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PREFACE

This brochurs includes an updated version of the £C-bus specification including the

following latest modifications:

- Programming of a slave address by software has been omitted. The realization of this
feature is rather complicated and has not been used,

~ The ow-speed mode has been omitted. This mode s, In facl, a subsst of the lotdd
FO-bus specification and need not be specified explicitly.

- Tha fast-mode’ is added. This allows a fourfold increase of bl rate up to 400 kbits,
Fast-mode devices are downwards compatible Le theycanbe usedina 0o
100 kbit's 1°C-bus system.

~ 10-bit addressing is added. This allows 1024 additional siave addresses.

- Slope controf and input filtering for {ast-mode devices is specified to improve the EMC
behaviour.

NOTE
Nelther the 100 kbits FC-bus system nor the 100 kbiv's devices have been
ghanged.
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The I°C-bus and how to use it

(including specification)

1.9 THE FC-BUS
BENEFITS DESIGNERS AND
MANUFACTURERS
in consumer slectronics,
telacommunications and industriad
slentronies, there are often many
similarities betwsen sesmingly
unrslated dasigns. For sxample,
nsardy every system ingiudss:
¢+ Soms intsliigent contral, usually

3 single-chip micraconiralisy
¢ General-purpnss oircults Bke

LCD drivars, remote O ports,

RAM, EEPROM, or data

conveiaers
s Application-oriented circuils

such as digital tuning and
signal processing cirouits for
radic and video systems, of

DTMF generatars for

tslephones with ione dialing,

To explolt hese similaritiss 1 the
benefit of both systems designers
and aguipment manufacturers, as
wall as to maximize hardware
afficlency and circult simplicity,
Fhilips developed 3 simple
hidirectional 2-wire bus for sificient
inter-iC control, This bus iz callsd
the Inter {0 ar PC-bus. At present,
Philips’ IC rangs includes more
fran 150 CMOS and bipolar 1°C-
bus compatitds typas for
parforming iunctions in all three of
ths previcusly mentioned
sategories. All 1*C-bus compatible
devices inconporate an on-chip
intarface which allows them

1o communicate directly with each
other via the *C-bus. Thia design
concept solves the many
interdacing prablems encauntarad
whan designing digital controf
cireuits.

Hars are some of the ieamres
of the P0-bus:

= Oaly two bus lines are required;

a serial data ling (SDAY ang 2
setial clack ling (SCL)

= Rach devics connecied to the
bus is softwars addressable by
A uniyus 3ddress aad simple
mastay/ slave relationships exisi
at all dmes; masters can
opnrate a3 masier-transmillers
or 33 master-rscsivens

#» R's & true multi-master bus
including coliision detection and
wisitration 1o prevent data
corruption § iwo or mors
mastaers simultaneously initlate
datg tranater

¢ Seral a8-bi orientsd,

tidirectional data transfers can

e made at up to 160 kbilds in

the standard maode of up fo

400 kbive in the fast mode

& On-chip filtering rejects spikes
on the bus data line o
preserve dala integrity

e Thae numbsr of iCs that can ke
eonnected to the sams bugs is
fimitsd only by 3 maximuerm bus
capacianes of 400 pF.

Figure 1 shows two axampias of
1#C-bus applications.

1.1 Designer benefils
1*C-bus compatibly i0s aliow
system design to rapidly progress
directly from & functional block
diagram to a protoiype, Morsovear,
since they ‘olip’ directly onlo the
12C-hua withowt any additional
external interfacing, they allow a
pratotype system  be
mindiified or upgradsd simply by
‘clipping’ o ‘unclipping’ IGs  or

from the bus.

Here are soms of the features
of ¥C-bus compaible (s which
ars paticulardy attraclive to
designers:

e Functional blocks on ths blosk
diagram oorrespond with the
aciual iUs; designs procsed
rapidly from block diagram to
final schamatic

# No need o design bus
intartaces becauss the £0-bus
intarface is already integrated
on-chip _

¢ intsgrated addressing and data-
transfer protocol allow systems
to he compigialy soflwars-
dafined

¢ Thus same IO ypes can often
be usad in many difierent
apphoativns

& Dagign-ims reduces as
designars quickly become
familiar with the freguently used
functional blocks (epresented
by PC-bus compatible ICs

2 {0s can be added o of
removed from a system without
affecting any cther sirouits on
ths bus

& Fault diagnosis and debugging
are simple; malfunctions can be
iramediately traced

e Software developmaent time can
be reduced by assembling =
library of reusable software
modutes.

in addition to these
advantages,the CMOS {Cs in the
1PC-bus compatible range offer
designers special features which
ars particulardy attractve for
patable equipment and baltery-
backed systems.
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Fig.1 Two examples of | 20 buss applications (3} a high performance highly-
integrated TV sei &) celiular radio chip-set

They all havs:

s Exframely low cufrent
sonsumption

# High noise immunity

Wide supply voltage range

¢ Wide operatang temperature
fange.

&

1.2 Manofscturer benefits
Yhis compatitis {Cs dent only
assist designers, they also give 3
wide range of benefits o

;2

‘equipment manufachirers

becguss:

s The simple Sowirs seriat 1C-
bus micimizes interconnactions
so ICs have fawer ping and
there are not so many PCB
tracks: result - smaifer and less
expensive PCBs

# The somplotely intsgrated °C-
busg protocat sliminates the

need {for address decoders and
other 'ghs logic’

% The multi-master capablity of
the 120-bus affows rapid testing
and alignmeant of end-ussr
aguipment via external
aonnactions 1o an assembly-
ing  computsr

& The avaiabiity of ":'C»bus
compatible [Ss in 8C {sma
austtine), VB (vary small
outfine} as well as DIL
packages reduces space
requirtements sven maore.

These are just some of ‘he
benafits, In addition, FO-tuy
compatikds (O3 increase syst
design flexibifty by allowing smmie
construction of equipment varianis
and 2asy upgrading 1o Keep
designs up-io-date. In this way, an
antire family of equipment can bs
developed amund a basic madel,
Ugpgrades for new equiprment, of
enharcad-feature models

{i.a. exdended mamory, remols
controd, elc.} can then be
produced simply by olipping the
appropriate iCs onto the bus. if a
larger ROM is noeded, s simply
3 matter of selecting a micro-
confrofler with 2 larger ROM from
our comprebensive range. A8 new
iCs supersede clder ones, &'s
sasy 1o add new fealures 1o
squipment of o increass its
performancs by simply unclipping
the outdated IC from the bus and
clipping on fis successor.

1.3 Ths ACCESS.bus
another aftractive feature of the
F-bus for designers and
manuiacturars is that s simple 2-
wirg nature and sapabilty of
aoltware addressing make i an
ideal platform for the ACCESS bus
{Fig.2). This is a lower-cost
alternative for an A5-232C
torface for conneating
paripherals 1o & host computer via
# simpls 4-pin connector {sege
Sention 18).
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Fig.2 The ACCERS bug ~ a low-vost shemative to an AS-238C injarface

20 INTRODUCTION TQ
THE #O.8US
SPECIFICATION
For 8-bit digital control
appiioations, such as those
requiring micracontroliars, nertain

design criteria can be estabiished:

® A complste system usually
consisis of al isast ons
microcontrolier and other
paripheral devices such as
mamaontes and VO expanders

® The cost of connecting the
various davicas within the
syatem must be minimized

e A system tha! pstiorms a
control function doesn’t reguire
high-spesd data transier

e Lverall eificiency depsnds on
the devicss chosen and the
naturs of the intsreonneciing
bus structure.

n ordar to produce & system to
satisly these oriteria, 3 sedial bus
structure is neaded. Akhough
serial buses dont have the
throughput capabiily of parailel
buses, they do requira less wiring
and fewer IC connesting pins.
Hawevar, @ bus is not marsly an
interconnecting wirg, it ambadies
alf the formats and procedures for
communicaton within the system.
Davices communicating with
aach ather an 3 setial bus must
have some farm of protocol which
avoids all possibilitiss of
cantusion, data kss and blockage
of information. Fast devices must

be able o communinats with slow
devices. The system must noi be
dependent on the devices
connecied to i, otherwise
modifications or improvemants
would by impossible. A procedurs
has alzo 10 be devised o decide
which device will be in controf of
tha bus and whan, And, if different
devices with differsnt clock spasds
ars connected i the bus, the bus
shock source must be defined. All
{hase criferia are involved in the
spacification of the *C-bus.

