The I2C-bus and how to use it

(including specification)

1.0 THE IPC-BUS
BENEFITS DESIGNERS AND
MANUFACTURERS
In consumer slectronics,
telecommunications and industrial
elactronics, there are often many
simitarities betwean seemingly
unrelated designs. For example,
nearly svery system includaes:

s Some intelligent control, usually
a single-chip microcontrofier
General-purpose circuits like
LCD drivers, remote /O ports,
RAM, EEPROM, or data
converters
Application-oriented circuits
such as digital tuning and
signal processing circuits for
radio and video systems, or
DTMF generators for
telephones with tone dialling.

To exploit these similarities to the
benelit of both systems designers
and squipment manufacturers, as
well as to maximize hardware
efficiency and circuit simplicity,
Philips developed a simple
bidirectional 2-wire bus for efficient
inter-IC control. This bus is called
the Inter IC or 12C-bus. At present,
Philips’ IC range includes more
than 150 CMOS and bipolar I°C-
bus compatible types for
performing functions in all three of
tha previously mentioned
categories. All I°C-bus compatible
devices incorporate an on-chip
interface which allows them

to communicate directly with each
other via the 12C-bus. This design
concept solves the many
interfacing problems encountered
when designing digital contro!
cireuits.

Here are some of the features
of the PC-bus:

e Only two bus lines are required;
a serial data line (SDA) and a
serial clock line (SCL)

s Each device connected to the
bus is softwara addressable by
a unique address and simpile
master/ slave relationships exist
at all times; masters can

" operate as masler-transmitters
or as masler-receivers
It's a true multi-master bus
including collision detection and
arbitration to prevent data
corruption if two or more
masters simultaneously initiate
data transfer
Searial, 8-bit oriented,
bidirectional data transfers can
be made at up to 100 kbit/s in
the standard mods or up to
400 kbit/s in the fast mode

e On-chip liltering rejects spikes
on the bus data line to
preserve data integrity

e The number of ICs that can be
connected to the same bus is
limited only by a maximum bus
capacitance of 400 pF.

Figure 1 shows two examples of
12C-bus applications.

1.1 Designer benelits
12C-bus compatible ICs allow a
system design to rapidly progress
directly from a functional block
diagram to a prototyps. Moreover,
since they ‘clip’ directly onto the
12C-bus without any additional
external interfacing, they allow a
prototype system to be
modified or upgraded simply by
‘clipping’ or ‘unclipping’ 1Gs to or

from the bus.

Here are some of the features
of 12C-bus compatible ICs which
are partticularly attractive to
designers:

s Functional blocks on the block
diagram correspond with the
actual Cs; designs proceed
rapidly from block diagram to
final schematic

e No need to design bus

interfaces becauss tha 1°C-bus

interface is already integrated
on-chip

Integrated addressing and data-

transfer protocol allow systems

to be completely software-
defined

« The same IC types can often

_be used in many different
applications

e Design-time reduces as
designers quickly become
familiar with the frequently used
functional blocks represented
by PC-bus compatible ICs

e ICs can be added to or

samoved from a system without

affecting any other circuits on
the bus

Fault diagnosis and debugging

are simple; malfunctions can be

immediataly traced

« Software development time can
be reduced by assembling a
library of reusable software
modules.

|n addition to these
advantages,the CMOS ICs in the
12C-bus compatible range offer
designers special features which
are particularly atiractive for
portable equipment and battery-
backed systems.
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Fig.1 Two examples of 12C-bus applications (a) a high performance highty -
integrated TV set (b) celiular radio ¢hip-sét

They all have:

*

1.2 Manuiacturer benefits
|2C-bus compatible ICs don't only
assist designers, they also give a
wide range of benefits 1o
Wids supply voltage range equipment manutacturers
Wide operaling temperature because:
range. e The simple 2-wire serial Re-

bus minimizes interconnections

so ICs have fewer pins and
there are nat so many PCB
tracks; result - smaller and less
expensive PCBs

« The completely integrated ?c-
bus protocol aliminates the

Extremely low current
consumption
High noise immunity

need for address decoders and

othar 'glue logic’
¢ The multi-master capability of
the 12C-bus allows rapid testing
and alignment of end-user
squipment via external
connections to an assembly-
line computer
The availability of 1°C-bus
compatible ICs in SO (small
outline), VSO (very small
outline) as waell as DIL
packages reduces space
requirements aven more.

Thess are just some of the
benefits. In addition, 12C-bus
compatible ICs increase system
design flexibility by allowing simple
construction of equipment variants
and easy upgrading to keep
designs up-to-date. In this way, an
entire family of equipment can be
developed around a basic modsel.
Upgrades for new equipment, or
snhanced-feature models

{i.e. extended memory, remote
control, etc.) can then be
produced simply by clipping the
appropriate ICs onto the bus. ifa
larger ROM is needed, it's simply
a matter of selecting a micro-
controller with a Jarger ROM from
our comprehensive range. As new
iCs supersede older ones, it's
easy to add new features to
equipment or to increase its
performance by simply unclipping
the outdated IC from the bus and
clipping on its successor.

1.3 The ACCESS.bus
Another attractive feature of the
[2C-bus for designers and
manufacturers is that its simple 2-
wire nature and capability of
software addrassing make it'an
ideal platform for the ACCESS bus
{Fig.2). This is a lower-cost
alternative for an RS-232C
interface for connecting
peripherals to a host computer via
a simple 4-pin connector (see
Section 19).



Fig2 The ACCESS.bus -a Jow.cost alternative t6 an AS-232C interface

2.0 INTRODUCTION TO
THE I’C-BUS
SPECIFICATION
For 8-bit digital control
applications, such as those
requiring microcontrollers, certain
design criteria can be established:
e A complete system usually

consists of at least one

microcontroller and other

peripheral devices such as

memories and I/O expanders
e The cost of connecting the
various devices within the
system must be minimized
A system that performs a
control junclion doesn't require
high-speed data transter
Overall efficiency depends on
the devices chosen and the
nature of the interconnecting
bus structure.

In order 1o produce a system to
salisly these criteria, a serial bus
structura is neaded. Although
serial buses don't have the
throughput capability of parallef
buses, they do require less wiring
and fewer IC connecting pins.
Howaver, a bus is not merely an
interconnecting wire, it embodies
all the formats and proceduras for
communication within the system.
Davices communicaling with
sach other on a serial bus must
have some form of protocol which
avoids all possibilities of
confusion, data loss and biockage
of information. Fast devices must

be able to communicate with slow
devices. The system must not be
dependant on the devices
connected to it, otherwise
modifications or improvements
would be impossible. A procedure
has also to be devised to decide
which device will ba in control of
the bus and when. And, it different
devices with different clock speeds
are connected to the bus, the bus
clock source must be defined. All
these criteria are involved in the
specification of the ¥C-bus.

