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Tl Training - summary

I2C Summary:

This training will focus on the 12C protocol and the challenges our customer
designer’s face when using this standard. Topics covered will include basic 12C
protocol, challenges/tradeoffs of I2C, and how Tl products help overcome these
problems.

What you’ll learn:

« Learn 12C Protocol

« Understand I12C challenges

* Provide solutions to problems
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Detailled Agenda

 Qverview of 12C
— Hardware
— Protocol

* Devices
— Translators
— Switches
— Buffers
— 1/O Expanders
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I°C interface products

Translators Repeaters Switches IO expanders Special

* Level-shifter

* Bus Isolation

Static offset
buffer

Hot-swappable
buffer

Bus extender

Level-shifter

e 1:2,1:4,1:8

» Level-shifting
switches

* Interrupt
switching

4-, 8-, 16-, 24-bit

Level-shifting
expanders

Open drain,
push-pull 10s

function

« LED driver
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Hardware
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1°C History and Overview:

History and 12C Devices

Ve

SLAVE
(10 Expander)

SLAVE
{LED Drivers)

SLAVE
(Temperature
Sensor)

SLAVE
(Light Sensor)

SLAVE
(Battery Monitor)

SLAVE
(Key Pad Monitor)

SLAVE
(Pressure Sensor)

SLAVE
(Humidity Sensor)

SLAVE
(Radiation Sensor)

SLAVE
(Gas Sensor)

SLAVE

(Proximity Sensor)

SLAVE
(Touch Screen
Sensor)

SLAVE
(Accelerometer)

SLAVE
(Power Supply
Controller)
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1°C History and Overview:

History and 12C Devices

Ve

SLAVE
(10 Expander)

SLAVE
(Switch/MUX)

SLAVE
{LED Drivers)

SLAVE
(Temperature
Sensor)

SLAVE
(Light Sensor)

SLAVE
(Battery Monitor)

SLAVE
(Key Pad Monitor)

SLAVE
(Pressure Sensor)

SLAVE
(Humidity Sensor)

SLAVE
(Radiation Sensor)

SLAVE
(Gas Sensor)

SLAVE
(Proximity Sensor)

SLAVE
(Accelerometer)

SLAVE
(Touch Screen
Sensor)

SLAVE
(Power Supply
Controller)
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Features of I2C Interface

MASTER
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Features of I2C Interface

2 wire bus
*SDA (serial data line)
*SCL (serial clock line)

SDA

MASTER

SCL
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Features of I2C Interface

Open Drain or Collector Driver with Input Buffer that supports Bidirectional
Data

VCC

MASTER

1°C
Control

1°C
Control
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Features of I2C Interface

Open Drain/Collector Driver with Input Buffer that supports Bidirectional
Data

MASTER i |

1°C
Control

1°C
Control
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Features of I2C Interface

Open Drain/Collector Driver with Input Buffer that supports Bidirectional
Data

VCC

MASTER

1°C
Control

1°C
Control
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Features of I2C Interface

Open Drain/Collector Driver with Input Buffer that supports Bidirectional Data

MASTER

1°C 1°C
Control Control
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1°C Interface: General Operations

MASTER
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I°C Physical Layer: nardware

bs

VCC
éRPULLUP
N\

MASTER %RPULLUP
@ SDA —T_

CBUS

I°C Control

SLAVE

SDA I°C Control
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I°C Physical Layer: nardware

VCC

oS

MASTER ReuLiup éRPULLUP SLAVE
SDA 1

SDA

SDA

1°C Control

CBUS

I°C Control

SCL —

BUS

ON=LOW OFF=HIGH
VOL_' _____________________________________ )——t————
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I°C Physical Layer: nardware

VEc

oS

MASTER ReuLiup éRPULLUP SLAVE

SDA SDA

1°C Control

I°C Control

BUS

ON=LOW OFF=HIGH
VOL_' _____________________________________ )——t————
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Features of I2C Interface

Addressing is accomplished with the SLAVE’s hardware address.

Two Possible addressing modes:
— 7-bit address
— 10-bit address

VCC

%

MASTER

SDA

RPULLUP

RPULLUP

I°C Control

SCL

I°C Control
Adress: 0x70 (hex)

Slave Address

T o=~
\

Fixed Hardware
Selectable
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Features of I12C Interface

Standard Mode Fast Mode Fast Mode Plus

O to 100 kHz 0 to 400 kHz 0 to 1,000 kHz
Cgus max = 400 pF Cgus max = 400 pF Cgus max = 990 pF
trise max = 1,000 ns trise max = 300 ns trise max = 120 ns
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Features of I12C Interface

The 12C bus is a very popular and powerful bus used for communications between a master (or multiple masters) and a single or multiple slave devices (aka ICs)

Ability to add more devices in parallel by just connecting to the bus. Ease of expansion.

VCC

SDA
SCL

MASTER

12C Control 12C Control
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Features of I2C Interface

The 12C bus is a very popular and powerful bus used for communications between a master (or multiple masters) and a single or multiple slave devices (aka ICs)

Ability to add more devices in parallel by just connecting to the bus. Ease of expansion.

VCC

SDA
SCL

MASTER

12C Control 12C Control 12C Control
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Features of I2C Interface

The 12C bus is a very popular and powerful bus used for communications between a master (or multiple masters) and a single or multiple slave devices (aka ICs)

Ability to add more devices in parallel by just connecting to the bus. Ease of expansion.

VCC

SDA
SCL

MASTER

12C Control 12C Control 12C Control 12C Control
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Features of I2C Interface

The 12C bus is a very popular and powerful bus used for communications between a master (or multiple masters) and a single or multiple slave devices (aka ICs)

Ability to add more devices in parallel by just connecting to the bus. Ease of expansion.