20 THE FC-BUS
CONRCEPT
The FG-bus supports any IC
fabrication process (NMOS,
CMOS, bipalar). Two wires, seriat
data {814} and serdal chock (SCLY,

earry infonmation belwesn the
gevices connactad o ths bus,
Each dovics s resognised by a
gnigus address - whather its 2
miciocontraiiar, LCD driver,
mamory of keyboard interfacs -
and oxn operats as eithsr a
fransmitter or receiver, depending
on the function of the devics.
Chviously an LOD driver is only a
receivar, whereas a memaory can
hoth receive and transmit data. in
addition 10 transmitters and
raceivers, devices can alsc be
considerad as masters or slaves
whan performing data transters
{ene Table 1), & masier is the
device which iniliates 3 data
transfer on the bus and generates
the clock signals to permit that
transfer, At that time, any device
addressed s considersd a siave.
The £C-bus is a muli-master
bus. This means that more than
one devics capable of contralling
the bus can be connecied o 1. As
masters ars usually micro-
controliors, tat's consider the cass
af & daia transier bebwesn two
microcontrollers connected to the
PCbus {Fig.3) This highlights the
master-slave and recaiver-
transmifter relationships o be
found on ihe PC-bus. it should be
noiad that thess relationships ars

Tabis 1 Delinition of PO -bus tsrminology

Term Dasoription
Transmiitar The device which sends tha data o ths bus
Racelver The devics which receives the data from the bus
Master The davios whish initiates a transfer, genarates clock

signals and terminates & wansfer

Siavs

The device addressed by 3 masier

Muit-master

Muore than one masier can atiempt i aantrol the bus at
the same time without corrupting the message

more devices

Arbitration Procsdure 1o ensure hat, ¥ more than ong mastes
simufansously fries i contral the bus, only one is
atiowad to do so and the message s not corupiad

Synchronization Procadure 13 synchranizs the clodk signals of twa or

LG Electronics Ex. 1019, pg 8
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Fig.8 Exampls of an 1°C-bus configuration using two micmsontroliers

responsibifity of master devicss;
each master generatas s own
clack signads when transferring
data on the bus, Bus clock signals
from a master can only be alterad
when they are sirstched by a
sipw-slave device holding-down
the clogk line, or by ancther
master when arbitration csoours.

4.8 GENERAL
CHARACTERISTICS
Both SD& and SCL ars

pidirectionad ines, connected 1o &

pasiive supply witagse v &

puli-up resistor {see Fig.d). Whes

not parmanent, but only depend
o the diraction of data transfer af
that time, The transfer of data
would procsed as follows:

"‘?‘}"$H§)X§t)‘§§‘mﬁ?ﬁ?ﬂhﬁﬁﬁk}?‘ﬁ ““““““

wanis o send information (o

microoontrolier 8:

-~ micmcontroliar & {master),
addresses microcantiolier B
{slava}

-~ migraconirollar & {master-
iranamittar), sends data o
microconiralier B {slave-
recsivar)

- microcontrolier A terminales the
transter,

T RIORTRTS S R W)
recsive information from
micocontrolisr B;

~ mcrasontofer A {masten
adurrvswynisrouoniotier B
{elave}

- seiorssontrofier & {mastar-
TRCBIVEY) TRUBvES gt irom
aenscontreise-B{slaves
EneTRINET

~ WRSEsRcliar A lerminatas the
transier,

Evan i this oags, the master
{micraconirolier A} generatss the
timing and lemainates the fransier,
The possibility of connacting
more than one microcontrollsr to
ths {%C-bus means that mors than

ane mawtsr could iy 1o infliats a
data transfer ! the sams time. Ta
avoid the chaos that might ensue
from such an avent - an arbitration
procediure has been davsioped.
This procedurs refies on the
wired-AND connsction of aff I°C
interfanes ¢ the PC-bus,

{f wo or mors mastars iy o
put information onto the bus, the
first w2 produce a ‘ong’ when the
athar produces 8 ‘zem’ will {ose
the arbitration. Ths clock signals
during arbitration are a
synchronized combination of the
clocks generated by the masters
using the wirsd-AND connegtion 1o
the 8CL linsg (for mare detafled
information concsming arbitration
sse Saction 7.5}

Genaration of clock sigaals on
the FC-bus is atways the

the pus ig Ireg, both iines are
HIGH, The outpul stages of
dsvicss connected o the hus
must have an opan-drain or open-
ccolisotor in order fo perform the
wirad-AND junction, Data on the
#C-bus can be trangfsrred at &
ratg up o 100 kbit's in the
standard-mods, or up to 400 Kbit/s
in the fast-mads. The number of
infetfaces connscted {6 the bus is
solely depsndent on the bus
capaciiance {mil of 400 oF,

5.0 BIT THANSFER
g to the varisty of different
technokgy devices {CMOS,
NMQOSE, bipolar) which can be
connactad to the PC-bus, the
lsvels of the jogical ‘0" (LOW} and
1 {RIGH! are not fixed and
depend on the assooiated level of
Vop (888 Sention 18.0 for

ai-ue

i 5(3.«?3.\:1___5{‘
{oouwr 3

Fig.d Connection of I2C-bus devices 1o the FC-bus
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Electrical Specifications). One
clock pulss is gensrated for sach
data bit transterred.

5.1 Data waiidity
Thea datx on the SDA line must be
stable during the HIGH period of
the clock. The HIGH or LOW siate
of the data lins can only change
when the olock signal on the 8CL
fine is LOW {(sse Fig.5),

5.2 STAHT and STOR
senditions
Within the procedurs of the £0-
bus, unique siluations arise which
ara defined ag START and STOP
conditions {sea Fig.8).

A HIGH to LOW transition on
the SDA line whila SCL s HiGH is
one such unique case, This
sRuation indicates a START
aondition,

A LOW 1o HIGH transition on
the SDA line whils SGL s HIGH
defines 2 STCPR condition.

START ang 8TOF conditions
are sdways genarated by the
master. The bus is considered to
be busy after the START
condition. The bus is ponsidered
o be fres again a centain time
after the STOF condition, This bus
fros siluation is specified in
Section 15.0.

Detaction of START and STOP
conditions by devices cennented
o the bug iy easy If they
incorporale the necessary
interfacing hardware, Howeaver,

t
3 A }
flats vabd }

Fig.5 Bit wansfer

N
!
change |
ot dsia |
slowed |

AHBOEEG

on the {0 -bus

stad conditon

Fig.8 START and STOP sondivons

stop canditicn
B2

misrosontrofiers with no such
intatface have o sample the SDA
fine af isast fwice per cluck petiod
in order 1o senge the transition,

§8 TRANSFERRING
DATA '

8.1 Byls format
Every biyte put on the SDA line
must be 8-bRs king. Ths number
of bytes ihat can bs iransmitted
par ttansfer is unrestricted. Sach
byle has o bs idlowsd by an
acknowledge bit. Dala is
transferrad with the most
significant bit (MSB) first (Fig.7). 8
a racaiver can't raceive another
complete byte of data until it has

petiormad soms other function, for
axample servicing an internal
inferrupt, i can hold the clook line
SCL LOW 1o force the tranamitler
into g wait state. Data transfer
then contituies when the recefver
s ready for ancther byte of data
and relpases clook ling SGL.

In some cases, it's permiited i
uss a differant formal from the
FC-bus formal (for CBUS
sompatibis devices for exampis).
A messags which stants with such
an address can be lerminated by
generation of a TP condition,
avan during the ransmigsion of &
byte. in this case, no acknowledge
is gensraled {zes Ssction 8.1.3)

Fig.7 Data vansler an the 1¥C-bus
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§.2 Acknowisdgs
$aia transfer with acknowledgs is
cbiigatory. The acknowiadge-
ralated dlock pulse is gensrated
by the master, The transmitter
releasss the SDA ling (HIGH)
guring the ackaowladge clock
pulas,

The receiver must pull down
the SDA line during the
acknowledge clock pulse so that it
remains stable LOW during the
HIGH perind of this clock pulse
{Fig.8). Of course, sai-up and hold
times {spacified in Section 18
must also ba taken ido account.