3.0 THE P’C-BUS
CONCEPT
The 1’C-bus supports any IC
fabrication process (NMOS,
CMOS, bipolar). Two wires, sarial
data (SDA) and serial clock (SCL),

of 1I2C-bus inol

carry information between the
devices connected to the bus.
Each device is recognised by a
unique address - whether it's a
microcontroller, LCD driver,
memory or keyboard interface -
and can operate as either a
transmitter or raceiver, depending
on the function of the device.
Obviously an LCD driver is only a
receiver, whereas a memory can
both receive and tfransmit data. in
addition to transmitters and
receivers, devices can also be
considered as masters or slaves
when performing data transters
(see Table 1). A master is the
device which initiates a data
transfer on the bus and generates
the clock signals to permit that
transfer. Al that time, any device
addressed is considered a slave.
The I2C-bus is a multi-master
bus. This means that more than
one device capable of controlling
the bus can be connacted to i. As
masters are usually micro-
controllers, let's consider the case
of a data transfer between two
microcontroliers connected to the
12C-bus (Fig.3). This highlights the
mastar-slave and receiver-
transmittar relationships to be
found on the 12C-bus. 't should be
noted that these relationships are

Table 1 Definiti gy
Term Description

Transmitier The davice which sends the data to the bus

Receiver Tha devica which receives the data from the bus

Mastar The device which initiates a transfer, generates clock
signals and terminates a transfer

Slave The device addressed by a master

Multi-master More than one master can attiempt to centrol the bus at
the same time without corrupting the message

Arbitration Procedure to ensure that, it more than one master
simultaneously tries to control the bus, only ane is
allowed to do so and the message is not corrupted

Synchronization Procedura to synchronize the clock signals of two or
more devices
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Fig.3 Example of an 12C-bus configuration using wo microcontroliers

not permanent, but only depend

on the direction of data transfer at

that time. The transfer of data
would proceed as follows:

1) Suppose microcontroller A

wants to send information to

microcontroller B:

— microcontroifer A (master),
addresses microcontrolier B
{slave)

~ microcontroller A (master-
transmitter), sends data to
microcontroller B (stave-
receiver)

- microcontroller A terminates the
transfer,

2) if microcontroller A wants to
receive information from
microcontrotier B:

— microcontroller A (master)
addresses microcontroller B
{slave}

— microcontroller A (master-
receiver) receives data from
micracontroller B {slave-
transmitter)

- microcontroller A terminates the
transfer.

Even in this case, the master
(microcontroller A) generates the
timing and terminates the transfer.
The possibility of connecting
more than one microcontroller to
the 12C-bus means that more than

one master could try to initiate a
data transfer at the same time. To
avoid the chaos that might ensue
from such an event - an arbitration
procedure has been developed.
This procedure relies on the
wired-AND connection of alt I°C
interfaces to the 12C-bus.

If two or more masters try to
put information onto the bus, the
first to produce a ‘one’ when the
other produces a ‘zeio' will lose
the arbitration. The clock signals
during arbitration are a
synchronized combination of the
clocks generated by the masters
using the wired-AND connection to
the SCL fine {for more detailed
information concerning arbitration
sae Section 7.0).

Generation of clock signals on
the 12C-bus is always the

responsibility ol master devices;
each master generates its own
clock signals when transferring
data on the bus. Bus clock signals
from a master can only be aftered
when they are stretched by a
slow-slave device holding-down
1he clock line, or by anothsr
master when arbitration occurs.

40 GENERAL
CHARACTERISTICS
Both SDA and SCL are
bidirectional lines, connected to a
positive supply voltage via a
pull-up resistor (see Fig.4). When
the bus is free, both lines are
HIGH. The output stages of
devices connected 1o the bus
must have an open-drain or open-
collector in order to perform the
wired-AND function. Data on the
12C-bus can be transferred at a
rate up to 100 kbit/s in the
standard-mode, or up to 400 kbit/s
in the fast-mode. The number of
interfaces connected to the bus is
solely dependent on the bus
capacitance limit of 400 pF.

5.0 BIT TRANSFER
Due to the variety of different
technology devices (CMOS,
NMOS, bipolar) which can be
connected to the I°C-bus, the
levels of the logical '0' (LOW) and
‘1" (HIGH) are not fixed and
depend on the associated lavel of
Vpp (see Section 15.0 for
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Fig.4 Connection of 12C-bus devices to the IC-bus




Electrical Specifications). One
clock pulse is generated for sach
data bit transferred.

5.1 Data validity
The data on the SDA line must be
stable during the HIGH period of
the clock. The HIGH or LOW slate
of the dala line can only change
when the clock signal on the 5CL
line is LOW (see Fig.5).

5.2 START and STOP
conditions
Within the procedure of the 12C-
bus, unique situations arise which
ara defined as START and STOP
conditions (see Fig.6).

A HIGH to LOW transition on
the SDA line while SCL is HIGH is
one such unique case. This
situation indicates a START
condition.

A LOW to HIGH transition on
the SDA line while SCL is HIGH
defines a STOP condition.

START and STCP conditions
are always generated by the
master. The bus is considered to
be busy after the START
condition. The bus is considered
to be free again a certain time
aftar the STOP condition. This bus
free situation is specified in
Section 15.0.

Detection of START and STOP
conditions by devices connected
to the bus is easy if thay
incorporate the necessary
interfacing hardware. However,
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micracontrolfers with no such
interface have to sample the SDA
line at least twice per clock period
in order to sense the transition.

6.0 TRANSFERRING
DATA

6.1 Byte format
Every byta put on the SDA line
must be 8-bits long. The number
of bytes that can be transmitted
per transter is unrestricted. Each
byte has to be followed by an
acknowledge bit. Data is
translerred with the most
significant bit (MSB) first (Fig.7). i
a recaiver can't receive another
complete byte of data until it has

performed some other function, for
example servicing an internal
interrupt, it can hold the clock line
SCL LOW to force the transmitter
into a wait state. Data transfer
then continues when the receiver
is ready for another byte of data
and releases clock line SCL.

In some cases, it's permitted to
uss a different format from the
12C-bus format (for CBUS
compatible devices for example).
A message which starts with such
an address can be terminated by
generation of a STOP condition,
even during the transmission of a
byte. In this case, no acknowledge
is generated (see Section 9..3}.

6.2 Acknowledge
Data transfer with acknowledge is
obligatory. The acknowledge-
related clock pulse is genarated
by the master. The transmitter
releases the SDA line (HIGH)
during the acknowledge clock
pulse.

The receiver must pull down
the SDA lins during the
acknowledge clock pulse so that it
remains stable LOW during the
HIGH periad of this clock pulse
(Fig.8). Of course, set-up and hoid
times (specified in Section 15)
must alsoc be taken into account.

Usually, a recsiver which has
been addressed is obliged to
generate an acknowledge after
each byte has been received,
except when the message stants
with a CBUS address (see
Section 9.1.3).

When a siave-receiver doesn't
acknowledge the slave address

(for example, it's unable to receive
because it's performing some
real-time function), the data line
must be left HIGH by the slave.
The master can then generate a
STOP condition to abort the
transfer.

If a slave-receiver does
acknowledge the slave address
but, some time later in the transfer
cannot receive any more data
bytes, the master must again
abort the transfer. This is
indicated by tha slave generating
the not acknowledge on the first
byte 1o follow. The slave leaves
the data line HIGH and the master
generates the STOP condition.

if a master-recaiver is involved
in a transfer, it must signal the
end of data to tha slave-
transmitter by not generating an
acknowledge on the last byte that
was clocked out of the slave. The
slave-transmitter must release the
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Fig.9 Clock synchronization during the arbitration procedure

data line to aflow the master to
generate the STOP condition.

