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INTER-IC COMMUNICATIONS'
THE I°C BUS

Reduction of the number of interconnections on a printed-circuit
board results in lower production costs and increased reliability.
Well aware of this fact, manufacturérs of consumer electronics have
sought ways to make inter-IC communications less complex.
Philips Components have found a soiution in the form of their
patented e bus, the main features of which are described in this

An increasing number of complex inte-
grated circuits, ranging from real-time
clocks to frequency synthesizers, is pro-
vided with an I'C interface. Not surpris-
ingly, the I’C bus is found in a wide
variety of electronic equipment, including
telephones, car radios, television sets and
video recorders.

The aim of this article is to provide an
introduction into the main features and
communication protocols of the I'C net-
waork. The acronym [°C stands for Inter-1C
Communication, and the network was de-
veloped by Philips to reduce the number
of connections between integrated cir-
cuits. This proved feasible in practice
mainly because many ICs have a large
number of pins that carry information that
is not time-critical and, therefore, suitable
for conveying via a relatively slow serial
bus with fewer connections than would be
required for a high-speed parallel inter-
face. The implementation of the I'C bus on
a real-time clock chip, for instance, may
reduce the number of pins from 40 to as
few as 8. This results in a2 much simpler
PCB design with ali the benefits of lower
production cost and smaller risks of faults
developing in equipment. However, a
number of connections, inciuding those
for the supply voltage, for clock signals,
etc., can not be replaced by a serial com-
munication protocol. It will be clear that
these connections remain necessary as be-
fore.

All ICs that use the I’C bus are in prin-
ciple connected to two lines as shown in
the example application in Fig. 1. A cen-
teal bus interconnects twa microcontrol-
fers, o memory, a gate array and an LCD
driver.

In spite of their wide diversity as re-
gards function and application, ali T'C-
compatible integrated circuits have one
cogimon feature: ail control commands
and ‘data are conveyed via a serial bus,
according to a predefined communication
protocol. The serial bus takes the form of
three lines: ground, clock (SCL) and data
(SDA}.
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Fig. 1. Typical PC-bus configuration.
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Fig. 2. Connection of 12C interfaces.to the 1°C bus.
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Fig. 3. Timing of bit transfer on the 2c

bus.

Normaily, any I'C configuration has at
least one master (an 1C capable of initiat-
ing the data exchange processes and
generating a master clock signal) and cone
or more slaves (ICs that do the actual
work). A master may be a microprocessor
such as an 8048, an 8051 or a 68000, which

are all available in special versions with a’

built-in PC interface. Two [/O port lines
of the microprocessor are used as SDA
and SCL lines. Together with the ground
line, this implements an I’C bus which
allows serial comununication between
‘bused’ devices at a data rate of up to
100 kbit per second.

Conirol programs for the
1°C bus

The two communication lines, SBA and
SCL, are connected to open-drain or open-
collector outputs, and have one, common,
puil-up resistor. This arrangement is
called a wired-AND structure, Adding or
removing one or more FC components on
the bus therefore does not affect the oper-
ation of aiready connected ICs, nor does it
affect the software that runs on the sys-
tem. In fact, the software is capable of
automatic detection of the hardware con-
figuration. This allows programs to be
written for complex systems that do not
provide certain features unless the rele-
vant chips are connected to the bus. The
absence of these chips is automatically de-
tected by the master controller which in-
tervogates certain addresses.

Existing software may be extended

Fig. 5.

with subroutines written for add-on 1Cs
without affecting the operation of the ICs
already installed. This allows existing
control programs to be used for a long
time without the need of a completely new
version every time the hardware is modi-
fied. This high level of compatibility is
achieved by virtue of the fixed addresses
of the ICs on the 'C bus.

Two lines

Both SDA and SCL are bidirectional lines,
connected to a positive supply voltage via
a pull-up resistor (see Fig. 2}. When all
cutput transistors of connected devices
are off, the bus is free, and both lines are
high. When an IC is ready to transmit a
data block, it pulls SDA low to mark a
start condition. From that moment, all
other 1Cs ‘know’ that the bus is in use.
Arbitration procedures come into effect
should two or more [Cs claim access to the
bus simultaneously. When the start condi-
tion is recognized, the SDA line is avail-
able for carrying databits. The clock line,
SCL, determines the validity of the data
levels on the SDA line as shown in Fig. 3.

The start of any data exchange via the
bus is marked by SDA going low while
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Timing of data transfer on the 1°C bus.

Development kit for I°C applications.

SCL is high, i.e,, by a start condition (see
Fig. 4). The level on the SDA line is read
by all [Cs on the bus during the positive
part of the clock pulse. Hosvever, only the
IC selected by the transmitted address
code responds to the information by ac-
tually loading the data and returning an
acknowledge pulse. This pulse is gener-
ated by the addressed slave device pulling
the data line low for one clock period,
after the eight clock periods reserved for
the databits (see Fig. 4).

When none of the ICs in the system
responds to the transmitted data, the mas-
ter does not receive an acknowledge
pulse. This means that cither the ad-
dressed slave is busy performing some
real-time function, the address is wrong,
or there is no device that responds at the
particular address. The bus is free again
after the transmission of the last data bit.
Both SCL. and SDA revert to higlh, and the
bus may be used to convey the next data
block.