VCC

SDA
SCL

MASTER

12C Control 12C Control 12C Control 12C Control
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Benefits and Limitations of I12C

Pros Cons

« Simple  Low speed

* Low Cost « Bus Capacitance Limited

* Robust « Limits Speed

« Standardized « Limits distance

* Wide assortment of peripherals « Half Duplex Only

« No need for termination * No suited for ~long distances

« Easy Bus Expansion

24
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Benefits and Limitations of I12C
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« Simple  Low speed

* Low Cost « Bus Capacitance Limited
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Protocol
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12C Interface Bus Control: starT and sTor Condltlons

I I

L LA\ |
| | N
I I I I I I
| | | | | |
I I I I I I
I I I I I I
| | | | | |
I SDA I I I I I
I I [ e —— it I I I
=/ Y | N
| | | | | |
I I I I I I
| | | | | |
I I I I I I
I I I I I I
I I I I I I
I I I I I I
| | [ \ __________ / [ | |

Idle STx‘T v Si" Idle
Condition Data Transfer Condition
X | X | X o o o X | x | x | A P
START STOP

A high-to-low transition on the SDA line while the SCL is high defines a START condition.
A low-to-high transition on the SDA line while the SCL is high defines a STOP condition.
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1°C Interface: Signals (SDA and SCL)
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I°C Interface: Logic Levels and Timing

The 12C standard specifies that the V,, and V, be 70% and 30% of VCC respectively.

The Logic level

OFF=HIGH

______________________ N
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1°C Interface: Byte Format

8-bit (byte) format

A
4 ™
MSB| - - - - - - |LSB| A
A=ACK
Acknowledge
1

L XXX XN/ AN XXX X

|
|
| acknowledgement
|
|

signal from receiver |

START or STOP' or
repeated START repeated START
condition condition
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12C Interface: Repeated START Condition

-
I

w

o

=
IE—

|
f dummy | \
—— acknowledge |

I
| (HIGH) |
| |

scL W 7 8 9 |
| - |

S NACK Sr
L] L7
|«———— START byte 0000 0001 ————»|
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12C Interface: pata Validity and Byte Format

ble while SCL line is high

SDA line sta

e: 1010 1010 ( OxAAh )

Byt
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12C Interface: Acknowledge (ACK) - Not Acknowledge (NACK)

|

I

I
D

1

I

< LA PR PLALLRL
a Slinpminl
T

1
”)

Data Byte N

There are several conditions that lead to the generation of a NACK:

|

STOP
Condition

1. The receiver is unable to receive or transmit because it is performing some real-time function and is

not ready to start communication with the master.

2. During the transfer, the receiver gets data or commands that it does not understand.

3. During the transfer, the receiver cannot receive any more data bytes.

4. A master-receiver is done reading data and indicates this to the slave through a NACK.
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12C Interface: Clock Stretching

o

12C
Control

(HIGH)

r
n |
dummy ! \ |
acknowledge | |
I
||

3 4 5 6 7 8 9

I
NACK s
L

N
il

SCL

12C
Control

SDA
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12C Interface: other 12C Based Protocols

« System Management Bus (SMBUS)

« Power Management Bus (PMBUS)

 Intelligent Platform Management Interface (IPMI)
« Display Data Channel (DDC)

« Advanced Telecom Computing Architecture (ATCA)
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|2C Data : Writing to a Slave on the I2C Bus

Example of Writing a single byte to a Slave register:

Master Controls SDA Line Slave Controls SDA Line
Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)
A A N
( h 4 N N

S |A6|A5 (A4 | A3 |A2|A1(AO| O | A |(B7|B6|B5|B4|B3|B2|B1|BO|( A |D7|D6|D5|D4|D3|D2(D1|({DO| A| P

START R/W=0 ACK ACK ACK STOP
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12C Data : Reading from a Slave on the I2C Bus

Example of Reading a single register byte from a Slave register:

Master Controls SDA Line Slave Controls SDA Line
Device (Slave) Address (7 bits) Register Address N (8 bits) Device (Slave) Address (7 bits) Data Byte From Register N (8 bits)
A
(" h 4 N 4 N ;" N

‘S ‘AE‘AS‘NI‘AB‘AZ‘AI‘AO‘ 0 ‘A ‘57‘56‘55‘54‘33‘32‘31‘30‘ A AE‘AS‘JM‘AB‘AZ‘A].‘AD‘ 1 ‘ A‘D7‘D6‘D5‘D4‘D3‘D2‘01‘DO‘NA‘ P‘

f 1 ! ; 1 T
START R/W=0 ACK & @l Repeated START R/W=1 ACK NACK STOP

Sr
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12C Physical Layer: Hardware

38
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I°C Physical Layer: Hardware (Low)

Lets look at the physics of the High and Low generation. The SCL and SDA line will be treated as same.

LOW: When Master Pulls SCL to ground for logic low.

Vee

MASTER Reuviue

SDA

Vee \
0.7%xVee=Vou
D.3ﬂ¢=‘."“_
Vo — -
—> <—Fall Time i
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12C Physical Layer: Hardware (HIGH)

Lets look at the physics of the High and Low generation. The SCL and SDA line will be treated as same.
HIGH: When Master releases SCL from ground, Rp, ,p raises bus to V. for logic high.