7.0 ARBITRATION AND
CLOCK GENERATION

7.1 Synchronization
All masters gensrate their own
clock on the SCL line to transfer
messages on the °C-bus. Data is
only valid during the HIGH period
of the clock. A defined clock is
therefore needed for the bit-by-bit
arbitration procedure to take
place.

Clock synchronization is
performed using the wired-AND
connection of 12C interfaces to the
SCL tina. This means that a HIGH
to LOW transition on the SCL line
will cause the devices concerned
to start counting off their LOW
period and, once a device clock
has gone LOW, it will hold the
SCL line in that state until the
clock HIGH state is reached
{Fig.9). However, the LOW to
HIGH transition of this clock may
not change the state of the SCL
line if ancther clock is still within
its LOW period. The SCL line will
therelore be held LOW by the
device with the longest LOW
period. Devices with shorter LOW
periods enter a HIGH wait-state
during this time.

When all devices concerned
hava counted oft their LOW
period, the clock line will be
released and go HIGH. There will
then be no difference between the
davice clocks and the state of the
SCL line, and all the devices will
start counting their HIGH periods.
The first device to compiete its
HIGH period will again pull the
SCL fine LOW.

In this way, a synchronized
SCL clock is generated with its.
LOW period determined by the
device with the longest clock LOW
period, and its HIGH period
determined by the one with the
shontest clock HIGH period.



7.2 Arbitration
A master may start a transfer only
if the bus is free. Two or more
masters may generate a START
condition within the minimum hold
time (typs7a) Of the START
condition which results in a
defined START condition to the
bus.

Arbitration takes place on the
SDA line, while the SCL line is at
the KIGH level, in such a way that
the master which transmits a
HIGH leve!, while anather master
is transmitting a LOW lavel will
switch off its DATA output stage
because the level on the bus
doesn't correspond to its own
level.

Arbitration can continue for
many bits. Its first stage is
comparison of the address bits
{addressing information is in
Sections 9.0 and 13.0). If tha
masters are each trying to
address the same device,
arbitration continues with
comparison of the data. Because
address and data information on
the °C-bus is used far arbitration,
no information is lost during this
process.

A master which loses the
arbitration can generate clock
pulses until the end of the byte in
which it loses the arbitration.

If a master aiso incorporates a
slave function and it loses

arbitration during the addressing
stage, it's possible that the
winning master is trying to
addraess it. The lasing master must
therefore switch over immadiately
to its slave-receiver mode.

Figure 10 shows the arbitration
procedure for two masters. Of
course, more may be involved
{depending on how many masters
are connected to the bus). The
momenl there is a difference
between the internal data level of
the maslet generating DATA 1
and the actual tevel on the SDA
line, its data output is switched off,
which means that a HIGH output
level is then connected to the bus.
This will not affect the data
transfer initiated by the winning
master.

Since control of the 2C-bus is
decidad solely on the address and
data sent by competing masters,
there is no central master, nor any
order of priority on the bus.

Special attention must be paid
it, during a serial transfar, the
arbitration procedure is still in
progress at the moment when a
repeated START condition or a
STOP condition is transmitted to
the 12C-bus. liit's possible for
such a situation to occur, the
masters involved must send this
repeated START condition or
STOP condition at the same
position in the format frame. In

other wards, arbitration isn't

allowed between:

~ A repeated START condition
and a data bit

_ A STOP condition and a
data bit

- A rapeated START condition
and a STOP condition.

7.3 Use of the clock
synchronising mechanism as a
handshake
In addition to being used during
the arbitration procedurs, the clock
synchronization mechanism can
be used to enable receivers 1o
cope with fast data transfers, on
either a byte level or a bit level.

On the byte level, a device may
be able to receive bytes of data at
a fast rate, but needs more time
to store a received byte or
prepare another byte to ba
transmitted. Slaves can then hold
the SCL line LOW atter reception
and acknowledgement of a byte 1o
force the master into a wait state
until the slave is ready for the next
byte transfer in a type of
handshake procedure.

On the bit level, a device such
as a microcontrofler without, or
with only a limited hardware 1°C
interface on-chip can slow down
the bus clock by extending each
clock LOW period. The speed of
any mastsr is thareby adapted to
the internal operating rate of this
davice.
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Fig. 10 Arbitration procedure of iwo masters

8.0 FORMATS WITH 7-BIT

ADDRESSES

Data transfers follow the format

shown in Fig.11. Alter the START

condition {S), a slave address is
sant. This address is 7 bits long
followed by an eignih bt which is

a data direction bit (F/W) - a

'zero' indicates a transmission

(WRITE), a ‘'one’ indicates a

request for data (READ). A data

transfer is always terminated by a

STOP condition (P) generated by

the master, Howaver, if a master

still wishes lo communicate on the
bus, & can genesate a repeated

START condition {Sr) and address

another slave without first

generating a STOP condition.

Various combinations of readMrite

formats are then possible within

such a transfer.
Possible data transfer formats
are:

— Master-transmitter transmits
to slave-receiver. The transfer
direction is not changed
(Fig.12)

— Master reads slave
immediately after first byte
(Fig.13). At the moment of the
first acknowledge, the master-
transmitter becomes a master-
receiver and the slave-receiver
becomes a slave-transmitter.
This acknowledge is still
generated by the slave. The
STOP condition is generated by
the master

- Combinad format (Fig.14).
During a change of direction
within a transfer, the START
condition and the slave address
are both repeated, but with the
R/W bit reversed.
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CONDITICH CONDITION

Fig.11 A complela data tansfer
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NOTES:

1) Combinad lormats can be used, for
axample, to control a sarial
memory. During the first data byte, by tha A or A blocks in the
the internal memory location has 1o sequence.
ba written. After the START 4) 12C-bus compatible devices must
condition and slave address is reset thair bus logic on receipt of a
rep d, data can be forred. START or repeated START

2) All decisions on auto-increment or condition such that they all
decrement of previously accessed anticipate the sending of a slave
memory locations elc. are taken by address.
the designer of the devica.

3) Each byte is followed by an
ledgement bit as indicated




9.0 7-BIT ADDRESSING
(see Section 13 for 10-bit
addressing)

The addressing procedure for the
12C-bus is such that tha first byte
alter tha START condition usually
determines which slave will be
selacted by the master. The
axception is the ‘general call
address which can address all
devices. When this address is
used, all devices should, in theory,
respond with an acknowledge.
However, devices can be made to
ignore this address. The second
byte of the general call address
then defines the action to be
taken. This procedure is explained
in more detail in Section 9.1.1. )

9.1 Definition of bits in the
first byle
The first seven bits of the first
byte make up the slave address
(Fig.15). The eighth bit is the LSB
(least significant bit). It determines
the direction of the message. A
‘zero' in the least significant
position of the first byte means
that the master will write
information to a selected slave. A
'one’ in this position means that
the master will read information
from the slave.