Usually, a receiver which has
been addressed is obliged to
generate an acknowiedge after
sach byls has besn recsived,
sxcept when the message staris
with a CBUS addrass {see
Section §.1.3%

When a slave-recelver doesnt
ackhowledgs the slave address

{for exampls, it's unable to receive
because it's performing some
regltime function), the data line
must be jeft HIGH by the slave.
The master can than generata a
STOP condition 1o abort the
trangfer.

if a slavereceiver doas
acknowladge the slave address
but, soma time laler in the transfsr
cannot receive any mors dala
byles, the master must again
abort tha transfer. This is
irdlicated by the slave gensrating
the not acknowledge on the first
byts o follow. The slkave isaves
the data fine MiGH and the master
genarates the STOR condition.

H a master-recsiver is invived
in a ransfer, it must signal the
and of data to the slave-
tragsraifter by not generating an
achnowledge on the last byts that
was clocked out of the sfave, The
slave-transmtter riust release the

-
SATA QUTPUT TN / \/ v\’ y
BY TRANSMNTER Y ‘ Z N AL A /
§ not Acknowerize -,
S
VATA OISF t T 7
27 RECH ; N/
: ; ackn':wiaagc-/
SOH. F1UA * *‘\ Vo Faat ) ; ,;..\
MASTER H E \ / Y VAR R FeN s
€ .
L2y s
TART CrONA QYIS ©
';(Sgbzié\;‘.;f(\h Heoeoz Aok BdnE et

Fin.8 Clock synchropization duning the arbilration proceduns

ML

data fing o allow the master to
generate the STOP condition.

70 ARBITHATION AND
CLOCK GENBRATION

7.4 Synchronization
Al masters ganarale thelr owae
ciock on the SCL line to fransier
messages on the °C-bus. Data is
only valid during the HIGH perind
of the clock. A defined ciock is
thersfore needad for the bit-by-bit
arbilration procedure o take
place.

Cloek synchronization s
parformed using the wired-AND
connection of PO interfaces 1o the
SCL fine. This means that a MIGH
o LOW transition on the SCL lins
will cause the dsvices concernsd
to siast counting off their LOW
pariod and, once & device clock
has gane LOW, it will hold the
SCL fine In that stale until the
clook HIGH siate is reached
{Fig.8}. Howaver, the LOW o
HIGH fransition of this clock may
not change the state of the SGL
fine I another cloek is sl within
its LOW period, The SCL line will
therefore be held LOW by the
device with the longest LOW
period. Devices with shorter LOW
pericds enfer a HIGH wait-state
during this time.

When all devices concerned
have counted off their LOW
periad, the clock line will be
ralegsed and go HIGH. Thers will
then ba no difference betwesn the
device clocks and the stale of the
SCL fine, and all the devices will
stad counting thelr HIGH pericds.
Tha first davice o complete is
HIGH pariod will again pull the
SCL fine LOW.

in this way, a synchronized
SCL clock s generaled with e
LOW pariod determined by the
device with the longest clock LOW
pariad, and s HIGH period
determined by the one with the
shortast clook HIGH period,

LG Electronics Ex. 1019, pg 11




7.2 Arbiration

condition which rasulis na

bus,

the master which transmits

leval,

many btg. Hs first siage is

masters are each iying
address the same devics,
arbitration continues with

Process.

slave function and it loses

A master may start a transfst only
if the bus Is ires, Two of mare
masters may generaie 2 START
condition within the minimum hold
time {ypgral of e STARY

defined START condition o the
Arbitration takes place on the

DA line, while the 8CL lina iz at
the HIGH level, In such a way that

3

HIGH lovai, whils another masisr
is transmiiting a LOW lsvel will

switch off its DATA cutput stags
bacauss ths level on the bus
doesn't corrsspond fo Bs own

Arbiiration can continus for

comparison of the addrass bils
{addrassing information is in
Seotions 8.0 and 13.0}. i the

comparison of the data. Bacauss
address and data information on
the PC-bus'is usad for arbitration,
no information is lost during this

A mastar which loses the
arkitration can gsnerate clock
pulses undil the end of the byle In

which it joses the arbitration.

i a master also incorporates a

arbitration during the addressing
stags, ¥'s possible that the
winning master is tiying
address . The losing masier musi
thersfore awilch over immediately
i Hs slave-receiver mode.

Figure 10 shows the arbifralion
procedure for iwe mastsre, L
Sourss, more may ba involved
{depending on how many mastsrs
are connecisd o the bus), The
mamaent there is a diffsrencs
batween the internal daia level of
the master genersting DATA 3
and the actual level on the SDA
Hins, s dala outpul is switched off,
which raeans that a RiGH oulput
level is then connecied to the bus.
Thiz will not affect the data
transfer inftiated by the winning
mavtsr.

Sinve control of the Fl-bus is
dacided solaly on the address and
data sent by compsting mastars,
there is no central master, nor any
order of priority on the bus,

Special atiention must be paid
i, during a serial transfer, the
arhiiration procedurs is still in
progress at the mament when 3
ropeated START oondition or a
BTGP condition s transmitied to
tha 1¥C-bus, if its possible for
such a situation 1 ocouyr, the
raasters imolved must send this
repeated START condition or
STOP condition at the same
poshtion in the format frame. in

other words, arbitration isn'

allowsd batween:

~ A repeated START condition
and g datg of

- A STOP condition and a
data bit

~ & repaated START condition
and a STOP condition.

7.3 Usa of the ologk
synchronising mechanism &3 a
handshake
{n addition o being used during
the arbitration procedurs, the ciook
synchranization mechanism can
b used fo anable racaivers fo
cops with fast data transiers, on
aither & byte leval or a hil lsvel

On the byle level, a device may
be abls 1o raceive bytes of data at
a fast rate, but needs more fime
to slore a recaived byte or
preparsg ancther byte fo be
fransmitted. Slaves can then hold
the SCL line LOW after recspting
and acknowlsdgement of a byte to
iorce the master bio 2 wall sixts
uniil the slave ke ready for the next
byte ransier in a type of
handshake srocedurs.

O the bit jevel, a davice such
a8 a miceontrolisr without, or
with only a timited hardwars FC
interiace onchip can slow down
the bus clock by sxtending sach
clock LOW pericd. The speed of
any mastar {s tharaby adaptad to
the internal operating rats of this
devigs.

Rransntitter 1 105 aditration
1o D, #S0A
DATA .---{--- TTR T T mme e twm e e
: L
[ i :
DATA j 7 S— i : """""
z ! i i\ j
t ! i :
} ! t
} JF— 4
o i
a0 { if Y
1 ) t
!
by, g e i
s AN NN
MBOS
Fig. 10 Artitration procedure of two mastars
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""""" BEFORMETY WITH BT

ADDREBEES

Data translers follow the format

ahown in Fig. 11, Alter the START,

condition {S), a slave address i

sent. This address is 7 bits long

followed by an sighth bit wiich is

3 dats grenian B TR TE

TRERETINNCATSE AT ERTHINSIGR

TWRITELEons rpiassy

reguest jor gata (HEADLL A data

ITARRISY TR RIWAVE TErTiRGled by &

ZTCOP condition {F) generated by

the master, Howaver, if a master

still wishes to communicate on thy
bus, it can generale g repeated

START nonditlon {Sr) and addresy

another slave withowt first

generating & STOP condition.

Yarious combinations «f readivrity

formats are then possible within

such a lransler,
Poasible data fransfer formals
ara:

~ Mastertranamitter transmits
1o shave-raceivet, The transfer
divection is not changed
{Fig I8}

- Master reads siavs
immadiately after first byte
{Fig.13). Al the moment of the
firsi acknowladge, the master-
tranamitier becomes a master
recaiver and the slave-receiver
bacomaes a slave-ransmittsy.
This acknowiadygs is stif
gensrated by the stave. The
STOR condition is generaied by
the mastsr

- Combinsd format (Fig.14)
During & change of dirsction
within 3 trangder, the STARY
condtion and the slave address
ars both repeated, but with the
R/W bit reversed.

mianneY)
bAoA A LR
Lo
1 fam 7 F i
Foab el ot f
17 % ’&\;..};3\.____,,.,"
[ 3 i
G ACK GATA ACH.