MASTER

SDA

12C
Control

Vee

§RPULLU P

Vee

0.7%Vee = Voy

D.EJ{U;I = U“_
vﬂl """

<«—Rise Time
t

40
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1-C Physical Layer: Bus capacitance & Rise Times

Example: Standard Mode, C,, = Cy, a0 = 400pF, Ve = 3.3V

|
VvV '
L R & F N 1 ______________EF S -I— -------------------------
OL | |
. N : e
| { )
I A tr(max) 1,000 ns
: R = = = 2,950.550
. : — PULLUP(max) = ) 8473 x Cpys  0.8473 X 400 pF 195055
| '
VCC - l"’C.'L(wmx) 3.3V —-04V
— RpyLLup(min) = ™ = ET — 966.670

966.670 < Rpy;up < 2,950.550Q

Standard-Mode:
fSCL(max) =100 kHz
tr(max) = 1,000 ns

Cb(max) =400 pF
VOL(max) = 0.4V
IOL(min) =3mA

Fast-Mode:
fSCL(max) =400 kHz
tr(max) =300 ns
cb(max) =400 pF
VOL(max) = 0.4V*
IOL(min) =3mA*

Fast-Mode Plus:
fSCL(max) = 1,000 kHz
tr(max) =120 ns

cb(max) =550 pF
VOL(max) =0.4V*
IOL(min) =20mA
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Translation of I12C Bus

What happens when two devices need to operate at different V. values?

Veeasn Vees/2

MASTER/SLAVE SLAVE/MASTER

RPU1 RPUZ

1°C
Control

1°C
Control

43
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Translation of I12C Bus

Pass Elements Based Devices

Veeasn Vees/2

TRANSLATOR

MASTER/SLAVE SLAVE/MASTER

RPU1 RPUZ

1°C
Control

1°C
Control

44
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Translation of 12C Bus
PCA9306 — Pass FET Architecture

Veea/r = 1.8V Veesrz = 5.0V

TRANSLATOR

MASTER

45
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Translation of 12C Bus
PCA9306 — Pass FET Architecture

Veear = 1.8V Veesz = 5.0V

TRANSLATOR
MASTER

1°C 1°C
Control Control

— Vgs=0.7V <Vth —
so FET is high impedance
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Translation of 12C Bus
PCA9306 — Pass FET Architecture

Veear = 1.8V Veesz = 5.0V

TRANSLATOR

MASTER

1°C 1°C
Control Control

j?j Vgs= Vcca-Vol >Vth j?j

so FET is low impedance

a7
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Translation of 12C Bus
PCA9306 — Pass FET Architecture

Veea/r = 1.8V Veesrz = 5.0V

TRANSLATOR

MASTER

48
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Translation of 12C Bus

PCA9306 — Tl TINA equivalent circuit for resistance network

Vile = =—W325 = 2
L R e A T
gm — — ém
Va 181V - = =
) | . [ p Vo oy
T2 o
8 L
— —_— i
= 5 B
= .:\_:'
ir — p— i
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Translation of 12C Bus
PCA9306 — Pass FET Architecture

Veea/r = 1.8V Veesrz = 5.0V

TRANSLATOR
MASTER Vore Rous SLAVE

cBUSZ

T
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Translation of 12C Bus
PCA9306 — Pass FET Architecture

Veea/r = 1.8V Veesrz = 5.0V

TRANSLATOR
MASTER
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Translation/Level Shifting of 1°C Bus

Design Considerations:

« Translators introduce propagation delays
— Delays become longer the further Vrefl and Vref2 are from each other

« Example: if Vrefl and Vref2 difference is 3V, propagation delays will be lower if
Vrefl and Vref2 at 1V

— Placing Translators in series will further increase propagation delays and could cause
timing issues
— Higher gate voltages will lower propagation delays

« Translators will not buffer capacitance on both sides of the translator.

52
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Translation/Level Shifting of 1°C Bus

PCA9306 PCA9306-01 TCA9406
Ve Ve
Vrer1t  VRer2 Y A
2 7
EN
T 7) B I 1
ScL1 SW SCL2
8] o]
™ b ghot anat |4 T2
4 5 A1 < — | f R2
sDA1 SDA2 10k = 5 10k
4
GND A -~ & | Py & B

N2

Figure 6. Block Diagram of PCA9306
Figure 5. Architecture of a TCA9406 Cell

PCA9306 TCA9406
* Features * Features:
— Could be used as a switch via EN pin — Internal 10k Pull ups
— Small Package Available — Small Package Available

. Pros: — Rise Time Accelerators support larger bus capacitance.

— More configurable

Pros:
— Supports up to 1MHz

 Cons:
— Can use larger pull ups to get lower V.

— Wrong configuration can be damaged

Cons:
— RTA can cause glitches in some conditions

—  V¢ca Supports max of 3.6V 53
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http://www.ti.com/product/PCA9306-Q1
http://www.ti.com/product/TCA9406

Common questions
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12C Devices: Translators

Common Question:

o Difference between PCA9306/TCA9406 and <<insert buffer w/ translation here>>?

— PCA9306/TCA9406 do not provide active buffering because it is a pass FET architecture.

— Buffers typically have an offset on one side and PCA9306/TCA9406 pass VoL to the opposite side with
little voltage increase due to voltage drop due to pass FET resistance and pull down current.

55
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12C Devices: Translators

Common Questions:

« Can | use PCA9306/TCA9406 to isolate an I2C line at the same voltage on both sides?

GPIO

— Yes, but why would you want to do this?

56
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12C Devices: Translators

Common Questions:

Can | use PCA9306/TCA9406 to isolate an 12C line at the same voltage on both sides?

GPIO

Why?
1. Could be used to disable communication with slaves who don’t support 1MHz

57
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12C Devices: Translators

Common Questions:

Can | use PCA9306/TCA9406 to isolate an 12C line at the same voltage on both sides?