When an address is sent, each
device in a system compares the
first seven bits aiter the START
condition with its address. If they
match, the device considers itself
addressed by the master as a
slave-receiver or slave-transmitter,
depanding on the R/W bit.

A slave address can be made-
up of afixed and a programmable
part. Since it's likely that there will
be several identical devices in a
system, the programmable part of
the slave address enables the
maximum possible number of
such davices 10 be connected to
the 1°C-bus. The number of
programmable address bits of a
device depends on the number of
pins available. For example, if a

device has 4 fixed and 3
programmable address bits, a total
of 8 identical devices can be
connected to the same bus.

The 1°C-bus commitiee
coordinates allocation of 1°C
addresses. Further information can
be obtained from the Philips

representativas listed on the back
covar. Two groups of eight
addresses (0O00XXX and
1111XXX) are resarved for the
purposes shown in Table 2. The
bit combination 11110XX of the
slave address is reserved lor 10-
bit addressing (see Section 13).

Table 2 Delinition of bits in the first byte

Slave R/ bit Description
address
0000 000 [ General call address
0000 000 1 START byte
0000 001 X CBUS address
0000010 X Address reserved for different bus format
0000 011 X
0000 1XX X Feserved for future purposes
1111 1XX X
1111 0XX X 10-bit slave addressing
NQOTES:

1) No device is allowed to
acknowledge at the reception of the
START byte.

2) Tha CBUS address has been
reserved to enable the inter-mixing
of CBUS compatible and I°C-bus
compatible devices in the same
system. 12G-bus compatible devices
are not allowed to respond on
reception af this address.

3) Tha address raserved for a different
bus format is included to enable I°C
and other protocols to be mixed
Only 12C-bus compatible devices
that can work with such formats
and protocols are allowed to
respond 1o this address.

MSB

LS8
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‘——— slave address —J

Fig.15 The first byte after the START procedure
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8.1.1 General call address
The general call address is for
addressing every device
connected to the 1°C-bus.
However, if a device doesn't need
any of the data supplied within the
general call structure, it can ignore
this address by not issuing an
acknowledgement. If a device
doss require data {rom a general
call address, it will acknowledge
this address and behave as a
slave- receiver. The second and
following bytes will be
acknowledged by every slave-
recaiver capable of handling this
data. A slave which cannot
process one of these bytes must
ignore it by not acknowledging.
The meaning of the general call
address is always specified in the
second byte (Fig.16).

There are two cases 1o
consider:

e Whan the least significant bit B
is a ‘zero'

o When the least significant bit B
is a 'one’.

When bit B is a ‘zero’; the
second byte has the following
definition:

- 00000110 (H'06). Reset and

write programmable part of
slave address by hardware. On
receiving this 2-byte sequence,
all devices designed to respond
to the general call address will
reset and take in the
programmable part of their
address. Precautions have to
be taken to ensure that a
device is not pulling down the
SDA or SCL line after applying
the supply voltage, since these
fow levels would block the bus

— 00000100 (H'04'). Write
programmable part of slave
address by hardware. Al
devices which define the
programmable part of their
address by hardware (and
which respond to the general
call address) will latch this
programmable part at the
recaption of this two byte
sequence. The device will not
reset,

~ 00000000 (H'00'). This code is
not allowed to be used as the
second byte,

Sequences of programming

procedure are published in the

appropriate device data sheets.
The remaining codes have not

been fixad and devices must
ignore them.

When bit B is a ‘one’; the 2-
byte sequence is a ‘hardware
general call'. This means that the
sequencs is transmitted by a
hardware master device, such as
a keyboard scanner, which cannot
be programmed to transmit a
desired slave address. Since a
hardware master doesnt know in
advance to which device the
message has to be transferred, it
can only generate this hardware
general call and its own addrass -
identifying itself o the system
(Fig.17).

The seven bits remaining in the
sacond byte contain the address
of the hardware master. This
address is recognised by an
intelligent device (e.g. a
microcontroller) connected to the
bus which will then direct the
information from the hardware
master. If the hardware master
can also act as a slave, the slave
address is identical to the master
address.

In some systems, an alternative
could be that the hardware master
transmitter is set in the slave-

LS8

GonNopRBABENEACRON

L— first byle —’ L—wwbwe—J

{general call addrass)

Fig.16 General call address format
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8

general second
call agdress byte
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bytas + ack}

—

waCce2e

Fig.17 Data transfer from a hardware master-transmitter
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Fig.18 Data transfor by a hardware-transmitter capable of dumping
data directly to slave devices (a) Configuring master sends dump
address lo hardware master (b) Hardware master dumps data to

selected slave

receiver mode after the system
reset. in this way, a system
configuring master can tell the
hardware master-transmitter
(which is now in slave-receiver
mode) 1o which address data must
be sent (Fig.18). After this
programming procedure, the
hardware master remains in the
master-transmitter mode.

9.1.2 START byte
Microcontrollers can be connected
to the [°C-bus in two ways. A
microcontrofler with an on-chip
hardware [2C-bus interface can be
programmed to be only interrupted
by requests from the bus. When
the device doesn't have such an
interface, it must constantly
monitor the bus via software.
Obviously, the more times the
microcontrollar monitars, or polls
the bus, the less time it can spend
carrying out its intended function.

There is therefore a speed
difference betwsen fast hardware
devices and a relatively slow
microcontroller which relies on
software polling.

In this case, data transter can
be preceded by a start procedure
which is much longer than normal
(Fig.19). The stan procedure
consists of:

_ A START condition (S})
_ A START byte (00000001)
_ An acknowledge clock pulse

(ACK)

— A repeated START condition

(Sn.

After the START condition S has
been transmitted by a master
which requires bus access, the
START byte (00000001) is
transmitted. Another
microcontroller can therefore
sample the SDA line at a low
sampling rate until one of the

seven zeros in the START byte is
detacted. After detection of this
LOW level on the SDA line, the
microcontrolier can switch to a
higher sampling rate to tind the
repeated START condition Sr
which is then used for
synchronization.

A hardware receiver will reset
on receipt of the repeated START
condition Sr and will therefore
ignore the START byte.

An acknowledge-reiated clock
pulse is generated after the
START byte. This is present only
to conform with the byte handling
format used on the bus. No device
is allowed to acknowledge the
START byte.

R -
| “ i Wl
SpA |\ dummy
! - acknowladge |
[ mighy |
[ [
scL w ’ [} a
1 -- [
s ACK s
L2 (il
|e———— start byte 00000001 — wBCE33

Fig.19 START byte procedure

9.1.3 CBUS compatibility
CBUS receivers can be connected
to the 12C-bus. However, a third
bus line called DLEN must then
be connected and the
acknowledge bit omitted. Normally,
12C transmissions are sequences
of 8-bit bytes; CBUS compatible
devices have different formats.

in a mixed bus structure, °C-
bus devices must not respond 10

the CBUS message. For this
raason, a special CBUS address
(0000001X) to which no 1°C-bus
compatible davice will respond,
has been reserved. After
transmission of the CBUS
address, the DLEN line can be
made active and a CBUS-format
transmission (Fig.20) sent. After
the STOP condition, all devices
are again ready to accept data.

