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How to solve I2C address conflicts?

12C protocol limitation: More than one device with the same
|2C address is not allowed on the bus. How do we solve this
Issue for a customer who needs, for example, sixteen
PCA9531s in his system when there are only three
programmable bits (eight potential addresses)?

I12C device
#1

I12C device
49 000

MASTER

Same I2C devices with same address
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How to solve I2C address conflicts?

* |2C protocol limitation: More than one device with the same |1°C address is
not allowed on the bus

An I2C multiplexer/switch allows more than one
device with the same address on the bus

« Allows to split dynamically the main I'C-bus into several isolatable sub-
branches
* Programmable through I°C so no additional pins are required for control

# of Channels Standard With Interrupt Logic
2 PCA9540B PCA9542A | PCA9543A*
4 PCA9546A* PCA9544A | PCA9545A*
8 PCA9547* | PCA9548A*

Parts marked with * also have a reset
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I2C Multiplexers: Address Deconflict

MASTER

Address=0xC8

Same I2C devices with same address

Address=0xC8

MASTER

Address=0xC8

PCA9531
#1

Address=0xC8

PCA9531

v |00e

The multiplexer allows to address 1 device
then the other one
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Address Deconflict Exercise Using PCA9543A
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PCA9543A GUI Introduction

PCA9543A GUI Use PCA9531 GUI to turn LEDs On

¥ Win-I2CUSB Lite - [PCA9531 8-bit LED Driver / Blinker]
% File Dewice Options ‘Wind B File Device Options ‘Window  Help .
PCA9SA3A L ED Mode Select Slide up to turn LEDO
Device Address ORE2 = lED?7 |LED6 [LED5 |LED4 |LED3 [LED2 |LED1 |LED 0
e ! ! ! ! ! ! ! I
| OFF lofF [ofFfF [oOFF | OFF | OFF | OFF
Check to select'channel 0 ——— —— — :
—PywM 1 —PYM D —Registers (hex)
Write Period Duty E?EIE Period Duty E','EIE bn rcK IO enaple autowrlte
Che ‘D "el 1 Input Register I7C Address
\AFC annel Select— Oxca -
" [] channel Frequency
Prescaler 0
|:| Channel .
Auto Write
PWM™M Reqgister O
Frequency write Al
—Interrupts Prescaler 1
= channel 0 P¥¥™ Register 1 Read Input
| channel 1
LED Selector D-3
Check t bl t it Read Al
ec O ena € autowrite 0.007 |5l] 00% 0.007 50.00 %
. UAULE SEE | |5k LU S5E | | S LED Selector 4-7
152.000 152.000
L] Auto write Off
Address limited ba 0xCE in Win-I2C1USE Like
| g Hardware Mak Detected 3.3¥ off | 5.0¥ off
L |
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Exercise: Using a mux/switch to resolve

P

address conflicts

ave address control register
~

T T T T T T T
. X X X X X ¥ B1 BO| A P
1

5
5D o 51| 4 a A
1 1 1 1 1 1
START condition AW  acknowledge acknowledge
from slave from slave
STOP condition

Dy D& INT1 INTO D3 D2 B1 BO Command
0 channel 0 disabled
X X X X X X X
1 channel 0 enabled
0 channel 1 disabled
X X X X X x X
1 channel 1 enabled
0 0 0 0 0 0 0 0 na channel selected;
power-up/reset default state

Using the PCA9543A, enable channel 0
Using the PCA9531, turn-on LED 0

Using the PCA9543A, enable channel 1
Using the PCA9531, turn-on LED 1

Using the PCA9543A, enable channels 0 and 1
Using the PCA9531, turn-on LED 3
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Exercise: use the PCA9543A interrupt and Reset Features

First power cycle the board, then using the Expert Mode:

1. Enable both channels in the PCA9543A

2. Configure 101, 102 and |03 in the PCA9538 to outputs

3. Set 102 low

4. Read the PCA9543A and observe bit set to 1 and both channels enabled
5. Set PCA9538 101, 102 and 103 to 0 and wait 1 ms

