David Harrison, Ottawa Electronics Clilme 202012



emiconductor) as a simple means of
INng between integrated circuit chips.

LY M®PPH
Y mMdpdy

entedin 1986by Philip'sfor connecting digital
dio devicesogether (originally in a CD player).
It IS most commonly used to carry P@Nbrmation
betweenDigital storage devices arlde DAC(sih an
audio player.
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|2C Basics

ADC uC
Slave Slave Slave

a multmaster/multi-slave bus where each slave is addressable using a
10 bit address.

es only two bidirectional opedrain lines,SDAand SCL

, ata and Serial Clock), pulled up with resistors.

Typical voltages used are +5 V or +3.3 V although systems with other voltages
are permitted.

A If two devices drive the bus simultaneously, there is no drivaamtention since
both are pulling the bus low.
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éte, all master and slave devices have tBBirand SClpins
IN¢ the pullup resistors ensures a logic high on both lines

hen th&Clline is high and the master device pulls down
Ine. Then,SDAsets the transferred bit whil&Clis low (blue)

and the data is sampled (received) whe@lrises (green). When the
transfer is complete, a STOP bit (P) is sent by releasing the data line to
~ allow it to be pulled up whil&Clis constantly high.

David Harrison, Ottawa Electronics Club, June 20, 2012



ster/Slave Operation

itted acrosshe 12C bus in groups of eight bits.

C bus, tI&DAline is driven to theappropriate
LOW &DANdicates the bit is zero; a HIGH
e bitisone).
SDAline has settled, thesClline is brought HIGH, then LOW.
se onSClclocks theSDAvitintoli K S NB<hiffregBerNI a

2C bus is bidirectionahe SDAIne is used both for transmitting
h and receiving data. When a master reads from a slave, the slave drive
~ SDAwhen a master sends data to a slave, the master dS@RA

Themaster always drives th8Clclockline. Theslave nevedrivesSCL
becausdt cannot act agm master Onslave devicesSCls an input only.
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he £ CK/NACK blts

[
Bl B> Bn
o transmittec C bus, whether it is addrgss or data,

owledged with an acknowledgi.

aster has finished sending a byte (eight d#ta bits) to a slave,
vingSDAand waits forthe slaveto acknow)edge the byte.

acknowledges the byte by pullBBALOW. The master then
)cRulse to clock the acknowledge bit.

sends a ¢

A Similarly when a master has finished reading a byte, it pBllsN-OW
to acknowledge this to the slave. It then sends a clock pulse to clock the b
(Remember that the mastalways driveshe SClclockline.)
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20 Write/Read Operations

Ly Ly Ly
SDA DA(6) // DA(0) RA(7) // RA(0) D(7) // D(0) j

Start 7-bit Device Address Write Slave 8-bit Register Address Slave 8-bit Register Data Slave Stop
(M) (M) (M) Ack (M) Ack (M) Ack (M)
(s) (S) (s)

(M) => SDA Controlled by Master
(S) => SDA Controlled by Slave

Figure 24. IC Write

« T, Uy, UL, JulrylL, Ui

SDA_| I DA(6) | //| DA(0) ] | RA(7) | //l RA(0) I _| I DA(6) | //| DA(0) | | D(7) I //| D(0) J | |
Start 7-bit Device Address Write Siave B-bit Register Address Slave Repeat 7-bit Device Address Read Slave 8+bit Register Data Master Stop
(M) ™) ™) Ack ™) Ack Start M) ™) Ack s) No Ack ()

8) 8) ™) s) (N

(M) => SDA Controlled by Master
(S) => SDA Controlled by Slave

Figure 25. I1°C Read

In the case of an 12C register write, if the master does not issue a STOP condition, then the device enters
auto-increment mode. So in the next eight clocks, the data on SDA will be treated as data for the next
incremental register.

Similarly, in the case of an 12C register read, after the device has sent out the 8-bit data from the addressed
register, if the master issues a ACKNOWLEDGE, the slave will take over control of SDA bus and transmit for the
next 8 clocks the data of the next incremental register.
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S Serial Audio Bus

rising three lines

riven by 12S Master clocks each audio data bit,

le rate2.8224 MHz for 16 bit audio at 44.1Ks/sec
LK Clock line driven by 12S Mastets

r the left or right audio channels.

for left channel, then right channel.

whether data
DATAhe audio PCM da

‘ MCLKc master cloclkg typically 256 x audio sample rate
896MHZ for 44.1 Ks/sec or 12.288 MHz for 48 Ks/sec.

S can carry two audio channels.
For more audio channels, multiple 12S busses@are used.

A Unlike the 12C bus, there is ONLY ONE master and usually ONE slave devi
per 12S Bus. There is no slave addressing. Cahlge
(Time Division Multiplexing) to send to different slaves on the same bus.



2.5 “Standard” Protocol

Y —nliuull
" 12S MODE

In 128 mode, the MSB of the left channel is valid on the second rising edge of the bit clock after the falling edge
of the word clock. Similarly the MSB of the right channel is valid on the second rising edge of the bit clock after
the rising edge of the word clock.
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: A Left Channel Right Channel
' ' 27 £ 75
SDIN n-1|n-2|n-3 // 2 (110 // n-1|n-2|n-3 // 2 (11(0 l[
7/ 7/ 7/ 7
MSB LSB

Figure 28. I?S Serial Data Bus Mode Operation
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Left and Right Justified Protocols