MECERL

Fig. 11 A compiste data transier |

shaee

‘3 fror R

from slaes o master

RS

Fig. 18 A master-ransminer addressas a slave recsiver with a 7-bf address.
The transfer diraction is not changed

MRLEX

% AE oaTa puj SATA g

20sferied
< Acknwiedye)

Fig.13 A master reads & slave inunedialely after the frst dyte

Fiy. 18 Combined fomzt

NOTES:

1} Combined formals can be usad, for
exanys, o control 8 sedal
mamory. During the first dats byte,
ths internal memory losation has to
be writlen. After the START
condition and slave address is
repuated, data can be transiered.
Al decisions an auto-incramant or
decramerdt of praviously accessed
memesy ocations atc. are takan by
the designer of the device,

N
—~—

3} Each byte is followed by an
acknowledgament bit a3 indigated
by tha & or & blocks in the
SOUBNCE.

PC-bus compatble devicns must
rosad thelr bus logic on receipt of »
START or repaated START
condiion such that they all
antivipate the sending of & slave
akiress,

£
-
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8.0 7-BIY ADDRESSING
{sue Section 13 for 10-bit
addressing)

The addrassing procedurs for the
Fo-bus is such that the first byte
aftar the START condition uaually
detarmines which slave will be
salected by the master. The
axcaption is the ‘general call’
addrass which can address all
devices, YWhaen this address is
ussd, allt devicss should, In theary,
raspond with an acknowlsdgs.
Howsvar, devicss can be mads o
ignors this address. The second
byts of the genaral call address
than defines the sction to be
taken, This procedurs is explained
in more detail in Section 8.1.1.

4.1 DefinRtion of bits In the
first byta
Ths first geven bitg ¢f the firat
byte maks oo the slave addosss
{Fig.15). The sighih bl s the LSB
{leasl significant bit). it determines
the direction of tha messags. A
‘zarn' in the least significant
position of the first byte means
that the masier will wiile
information to a sslecled slavs, &
‘ong’ in this position maans that
the master will read information
from the slave.

first seven bite after the START
condition with iz addrass, i
mateh, the device cansiders
addmsasd by the master as a

stave-recelvar of slave-transmitier,

depending on he R/W b,

A slave address can bs made-
up of a fixed and a progranmmable
part, Since {'s likely that there will
be several identical devices int a
sysiem, the programmable part of
the slave addmss enables the
maximum possible number of
such devices o be connecied to
the FC-bus, The number of
programmabile address bits of 3
davice depends on the number of
pins available. For axample, § a

davics has 4 fixed and 3
programmable addrass bits, 3 dotal
of 8 identical devicss can bs
connectad to the same bus.

The £C-bus committas
coardinates aflocation of PC
addresses. Further information can
ne oblained from the Philips

representatives listad on the back
cover. Twa graups of sight
addresses {Q00IXXX and

1111 XKK} are rassrvad for the
purposes shown in Tabls 2. The
bit combination 11110XX of the
siave address IS ressived for 10-
hit addressing {see Saction 13}

Table 2 Jefinition of bits in the first byle

Slave R bt Description
atdross
6000 000 o Ganeral onil address
D0 QU0 i START byte
0000 001 X CBUS address
DK 010 X Addrass reservad for different bus format
000 a1 X
BACT 1XX * Resarved for futums purposses
311 1XX X
111 axX¥ X 10-bit slavs addrassing
MNOTES:

1} No device is alfowad to
asknowladge &t the reception of the
START byte.

The CRUS addrass has bean
raservad to anable the imer-mixing
of CBUS compatible and FC-bus
compatible devices in the same
systsm. P0-bus compatible devices
arg not affowsd i respond on
raception of this addrass.

a

R

3} The address raservaed for a different
s format is included to enabls PO
and other profocols 1© by mixed,
Cinly PC-bus compatible devices
that can work with such formals
and protocois are allowed to
mspond o this adkiress,

=
P
3

L8R

T H—
{ RAY
1 3 H

i ]
»»»»»»»»»»»»»»»»»»» shae B e

Fig 18 The first byte after the START procedurs

MBCEES
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8.1.7 QGeneral sali address
The general call addrass is for
addressing every device
connactad to the FO-bus,
However,  a dovics dossat nead
any of the dala supplied within the
ganaral call structure, & oan ignore
this addrass by nat {ssuing an
acknowlsdgement. ¥ a davics
duss require dala from a general
call addrass, i will acknowledgs
this address and behave as a
slave- receiver. The second and
following bytes will be
acknowledged by every slave-
raceiver capabis of handling this
data. A siave which cannat
process one of thess bytss must
ignore | by not acknowiadging.
The meaning of the general call
address is always specified in the
sscond byte (Fig.18).

Thete are two cases
consider:
® ¥When the least significant bit B

is a ‘zer’
¢ Whan the least significant bit B

is a ‘one’.

YWhen bit B is 8 "zere’; the
second byts has the following
definition:

- (0000110 (M08}, Heset and

write programmable part of
slave address by hardware, On
racsiving this 2-byte saguanos,
all devices designad ks raspond
o ihe goneral call address will
rosat and take in the
programmable part of their
address. Precagtions havs i
ba taken to ansurs that a
device is not puilling down the
SDA or 3CL #ne afler applying
the aupply voltags, since thess
low levels would block the bus
QOOGOT00 {(H'G4'). Wilte
programmable part of slave
address by hardware, All
davices which defing the
programmable part of their
address by hardware {and
which respond to the general
call addressa} will latch this
programmable gart at the
reception of this two byts
seguence. The davice will nat
resat, :
SH000000 (H'DOY. This code &
not sliowed to be used as the
sacond byte.

Sequences of programming

procedure are published in the

appropriate device data sheets.
The remaining codes have rot

hesen fixed and devices must
igniore them,

When bit B is 8 ‘ong’; the 2-
byta ssquence is a ‘hardware
general call’. This mseans that the
sequenes is transmitied by a
nargdware rmastsr devics, such as
a Keyboard scannar, which cannot
be programmed t© fransmit &
desired slave address, Sincs a
hardwars master doasn’t know in
advance t which device the
message has 1o bs transferred, ¥
can only generate this hardwars
general call and s own address -
identlying fiself to the system
{Fig. 17}

The seven bits remaining in the
second byte comtain the address
of tha hardware master. This
address is resognised by an
intafligent device {8.g. 2
microcontrolisr} connected o the
bus which will then direot the
information from the hardware
master, i the hardware master
can aleo act as a slave, the slave
addross s identicad to the mastey
agdrass,

in some systems, an altarmnative
eould be that the hardware master
transrnifter iz set in the slave-

fofeisiojalafaixlx[xix|x]xix

- festhyie
iemgnerst vall address)

Fig. 18 General caf address format

R o E U R }

x

BRTAL A POAT

KIALE

Y

2 4 40k

——

generit ascond o )
cat sdebess byte MELEN
Fig. 37 Dalg lrangfer from a hardware masteriranemitter
10
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{a}

MBCER

addrass &

i)

Fig. 18 Data transter by & hasdware-ransritter capable of dumping
datz dirgctly fo slave devices (&) Configuring masisr sends dump
hardware mastar (b} Hardware muaster dumips dala o

sefgctad slava

racsiver mode alter the system
resat. in this way, 3 system
configuring master can iell the
hardware masier-transmitter
{which is oW in slave-recaiver
mode)} 1o which address data must
be sent {Fig. 18}, After this
programming procedure, the
hardware master remains in the
master-transmitter mode.

8.1.2 STARY byis
Microcontrollers oan be conascisd
1o the PC-bus in two ways. &
microcontroller with an on-chip
hardware FO-bus interface con ke
programmed o be only interruptad
by reguests from the bus, When
tha devics dossn't bave such an
interface, it must consiantly
monitor the bus via softwars.
Cbvicusly, the mote times the
microcantiolier monitors, or polls
the bus, ths lsss time & can spend
narrying ot Rs intendsd function.