6. Set PCA9538 101 to 1,102 and 103 to 0

7. Read the PCA9543A and observe additional bit set to 1 and all channels
disabled

nterrupt bits channel selection bits
{read only) {readfwrite )
- = L = ul
7 il [ 4 3 2 1 o

D D P [ [ o)

channel 0
channsl 1
NTO
MT1
D7 D6 INT1 INTO D3 D2 B1 BO Command
0 channel 0 disabled
X X X X X X X
1 channel 0 enabled
0 channel 1 disabled
X X X X X X X
1 channel 1 enabled
0 0 0 0 0 0 0 0 na channel selected;
power-up/reset default state
L}
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How to go beyond I1°C max cap load?

* |2C protocol limitation: Maximum capacitive load in a
bus is 400 pF. If the load is higher, AC parameters will
be violated

Two possible solutions:

1. I2C multiplexer or switch
2. I?C buffer
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How to go beyond I°C max cap load?

* |2C protocol limitation: Maximum capacitive load in a bus is 400 pF. If the
load is higher, AC parameters will be violated

An I12C multiplexer/switch can be used to segment the capacitance

« Allows to split dynamically the main I°C-bus in several sub-branches in order to
divide the bus capacitive load

« Programmable through I2C so no additional pins are required for control

» More than one multiplexer can be plugged in the same I'"C-bus

* LIMITATION: All the sub-branches cannot be addressed at the same time

# of Channels Standard With Interrupt Logic
2 PCA9540B PCA9542A | PCA9543A*
4 PCA9546A* PCA9544A | PCA9545A*
8 PCA9547* | PCA9548A*

Parts marked with * also have a reset
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I2C Multiplexers/Switch: Capacitive load split

~

|

SR

I’'C-bus

MASTER

I’'C-bus 2 I'C-bus 3

l 300 pF 300 pF

I2C MULTIPLEXER

MASTER

'C-bus 1 %

The multiplexer/switch splits the bus in two
downstream 200 pF busses + 100 pF upstream
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I°C-bus Voltage Level Shifting

Problem:
A customer has an application where they are using devices with
various operating voltages tied to the 1°C-bus. Provide details on
possible solutions to the level shifting issue.

Level-shifting possibilities:

1. Do not do level shifting

. PCA954x multiplexer/switches
. Use FETs
. GTL2002

. PCA9306
. RETs

. PCA9517/PCA9509 buffer
. PCA9512 hot swap buffer

ONOOOTBEWN

Bus buffering
and translation

" 13
4\
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I°C-bus Voltage Level Shifting

Solution #1

Don’t do any level shifting.

In many situations, the open-drain SDA and SCL pins are
over-voltage tolerant (no ESD protection diodes to V),
so no level-shifting is required.

Example, from PCA9552 datasheet:

Input SCL; input/output SDA
VL LOW-level input voltage 05 — 0.3 Vop A

Vi HIGH-level input voltage 0.7 Vpp — 2.5
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I°C-bus Voltage Level Shifting

Solution #8 Multiplexer / Switch

I12C device| [I2C device| [I2C device
Vdd=2'7v 1 2 3

2.7V bus

I12C device| [I2C device

MASTER 4 5

* The voltage through the device is limited by Vp of the Switch
« Each branch must be pulled up to its respective bus voltage
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How Voltage Translation Works In
MUX/Switches

* The PCA954X Multiplexers and Switches
contain pass transistor, which are very
fast and have very low on-resistance

*When the pass transistor is enabled and
the input voltage is low, the output is also
low and the pass transistor has a typical
on-resistance around 25 Q

* As the input voltage rises, the output
voltage should track the input voltage
closely until it reaches a value
approximately 1V below Vdd

* At this voltage, the output is clamped
(Vclamp)

* The clamping voltage will be somewhat
lowered by a load on the output (shown
with open output).

