, Thermistors and Sensors
Potentiometers

Variable Capacitors

Film Capacitors

Ceramic Capacitors

Surface Mounted Ceramic Multilayer
Capacitors

Leaded Ceramic Capacitors
Fixed Resistors

Quartz Crystals

Quartz Oscillators

1998 Apr 29
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MORE INFORMATION FROM PHILIPS
COMPONENTS?

For more information contact your nearest
Philips Components national organization shown in the
following list.

Australia: North Ryde, Tel. (02) 9805 4455, Fax. (02) 9805 4466.
Austria: Wien, Tel. (01) 601 01 12 41, Fax. (01) 60 101 12 11.
Belarus: Minsk, Tel. (5172) 200 924/733, Fax. (5172) 200 773.
Benelux: Eindhoven, Tel. (+31 40) 2783 749, Fax. (+31 40) 2788 399.
Brazil: Sao Paulo, Tel. (011) 821 2333, Fax. (011) 829 1849.
Canada: Scarborough, Tel. (0416) 292 5161, Fax. (0416) 754 6248.
China: Shanghai, Tel. (021) 6354 1088, Fax. (021) 6354 1060.
Denmark: Copenhagen, Tel. (32) 883 333, Fax. (31) 571 949.
Finland: Espoo, Tel. 9 (0)-615 800, Fax. 9 (0)-615 80510.

France: Suresnes, Tel. (01) 4099 6161, Fax. (01) 4099 6493.
Germany: Hamburg, Tel. (040) 2489-0, Fax. (040) 2489 1400.
Greece: Tavros, Tel. (01) 4894 339/(01) 4894 239, Fax. (01) 4814 240.
Hong Kong: Kowloon, Tel. 2784 3000, Fax. 2784 3003.

India: MUMBALI, Tel. (022) 4930 311, Fax. (022) 4930 966/4950 304.
Indonesia: JAKARTA, Tel. (021) 794 0040, Fax. (021) 794 0080.
Ireland: DUBLIN, Tel. (01) 76 40 203, Fax. (01) 76 40 210.

Israel: Tel Aviv, Tel. (03) 6450 444, Fax. (03) 6491 007.

Italy: Milano, Tel. (02) 6752 2531, Fax. (02) 6752 2557.

Japan: Tokyo, Tel. (0) 3 3740 5135, Fax. (0) 3 3740 5035.

Korea (Republic of): Seoul, Tel. (02) 709 1472, Fax. (02) 709 1480.
Malaysia: Pulau Pinang, Tel. (03) 750 5213, Fax. (03) 757 4880.
Mexico: El Paso, Tel. (915) 772 4020, Fax. (915) 772 4332.

New Zealand: Auckland, Tel. (09) 815 4000, Fax. (09) 849 7811.
Norway: Oslo, Tel. (22) 74 8000, Fax. (22) 74 8341.

Pakistan: Karachi, Tel. (021) 587 4641-49,
Fax. (021) 577 035/(021) 587 4546.

Philippines: Manila, Tel. (02) 816 6345, Fax. (02) 817 3474.

Poland: Warszawa, Tel. (022) 612 2594, Fax. (022) 612 2327.
Portugal: Linda-A-Velha, Tel. (01) 416 3160/416 3333,

Fax. (01) 416 3174/416 3366.

Russia: Moscow, Tel. (095) 755 6918, Fax. (095) 755 6919.

Singapore: Singapore, Tel. 350 2000, Fax. 355 1758.

South Africa: Johannesburg, Tel. (011) 470 5911, Fax. (011) 470 5494.
Spain: Barcelona, Tel. (93) 301 63 12, Fax. (93) 301 42 43.

Sweden: Stockholm, Tel. (+46) 8 632 2000, Fax. (+46) 8 632 2745.
Switzerland: Zdrich, Tel. (01) 488 22 11, Fax. (01) 481 77 30.

Taiwan: Taipei, Tel. (02) 2134 2900, Fax. (02) 2134 2929.

Thailand: Bangkok, Tel. (02) 745 4090, Fax. (02) 398 0793.

Turkey: Istanbul, Tel. (0212) 279 2770, Fax. (0212) 282 6707.

United Kingdom: Dorking, Tel. (01306) 512 000, Fax. (01306) 512 345.
United States:

* ANN ARBOR, M|, Tel. (313) 996 9400, Fax. (313) 761 2776.

* SAUGERTIES, NY, Tel. (914) 246 2811, Fax. (914) 246 0487.

* SAN JOSE, CA, Tel. (408) 570 5600, Fax. (408) 570 5700.

Yugoslavia (Federal Republic of): BELGRADE, Tel. (0) 11 625 344/373,
Fax. (0) 11 635 777.

For all other countries apply to:

Philips Components,

Marketing Communications,

P.O. Box 218,

5600 MD EINDHOVEN, The Netherlands

Fax. +31-40-2724547.






Philips Semiconductors

North American Sales Offices, Representatives

and Distributors

PHILIPS
SEMICONDUCTORS
811 East Arques Avenue
PO, Box 3409

Sunnyvale, CA 94088-3409

ALABAMA
Huntsville
Philips Semiconductors
Phone: (256} 464-91G1
(256) 464-0111

Elcom, Inc.
Phone: (256) 830-4001

ARIZONA

Scottsdale
Thom Luke Saies, Inc.
Phone: (602} 451-5400

Tempe
Philips Semiconductors
Phone: (6802) 820-2225

CALIFORNIA
Calabasas
Philips Semicanductors
Phone: (818) §80-8304

Caniaur Corporation
Phone: (818) 8§78-5800

Granite Bay
B.AE. Sales, Inc.