Master-transmitters can send
CBUS formats after sending the
CBUS address. The transmission
is ended by a STOP condition,
racognised by all devices.

NOTE: If the CBUS configuration is
known, and expansion with CBUS
compatible devices isn't foreseen, the
designer is allowed to adapt the hold
lima to the specific requirements of the
device(s) used.

Staor cous
s orvion s

Fig.20 Data format of trar

AW ATK - datmrs
bt

with CBUS trar

erver
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10.0 ELECTRICAL
CHARACTERISTICS FOR 12C-
BUS DEVICES
The electrical specifications for the
\/Os of C-bus devices and the
characteristics of the bus lines
connected to them are given in
Tonlgs 2 and 4 in Section 15.

12C-bus <avices with f1xed Input
levels of 1.5 V and 3 V can each
have their own appropriate supply
voltage. Pull-up resistors must be
connected to a 5 V + 10% supply
(Fig.21). PC-bus devices with
input levels related to Vpp must
have one common supply line to
which the pull-up resistor is also
connected {Fig.22).

Whan devices with fixed input
levels are mixed with devices with
input levels related to Vg, the
latter devices must be connected
10 one comman supply line of 5 V
+ 10% and must have pull-up
resistors connected to their SDA
and SCL pins as shown in Fig.23.

Input levels are defined in such
a way that:

_ The naise margin on the LOW
level is 0.1 Vpq

- The noise margin on the HIGH
level is 0.2 Vpp

- As shown in Fig.24, series
resistors (Rg) of e.g. 300 Q can
be used for protection against
high-voltage spikes on the SDA
and SCL lines (due to
flash-over of a TV picture tube,
for example).

10.1 Maximum and minimum
values of resistors A, and R,
For standard-mode I°C-bus
devices, the values of resistors Flp
and R in Fig.24 depend an the
following parameters:

- Supply voltage
- Bus capacitance
— Number of connected devices

(input current + leakage

current).

The supply voltage limits the
minimum value of resistor R due

Vpp2-4 ¥ dewice dependent (e.g. 12 V}

vpnt=5V10%  Vpp2 Vooa Yoo+

MBCE10

Fig.21 Fixed input level devices connected to the 12C-bus

VDD =64 3V
i
Rol | Rp cMOS CMOS ©MOS cMos

SDA

s i I [ [ [

MBCe2s

Fig.22 Devices with wida supply voltage range connected fo the 12C-bus

Vppz,3 are device dependent (e g. 12 V)

vVoo1 =
5vI0% vVob2 Voo3
fel ) B omos m
SoA
s | | I I

MBCE26

Fig.23 Davices withinputlevels related lo Vpp (supply Vpp,) mixed with fixed
input level devices (supply Vpps 3) 01 the 12C-bus

macs2r

Fig.24 Serias resistors (R, ) for protection against high-voltage spikes

to the specifisd minimum sink
current of 3 mA at Vg ., = 04V
for the output stages. V, as a
fumction of Ry im is Shawn in

Fig 25 Tha desied rnoise margin
of 0.1Vyg, tor e LOW lovws), lmmits
the maximum vale of Rg. Ry
as a function of R is shown in
Fig.26.

The bus capacitance is the total
capacitance of wire, connections
and pins. This capacitance limits
the maximum value of R, due to
the specified rise tima. Fig.27
shows R, ., as a funcfion of bus
capacitance.

The maximum HIGH level input
current of each input/output
connection has a specified
maximum value of 10 pA. Due to
the desired noise margin of
0.2V for the HIGH level, this
input current limits the maximum
value of R This limit depends an
Vpp- The total HIGH lavel input
current is shown as a function of
Flp max in Fig.28.

wecs

Fig.25 Minimum vaiue of R, as a function of suppiy voltage with the vaie
of R, as a parameter
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Fig.26 Maximum value of R, as a function of the value of A_ with supply
voltage as a parameter g
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Fig.27 Maximum value of R as a function of bus capacitance for a
standard-mode 12C-bus
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11.0. EXTENSIONS TO
THE *C-BUS
SPECIFICATION
The PC-bus with a data transfer
rate of up to 100 kbit/s and 7-bit
addressing has now been in
existence for more than ten years
with an unchanged specification.
The concept is accepted world-
wide as a de facto standard and
hundreds of different types of 12c-
bus compatible (Cs are available
from Philips and other suppliers.
The 12C-bus specification is now
extended with the following two
{eatures:

e A fast-mode which allows a
fourfold increase of the bit rate
to O 1o 400 kbit/s

» 10-bit addressing which allows
tha use of up to 1024 additional
addresses.

There are two reasons for these
axtensions to the I°C-bus
specification:

_ New applications will need to
transfor a larger amount of
seorial data and will therefore
demand a higher bit rate than
100 kbit/s. Improved IC
manufacturing technalogy now
allows a fourfold speed
increase without increasing the
manufacturing cost of the
interface circuitry

— Most of the 112 addresses
available with the 7-bit
addressing scheme have been
issued more than once. To
prevent problems with the
allocation of slave addresses
for new devices, it is desirable
to have more address
combinations. About a tenfoid
increase of the number of
available addresses is obtained
with the new 10-bit addressing.

All new devices with an °C-bus
interface are provided with the
tast-mode. Preferably, they should
be able to receive andfor transmit
at 400 kbit/s. The minimum

requirement is that they can
synchronize with a 400 kbit/s
transter; they can then prolong the
LOW period of the SCL signal ta
slow down the transfer. Fast-mode
devices must be downward-
compatible which means that they
must still be able to communicate
with 0 to 100 kbiv/s devices in a 0
1o 100 kbit/s 1°C-bus system.

Obviously, devices with a 0 to
100 kbit/s 1°C-bus interface cannot
be incorporated in a fast-mode
12C-bus system becauss, since
they cannot follow the higher
transfer rate, unpredictable states
of these devices would occur.

Slave davices with a fast-mode
[?C-bus interface can have a 7-bit
or a 10-bit slave address.
Howaver, a 7-bit address is
preferred becausa it is the
cheapest solution in hardware and
it results in the shortest message
length. Devices with 7-bit and 10-
bit addresses can be mixed in the
same 12C-bus system regardless
of whether it is a 0 to 100 kbit/s
standard-mode system or a 0 to
400 kbit/s fast-mode system. Both
existing and future masters can
generate either 7-bit or 10-bit
addresses.

12.0 FAST-MODE
In the fast-made of the 1°C-bus,
the protacol, format, logic levels
and maximum capacitive load for
the SDA and SCL lines quoted in
the previous 12C-bus specification
are unchanged. Changes to the
previous 12C-bus specification are:
- The maximum bit rate is
increased to 400 kbit's
~ Timing of the serial data (SDA)
and serial clock (SCL) signals
has been adapted. There is no
need for compatibility with other
bus systems such as CBUS
because they cannot operate at
the increased bit rate
- The inputs of fast-mode
devices must incorporate spike
suppression and a Schmitt
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trigger at the SDA and SCL
inputs

~ The output butfers of fast-mode
devices must incorporate slope
control of the falling sdges of
the SDA and SCL signals

- If the power supply to a fast-
mode device is switched off,
the SDA and SCL /O pins
must be floating so that they
don't obstruct the bus lines

- The external pull-up devices
connected to the bus lines must
be adapted to accommodate
tha shorter maximum
permissible rise time for the
tast-mode 12C-bus. For bus
loads up to 200 pF, the pull-up
device for each bus line can be
a resistor; for bus loads
betwean 200 pF and 400 pF,
the pull-up device can be a
current source {3 mA max.} or
a switched resistor circuit as
shown in Fig.37.