Main Board Remote Board

GPIO

Why?
2. One bus may plug into another: PCA9306 could be disabled during insertion and enabled when 12C line
is idle to support “hot insertion”

58

W3 TEXAS INSTRUMENTS




12C Devices: Translators

Common Questions:

Can | use PCA9306/TCA9406 to isolate an 12C line at the same voltage on both sides?

No Disable

No Disable

Why? GPIO1

3. A switch to disable an 12C device which has address conflicts

59
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12C Devices: Translators

Common Question:

« Does master need to be on side 1 of the device? (The datasheet pictures show master only on
side 1)

— Both PCA9306 and TCA9406 are Bidirectional and do not know/care which side master is on

60
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When to use... a switch %

Switch vs. multiplexer (Mux) i2Cn
— Switch = 1 or many channels can be enabled at a time
— Mux = only 1 channel can be enabled at a time
— Switches can be used as muxes but muxes cannot be used as switches

Slave address conflicts = Muxing/Switching is needed
— No address pin limits to 1 device per channel,
— Single ADDR pin limits to 2 devices per channel,
— Two address pins (A0, Al) limits to 4 devices per channel, etc.

What makes an 12C switch special?
— Ideal speed (supports 400kHz for I2C fast-mode clock speed)
— |2C-controlled (no need to waste GPIOs to control channel selection)

62
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12C Devices: Switches: ntoduction

MASTER

1’C

Control 4

VCC_master

| TCAxxxx (1:4-Switch)

!

vcC

Vee_cnz Vee_chs

Channel 2

‘ T\ T\
T\ T\
T\ ‘
Channel 3
4

_________

1°C Bus Control

63
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12C Devices: Muxes — Switches: inroduction

MASTER

1’

Control 4

VCC_master

AR B | TCAxxxx (1:4-Switch)
l SDA E ? L 2
mary Bus/Channel |
___________ L3¢ 1
_‘ ]
—N—e
\/CC

VCC
RESET | ___I’CBus Control __
| Address: 0x70 (hex)

Secondary
Channels
[ <pap |

VCC_CHO

Vee_ch1

VCC_CHZ VCC_CH3

SDAO I
<10 |

Channel 0

SCLO [

[ cpat1 |

SDA1 [
<11 |

4
Channel 1

SCL1 [

[ cnaos |

® N N

SDA2 [

Channel 2

M 7'

Channel 3

_________

64
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12C Devices: Muxes — Switches: inroduction

VCC_master VCC_CHO vCC_CHl VCC_CHZ VCC_CH3

MASTER B PRI é é
4 | TCAxxxx (1:4-Switch) | |Sroma?

! ’ o o0 —— P N §

|_ ‘ N N N

hannel 0

SCLO I

T

[ cpa1 |
SDA1 [

<11 |
SCL1 [

L 4
Channel 1

I
T

[ <nao |
SDA2 I

@ 4k ®
Channel 2

®
Channel 3

Vec o i i —1_ J

— 2
RESET |— 1°C Bus Control A1l

- 65
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12C Devices: Muxes — Switches: inroduction

1-8VCC_master 3-3VCC0 5VCCZ

MASTER é é
4 TCAxxxx (1:4-Switch)

h SDAO I

{ spa ? ® |

I*C

Control 4

Channel 0
I T\ T\ T\ T\ T\ /]
1 SCL o— | ——0— SCLO [ ‘—l'

I T\
L 4
SDA1 [
Channel 1

I M M M /1
L4 ‘—I—
SCL1 [

— SDA2 II N
Channel 2

— SCL2 I| & 4k "—l—

e SDA3 M @
_I
Channel 3

— SCL3 [ L4

VCC — A2

RESET | I>C Bus Control 4 A1
Address: 0x70 (hex) |

-IHME

- 66
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|2C DeV|CeS MUXGS - SWltCheS Theory of Operation

1 8VCC_master

MASTER

I’c
Control 4

3.3Vceo

5vCC2

TCAxxxx (1:4-Switch)

1

? L 4
T I
.-,

I

N—]

: 2

SDAO I

:

I’c
Control

Channel 0

SCLO [

I M &

= Address:
0x41(hex)

[ soat |

Channel 1

1°C Bus Control
Address: 0x70 (hex) |

]
@
SCL1 [

SDA2 [

L 4
Channel 2

SCL2 [

SDA3 [

Channel 3

SCL3 [
A2
Al

A0

67
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|2C DeV|CeS MUXGS - SWltCheS Theory of Operation

1 8VCC_master

MASTER

I’c
Control 4

3.3Vceo

5vCC2

TCAxxxx (1:4-Switch)

1

? L 4
T I
.-,

I

N—]

: 2

SDAO I

:

I’c
Control

Channel 0

SCLO [

I M &

= Address:
0x41(hex)

[ soat |

Channel 1

‘| Vearte

=R

]
@
SCL1 [

SDA2 [

L 4
Channel 2

SCL2 [

SDA3 [

Channel 3

SCL3 [
A2

Al

1°C Bus Control
Address: 0x70 (hex)

A0
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Switches

Design Considerations

Switches in Series

69
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12C Devices: Muxes - Switches

Design Considerations- Switches in series

Vec_master A Vee_choa B Vec_chos

MASTER . R . .
TCAxxxx (1:4-Switch) S TCAxxxx (1:4-Switch) 2
2 ‘ : > —{spa/scLo Channel 0 * I—m i — foowa] Channel 0
rc Vee_chia Vee chis
Control
SDA/SCL1 Channel 1 r'y W Channel 1
Vee_cHaa Vee_cHas
] SDA/SCL2 Channel 2 * L [soA/scLz) Channel 2
VCC_CH3A VCC_CH3B
—|SDA/SCL3 Channel 3 ) Ml Channel 3
Vee
Vcc VCC
vee H H a2 vee H a2
RESET [ — I°C Bus Control { Al RESET | 12C Bus Control Hre
Address: 0x70 (hex) Address: 0x71 (hex)
L 0 ¥ A0

