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Overview
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General concept for Serial communications
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* A point to point communication does not require a Select control signal

« An asynchronous communication does not have a Clock signal

 Data, Select and R/W signals can share the same line, depending on the protocol

* Notice that Slave 1 cannot communicate with Slave 2 or 3 (except via the ‘master’)
Only the ‘master’ can start communicating. Slaves can ‘only speak when spoken to’
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Typical Signaling Characteristics
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Transmission Standards

General
Purpose
Logic

Data Transfer Rate (Mbps)

0.5 0 10 100 1000
Backplane Length (meters) Cable Length (meters)
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Speed of various connectivity methods (its/sec)

CAN (1 Wire) 33 kHz (typ)

I°’C (‘Industrial’, and SMBus)| 100 kHz

SPI 110 kHz (original speed)
CAN (fault tolerant) 125 kHz

I°‘C 400 kHz

CAN (high speed) 1 MHz

I°C ‘High Speed mode’ 3.4 MHz .
USB (1.1) 1.5 MHz or 12 MHz
SCSI (parallel bus) 40 MHz

Fast SCSI 8-80 MHz

Ultra SCSI-3 18-160 MHz
Firewire /| IEEE1394 400 MHz

Hi-Speed USB (2.0) 480 MHz
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Bus characteristics compared

Bus Data rate Length Nodes Node number
(bits / sec) (meters) Length limiting factor Typ.number limiting factor
I’C 400k 2 w iring capacitance 20 400pF max
I2’C with buffer 400k 100 propagation delays any no limit
I2C high speed 3.4M 0.5 w iring capacitance 5 100pF max
CAN 1wire 33k 100 total capacitance 32 ,
load resistance and
5k 10km :
: : . transceiver current
CAN differential 125k 500 propagation delays 100 drive
1M 40
USB (low -speed, 1.1) 1.5M 3 cable specs 2 bus specs
USB (full -speed, 1.1) 1.5/12M 25 5 cables linking 6 nodes 127 bus and hub specs
Hi-Speed USB (2.0) 480M (5m cable node to node)
IEEE-1394 100 to 400M+ 72 16 hops, 4.5M each 63 6-bit address
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What is UART?

(Universal Asynchronous Receiver Transmitter)

 Communication standard implemented in the 60’s.
« Simple, universal, well understood and well supported.
« Slow speed communication standard: up to 1 Mbits/s

* Asynchronous means that the data clock is not included In
the data: Sender and Receiver must agree on timing
parameters in advance.

o “Start” and “Stop” bits indicates the data to be sent
« Parity information can also be sent

!\0 1 2 | 3|4 |5 |6 |7
—

Start bit 8 Bit Data

Stop bit
Parity Information
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UART - Applications
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What is SPI?

« Serial Peripheral Interface (SPI) is a 4-wire full-duplex
synchronous serial data link:

— SCLK: Serial Clock

— MOSI: Master Out Slave In - Data from Master to Slave

— MISO: Master In Slave Out - Data from Slave to Master

— SS: Slave Select

 Originally developed by Motorola

« Used for connecting peripherals to each other and to
MICroprocessors

» Shift register that serially transmits data to other SPI| devices
» Actually a “3 + n” wire interface with n = number of devices

* Only one master active at a time

« Various Speed transfers (function of the system clock)

DesignCon 2003 TecForum [2C Bus Overview

13



SPI - How are the connected devices recognized?

SCLK = »| scLk SLAVE1
MOSI ® »| MOSI
MISO [« ? M_ISO
SS 1 »| SS
SS 2
*——>» MOSI
—1 MISO
MASTER »| S5
»| SCLK SLAVE 3
»{ MOSI
MISO
»| SS

« Simple transfer scheme, 8 or 16 bits

 Allows many devices to use SPI through the addition of a shift register
 Full duplex communications

* Number of wires proportional to the number of devices in the bus
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(and promoted by CIA - of Germany - for industrial
applications)

« Relatively complex coding of the messages

« Relatively accurate and (usually) fixed timing

« All modules participate in every communication
« Content-oriented (message) addressing scheme

CAN CAN CAN CAN
Station 1 Station 2 Station 3 Station 4
(Consumer) (Producer) (Consumer) (Consumer)

Local Local Local

Intelligence

Intelligence

Intelligence

Local
Intelligence

l

| Filter |

| Framsa " Filter |

| Framsa |-
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CAN protocol

Start Of Frame

Identifier
Remote Transmission Request

Identifier Extension
Data Length Code
Data

Cyclic Redundancy Check

Acknowledge

End Of Frame
l Intermission Frame

lSpace

v \4 v \4 v
A
e l) identitier | T | D [Caka CRG EQF |F5| ldw
R

* Very intelligent controller requested to generate such protocol
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Zh e <
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» Accepted standard for Automotive and industrial applications

CAN Bus Advantages

— interfacing between various vendors easier to implement

 Freedom to select suitable hardware

— differential or 1 wire bus

« Secure communications, high Level of error detection

— 15 bit CRC messages (Cyclic Redundancy Check)
— Reporting / logging

— Faulty devices can disconnect themselves

— Low latency time

— Configuration flexibility

« High degree of EMC immunity (when using Si-On-Insulator
technology)
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UNIVERSAL SERIAL BUS

What is USB ? (Universal Serial Bus)

 QOiriginally a standard for connecting PCs to peripherals

« Defined by Intel, Microsoft, ...