13.0 10-BIT ADDRESSING
The 10-bit addressing does not
change the format in the ?C-bus
specification. Using 10 bits for
addressing exploits the reserved
combination 1111XXX for the first
seven bits of the first byte

following a START (S) or repeated

START (Sr) condition as explained
in Section 9.1. The 10-bit
addressing does not affect the
existing 7-bit addressing. Devices

with 7-bit and 10-bit addresses

can be connected to the same
1?C-bus, and both 7-bit and 10-bit
addressing can be used in a
standard-mode system {up to
100 kbit/s) or a fast-mode system
{up to 400 kbit/s).

Although there are sight
possible combinations of the
reserved address bits 1111XXX,
only the four combinations
11110XX are used for 10-bit
addressing. The remaining four
combinations 11111XX are
raserved for future 12C-bus
aenhancements.

13.1 Definition of bits in the
first two bytes

The 10-bit slave address is
formed from the first two bytes
following a START condition (S) or
a repeated START condition (Sr).

The first seven bits of the first
byte are the combination 11110XX
of which the last two bits (XX) are
the two most-significant bits
(MSBs) of the 10-bit address; the
eighth bit of the first byte is the
R/W bit that determines the
diraction of the message. A ‘zero’
in the least significant position of
the first byte means that the
master will write information to a
selocted slave. A ‘one’ in this
position means that the master will
read information from the slave.

If the R/W bit is ‘zero’, then
the second byte contains the
remaining 8 bits (XXXXXXXX) of
the 10-bit address. If the R/W bit
is 'one’, then the next byte
contains data transmitted from a
slave to a master.

13.2 Formats with 10-bit
addresses

Various combinations of read/write

formats are possible within a

transter that includes 10-bit

addressing. Possible data transter
formats are:

_ Master-transmitter transmits
to slave-receiver with a 10-bit
slave address. The transfer
direction is not changed
(Fig.29). When a 10-bit
addraess follows a START
condition, each slave compares
the first seven bits of the first
byte of the slave address
(11110XX) with its own address
and tests if the eighth bit (R/W
direction bit) is 0. It is possible
that more than one device will
find a match and generate an
acknowledge (A1). All slaves
that found a match will
compare tha eight bits of the
sacond byte of the slave
address (XXXXXXXX) with their

IREREEE

SUAVE Aoun[sa SUAVE ADDRESS! [ 1 il
e TBITS T BeTE oA A2 [OATA] & OATAl VAL

wacs

mm

Fig.29 A master-lransmitier addresses a slave-raceivar with a 10-bit
address

idrax
E/isuw: RoorEsS SLAVE ADGAESS SURVE ROGRE
% AL ulrs/A["”q“ [//_ézms VTE 18 wnrs/j’w:l”l‘”"gj D"‘k‘i" i
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Fig.30 A master-receiver addrosses a slave-transmitter with a 10-bit
address
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Fig.31 Combined formal. A master addresses a slave with a 10-bit address,
then transmits data to this slave and reads data from this slave

own addresses, but only one — Master-receiver reads slave-
slave will find a match and transmitter with a 10-bit slave

generate an acknowladge (A2).
The matching slave will remain
addressed by the master until it
receives a STOP condition (P)
or a repeated START condition
(St} followed by a different
slave address

address. The iransfer
direction is changed after the
second R/W bit {Fig.30). Up
to and including acknowledge
bit A2, the procedurs is the
same as that described for a
master-transmitter addressing a
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Fig.32 Combined format. A masier transmits dala to two slaves, both with
10-bit addresses

occupies the bus all the time.

NOTES:

§} Combined formats can be used, for
example, 1o control a serial
memory. During the first data byte,
the internal memory location has to
be writtan. After the START
condition and slave address is
ropealed, data can be transterred.

2) All decisions on auto-increment or
decrement of previously accessed
memory locations elc. are taken by

o
( rarrexx
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STE e |
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Fig.33 Combined formal. Amaster transmils data lo twa slaves, one with
a 7-bit address, and one with a 10-bit address

slave-recsiver. After the
repeated START condition (Sr),
a matching slave ramembers
that it was addressed before.
This slave then checks if the
first seven bits of the first byte
of the slave address following
St are the same as they were
after the START condition (S),
and tests if the eighth (R/W) bit
is 1. If there is a match, the
slave considers that it has been
addressed as a transmitter and
generates acknowledge A3.
The stave-transmitter
remains addressed until
receives a STOP condition (P}
or until it receives another
repeated START condition (Sr)
followad by a ditferent slave
address. After a repeated
START condition (Sr), all the
other slave devices will also
compare the first seven bils of
the first byte of the slave
address (11110XX) with their
own addresses and test the
eighth (R/W) bit. However,
none of them will be addressed
because R/W = 1 {for 10-bit

devices), or the 11110XX slave
address {for 7-bit devices) does
not match)

Combined format. A master
transmits data to 8 slave and
then reads data from the
same slave (Fig.31). The
same mastar occupies the bus
all the time. The transter
direction is changed after the
second A/W bit

Combined format. A master
transmits data to one siave
and then transmits data to
another slave (Fig.32). The
same master occupies the bus
all the time

Combined format. 10-bit and
7-bit addressing combined in
one serial transfer (Fig.33).
After each START condition
(S), or each repeated START
condition (Sr), a 10-bit or 7-bit
slave address can be
transmitted. Figure 33 shows
how a master-transmits data to
a slave with a 7-bit address
and then transmits data to a
second slave with a 10-bit
address. The same master

the designer of the device.

3) Each byte is followed by an
acknowledgement bit as indicated
by the A or A blocks in the
sequence.

4) 12C-bus compalible devices must
reset their bus logic on receipt of a
START or repeated START
condition such that they afl
anticipate the sending of a slave
address.

14.0 GENERAL CALL
ADDRESS AND START BYTE
The 10-bit addressing procedure
for the 12C-bus is such that the
first two bytes after the START
condition (S) usually determine
which slave will be selected by the
master. The exception is the
‘general call' address 00000000
(H'00"). Stave devices with 10-bit
addressing will react to a ‘general
call' in the same way as slave
davices with 7-bit addressing (see
Section 9.1.1).

Hardware masters can transmit
their 10-bit address after a
‘general call’. In this case, the
‘general call’ address byte is
foflowed by two successive bytes
containing the 10-bit address of
the master-transmitter. The format
is as shown in Fig.17 where the
tirst DATA byte contains the eight
least-significant bits of the master
address.

The START byte 00000001
(H'01") can precede the 10-bit
addressing in the same way as for
7-bit addressing (see Section
9.1.2).