Thare Is therslore a speed
difference betwesn fast hardware
devices and a relatively slow
microconiroliar which reliss on
software poling.
in this case, data transfer can
bs precedad by 8 siard procedurs
which Is much bager than nonmal
{Fig.18}. The stant procsdure
sonsists of:
~ A& START condition {5}
~ A START byte (H00T0001)
~ An adknowledge clock pulse
{ACK}
~ A repaatad START condilion
(S}

After the START condition & has
haen ransmilisd by a master
which requires bus access, the
START byle {QO000G01T) is
transmilied. Ancther
microcontrolier can therelore
sample the 804 fins at o low
sampling reds urdil one of the

seven zeros in the START wyie is
datected, After datection of this
LOW leval on the SDA ling, the
microcontiofier can switch 1o a
tigher sampling rats o find the
repaated START condition &r
which s then used for
gynchronization.

A hardware recelver will reset
an receipt of the repeated START
condition Sr and will therefors
ignors the BTART byle.

An acknowledga-related clock
pulse s generated after the
STARY byts. This is present only
o conform with the byte handling
ivrmat used on the bus. No device
i5 allowad to acknowledge the
START byte.

1

o
SDA |

Pl

TSNS
ba o ACK

[tatetet}

e start byte QOCOOCT s =

Fig 18 START hyte procedure

),i durimy N

arknowieiye
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8,43 CBUS compatibiily
CBUS racelvers can be connacied
10 the FCbus. Mowevar, a third
bus line called DLEN must then
be connacted and the
acknawladge kit omitled. Nonwally,
PG yansmissions are ssquences
of 8-bit bytes; CBUS compstible
devices have different formats.

fn a mixad bus structure, G-
bus devices must not respond o

the CRUS message. For this
reason, a special CBUS address
(00006 TX) to whish ne FC-bus
compatible device will respond,
has been ressrvad. After
transmission of the CBUS
addrass, the DLEN ling can ke
made aotive and & CBUS-format
transmission {Fig.20} sam. Afler
the STOP candition, ali devices
are agadn eady o acoept data.

Master-tranemitlers can send
GRUS formats alter serding ths
CRUS address. The transmission
is anded by a STOPR condition,
renognised by all devices.

NOTE: Hf the CBUS configuration is
known, and gxpansion with CBUS
comgatitle devices st foreseen, the
designer is alinwad 1o adapt the hold
time 1o the spaoific requirements of the
device{s} usert,

vvvvvvvvvvvvv Yot

S R O VA SN S SN BN S N

£ - gt biis

Fig.20 Dada format of transpiissions with CBUS franseithreceier

12
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19.8 ELECTRICAL
CHARACTERISTICS FOR FFC-
BUS DEVICES Youe-
The electricad spaciiications for the Vomi ~5YEI0%  Ypos Voo Vong
1i0s of PC-bus davices and ths i
characteristics of the bus lines
connected 1o them are given in

o e davive dependerd {e.g. 12 V)

W

RO HOMOS TS BIEGLAR

e
o]
P
5
¢
P
LA
L

Tables 3 and 4 in Ssction 15 50
PG-bus davices with fixed inpul ot
fevals of 1.5 V and 3 V can each wisCE1D

have their own appropriate supply
voitage. Pull-up resistors must be
aonascisd to & 5 ¥ & 10% supply
{Fig.21). Fo-bus devices with
input levels related to Vi, must
have one common supply line o
which the pull-up reaistor is also
connactad (Fig.22). t
When devices with fixed input
fevals are mixed with davices with
input levels related to Yy, the
{atier devices must be connecitad e
v one commion supply ine ol 8V e
+ 1% angd must have pull-up :
resistors cormecied to thelr SDA
and SCL pins as shown in Fig.23, Fig.22 Devices with wite supply voltage ranga opnentad o tha 17C-bus
Input evels are defined in such
L way thals
~ The nolse margin on the LOW
foval fs &Y ¥y,
~ The noise margin on the HIGH
lovel is 0.2 Vi
~ Az shown in Fig.24, series P
rosistors {Rg) of e.g. 300 Q van agr? CRE
be used for protection against son | i
high-voltage spikas on the SDA
and BCU lines {dus [P
flash-over of 8 TV pichire lube,
for example}, Fig.23 Devices with input levels related 1o Yy, (supply Vi) mixed with ficed
input fovel devicns {supply Viggs o) onthef 2obus

Fig.21 Fixed input leve! devices connected Io the 17C-bus

o

Voo, aw device dapenderd e Q. 12 V)

voos ¥ona

CMOS HIOS BIPGLAR

) i

-

133 Maximum snd minimum
values of resistors R, and 8§,
For standard-mode 1C-bus

devices, the valuss of resisiorns R, Yoo
and R, In Fig.24 depend on the ;
foliowing paramsiers: it

- Supply wltags

- Bus capacitance

- Number of connectsed davices
{inpt carrent + leakage
aurrent).

R

XMACEY

The supply vollage fimits the
minimum value of rasistor Hp due

Fig.24 Seriss rasistors (R, } for protection against digh-voitage spiles

s
[

LG Electronics Ex. 1019, pg 18



o the specified minimom sink
current of 3 mA at Vg gy = B4V
for the output slages. Vpy @3 &
function of Ry o Is shown in
Fig.25. The desired noiss margin
of 1V, for the LI svel, limits
the maximum value of Hg. Ry o
as a function of B is shown in
Fig.28.

The bus capaciianca is the total
capaciance of wire, conneations
and pins. This capacitance fimils
the maxirurm vaus of B due fo
the specifisd rise time. Fig.27
shows Ry ., 28 & function of bus
sapacilance, »

The maximum HiGH level inpt
current of each inputioutput
conaection bas 8 specified
maximum valus of 10 A Due to
the desited noise margin of
0.8Vyp for the HIGH levsl, this
input currant fimits the maximum
valus of B,. This limit depends on
Yope The total HIGH level input
aurrent is shown as a funclion of
R, maxin Fig.28,

&
s :

: Fgen %
L :
T -
N man. Ry

S

1 H
R :

¢ A 3

Fig.88 Minimum valus of B as a function of supply voltage with the value
of R, as a parameter

MIEN
i i
b ; Iy
? f d
ji3el] i sV
! )
A
K & %
i g
5 + ;
F :
£
7
! o
* wv
{
§
I3
o hd :
- i B
! |
'
o> H
s a 200 208

marimue vaiue fig 10}
Fig.26 Maximum valus of B, as & funclion of the valus of B, with supgly
vollage a5 8 paramelar

Fig.27 Madmum vaive of B, as & function of bus capacitance for 2
; Do
standard-mode {C-bus

WO
Ei 4
¥
bbby
LN
X \
AY
\\
VN NN ey

V
]
7

8 40 . g 120 1
B NG fouss il CLTEnRs LAY
Fig.28 Tota) HIGH tevel input current as &t function of the maximum value
of 8, with supply vollage a5 & pAramater
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110 EXTENSIONS TO
THE PC-BUS
SPECIFICATION
The PC-buza with a data transfer
rate of up to 100 kbit/s and 7-bit
addrassing has now besn in
existence for mors than ten yvears
with an unchanged specification.
The concept s accepted world-
wide as a de iacty standard and
hundreds of different types of F0-
bus compatitds 10s are available
frore Philips and other supphers,
The FC-bus specification is now
axtanded with the following twae
features:

& A fast-mode which allows a
fourfold increase of the bit rate
0 { 1o 400 kbit's

e 10-bit addressing which allows
the uss of up to 1024 addiiional
addresses.

There are tWwo reasons for thase

axtensions o the PC-bus

spacification:

~ Naw spplications will nesd 1o
transfer a larger amount of
sarial data and will therefore
demand a higher bit rate than
100 kbitss, improved 0
manufactuting technalngy now
afiows 3 fowrfold spsed
increase without increasing the
manufaciuring cost of the
intarface circuitry

- Muoat of the 112 addresses
avaiiable with the 7-bit
addrassing scheme have besn
issyad mare than oncs. To
pravent groblems with the
sflocation of slave addrasses
for new devices, it is desirable
o have more address
combinations, Abaut a tenfoly
increase of the number of
avaifable addresses fs oblained
with the new 10-bit addrassing.