* Intended to replace the large number of legacy ports in the PC
« Single master (= Host) system with up to 127 peripherals

« Simple plug and play; no need to open the PC

« Standardized plugs, ports, cables

* Has over 99% penetration on all new PCs

« Adapting to new requirements for flexibility of Host function

— New Hardware/Software allows dynamic exchanging of Host/Slave
roles

— PC is no longer the only system Host. Can be a camera or a printer.
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UNIVERSAL SERIAL BUS

USB To pOlOgy (original concept, USB1.1, USB2.0)

> Host

Monitor
— One PC host per system o
— Provides power to peripherals '
> Hub Hub

— Provides ports for connecting more
peripheral devices.

— Provides power, terminations
— External supply or Bus Powered
> Device, Interfaces and Endpoints

— Device is a collection of data
interface(s)

— Interface is a collection of
endpoints (data channels)

— Endpoint associated with FIFO(s) -
for data /O interfacing
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1HHOD oy,
USB Bus Advantages "

* Hot pluggable, no need to open cabinets
« Automatic configuration
« Up to 127 devices can be connected together
e Push for USB to become THE standard on PCs
— standard for iMac, supported by Windows, now on > 99%o0f PCs

 Interfaces (bridges) to other communication channels
exist

— USB to serial port (serial port vanishing from laptops)
— USB to IrDA or to Ethernet

« Extreme volumes force down IC and hardware prices
Protocol is evolving fast
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UNIVERSAL SERIAL BUS

Versions of USB specification

- USB 1.1
— Established, large PC peripheral markets
— Well controlled hardware, special 4-pin plugs/sockets
— 12MBits/sec (normal) or 1.5Mbits/sec (low speed) data rate

- USB 2.0
— Challenging IEEE1394/Firewire for video possibilities
— 480 MHz clock for Hi-Speed means it's real “UHF” transmission
— Hi-Speed option needs more complex chip hardware and software
— Hi-Speed component prices about x 2 compared to full speed

« USB “OTG” (On The Go) Supplement
— New hardware - smaller 5-pin plugs/sockets
— Lower power (reduced or no bus-powering)
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What is IEEE1394 ?

* A bus standard devised to handle the high data throughput
requirements of MPEG-2 and DVD

— Video requires constant transfer rates with guaranteed bandwidth
— Data rates 100, 200, 400 Mbits/sec and looking to 3.2 Gb/s

« Also known as “Firewire” bus (registered trademark of Apple)

« Automatically re-configures itself as each device is added
— True plug & play
— Hot-plugging of devices allowed

* Up to 63 devices, 4.5 m cable ‘hops’, with max. 16 hops
 Bandwidth guaranteed
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1394 Topology

Multiple Nodes interconnected with a multiple
twisted-pair cable

AV
Data

PHY Link

Host MCU |

Host MCU

Link PHY

Host MCU e Port

- Physical layer
— Analog interface to the cable

— Simple repeater
— Performs bus arbitration

* Link layer
— Assembles and dis-assembles bus packets
— Handles response and acknowledgment functions

* Host controller

— Implements higher levels of the protocol
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What is 12C ? (Inter-IC)

 Originally, bus defined by Philips providing a simple way to
talk between IC’s by using a minimum number of pins

« A set of specifications to build a simple universal bus
guaranteeing compatibility of parts (ICs) from different
manufacturers:

— Simple Hardware standards
— Simple Software protocol standard

* No specific wiring or connectors - most often it’s just PCB
tracks

« Has become a recognised standard throughout our industry
and is used now by ALL major IC manufacturers
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j@
|2C Bus - Software

« Simple procedures that allow communication to start, to
achieve data transfer, and to stop
— Described in the Philips protocol (rules)
— Message serial data format is very simple
— Often generated by simple software in general purpose micro
— Dedicated peripheral devices contain a complete interface
— Multi-master capable with arbitration feature

« Each IC on the bus is identified by its own address code
— Address has to be unique

* The master IC that initiates communication provides the clock

signal (SCL)
— There is a maximum clock frequency but NO MINIMUM SPEED
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How are the connected devices
recognized?