Phone: {916) 652-6777

Irvine
Philips Semiconductors
Phane: (714) 453-0770

Centaur Cerporation
Phone: {714} 261-2123

San Diego
Philips Semiconductors
Phone: {619} 560-0242

Centaur Corporation
Phone: (619) 278-4950

San Jose
B.AE. Sales, Inc.
Phone: (408) 452-8133

Sunnyvaie
Philips Semiconductors
Phene: (408) 981-3737

COLORADO
Englewood
Philips Semiconductors
Phone: {303) 792-8011

Thom Luke Sales, Inc.
Phone: (303} 649-9717

CONNECTICUT
Wallingford

JEBCO, inc.

Phone: (203) 265-1318

FLORIDA

(Norcross, Georgia)
Elcom, inc,
Phone: {770} 447-8200

GEORGIA
Norcross
Elcom, Inc.
Phane: {770) 447-8200

IDAHO

{Englewocod, Colorado)
Thom Luke Sales, Inc.
Phone: (303) 649-9717
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ILLINOIS

Itasca
Philips Semiconductors
Phane: {630) 250-C05¢

INIHANA

indianapolis
Mohtfield Marketing, inc.
Phone: {317} 546-6962

Kokomo
Philips Semiconductors
Phone: (765) 458-5355

Leo
Mohrieid Marketing, Inc.
Phone: {219) 627-5355

KANSAS
{Bloomington, Minnesota)

High Technology Sales, Inc.

Phone: (612} 844-9933

KENTUCKY

(Indianapolis, Indiana)
Mohrfield Marketing, Inc.
Phone: (317) 546-6969

MARYLAND

{Rockviile Centre, New York)
S-J Associates, Inc.
Phone: (518} 536-4242

MASSACHUSETTS
Chelmsford

JEBCOQ, Inc.

Phone: (978) 256-5800

Westford
Philips Semiconduciors
Phaone: {978) 632-6211

MICHIGAN

Farmington Hilis
Philips Semiconductors
Phone: (248) 848-7600

Novi
Mohrfield Marketing, Inc.
Phone: (248) 380-8100

MINNESOTA
Bioomington

High Technology Sales, Inc.

Phone: (612) 844-2932

MISSOURI
(Bloomington, Minnesota)

High Technology Sales, Inc.

Phone: (612) 844-9833

NEBRASKA
(Bloomington, Minnesota)

High Technology Sales, Inc.

Phone: (612) 844-0933

NEW JERSEY
Toms River
Philips Semiconductors
Phene: {732) 505-1200
{732) 240-1479

NEW MEXICO

{Scottsdale, Arizona)
Thom Luke Szales, Inc.
Phene; (602) 451-5400

NEW YORK

Aockville Centre
5-J Associates, ino.
Phone: (516) 53§-4242

{&hetmsford, Massachusetts)

JEBCG, e.
Phone: (878} 256-5800

NORTH CAROCLINA
Cary
Philips Semicanductors
Phone: (819) 462-1332
(919) 462-6361

Raleigh
Eloom, Inc
Phene: (§19) 743-5200

QHIO

{Indianapolis, Indiana}
Mohrfield Marketing, Inc.
Phone: (317} 546-6962

OKLAHOMA
(Richardson, Texas)
OM Associates, Inc.
Phone: (972) 690-96746

OREGON

Beaverton
Philips Semicanductors
Phong: (503} 627-0110

Cascade-Tech
Phane: (503) 645-9660

PENNSYLVANIA

{Indianapolis, Indiana)
Mohrfieid Marketing, inc.
Phaone: (317) 546-6969

{Rockville Centre, New York)

S-J Associates, Inc.
Phone: {516) 536-4242

TENNESSEE
Dandridge
Philips Semiconductors
Phone: (423) 397-5557

TEXAS

Austin
OM Associates, inc.
Phone: {512) 794-9971

Houston
Philips Semiconductors
Phone: (281} 999-1316

OM Associates, Inc.
Phone: (281) 376-6400

Richardson
Philips Semiconductors
Prong: {972) 544-1610

OM Asscciates, Inc.
Phone: (972} 890-6746

VIRGINIA

{Rockville Centre, New York)

S-J Associates, Inc.
Phone: {(516) 536-4242

WISCONSIN
(Bloomington, Minnesota)

High Technology Sales, inc.

Phone: (612) 844-9933

WASHINGTON
Kirkiand

Cascade-Tech

Phone: (425) 822-7299

CANADA

PHILIPS
SEMICONDUCTORS
CANADA, LTD.

Calgary, Alberta
Tech-Trek, Lid.
Phane: (403) 291-6866

Kanata, Ontario
Tech-Trek, Lic,
Phone: (613} 599-8787

Mississauga, Ontario
Tech-Trek, Lid.
Phone: (905) 238-(2366

Richmond, B.C.
Tech-Trek, Lid.
FPhone: (6Q4) 276-8735

Ville S$4, Laurent, QGuebec
Tech-Trek, Lid.
Ptione: (514) 337-7540

MEXICO

Guadalajara
Mepco Centratab, Inc./Philips
Phone: 8-011-52-3-122-2325

Monterrey
Mepco Centralab, Inc./Philips
Phone: 8-011-62-8-399-0164

Ei Paso, TX
Philips Components
Phone: (315) 772-4020

PUERTO RICO
{Morcross, Georgia)
Elcom. inc.
Phone: (770} 447-8200

DISTRIBUTORS

Contact one of our
locai distributors:
Allied Etectronics
Arrow Electronics
Future Electronics
Hamitton Hallmark
Marshall Industries
Newark Electronics
Penstock
Richardson Electronics
7Zens Flantrnnins
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