LOW levels on the bus lines for
fast-mode davices are the same
TIMING FOR 110 STAGES as those specified in Section 10.0
AND BUS LINES for standard-mode [?C-bus

The VO levals, I/O current, spike devices.

suppression, oulput slope control The minimum HIGH and LOW
and pin capacilance for °C-bus pariods of the SCL clack spacified
devices are given in Table 3. The in Table 4 determine the

12C-bus timing is given in Table 4. maximum bit transfer rates of
Figurs 34 shows the timing 100 kbit/s for standard-mode
definitions for the 1°C-bus. devices and 400 kbits for fast

15.0 ELECTRICAL
SPECIFICATIONS AND

The noise margin for HIGH and

mode devices. Standard-mode

Tabie 3 Characteristics of ihe SDA and SCL IO stages lor 12C-bus devices

and fast-mode 1°C-bus devices
must be able to tallow transfers at
their own maximum bit rates,
aither by baing able to transmit or
receive at that speed or by
applying the clock synchronization
procedure described in Section 7
which will force the master into a
wait state and stretch the LOW
period of the SCL signal. Ot
coursa, in the latter case the bit
transfer rate is reduced.

standard-mode devices fast-mode devices
P @l Symbol Unit
aramater 4 Min. Max. Min. Max.
LOW level input voitage: Vi v
fixed input levels -0.5 15 -05 15
Vpp-related input levels -05 0.3V -05 0.3Vpp
HIGH Jevel input voltage: Vi v
fixed input levels 3.0 -1 3.0 -
Vg related input levels 0.7Vgp o 0.7Vpo o
Hysteresis of Schmitt trigger inputs: Viys v
fixed input lovals _ nia n/a 0.2
Vg related input levels n/a na 005V
Pulse width of spikes which must be tgp nia n/a 0 50 ns
suppressed by the input fitter
LOW lavel output voltage (open drain or v
open collector)
at 3 mA sink current Vour 0 0.4 4] 0.4
at6 mA sink current Vo nia nfa 0 06
Output fall time from Vi, ruy 10 Vi max with tor ns
a bus capacitance from 10 pF to 400 pF:
with up to 3 mA sink current at Vg 2507 204 0.1G2 250
with up to 6 mA sink curent at Vo, » na n‘a 204+ 0.1C,2 250%
Input curvent each /O pin with an input | -10 10 -109 10% A
voltage between 0.4 V and 0.9Vpp g
Capacitance for each /O pin G, 10 10 pF

n/a - not appiicable
" maximum Vy = Vopmax +905VY

2 Cyp = capacitance of one bus line in pF. Note that th
quoted in Table 4 (300 ns) is longer than the spacif

0 maximum t: for the SDA and SCL bus lines
ed maximum toe for the output stages {250 ns).

This allows saries protection resistors (R,)to be connectad betwaen the SDA/SCL pins and the

3 1/0 pins of fast-mode davicas must not abst

SDA/SCL bus lines as shown in Fig.37 without exceeding the maximum specifiad t¢.

ruct the SDA and SCL fines if Vyy, is switched off.




Table 4 Characteristics of the SDA and SCL bus lines for °C-bus devices

Standard-mode Fast-mode
Parameter Symbol 12C-bus 12C-bus Unit
Min. Max. Min. Max.
SCL clock frequency tscL 0 100 0 400 kHz
Bus free time between a STOP and START condition taur 47 - 13 - us
Hold time (repeated) START condition After this period, LiosTA 40 - 06 . ps
the first clock pulse is generated
LOW period of the SCL clock YLow 47 - 13 - us
HIGH period of the SCL clock YacH 4.0 - 0.6 - ns
Set-up time for a repeated START candition LusTa 47 - 06 - us
Data hold tme: tup,pAT
for CBUS compatible masters (see NOTE, Section 9.1.3) 50 B - - us
for 1C-bus devices oY - o” 0g? us
Data set-up time tsupAT 250 100% - ns
Rise time of both SDA and SCL signals tq - 1000 20 + 300 ns
0.1G,"
Fall time of both SDA and SCL signals t - 300 20 + a0 ns
4
0.1G,Y
Sat-up time for STOP condition tsusT0 4.0 - [1X) - us
Capacitive load for each bus line C, - 400 - 400 pF

All values relerrad 10 Vi, i, and V) ., levels (see Table 3).

A device mustinternally provide a hold time of at feast 300 ns for the SDA signal (referred to the Vy, ., of the SCL signal) in
arder o bridge the undefined region of the falling edge of SCL.

X

The maximum typ par has only to be metif the device does not stretch the LOW period (i ow) of the SCL S|gna|

4

A fast-mode [C-bus device can be used in a standard-mode 12C-bus systam, but tha requirement g pay 2250 ns must then
be met. This will automatically be the casaif the device does not stretch the LOW period of tha SCL signal. If such a device does
stratch the LOW period of the SCL signal, it must output the next data bit to the SDA line tg ., + Yupar = 1000 + 250 =
1250 ns {accarding to the standard-mode 12C-bus specification) befora the SCL line is released.

4

C,, = total capacitance of ane bus line in pF.

-~ fLow .“.:R

I
|
|
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Fig.34 Definition of timing on the 1°C-bus

16.0 APPLICATION
INFORMATION

16.1 Slope-contrailed output
stages of fast-mode |°C-bus
devices
The electrical specifications for the
1/0s of ’C-bus devices and the
characteristics of the bus lines
connected to them are given in
Tables 3 and 4 in Section 15.

Figures 35 and 36 show
axamples of output stages with
slope control in CMOS and bipolar
technology. The slope of the
falling edge is defined by a Miller
capacitor (C1) and a resistor {R1).
The typical values for C1 and R1
are indicated on the diagrams.
The wide tolerance for output fall
time top given in Table 3 means
that the dasign is not critical. The
fall time is only slightly influenced
by the external bus load (Cy) and
external pull-up resistor (Ry).
However, the rise time (tg)
specified in Table 4 is mainly
determined by the bus load
capacitance and the value of the
pull-up resistor.

16.2 Switched pull-up circuit
for fast-mode [2C-bus devices
The supply voltage (V) and the
maximum output LOW lavel
determina the minimum vaiue of
pull-up resistor R, (see Section
10.1). For example, with a supply
voltage of Vpp = 5V £ 10% and
Vou max = 04 V at 3 mA, Rp min.
- (5.5 - 0.4)/0.003 = 1.7 k. As
shown in Fig.38, this value of R,
limits the maximum bus
capacitance to about 200 pF to
meet the maximum tg requirement
of 300 ns. If the bus has a higher
capacitance than this, a switched
pull-up circutt as shown in Fig.37
can be used.