70
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12C Devices: Muxes - Switches

Design Considerations- Switches in series

Vec_master A Vee_choa B Vec_chos

MASTER RPU_Master . R y R o _
TCAxxxx (1:4-Switch e TCAxxxx (1:4-Switch) e
c 0 c 0
o 4 SDA/SCL . . . | —fsoasscol——— & [spa/scL . . * | —]sbarsciol—————
L Vee chia L Vee chis
Control
— 1 — 1
SDA/SCLL Channel )\ SDA/SCLL Channel
VCC_CHZA VCC_CHZB
L —IW Channel 2 ! | o] Channel 2
VCC_CH3A VCC_CH3B
———— Channel 3 ———— Channel 3
SDA/SCL3 anne L 2 SDA/SCL3 anne
Vee
Vcc VCC
vee H H a2 vce H a2
REser L 1°C Bus Control H a1 RESET | 1°C Bus Control H a1
Address: 0x70 (hex) Address: 0x71 (hex)
+ s i 1

71
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12C Devices: Muxes - Switches

Design Considerations- Switches in series

Vcc VcCC Vcc
RPU_Master RPU_OA RPU_OB

NFET Rps_oa Rps o8

Simplified circuit

W3 TEXAS INSTRUMENTS



12C Devices: Muxes - Switches

Design Considerations- Switches in series

Vee Ve Ve
gRPU_Master g Rpu_0a g Rpu o8
VOL(master) ****** » ® MN—e MN < VOL(sIaveZ)
NEET Ros.on A& Ros_os
— |
ON [« i
VCC 4,|— Current total 1 concerns:
VoL (slave1) Is V(slave)>ViL (slave)?

* VOL(master) _ Ron * Currenttotal
[ ] V(
[ ] V(

VoL y  Rdsgy * (Currentyy + Currentyp)

slavel) B master’ +

slaveZ) - V(slavel) + RdSOB * CurrentOB

73
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12C Devices: Muxes - Switches

Design Considerations- Switches in series

Lets Consider a more extreme example with 8 switches in series

Assumptions for this example:

Pull up resistors 4k ohms
Master’'s Ron 110 ohms
Pull up voltages 1.8V

Rds of all channels 20 ohms

1.8V 1.8V 1.8V 18V

18v 1.8V 1.8V 1.8V 1.8V
4k 4k 4k 4k 4k 4k 4k 4k 4Kk
MASTER
4 SWITCH 1 SWITCH 2 SWITCH 3 SWITCH 4 SWITCH 5 SWITCH 6 SWITCH 7 SWITCH 8
Fc A Channel 0 SDA/SCL * Channel 0 SDA/SCL * Channel 0 SDA/SCL * Channel 0 SDA/SCL * Channel 0 SDA/SCL * Channel 0 SDA/SCL * Channel 0 SDA/SCL * Channel 0 SDA/SCL A
Control

e | | | | | | | | |
| | | | | | | | |

I L_ L_ L_ L_ L_ L_ L_ L _

VOL(master)_ - ViL(sIavel) ViL(sIaveZ) ViL(sIave3) ViL(sIave4) ViL(sIaveS) ViL(sIaveG) ViL(sIave7) ViL(sIaves)

74
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12C Devices: Muxes - Switches

Design Considerations- Switches in series

Simulation results:

-
— =t
tin] a0
= o
i
) WF1 380.52mV
“olimaster) . 328.21mv S
z \_‘-.E(E 4257
i 539 85mV
RS0 VF3  4B4.08mV
e F4 495 7Smv l—(‘-.-’FT" S52.09m\v
s - L vre sseamv

V seen by slaves must be <VIL to register as a valid low

75
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12C Devices: Muxes - Switches

Design Considerations- Switches in series

Analyzing results:

Voltage (V) ViL required (Vcc*30%) |Is V<VIL?

Master
Slave 1
Slave 2
Slave 3
Slave 4
Slave 5
Slave 6
Slave 7
Slave 8

0.328
0.380
0.425
0.464
0.495
0.520
0.540
0.552
0.558

0.540
0.540
0.540
0.540
0.540
0.540
0.540
0.540
0.540

Yes
Yes
Yes
Yes
Yes
Yes/No
No

No
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Switches

Design Considerations

Switches in Parallel

77
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel g %

TCAxxxx (1:4-Switch)
E— 1=
« What happens when all channels enabled? L %
T R
i I vi

/SCL
VCC

[vec |H H w

(Reser | I°C Bus Control H Al

ddddddd : 0x70 (hex)
R I
Vec
——
| ekt eiad

TCAxxxx (1:4-Switch)

%Ryu
g el0
Ve
Reu
I—mry] Channel 1
§
V

annel 2
__L i |

Ve Vec
vee | H a2
EEEEE - 1°C Bus Control H AL
Address: 0x71 (hex)
e M Ao
= 78
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel .z TCA0x (L:a-Switch)

SDA/SCL

— 107
What happens when all channels enabled then: L

 |master pulls low?

« slave pulls low?