The function of the SCL line is to gener-
ate one clock pulse for every transmitted
databit. Each master must generate its
own SCL signal. Although the frequency

of this signal is not fixed, certain mini- -

mum t1mmg_, specifications must be ob-
served. [t practice, the I'C bus allows a
maximum data speed of about 100 kBit/s.

Addressing

Each IC on the T'C bus has its own, unique,
7-bit address, which is determined by the
manufacturer and burned into the chip.
The Type PCF8583 real-time clock chip,
for example, is selected by sending the
binary code 101000x. The last bit is not
presct (x is or 1) to allow two identical
ICs to be used in parallel by tying their AQ
inputs to ground or tothe positive supply
to set the address to HILODDO or 1010001
respectively. Similarly, certain ADCs, /O
chips and memories may be hard-wired to
map them at one of up to eight addresses
in a cluster.
The data blocks conveved via the I'C
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INTER-IC COMMUNICATIONS: THE I°'C BUS

LCD drivers

PCFB566 96-segment LCD driver;
11— 14 MUX

PCF8576 160-segment LCD driver;
i1 -1:4 MUX

PCFBS77(A)  B4-segment LCD driver;
11 —-1:2 MUX

PCF8578/7%  Row/column LCD dot-
ratrix driver;
1:8 - 1:32 MUX

/O expanders

PCF8574 8-bit ramote 11O port
(l“C-bus to parallel
converter}

PCF8584 8-bit parailel to 1°C-bus
converter

SAA1064 4-digit LED driver

SAA1300 5-bit high-current driver

Data converters

PCF8591 4-channel, 8-bit MUX
ADC & one DAC

TDAB442 quad 6-bit DAC

TDA8444 octal 6-bit DAC

Memory :

PCAB582B8 256-byte EEPROM
{automotive temperature
range & error correction)

PCF8570 256-byte static RAM

PCF8570C as PCEFB570 with alter-
native slave address

PCF8571 128-byte siatic RAM

PCFB582A 256-byte EEPROM

Clocks/calendars

PCF8573 clock/calendar

PCF8583 256-byte RAM/¢lock/
calendar

THE RANGE OF I1°C-BUS COMPATIBLE ICs

Video/radio/audio

PCF8200 voice synthesizer

(maleffemale speech)

SAA1136 PCM-audio Ident word
Interface {IBI) for com-
pact disc

SAA1300 tuner switching uni

SAA3028 transcoder (RC-5) for
IR remote centrol

SAA4700 data line processor for
VPS

SAA5243* enhanced computer-
controlled teletext (ECCT)
processor

SAAS050/51  digital PAL/NTSC colour
decader

SAAQ055 digital SECAM decoeder

SAAQ062/63/64 digital deflection controller
SAAS068 picture-in-picture (PiP)
controller
SAB3035/36/37 digital tuning circuits for
computer-controlied TV
dataline-16 decoder for
VCR
TDAB405/15  stereo/dual sound
processor
audio processor with a
foudspeaker channel
and a headphone
channel
audio processor with a
foudspeaker channel
only
detlection processor
and sync controller
video/audio switch
PAL/NTSC colour
decoder and RGB
processor

SAF1135

TDAB421

TDAB425

TDAB433

TDAB440
TDAB461

TEAB100 FM/IF and digital tuning
IC far computer-con-
trolled radic

TEAB3CO sound fader controf and
preampiifier/scurce
selector for car radio

TEAB310T scund fader control with
tone and velume controf
for car radio

TSAS5510 PLL frequency synthe-

' sizar for TV and VCR

TSAB057 PLL frequency synthe-
sizer for radio

Telecomms

PCD3311/12  tone generator (DTMF/
modem/music}
advanced 10/110-number
repertory pulse/DTMF
dialler with LCD control
microcontrolier with
224-byte RAM/3K ROM
micracontroller with
128-byte RAM/4K ROM/
256-byte EEPROM
microcontroller with
256-byte RAM/BK ROM
data processor (DPROC)
for mobife telepheones
frequancy synthesizer
(0.45 — 1.1 GHz) for
mobile telephones
frequency synthesizer
(50 — 600 MHz) for
mobile telephones

PCD3341

PCD3343

PCD3346

PCD3348
UMA1000T

UMA1010T

UMA1012T

Table 1. Overview of 1°C-compatible integrated circuits manufactured b

microcontroilers and memories.

bus invariably consist of 8 bits. The bit that
follows the address indicates the start of a
read or a write operation with the selected
IC. Bit & is low for a write operation, and
high for a read operation.

Appilications

There is much more to the concept of the
P*C bus than can be described in this ar-
ticle. The full specification of the system
may be found in Ref. 1.

The T°C bus is relatively simple to im-
plement on almost any microcomputer
system that has at least one user port. I

necessary, externai butfers may have to be.

added to make such a port bidirectional.
Interestingly, Philips Components recent-
ly introduced a special chip for this pur-
pose: - the PCF8584. Some
microcomputers, including the Acorn
Archimedes, even have an FC interface as
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a standard feature. Developers of small
stand-alone MICrOprocessor systems may

Fitl0e

Fig. 6. Databooks oni?C devices, publish-
ed by Philips Companents.

y Philips Components. Not shown here is a wide range of

find the I’C version of the 8048, the
PCFBACO0T, a good starting point for the
design of a dedicated controlf system.
Finally, an interesting example of the
use of a 8051 microcontroller in combina-
tion with the SAA5243 I*C-bus Teletext
decoder may be found in Ref. 2. u
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