All now devices with an FG-bus
interfane are gprovided with the
fast-mode, Fraferably, they should
he able to receive and/ior transmit
at 400 kbit's. The minimunm

requirement is that they can
synchronize with a2 400 kbit/s
transiar; they can then prolong the
LOW paried of the SCL signal fo
slow down the transfer. Fast-mode
devices must be downward-
campatibls which means that they
raust still be able to communicate
with 0 to 100 kbivs devices ina 0
t¢ 100 koitis PC-bus system,

Cbviously, deovicss with & 0 {0
100 kbits PC-bus interface cannot
be incorparatsd in a fast-made
PC-bue system because, sirce
thay cannat follow the higher
fransiar rafe, unpredictable states
of these devices would oocur,

Siave devices with a fastmods
PC-bug intarface can have a 7-bit
or g 10-bil slave address.
However, a 7-bit address is
proferrad becauss it is the
cheapast soltion in hardware and
it resulte in the shonest message
tannth, Davices with 7-bit and 10-
bt addresess can be mixed in the
same F0-bus system regardiess
of whather tis 2 ¢ fo 100 kbit's
standard-mode system or a & o
400 Koivs fast-mode systsm, Both
sxisting and fiuture mastsrs can
generate efthar 7-bit or 10-bit
addrassss,

12.0 FAST-MODE
in the fast-mode of the IC-bus,
the protoool, formay, logic leveia
and maximum capaciive ioad for
the S04 and SCL lines quotsed in
the pravious £3-bus spacifization
are unchanged. Changss o the
previous PC-bus specification are:
—~ The maximum bi rate is
ncreased to 400 kbits
~ Timing of the serial data (804)
and serial clock {SCL) signals
fas been adapied. Thers is no
niged for compatibilify with other
bus systems such as CBUS
bacause they cannot operate at
the increased bl rats
~ The inputs of fagt-mods
davices must incorporale spike
suppression and a Schmitt

-t
(&2

trigger at the SDA and SGL
inpuis

~ The outpul buffers of fast-mods
devices must incorporate slops
control of the falling sdges of
the SDA and SCL signals

~ if the pawss supply o & fast
mods devics s switched off,
ths SDA and SCL FC pins
must be fioating so that they
dan't pbstrict the bus Bnes

- The external pudt-up devices
connected © the bus lines must
be adapled o accommodats
the shotter maximum
permissible rise time {or the
fast-mods P0-bus, For bus
ioads up to 200 pF, the puliup
device for sach bus iine can be
a resisior; for bus loads
petween 200 pF and 400 pF,
the pull-up device can be a
current source {3 mA max.) or
a switched resisior oircuit 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
arddressing sxplofts the reserved
combination 111 1XXX for the first
seven bits of the firat byte
following & START (8} o repeated
STARTY {&s) condition as explained
inn Section 8.1, The 13-bit
addressing does not affect the
axisting 7-bit addressing. Devices
with 7-bit and 10-bit addressas
can be connecied to the same
¥ous, and toth 7-bit and 10-bit
addressing can be used in a
stangard-mode system {up
100 kbivs} or 8 fast-mode system
{up 1o 400 khitis).

Although there are sight
possible combinations of th
reserved address bits 111 1XXX,
only the {our combinations
H1110XX ars used for 10-bit
addrassing. The remaining four
sombinations 111110 are
reserved for future FC-bus
enhancemeanta.
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3.4 Definition of bits in the
firat two hyles

Tha 10-bit slava address is
formaed from the firat two bytes
following & START condition {8} or
a ropasted STARY sondition (S,

The first seven bits of the first
byte are the combination 11110XX
of which the last two bits (XX} ars
s bee most-significan bits
{MEBs) of the 10-bR address; the
2ighth bit of the first byte is the

AW bit that detarvines the
divestion of the msssags. & zer’
in the least signfficant position of
the first byts msans that the
master will weite information o &
salociad slave. & ‘'one’ in this
position maans that the master will
rsad information from the slave.

i the R/W bit is ‘zere, then
the ssoond byte contains the
remaining § bits POOOGOKXX) of
the 10-bit address. If the ®/W bit
is ‘ong’, then the next byts
containg dala fransmitied from a
slave to a mastar.

13.2 Formats with 18-bit
addressus
Yarious combinations of readawrita
formats are possible within g
transfer that includes 10-Bit
addressing. Possible dala transfer
formats arg:
~ Mastar-bansmilter ransmits
1o sleve-racaiver with a 10-bit
siave address. Tha transfer
diraction is not changed
{Fig.28). When a 10-bit
address follows a START
condition, each slave comparss
the first sevan bits of the first
bvte of the slave address
{HHH10XX) with iis own address
and tests ¥ the sighth bit (/W
dirgotion bit} is 0. i is possible
that mors than one device will
find a maich and generate an
acknowlasdge (A1), All siaves
that found a8 maich will
compare the aight bits of the
second byte of the slave
addrass (OOCOOXX} with their

Trto}

Fig 28 A master-transmilar addresses @ slavg-receiver with 3 10-bit
addraas

Fig. 3¢ 4 masier-raceiver addresses & slavs-fransmitiar with & 10-5it
address

i)

{630) P

.31 Combined formal. A masier addresses & slave with 8 10-bit address,
than lransmits daia lo fus slave aad reads dails from his siave

own addraases, but only one
slave will find a maich and
gansrate an acknowledge {AZ).
The matohing slave will remain
addresssd by the master unti §t
racaives a STOP condilion (P}
or a repeated START condition
{Sr} followsd by a different
slave address

- HMaster-rocsiver reads siave-
transmitler with & 10-bit slave
addrass, The tranafer
dirsction is changsd affer the
socond R/W Bt {Fig.30). Ug
to and including ackrowladgs
ot A2, the procedums is the
same as that described for a
mastertransmitier addressing a
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e
0 R

e

Fig.32 Combined format, A master transmils dxta 1o two slaves, both with
F¢-bf addresses

2t
.

- SLAVE ADORS

BYTE OF 1

Fig.33 Combined format. A master ransmits daia Io wo shaves, ong with
& 78 address, and ane with & 10-4it addrass

slave-recaiver, Alter the
repeated START condition {Sr),
a matching slave remembers
that & was addressed befnrs,
This siave then checks i the
firsi severt bits of the firsl byts
of the sfave addrpss foliowing
&y are the same as they weis
after the START condition {8},
and teats §f the eighth (R/W) bit
is 1. i there is & malch, the
slave considers that it has besn
addressed as a transmitter and
generates acknowiadge A3
Tha slave-transmitter
remaing addrasssd untit §
raceives a STOP condition ()
or untit & receives anothey
repeatad STARY cosdition {8¢)
followad by a differant slave
addreas. Aler a rapeated
START condition (Sr}, all the
other slave devices will also
comparg the first seven bits of
the first byte of the slave
address (11110000 with thelr
pwn addresses and test the
sighth {R/W} bit. Mowevar,
none of them will be addressed
because R/W = 1 {for 10-pit

devices), or the 11110XX alave
addrass ffor 7-bit devices) does
not match)

Combinad formad. A master
fransmits dels o 8 slave and
then reaads dsis from the
same slove {Fig.31). The
same masier occupies the bus
3l the time. The transfer
dirention is changed after the
second /W bit

Combined format. & mester
transmils dota o ong slave
angd then transmils data &
another slave {(Fig.38) The
samd raaster scouples the bus
all the time

Combined formal, 10-bi and
7-bit addrsesing combinsd in
one serial transier Fig.33)
After sach START condition
{3}, or each repeated START
condition {8, a 10-bit or 7-bit
siave address can be
ranemitiad, Figure 33 shows
how 3 master-transmits data o
2 siave with a 7-bit address
and then tranamits data to a
sgoond slave with a 10-bit
addrase, The same masier

A
~3

oocugies the bus all the Hmea.

NOTES:

1} Combined formats can be used, for
axamgde, o contral & seriad
mamory. During the first data byte,
thy internal memory location has
beo writtan. ARor the START
sondition and slave address iz
repested, dalr van be tansferred.

3 All dedisions on auta-incremant or
decrament of previously accessed
memory focations alo. as taken by
the designer of the devics.

} Each byte is followed by an

acknowladnemant bt as indicated

by the & or & blocks in the

SRS,

#C-bus comgpatible devicas must

reset their dus logic on receipt of a

START oy repeated START

sondiion such that they all

argicipate the seading of a slave

X

3
o

£

address.

