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By the end of class today, you should be able to:

B Describe the 12C physical interface
(the number of wires, how they are used, and how they connect)

B Describe the steps in a complete read-write transaction

Why? Because when it doesn't work, you need to be able to
investigate everything from the physical layer up through the code!



Introducing 12C

°C solves a particular version of the general peripheral problem:

B The peripheral is probably on the same circuit boarc

B The peripheral doesn't need much data (kbytes / second)



Introducing 12C

°C solves a particular version of the general peripheral problem:

B The peripheral is probably on the same circuit boarc
Distances are a few cm, not meters
Want to minimize the number of wires / PCB traces / 1/0 pins

B The peripheral doesn't need much data (kbytes / second)
We care more about minimizing wires than maximizing speed



Let's get the name out of the way
® |°C stands for inter-integrated circuit bus

B Pronounced "eye-squared-see" or "eye-two-see"

Sometimes also called "lIC" or two-wire-interface (TWI)

(Some languages/tools don't (for patent reasons?)
like numerals in identifiers)

B SMBus was developed as a subset of I1°C

Mostly used for communication within a PC
(e.g., to fetch the battery status or DRAM part number)



Quick history of 1°C
Developed by Philips Semiconductor (now NXP) in 1982

Speeds are slow by modern standards ("fast mode" is 400kHz)

Has become the de-facto standard for small widgets
HDMI uses it to negotiate display size
Image sensors use it to configure parameters
Wii Nunchuck talks to Wiimote

More sensors than you can shake a stick at...

There is now an I3C, but it hasn't taken over yet (and probably won't)



Talking over two wires
SCL: serial clock (data is sampled on rising edges of this signal)

SDA: serial data
Host always drives SCL

But SDA is bidirectional

OSt Device

Out SCL
'In/Out SDA |«




How do we share the SDA line?

1) Complex arbitration and collision detection (like USB, Ethernet)

2) Make a simple agreement: either side can pull the line down, but
neither will pull it up. Use a pull-up resistor for this.

Vdd

Device

HOST

SCL
SDA 1




Close-up of open-drain setup
See demos on course website
Vdd

HOST Device
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Addressing
How do we connect more than 1 device?
(Give each device a unique /-bit address!

Hard-wired by the manufacturer



What if | want more than one?

NXP PCT2075DP as an example

SDA |1 O 8] Vee
SCL [2 7] A0
PCT2075DP 7
0s [3 [ 6] A1
GND [ 4 (5] A2

002aag636

Figure 4. Pin configuration for TSSOPS8

Table 5. PCT2075 address table (SO8, TSSOP8, HWSONS8 packages)

No. Address pin coding Target address
A2 Al A0
1 0 0 0 1001 000
2 0 0 1 1001 001
3 0 1 0 1001 010
4 0 1 1 1001 011
5 1 0 0 1001 100
6 1 0 1 1001 101
7 1 1 0 1001 110
8 1 1 1 1001 111
9 floating 0 0 1110 000
10 floating 0 floating | 1110 001
11 floating 0 1 1110 010
12 floating 1 0 1110 0N




What if | still want more?

Use an I°C multiplexer! etz
Oscillator IMU VCM driver Image sensor
(Si514) (MPU-9250) (DW9714) (Sony IMX219)
OXx55 Ox68 Ox0c 0x10
12C mux
(TI TCA9544A)
? OXx55 Ox68 Ox0c 0x10
Ox70 >
Zynq | e

(from FMQ) 3




A whole transaction on one slide

(r— -

(r— -

el aW e sl

P
START ADDRESS R/W ACK DATA ACK DATA ACK STOP
condition condition

Complete I°C Data Transfer

MPU-9250 Product Specification



Address transmission

SCL (clock)
SDA (data) - \ 3/ A6‘X A5‘X A4‘)( AS‘X Az‘)( A1‘)( AO )( R/WXACK\ |
Q\'\U 0 for ACK
1 for read 1 for NCK

O for write



Write operation

Controller|sends address, controller sends data
PeripherallACKs each byte

SCL (clock)

SDA (data) \ /A6 (A5 { A4 Y A3 Y A2 Y A1 A0\ /ACKY D7 \ D6 ) D5 ) D4 Y\ D3 Y D2 \ D1 \ D0 YACK\ /[

©  Start —+ — Address / RIW —— ACK —+ Data — 4 ACK —— Stop

Write operation



Read operation

Controller|sends address, then drives clock while|peripheral{sends data
Peripheral ACKs address, controller ACKs data bytes

SCL (clock)

SDA (data) \ /A6 Y A5 A4 A3 A2 A1 X A0/ \ACKY D7 \ D6 X\ D5 Y D4 Y D3 D2 X D1 X Do YACK\ [

- Start 3 3 — Address 3 3 —H— RIW —— ACK 3 ; ; Data —— ; ; —— ACK —+— Stop i




How do we use these?

A few things just spew data when you read,
but most interesting devices have control and data registers.

Let's look at the NXP PCT2075DP datasheet



Live demo: LPS35 pressure sensor



. . . PCT 2o
Typical write operation o

From PCT2075 datasheet, but typical of most device "

Host to device

Which register 9

SCL

SDA

B6XBSXB4XB3XBZXB1XBc;)\W A |gomor oo oo/ 1\A| 0 0 0 ,(D4XD3XD2XD1XDC|))\A ‘/5
|

sxk

T device address(1)

=iT > pointer byte =:T - configuration data byte =!:T > J -
START write 7 device 7 device — STOP
device Register address jcknowledge Data that goes acknowledge
acknowledge into the chosen register 002aah777
1. See Table 5 or Table 6 for device address.

Figure 8. Write configuration register (1-byte data)




Typical read operation
From PCT207/5 datasheet, but typical of most devices

9
SDA S\_/(B6XBSXB4XB3XBZXB1XBOl)\W Al 0 o 0 0 0 O o/T\i/ﬁs\'_ (next)

- T:: device address(1) - pointer byte -~ T:
START write —T J device RE-START
device acknowledge
acknowledge

s JU LU U U T U L LU LT

SDA (cont) |£ B6XBSXB4XBBXBZXB1XBO|)'R \A [AD7XD6XD5XD4 XD3 XD2 XD1 XD0 YNA

<

\
A

- device address(1) -l R P

data byte from device > ;T T
read J J master not STOP

device acknowledged
acknowledge 002aah778

1. See Table 5 or Table 6 for device address.

Figure 9. Read configuration register including pointer byte (1-byte data)



1°C vs UART



12C
vs SP
I



Enjoy your break!