.
2 Q
H ]
El 3
3 3
3 o o
w ~ = =)
,_/\/\/\,_|< ._/\/\/\,_|< ,_/\/\/\,_|< ;./\/\/\,_|<
a a a a
] ] ] 8
2 zF i z
2 & 2 &

s Control
ddddddd : 0x70 (hex)

TCAxxxx (1:4-Switch) | , %R’”

SDA/SC I
MASTER LI Vee
I’c Reu
) Channel 1
'S L1I

cl
13
Vec cc
vee | Az
meel 2 I’CBusControl H a1
Address: 0x71 (hex)
H »ao
= 79
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1°C Devices: Muxes - Switches

Design Considerations- Switches in Parallel w3 e
« What happens when all channels enabled? L

1°C Bus Control
Address: 0x70 (hex)

TCAxxxx (1:4-Switch)

- SDA/SCLO
I L1
MASTER
I’c
Control
r /SCL1f

80
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel

Simulation

Assumptions for this example:

Pull up resistors 2k ohms

-||~H—||I}—‘IH

R1 2k

& vol(slave3) 804.42mv

Master’'s Ron 110 ohms
Pull up voltages 1.8V
Rds of all channels 20 ohms

T vol(slaved) 804.42mv

Problem:

— Vol(zglaveS) 604.42m\

VoL (master)>ViL(master)

Voo
-
o4
R10°20 % é‘u‘oL[slaveE; G04.42m\V
Vi

“VolL({master) 582 47m\

iR‘ISHG 81
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel

- . Vg

Simulation f ) %

Assumptions for this example: %

Pu” up reS|St0rS 2k Oth R4 20 \;C:E\.foLlslavezj 504.42mV

Master’'s Ron 110 ohms %

Pull up voltages 1.8V %

Rds of all channels 20 ohms %

Problem: %

VoL (master)>ViL(master) cTh

V(Slave)>V|L(S|ave) R14.20 \%:Eq\fouslave?j 604.42mV
5 a - R1620 %é‘u‘uuslﬂves: S04.42mv

iR‘ISHG 82
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel g

TCAxxxx (1:4-Switch)

What happens when all channels enabled then:
* master pulls low?

* |slave pulls low?

MASTER

r’c 4
Control é

Vee
%Ryu
/scL oazsciol Shannel ©
— 11—
VCC
%RPU
WC nel 1
Vee
j %RPU
J_f T‘C nel 2
VCC
%RPU
T‘Ch nel 3
Ve
[ vee | H a2
[ RESET | 1°C Bus Control H a1
Address: 0x70 (hex)
e H a0
H R
TCAxxxx (1:4-Switch) % .
[soA/scil X 10 |——— channel o

:

83
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel

Simulation T

Assumptions for this example: = 1 o % [
Pull up resistors 1k ohms % 1
Slave’s Ron 10 ohms %

Pull up voltages 5V T

Rds of all channels 10 ohms % "
ViL<:1.5V to be Valld R10:10 %‘—Vousla a5y 766.566mV
VO_L(ma.Ster): 0.724 V R1210 %EVDL[BEHEE; 766.66m\

Voli{master) 724.33m\V

84
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel

Simulation

Assumptions for this example: | [t

7 é J—(
Pull up resistors 1k ohms s i h

& volislave2y | 788.88mv | =

=l 5
AN o
Rk

Slave’s Ron 10 ohms

¥ volizlave3) | 765.68mV

Pull up voltages 5V

E Waoliglaves) | 766.66m\

ViL<=1.5V to be valid
VOL(maSter): 0.724 V R1Z10 gVDL[slaweé} 766.66m\

Vmax(slave) = 0.767 V

-
R1410 EVDL[SIM&?} 785.85m\

:
%
%
Rds of all channels 10 ohms % Sy
:
%
:
:

R16 10 'é Volislaved) | 766.66m\

Voli{master) 724.33m\V
85
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel

Simulation T

Pull up resistors 1k ohms % S
Slave’s Ron 10 ohms

Pull up voltages 5V % o
Rds of all channels 10 ohms % s
ViL<=1.5V to be valid % o
VoL(master) = 0.724 V % ros v
Vmax(slave) = 0.767 V % -
V(slavel) = 0.385 V =

Voli{master) 724.33m\V
86
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel

Simulation l

Pull up resistors 1k ohms % g
Slave’s Ron 10 ohms i

Pull up voltages 5V % ree sy
Rds of all channels 10 ohms % s
ViL<=1.5V 10 be valid What is the problem??2? % o
VoL(master) = 0.724 V % ros v
Vmax(slave) = 0.767 V % -
V(slavel) = 0.385 V % o

Voli{master) 724.33m\V
87
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12C Devices: Muxes - Switches

Design Considerations- Switches in Parallel § [ TCARo (ASwitch) | %
Reca” “olizlavel)y 385.24my L T V%CC

4L Vee

V(slavel) = 0.385V R 2

A _——
Ron(S|avel) = 10 ohms j;r.ﬂ 38.52mA %
loL = 38.5mA §R151E ”*‘T :

Ve
vee —
. RESET [—{ 1C Bus Control
=

Address: 0x70 (hex)

Concern:
, . __ TCAxxxx (1:4-Switch)
« Can Slave’s pull down FET handle this much current? wasren [ B S R
— Let's assume yes...... this is typically a lot and usually cannot iq L |
« Can our switch handle this? T
— Remember: all this current flows through ONE pass FET T m
7.1 Absolute Maximum Ratings"" 1 ﬁc(ﬁm
over operating free-air temperature range (unless otherwise noted) Ve F T =
[vee
j Voo Supply voltage range | —'.‘E:': MA§ U:’n _ I’c Bu.s Control
(Vi Input voltage range (2! 05 7 v + Address: 0x71 (hex)
Iy Input current +200 mA . = 88
i lo Output current +25 maA
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Common Questions
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Switches:

Common Questions

What voltage rail do | tie VCC pin to?