A ¥ 4
4\

PCA9544 ¥in vs Yout

7000

£.000

5.000

4.000

3000 ¥

2000

1.000

0000

Yoo = 3.3Y

YWolamp = 2.3

1 pa/Diw
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How to isolate failing slave devices?

* |2C protocol: If one device does not work properly and hangs the bus, then
no device can be addressed anymore until the rogue device is separated
from the bus or reset

An I?C switch can split the I°’C-bus in several branches
that can be isolated if the bus hangs up

« Switches allow the main I°C to be split dynamically in several sub-branches
that can be:
— active all the time
— deactivated if one device of a particular branch hangs the bus
« When a malfunctioning sub-branch has been isolated, the other sub-
branches are still available
« Programmable through I°C so no additional pin is required to control it
« More than one switch can be plugged in the same 12C-bus

18
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I°C-bus Voltage Level Shifting

Solution #2 Using FETs

vDD1=33V
L':| Rp U Fp

P

VDD2= 5V

SDA1 =

SCL 1=

= SDA2

= SCL2

3.3V device

3.3V device

"Lower voltage” section

5V device

5V device

“Higher voltage" section

Application Note AN97055

h -
P
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I°C-bus Voltage Level Shifting

Solution #3 Use the GTL20xx
Application Note AN10145

18V (O«
15V O |
12V O —  GTL2002
1.0V O
GND GREF
Vcore | SREF DREF
> S1 D1
CPUI/O . 2 oo

*— 5v
VCC
Chipset 1/O

 Voltage translation between any voltage from 1.0V to 5.0V

* Bi-directional with no direction pin
« Reference voltage clamps the input voltage with low propagation delay

« Supported packages: VSSOPS8, TSSOP38, SO8

y
A

20
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I°C-bus Voltage Level Shifting

Solution #4 Use the PCA9306

1.8V (O | * 5V
15V O |
1.2V O —  PCA9306
1.0V O
GND EN .
VCORE | @ VREF1 VREF2 [ml— VCC
> SCL1 scL2 |mme > _

CPUI/IO | b SOAT  sDA2 e Chipset I/O

* Voltage translation between any voltage from 1.0V to 5.0V

* Bi-directional with no direction pin

» Reference voltage clamps the input voltage with low propagation delay
« Supported packages: VSSOPS8, XQFN8, TSSOP8, SO8

\ ¥ 4 21
A\
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I°C-bus Voltage Level Shifting

Solution #5: Low cost I?C bus level shifter just needs two

double RETs

» Saves about 25% cost compared
to MOSFET solutions

» Available in very small SOT363
(SC-88) and ultra small SOT666
(PUMH- and PEMH-series)

h -
P

SVO

R1

3V3

4k7 4k7 3K3
R5|Q1 R6
SDAS SDA
Q2
R2
4k7
R3
47 4k7 3K3
R7 Q3 RS
SCL5 sSCL
Q4
R4

4k7
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I°C-bus Voltage Level Shifting
Solution #6 PCA9517/PCA9509 Translating Buffer

VCCA - 0.9'5.5V VCCB - 2-7'3.3V

CBus 2 ey POAST

Standard 1/10

2.7-5.5V :

1Vto (Ve —=1V)  V

-

cg = 3.0-5.5V

2.7-3.3V :

||
P

Standard 1/10
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I°C-bus Voltage Level Shifting

Solution #7 PCA9512A Hot Swap Buffer

* In an application where the I°C-bus is active and/or power supply is
on, plug in of new devices may corrupt data or damage devices

An I2C hot swap bus buffer can be used to detect bus idle
condition isolate capacitance, and prevent glitching SDA & SCL
when inserting new cards into an active backplane

» Repeaters work with the same logic level on each side except the
PCA9512A which works with 3.3 V and 5 V logic voltage levels at the
same time

Device # of repeaters # of Enables
PCA9510A/11A/13A/14A 1 1
PCA9512A 1 0
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Isolate I°C hanging segment(s)

Device 1

MASTER

RESET

Device 2

Device 3

Device 4

De 5

Device 6

h -
P

Device 7

Device 8
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