The switched pull-up circuit in
Fig.37 is for a supply voitage of
VDD=5Vt1o%anda
maximum capacitive load of
400 pF. Since it is controlled by
the bus fevels, it needs no
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Fig.35 Slope-controlled output stage in CMOS technology
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Fig.36 Slope-controlied oulput slage in bipolar technology
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Fig.37 Switched pull-up cireuit
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Fig.38 Maximum value o R asa function of bus capacitance for meating
the tg reqmramenl for a fast-mode | 2C-bus
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additional .switching control
signals. During the rising/alling
adges, the bilateral switch in the
HCT4066 switches pull-up resistor
Ry2 on/off at bus levels between
0.8 V and 2.0 V. Combined
resistors Ryl and R;2 can pull-up
the bus line within the maximum
spacified rise time () of 300 ns.
The maximum sink current for the
driving 1°C-bus device will not
exceed 6 MA at Vo, = 0.8V, of
3mAat Vg, =04 V.

Saries resistors A are optional.
They protect the KO stages of the
2C-bus devices from high-voitage
spikes on the bus lines, and
minimize crosstalk and undershoot
of the bus line signals. The
maximum vaiue of R, is
determined by the maximum
permitted voltage drop across this
resistar when the bus line is
switched to the LOW level in order
to switch oft R.2.

16.3 Wiring pattern of the
bus lines
in general, the wiring must be so
chosen that crosstalk and
interference to/from the bus lines
is minimized. The bus lines are
most susceptible 1o crosstalk and

interference at the HIGH level
because of the relatively high
impedance of the pull-up devices.

It the length of the bus lines on
a PCB or ribbon cable exceeds
10 cm and includes the Vpp and
Vgg lines, the witing patiern must
be:

SDA

Vop

Vss
SCL

it only the Vgg line is included,
the wiring pattern must be:

SDA

Ves

SCL

These wiring patterns also
result in identical capacitive foads
for the SDA and SCL lines. The
Vgg and Vpp lines can be omitted
it a PCB with a Vgg andfor Vg
layer is used.

If the bus lines are twisted-
pairs, each bus line must be
twisted with a Vgg return.
Alternatively, the SCL lins can be
twisted with a Vgg return, and the
SDA line twisted with a Vg

17.0 DEVELOPMENT TOOLS
17.1 Developmaent tools for 8048 and 8051-based systems

return. In the latter case,
capacitors must be used 10
decouple the Vpy line to the Vgg
line at both ends of the twisted
pairs.

If the bus lines are shieided
(shield connected to Vgs),
interference will be minimized.
Howaver, the shielded cable must
have low capacitive coupling
between the SDA and SCL lines
to minimize crosstalk.

16.4 Maximum and minimum
values of resistors R and R,
for fast-mode 12C-bus devices
The maximum and minimum
values for resistors R, and R,
connected to a fast-mede ¥C-bus
can be detarmined from Fig.25, 26
and 28 in Section 10.1. Because a
tast-mode 12C-bus has faster rise
times (tg) the maximum value of
R, asa function of bus
capacitance is less than that
shown in Fig.27 The replacement
graph for Fig.27 showing the
maximum value of Flp as a
function of bus capacitance (C,)
for a fast mode 1°C-bus is given in
Fig.38.

Product Description

DTMF generator, AD/DA conversion, infrared link.

OM1016 | 12C-bus demonstration board with microcontralier, LCD, LED, Par. /0, SRAM, EEPROM, Clock,

17.3 Development tools for all systems

Product

Description

OM1022 |1°C-bus analyzer.

Hardware and software (runs on IBM or compati
behaviour of the 12C-bus (includes documentation)

ble PC) to experiment with and analyze the

18.0 SUPPORT LITERATURE

Data handbooks

Ordeting code

1Co1 1991

Radio, audio and associated systems Bipolar, MOS

9398 179 60011

Video and associated systems

1CO2(a) 1991: FCBB1CE5(LLL) to TDA2655B
IC02(b) 1991: TDA2658 to pA733C

9398 179 80011
9398 179 90011

ICs for Telecom
|C03(a) 1991: CA3089-PCD4413

IC03(b) 1991: PCD4413A-74HC/HCT7046A

9398 169 60011
9398 163 70011

iCs for Telecom (ISDN)
1C17 1991

9398 177 20011

8048-based 8-bit microcontrollers
IC14 1991

9398 177 00011

8051-based 8-bit microcontroilers
1C20 1991

9398 173 30011

Brochures/leaflets

Microcontrollers and microprocessors for embedded control applications

9398 374 90011

[2C-bus compatible ICs and support overview

9398 388 40011

[2C-bus contro} programs for consumer applications

9398 380 30011

—

Microcontrollers, microprocessors and support overview

OM1018 | manual for OM1016

OM1020 |LCD and driver demonstration board

OM4151 | 12C-bus evaluation board (similar to OM1016 above but without infrared link).

17.2 Development toals for 68000-based systems

Product Description

OM4160 | Microcore-1 demoanstration/evaluation board:

SCC68070, 128K EPROM, 512K DRAM, 12C, RS-232C, VSC SCCE6470, resident monitor

OM416073 | Microcore-3 demonstration/evaluation board:

93C110, 128K EPROM, 64K SRAM, 12C, RS-232C, 40 /O, resident monitor
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9398 388 30011

19.0 APPLICATION OF
THE °C-BUS IN THE
ACCESS.bus SYSTEM
The ACCESS.bus (bus for
connecting ACCESSory devices to
a host system} is an 12C-bus
based open-standard serial
intarconnect systam jointly
developed and defined by Philips-
Signetics and Digital Equipment.
Corporation. It is a lower-cost
alternative to an RS-232C
interface for connecting up to 14
inputsoutputs from peripheral
equipment to a desk-top computar
or workstation over a distance of
up to eight metres. The peripharal
equipment can be relatively low

speed items such as keyboards,
hand-held imags scanners, cursor
positioners, bar-code readers,
digitizing tablets, card readers or
modems.

All that's required to implement
an ACCESS.bus is an 8051-family
microcontroller with an 12C-bus
interface, and a 4-wire cable
carrying a serial data (SDA) line, a
serial clock (SCL) line, a ground
wire and a 12 V supply line
(500 mA max.) for powering the
peripherals.

important features of the
ACCESS.bus are that the bit rate
is only about 20% less than the
maximum bit rate of the I?C-bus,
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and the peripherals don't need
saeparate device drivers. Also, the
protocol allows the peripherals to
be changed by 'hot-plugging’
without re-booting.

As shown in Fig.39, the
ACCESS.bus protocol comprises
three levels: the 12C-bus protocol,
the base protocol, and the
application protocol.

The base protocal is common
to all ACCESS.bus devices and
dafines the format of the
ACCESS.bus message. Unlike the
12C-bus protocol, it restricts
masters to sending and slaves to
receiving data. One item of
appended information is a
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REAL-TIME
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Fig.39 ACCESS.bus protocol hisrarchy

checksum for reliability control.
The base protocal also specifies
seven types of control and status
messages which are used in the
system configuration which
assigns uniquae addressas to the
peripherals without the nead for
setting jumpaers or swilches on the
devices.

The application protocol defines
the message semantics that are
spacific to the three categories of
peripheral device (keyboards,
cursor locators, and text devices
which generate character streams
e.g. card readers) which are at
present envisaged.
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Philips-Signetics offars
computer peripheral equipmant
manufacturers technical support, a
wide range of IPC-bus devices and
devalopment kits for the
ACCESS.bus. Hardware, softwars
and marketing support is also
offered by DEC.