4.0 GERERAL CALL
ADDRESS AND STARY BYTR
The 106-bit addrossing procedure
for the *G-bus is such that the
first two byvtes after the 8TARTY
condition {8) usually determins
which slave will be selecied by the
mastar. The axception is the
‘genergl call’ addrass 00000000
{H'00'). Siave devices with 10-bit
addressing will reant o & ‘general
call’ in the sams way a3 slave
davices with 7-bil addressing {ses
Section 8.1.1).

Hardware masters can fransail
their 10-bit address aftar a
‘ganaral oalf. In this case, the
‘genaral call’ address byts is
folfowsd by two successive bytss
containing the 10-bil address of
ths mastertransmifter. The format
i3 as shown in Fig.17 where the
firet DATA byte containe the aight
inast-significant bits of the master
address,

The STARY byts 00000001
{HO1) can preceds the 10-bif
zddrassing in the same way as for
7-bit addressing {ses Saction
8123
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188 ELECTRICAL
SPECIFICATIONS AND
TIMING FOR 1O STAGES
AND BUS LINES
Tha 10 lavels, VO current, spike
suppression, output slope cantrol
and pin capacitance for FG-bus
devices arg given in Takde 3. The
PC-bus timing is given in Tabls 4.
Figure 34 shows the fiming
definitions for the FC-bus,

The noise margin for HIGH and

LOW levais on the bus lines for
fact-mods devicss are the sams
as those spacified in Section 10,
for standard-made #0-bus
devices.

The mirdmum HIGH and LOW
pericds of the SCL dlack spacifisd
in Tabls 4 determing the
maximum bl ransfer rates of
100 kKbit's for standwrd-mode
davices and 400 kbit/s for fast
mods devices, Standard-mode

Tabie 3 Oharaciotistion of the SIA and SOL VO stages for Fl-bus devioss

angd fast-mods PC-bus davices
must be able to ollow transfers al
thair own maximum bil rates,
aithar by belng sbls ko transmil of
recsiva al that spasd or by
applying the clock synchronization
pracedure deserived in Section 7
which will foroe the master into a
wait siats and siraich the LOW
pariod of the 8CL signal, O
course, in the iatter case the bit
transfer rate is reduced.

standard-mods devices iast-mode devices
Pargmetar Symboel Unit
* Min. Max. Min. Ran. ’
LOW lavel input vollage: ¥y v
finad input isvals ~0.5 i85 ~3.8 1.8
Vpp-ialated input lovels Y 0.3V, ~0.5 PRCLTIN
HIGH faval input voltage: Vi ¥
finad input fevals 3.0 a 3.0 +%
Vpp-reiated input levels 0.7V 3 ©.7Von <3
Hysteresis of Schmil bigger inputs: Viys ¥
fixad input fevals L nia 0.2 -
Vp-ralated input levels na nia G.08Vpn
Pulsg width of spies which must be o B na e S0 ns
suppressed by the input filter
LOW lovel qutpit voltags {opsn drain of ¥
apen cutlector):
at 3 md sink current Vors ¢ G4 ¢ 0.4
at 8 mA sink surrent Voie wa wa & 0.8
Quiput fadl tims from Vi 0 10 V) 0 with tae n%
2 bus capacitance hom 10 pF to 400 pF:
with up 1o 3 MA sink cureant &t Vo, 2507 20 + 0105 250
with up 10 8 ma sink curent at Vo 4 nia wa 20 #0105 280%
Input surrent each VG pin with an input & ~50 10 RIS e pA
voltage between 0.4 Vand Q8Vy o
Capacitance for sach O pin G - 10 - ke pF

iR = not apphicabie
U mandimum Vig = Yop e + 35 Y

2 g, = capacitance of ong bus fing in pf. Note $13t the maximum {; for the SDA and SOL bus lines
guotad in Table 4 (300 a5} is longer thar the specified maximum g for the output stages (250 ns).
This allows saries protecion resistors (R }to e connected betwearn ths SDASCL pins and the
SDASCL bus lines as shown In Fig 37 without excesding the maximum specified &

340 pins of fastmods dovics must not oshstrut the SDA and SCL tinks if Yoy, is switched off.

18
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Tabie 4§ Characteristics of the SUA snd SOL bus ines for P0-tus davices

Standard-mods Fast-made
Parameier Symibol £Cbus FO-bus Uriit
in. Max. Min. Max.
QG dock frequency facr 8] 108 g ADC | KMz
Bug fres tme betwesn a STOM and START condition taur 4.7 1.3 - rs
Hold tima {repeatsd) START condition. After this peried, tanara 4.0 - - 2.8 us
the first clook pulss is ganerated
LOVY period of the BOL alock Y ow 4.7 - i3 - s
HIGH poriad of the SOL dlock L 4.0 .8 M
Set-up tims for a repeated START condition taiara 47 0.8 Bs
Lata hold treee anoAT
for CBUS compatible masters (see NOTE, Section 8,1.8) &0 . S
far £C-bus davices ph - g 0% 1 s
Data sal-up time . 250 100 - ns
Riss ime of both SUA and SOL signals e - 1000 20+ Rl hE]
0.1G,9
Fali ime of both STA and SCL signals e - Y a0+ 300 ns
o3¢,
Set-up tima for STOP conditien 570 4.0 0.8 us
Lapacitive load for each bus fine Gy 400 - 400 pF

All valugs refarrsd fo Vo aad ¥y o Iavels {see Table 3).

i

4

A device must internally provide a hold me of 3t least 300 ns for ths 8DA signal {referred to the Vy, ., of ths SCL signali
ordar to bridge the undslined region of the alling sdge of SCL.

The masimum .7 haS only te ba met if the device doss not strsich the LOW period (§ ) of the SCL signai.

& fastmade FO-bus devios can be used in a standasd moda 0 -bus systam, but he requirement taipat 2250 ns must then
be met. This will sutematically be the caseif the devica doas not stretch the LOW period of the SCL signal, if such & device does

strateh the LOW pericd of the SCL signal, it must outpu the next data bit i the SDA line tg ., + Yy par = 1000 +

1250 ns {acoording to the standard-made FO-bus spesification) befors the SCL line is reicased,

Gy, = total capaciance of one bus fins in pF.

250 =

f 3
A A
H i H
' 0
i P
; LUTETA -~ -
oot ! AT R aitet]
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18.8 APPLICATION
INFORBATION

181 Skoeps-controlindg sutput
stages of fast-mode ¥C-bus
davices
The slectrical spseifications for the
HOs of £0-bus davicss and the
characisristics of the bus finse
connactxd to thern are given in
Tables & and 4 in Saction 15,

Figures 38 and 38 show
exampiss of cutput stages with
slope contral in CMOS and bipolar
tachnolpgy. The siops of the
faliing adge is defined by a Miller
capacitor {C1) and a resistor (R1).
The typical values for C1 and RI
ars indicated on ths diagrarms.
Ths wids tolerance for output fall
tims e given in Table 3 moans
that the design s not oriticad. The
{38 tirms is only slighily influenced
by the exteraal bus load (O} and
external pull-up resistor (R},
Howevar, the riss time {15}
specified in Table 4 is mainly
datarminad by the bus load
capacitancs and the value of the
sul-up resistorn,

16.2 Bwiiched puli-up ofrouit
for fast-mods FC-bus devices
The supply voltage {¥yp} and the
maximum output LOW level
determing tha minimum value of
puli-up resistor By {(see Section
111} For example, with x supply
voliage of Vpp = § ¥ £ 10% and
Voumee = 08 Val 3m& Ry
= {8.5 « 0.4)/0.003 = 1.7 K. As
shown in Fig.33, this value of R
fimits the maximum bus
capaciiance o about 200 pF o
mest the maximum tg requiremsnt
of 380 ns. if the bus has a highsr
capacitancs than this, a switched
pull-up drouit as shown in Fig.37
can he ussd.