Vopum =165V o 55V
[+]

?

1.8V

Vpews = 165V to 55V

: } Channel 0

"Irm_“ =186 Vio55V
g %

: } Channel 1

Vopuz = 1.65 V10 55V
12 % I ]

: } Channel 2

Vopys =1.65 V to 5.5 V
15%

f } Channel 3

"Ircr_=
——— ¢
Ve
19, spa S00
T sool-¢
T WO
i RESET
5n1|:
9
scif—
SV TCADS45A
sozf—*+
sC2
T
INTZ
21 a1
11 a0 5D3
10 | GnD scap1E
(171

Vee = Vppuxlmin

90
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Switches:

Common Question: What voltage rail do I tie VCC pin to?

Step 1: Look to see what the lowest pull up voltage is

VCC

3.3v 2.7V

DA

%)

(=]

>

=)
%)
=
£ .—AAA’——I
I

LN
>
LN
LN
L

LN
LN
LN
[

A\
\
\

Switch Control

TCA9548A N

W3 TEXAS INSTRUMENTS



Switches:

Common Question: What voltage rail do I tie VCC pin to?

Step 2: Vpass = lowest pull up voltage so use this to find what the MAX Vcc value can be

° — 25°C (Room Temperature)
— 85°C
4 -40°C
- * Inthis example it appears Vcc can be 3V or lower
s’ 7
2, o~ « But is that the case?
Viass(max) = 1.8V /*’
1 7
0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 55
Vee (V)

Figure 14. Pass-Gate Voltage (V,ss) Vs Supply Voltage
(Vee) at Three Temperature Points

92
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Switches:

Common Question: What voltage rail do I tie VCC pin to?

Step 3: If the pulling voltage on the primary lines is the lowest..........
Check if Vpullup_mainbus>=Vcc(max)*0.7
In this case Vcc(max) can only be about 2.57V

* |f we chose 3V like in step 2 then our device would never see ViH and would likely
treat the 12C bus as low

« Step 3 is necessary to ensure our device can communicate to the 12C bus

93
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Switches:

Common Questions

« Can | turn on all channels simultaneously?
— Need to double check if capacitance on bus does not violate 12C standards
— Ensure address conflicts do not occur if channels are all enabled
— Be sure the VoL of master and slaves are at acceptable ViL

— Calculate the current through the master/pass FET channel and ALL slave pull-up resistors when
the master/slave drives low. It may be very high.

94
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Pull-up resistor calculation for switches

Channel selected

None of channels are
ON

Channel 1 ON

Both Channel 1 & 2 ON

R, || R,,) max =
(Rey [I Re) 0.8473% (Cq, || Csy)

Equivalent pull-up

resistance

Rpy(max) = .

t
0.8473xC,,

t

r

(R [ R [l Rpg) max

t

r

VCC

—

Rp1 =

12C or SMBus
Master

(e.g. Processor)

~ 0.8473x(Cy, || Cy, || Cs)

vCC

Rp2 3

oy

= Rps

ARA

TCA9543A

sD1

y -
Channel 0

e N

P

-
Channel 1

— Cas

95
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Switches

4 )

Parameter / Feature

Function

Number of channels
Minimum supply voltage
Maximum supply voltage
Level Translation

/RESET Pin

\ / Interrupt Output

12C-bus

Special function

4 )
i
- J

Parameter / Feature

Function

Number of channels
Minimum supply voltage
Maximum supply voltage
/RESET Pin

Interrupt Output

Internal pull-up resistor
12C-bus

Production

Development

Unit
Switch Switch Switch Switch Switch
2 4 4 4 8
(V) 1.65 1.65 1.65 1.65 1.65
(V) 5.5 5.5 5.5 5.5 5.5
[ J [ J [ J [ J ([ J
o [ J [ ] ([ J
[ J [ J [
(kHz) 400 400 400 400 400

Unit
Key board Key board
LED driver Controller Controller i z :
7 18 24 el
(V) 1.65 1.65 1.65 e
(V) 3.6 3.6 3.6
([
[ J ([ J
(kQ) 100
(kHz) 400 400 1000

96
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Switch with Too Many Slaves

Repeaters may need to be added to the output channels of the Switch to improve signal integrity of the I°C signal

If all channels are turned on at the same time then adding a buffer may be useful

SCo TCA9617B
S

TCA9617B

SC2
SDZ- TCA9617B

SD3
TCA9548A oo

SC4
sD4 Il TCA9617B

TCA9548A cee | S5

SC5
SD5 Il TCA9617B

SC6
SD6 I TCA9617B

[
[
[
Sc3 Il TCA9617B [
[
[
[
[

SC7
SD7- TCA9617B

97
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12C Devices: Buffers: nroduction

Why do we need buffers?

Maximum Bus Capacitance allowed

100kHz 400pF
400kHz 400pF
1MHz 550pF

99
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12C Devices: Buffers:

Introduction

Example
Ve Ve
Cgus TotaL = 800pF
MASTER Reuuwr < Reuiue BUFFER Reuuiwr < Reyuys
S5DA
SDA |
400 pF i Caus 400 pF 12C
Max Ch ICWE r Max Cb Control

SCL

i
:L 400 pF

L
400 pF i
Caus /'A|\ Max Cb

Max Ch I Caus

100
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|2C DEV'CGS BUfferS Theory of Operation

There’s a problem with this circuit, do you see it?