The switched puli-up dreult in
Fig. 37 ie for a supply voltage of
Vop = BY 210 % and &
maximum capacitive bad of
400 pF. Since 8§ is cantrofied by
the bus lavels, it nseds no

M)

A4 or SCL
bus e

b
Vian l
33 W
Vo
pat

18

Y35

MECEIS

Fig.36 Sispe-conirolied vutout stags in biovlar lechnalogy

ny Yoo

- . Voo SYE10%
e E\, . - oo
= rﬁ ot
-t
=~

N
H Pl
L {
ey
nZ IOND
* hi
1.7 kie L§ Ry
! SRA or S
bus ine
Gy
T 400 pF
WA
MECEZ0 Vg

FAST - MODE 12C BUS DEVICES

Fig.37 Switched puil-up cireult

\
i
3
\‘\
S
AFig = ©
20 St
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bt =
: | i
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Fig.38 Maximum value of B, a5 a furnction of bus capa

acflance for meelting
thE Iy oy, FEGUIrSMBNY for 3 Jast-mode IT0-

&
Cobus
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inteference at the HIGH leval
bacauss of the elatively high
impedance of the pullup devices.

if the langth of the bus lines on
a8 PLB o tibbon cabls exvesds

additional switching scontrol
sigrals. During the risingXalling
sUges, the bilateral swiinh in the
HOTA068 switches pulf-up resisior
R 2 orveff at bus lovels bistwsen
0.8 ¥ and 2.0 V. Combinad 10 o and includes the Yy and
resistors R, 1 and A2 can pull-up  Vgg lines, the wiring pattern must
the bus line within the maximum he:

specifisd rise tims (i} of 300 ns,

The maxkimum »ink cument for the  SDA
driving FG-bus devics will aot Yan
sxoved & mA at Vg, = B8V, or Vg
3 mboal Vg = 0.4V, &L

Series resistors R, are optional,
They protect the 1O stages of the
RC-bus devices from high-voltage
spikes on the bus lnes, and
minimize crosstalk and undershont

i only the Vgg ne is included,
the winng pattem must be:

of the bus line signals. Ths

maximum value of R, is SCL

determinsd by the maximum
parmitted voltage drop across this
rasigtor when the bue lins s
switchad o the LOW level in order
to switch off {2

Thesa wiring patierms also
resull in identical capaciiive foads
for the 3DA& and SCL lines. The
Vg and Vi ines can he omitted
i 3 PCB with a Vqg andior Yy,
layer is used.

i the bus lines are twistad-
pairs, each bus iine st be
twistad with a Vg retumn,
Alernatively, the SCL line can be
twisted with a Vg return, and the
SDA line twisted with 3 Vyp

3163 Wiring pattern of the
hus Hines
In general, the wiring must bs so
shosen thal crossialk and
irteriersncs odrom the bus lines
is minimized. The bus lines ars
most susceptible 1o crossialk and

17.8 DEVELOPMENT TOOLS
171 Developrant tools for 8048 and 8051-based systams

raturn, In the {atter cass,
capaciors must be used o
decouple ths Vo, fas to the Vg
fine at both ends of the twisted
paies.

i the bus lines are shigided
{shiaid connectad 1o Vgy),
interdference will be minimized.
Howsver, the shisided cable must
have low capacitvs coupling
betwesn the SDA and 8CL linss
1o mindmize crosstalk,

18,4 Maximum and minimum
values of registors R and R,
for fast-mods FC-bus devices
The maximum and minimum
valugs for resistors By and R
connactad to a fast-mode FO-bus
can b detsrmined fram Fig 25, 28
and 28 in Saction 10.1. Becauss a
fast-mode FC-bus has faster riss
times (14} the maximum valus of
R, as a funclion of bus
rapaciiance is less than that
shows in Fig.27 Ths replacsment
pragh for Fig.27 showing the
maximium valus of R as a
tunction of bus capaciiance {Gy)
for a fast mode 1PC-bus is given in
Figg. 38,

Product » Description

OM1018 | PC-bus demonstration board with microcontrolier, LCD, LED, Par. 10, SRAM, EEPROM, Clock,
UTMF generator, AD/DA conversion, infrared link.

OM1018 | manual for OMIGI8

GMI0R0 | LOD and driver demonstration board

ORAI5Y | PC-bus svaluation board {similar 1o OMITS above bul without infrared Bink).

17.2 Development loolz for §8000-basad systems

Froduct esoription
OMAI80 | Microcare-1 demonsiration/evaluation board:
JCCE8070, 128K EPROM, 512K DRAM, B0, RS-2320, VSD SCCES4TD, resident manitor
OM4180/3 | Micraoors-3 demongtration/svaluation board: ’
830110, 123K EPROM, 83K SRAM, 0, RS-292C, 40 170, resident monitor

21
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173 Devslopmant tools iy 3t systems

Praduct Deacription

CM1022 | 1°C-bus analyzer.

behaviour of the PC-bus {indiudes documentation)

Hwrdwars and software {runs on IBM or compalible PO} o experiment with and analyzs the

188 SUPPORT LITERATURE

Rata handbooks

Crdeting oxis

Radio, audic and asscolated systems Bipolar, MOS8
001 1891

9398 179 8O0

Viden and assoclaled systams
IC02{a} 1991: FOBSICAS{ILAL)Y 1o TDA2BRSE
ICO2{b} 1981 TDAZBESR 0 pATIRC

9398 178 8001
9398 178 80011

iCs for Telecom
{C03{a) 1981 CA3088-PCD4413
{O03¢b) 1991 PCD4413A-TAHG/HTTT048A

8398 168 60011
3338 168 70011

iOs for Telocom (IS0N)
517 1891

8388 177 20011

848-based 8-bit microcontroliers
iC14 1881

2338 177 00011

8081 -hased 8-bit microcontroliers
G20 1993

8388 173 3001

Srochurss/isafisis

Microcontrollars and microptooessors for embadded conto! applications

8388 374 80011

+C-bus compatible [Cs and suppot overview

9348 388 40

PC-bus control programs for constimar applications

Q588 380 300611

Microcontrollars, micropronesaors and support overview

8388 888 2001

18.8 APPUCATION OF
THE PC-BUS IN THE
KOCCESS bus SYSTEM
The ACGESS.bus {bus for
connscting ACCESSory devices o
2 host system) is an PC-bus
based open-standard serial
interconnsect system jintly
devsioped and delined by Fhilips-
Signeties and Dightad Equipment,
Corparation. 1 is a lower-cost
allernative i an RE-232C
interface for connscting up B 14
inpuis/outpuls from periphsral
equipment {o a desklop computer
ar workstation over a distance of
up o eight meires, The peripheral
equipment can be relatively fow

spesd Rems such as keyboards,
hand-held image scanners, cursor
positionsrs, barcods raaders,
digitizing tablets, card readers or
modems.

Al that's required to implament
an ACGESS bus is an 8051-family
micracontralisr with an FC-bus
inter{ace, and a 4-wirs oable
ecarying & setal data {SDA) line, a
serial clodk (SCL) line, a ground
wire and a8 13 ¥ supply fine
{800 & max.} for powsring the
petiphards. :

important features of the
ACCESS bus are that the bit rate
is only ghout 20% less than the
maximum bit rate of the 1°C-bus,

and the peripherals don't nesd
separate device drivera, Alsg, the
protonod aliows the perigherals to
be changed by ‘hot-plugging’
without re-booting.

As shown in Fig.38, ihe
ACCESSE bus protoco! compiises
thres lavels: the °C-bus pratocol,
the base pratocai, and the
application protocal.

The bass protocot is common
to afl ADCESS bus devices and
defines the format of the
ACCESS bus mossags, Unlike the
#C-bus protocol, i resticts
masters to sending and slaves to
receiving data, Qne em of
appendad information is a
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Baofrrara
protaanls

Hardwara
pro{ousis

KEYEGARD LOCATOR TENT Practling
PROTICON STOROL OTOBOL - -
ROTOCO PROTOLO PROTOCO ERTOROL
T ? 7 p
BASE
PROTOCGL
mmmmmmmmm o o o e e e e e
¢
PROTOCO!
MAECRLT
Fig A9 ACCESS bus protocs! hisrarchy

ohacksum for refiabiiily control,
The bass proteco! also specifies
asven types of control and status
massagses which are used in the
system configuration which
zesigns unique addrasses o the
paripherals without the nesd for
seiling jumpers or switches on the
devices.

The application proincel defines
the message semantics that are
spacific 16 the thres categories of
paripheral davice (keyboards,
curser locators, and taxt davices
which gensrate characier strpams
8.q. card readers) which are at
presant envisaged.

23

Phifips-Signetics offers
computer peripheral equipment
manufacturers technical suppon, a
wide range of {¥C-bus devices and
developmant kits for the

WCOESS uss, Hardwears, softwars
and marketing support & also
offered by DEC.
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