Vee

Cgus totaL = 800pF
MASTER BUFFER Reuwue Rpupiue

sDA

Caus 400 pF 12C
r Max Ch Contraol

.
:L 400 pF
Caus /’AI\ Max Cb

101
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|2C DeV|CeS BUfferS Theory of Operation

Here is simplified version the buffer and we will consider only one bus because the are identical.
Lets start with the system in the IDLE state and then have the Master pull low, what happens?

Who Is
controlling the
LOW?

THE BUS
LOCKS UP!I

102
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|2C DeV|CeS BUfferS Theory of Operation

We need a method to determine which side of the buffer is generating the low so that the buffer
does not get locked up. Enter, the Static Voltage Offset.

0 0.4V
1 _0-3*VCCB
Veea 0.3*Vccp— J_ Di g |ta| _I- Vces
! ® H
Al A | B
— - >

+

O

Static Voltage Offset 0.5V

103
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Design Considerations
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12C Devices: Buffers:

Design considerations

Understanding how TCA9517 works now tells us:
* NOT to connect static voltage offset (SVO) sides to each other (B side to B side)

VCC

Rpy

105
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12C Devices: Buffers:

Design considerations
Understanding how TCA9517 works now tells us:

Connecting B side to A side is OKAY

Vee
Connecting A side to A side is OKAY

Rpy

Vee

Rpu

Connecting A side to B side is OKAY

106
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12C Devices: Buffers:

Design considerations

What's wrong with this picture?

B sides are connected

MASTER
(MCU)

Most cases this is okay, but sometimes an old design is modified where the master and slave
switch places

107
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12C Devices: Buffers:

Design Considerations

Are there other buffer devices on the bus?
— Sides with static voltage offsets should not be connected to each other

Are there devices with low ViL?
— The Vos of buffers can sometimes be larger than ViL

Can you stack buffers in series?
— Yes but there are concerns with this

What are the considerations for using buffers in parallel?
— Offset sides should still not be connected

108
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12C Devices: Buffers: + soutons

TCA9509 PCA9515B TCA9517 TCA9517A TCA9617B TCA9617A TCA4311A

TCA9800 TCA9801 TCA9802 TCA9803 TCA9509

109
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http://www.ti.com/product/PCA9515B
http://www.ti.com/product/TCA9517
http://www.ti.com/product/TCA9517A
http://www.ti.com/product/TCA9617B
http://www.ti.com/product/TCA9617A
http://www.ti.com/product/TCA9800
http://www.ti.com/product/TCA9801
http://www.ti.com/product/TCA9802
http://www.ti.com/product/TCA9803
http://www.ti.com/product/TCA9509
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1°C Devices: I/O Expanders: mntoductio

VCCI

MASTER

1°C
Control 4

1/O Expander

I°C Bus Control 1/0 Port

Vio Vio
i A i 3 A

B —

e

i

N > N
ke e

| p1 e

- 111
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1°C Devices: I/O Expanders: mntoductio

VCCI

MASTER

1°C
Control 4

1/O Expander

I°C Bus Control 1/0 Port

Vio Vio
i A i 3 A

B —

e

i

N > N
ke e

| p1 e

- 112
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1°C Devices: I/O Expanders:

Vio Vio

— —

> o
~D04 @—— OUTPUT —04—0 —— INPUT

— —

= =

Introduction

404_. INPUT
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Other FAQs on 10 expanders

Do the address pins have to pulled HIGH or LOW using a resistor?
— Itis not a requirement to use a resistor for pulling HIGH or LOW. However, a resistor can be used.

Does Tl offer 1O expander with stuck bus recovery?
— We do not have an IO expander with stuck bus recovery feature today. The master need to issue as Reset command or power cycle

What is the maximum frequency that the P-port toggle at?
— To write to a port you need to send 3 bytes plus the 3 ACK'’s and the Start and Stop. So the maximum switching frequency of the P-
ports can be ~15 kHz

What is the maximum current you can sink through an 8-bit IO expander
— The recommended current through each port is 10 mA, and the maximum through the 1O Expander is 80 mA

114
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IO expanders

Development

Parameter / Feature Unit

Number of bits 4 8 8 8 8 8 8 8
Minimum supply voltage (V) 2.3 1.65 1.65 1.65 1.65 1.65 1.65 1.65
Maximum supply voltage (V) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Level Translation () ()

/RESET Pin o [ [ ]
Interrupt Output [ () [ ) () () () ()
Internal pull-up resistor (kQ) 100 100 100 100

12C-bus (kHz) 400 400 400 400 400 400 400 400
12C address Binary 1000 001 0100 00x 1000 01x 0100 xxx 0111 xxx 0100 xxx 0111 xxx 1110 1xx

Parameter / Feature
Number of bits

Minimum supply voltage (V) 2.3 2.3 1.65 1.65 1.65 1.65 1.65 1.65
Maximum supply voltage (V) 5.5 5.5 5.5 5.5 5.5 5.5 3.6 5.5
Level Translation L L
/RESET Pin [ ) [ ) () [ ) e ()
Interrupt Output (] () ( ( () () (]
Internal pull-up resistor (kQ) 100 100

12C-bus (kHz) 400 400 400 400 400 400 400 400
I12C address Binary 0011 xxx 0111 xxx 0100 00x 0100 xxx 1110 1xx 0100 xxx 0100 00x 0100 01x
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Common questions (#1)
Which IO expander do | need?

Do you need lower power
consumption and have mostly
output needs?

Do you need a different 12C slave
address?

Do you need a hardware /RESET
pin

Do you have many inputs
distributed across the board?

Do you need a different 12C slave
address?

Do you need voltage translation
(e.g. to drive LEDs at 5 Volts from a
1.8V 12C bus)?

111111

TCAG408A
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