« Master device ‘polls’ used a specific unique identification or
“addresses” that the designer has included in the system

« Devices with Master capability can identify themselves to
other specific Master devices and advise their own specific
address and functionality

— Allows designers to build ‘plug and play’ systems
— Bus speed can be different for each device, only a maximum limit

« Only two devices exchange data during one ‘conversation’
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Pros and Cons of the different buses

UART CAN USB SPI 12C
» Well Known » Secure  Fast » Fast » Simple
* Cost effective | « Fast * Plug&Play HW | « Universally « Well known
* Simple * Simple accepted * Universally
« Low cost * Low cost accepted
« Large Portfolio | < Plug&Play
« Large portfolio
* Cost effective
 Limited « Complex * Powerful master] « No Plug&Play | ° Limited speed
functionality . Automotive required HW
* Point to Point oriented  No Plug&Play  No “fixed”
. Limited SW - Specific standard
e drivers required
portfolio
* Expensive
firmware

DesignCon 2003 TecForum [2C Bus Overview
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12C Theory Of
Operation
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12C Introduction

* |2C bus = Inter-IC bus
* Bus developed by Philips in the 80’s

« Simple bi-directional 2-wire bus:

— serial data (SDA)
— serial clock (SCL)

* Has become a worldwide industry standard and used by all
major IC manufacturers

* Multi-master capable bus with arbitration feature
» Master-Slave communication; Two-device only communication
« Each IC on the bus is identified by its own address code

* The slave can be a:

— receiver-only device
— transmitter with the capability to both receive and send data
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1C by the numbers

Standard-Mode Fast-Mode High-Speed-
Mode
Bit Rate 0to 0to
(kbits/s) 0 to 100 0 to 400 1700 | 3400
Max Cap Load 400 400 400 | 100
(PF)
Rise time 1000 300 160 80
(ns)
Spike Filtered N/A 50 10
(ns)
Address Bits 7 and 10 7 and 10 7 and 10
Rise Time
—
\ 0.7xVpp
\ 0.3xVpp

0.4V @ 3 mA Sink Current

DesignCon 2003 TecForum [2C Bus Overview
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|2C Hardware architecture

+hY

Pull-up resistors
Typical value 2 kQ to 10 kQ

SCL ° ° : :

12c
DEVICE

L

12C DEVICE ‘SCL SDA

/

PUT INFO
ONTO THE BUS

RECEIVE INFO
FROM THE BUS

(24

12c

DEVICE
L

Open Drain structure (or
Open Collector) for both
SCL and SDA

> == 10 pF Max
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START/STOP conditions

- Data on SDA must be stable when SCL is High

1 | | _———
SDA / ' ' X ! \
| | | -
| | |
| o
coL M
| | |
| data lin @ | change |
| stable; | ofdata |
| data wval id | alkowad | HOCE:

Bit transfer on the 12C-bus.

* Exceptions are the START and STOP conditions

S O I W Vg
StL S ! ! o k! ¢ P o 20

: STOP condibon
START condiion I s

START and STOP conditions.
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|2C Address, Basics

pcon- pcon-
troller troller Il

\ A ) New devices or
.V A functions can be
Fixed Hardware easily ‘clipped on to

Selectable an existing bus!

» Each device is addressed individually by software

» Unique address per device: fully fixed or with a programmable part
through hardware pin(s).

* Programmable pins mean that several same devices can share the
same bus

 Address allocation coordinated by the 12C-bus committee
» 112 different types of devices max with the 7-bit format (others reserved)
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|2C Address, 7-bit and 10-bit formats

* The 1st byte after START determines the Slave to be addressed

» Some exceptions to the rule:
— “General Call” address: all devices are addressed : 0000 000 + R’'W =0
— 10-bit slave addressing : 1111 OXX + R/IW = X

*7-bit addressing

The 7 bits
* 10-bit addressing

T Only one device will acknowledge

\ -

XX = the 2 MSBs T The 8?gmaining T
More than one device can bits Only one device will
acknowledge acknowledge
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1°C Read and Write Operations (1)

 Write to a Slave device

Master
< ndata bytes > scL Slave
. —
S | slave address [ W data data P transmitt%r receiver
—)
? ? SDA

“0” = Write Each byte is acknowledged by the slave device

The master is a “MASTER - TRANSMITTER”:
—it transmits both Clock and Data during the all communication

* Read from a Slave device
< ndata bytes > SCL

S

=3 A | data data N H m:transmitter
P

b

“1” = Read Each byte is acknowledged by the master device (except the last
one, just before the STOP condition)

The master is a “MASTER TRANSMITTER then MASTER - RECEIVER”:

— it transmits Clock all the time
— it sends slave address data and then becomes a receiver

S |slave address
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1“C Read and Write Operations (2)

« Combined Write and Read

< ndata bytes > < mdata bytes >

S |slave address W data data Sr| slave address| R ANIENeEIF] data _A‘ P

t t

“0” = Write Each byte is “1” = Read Each byte is
acknowledged acknowledged
by the slave device by the master device
(except the last one, just
- Combined Read and Write before the STOP
condition)
< ndata bytes > < mdata bytes >

S %Iave Ell GRS A | data data ? Sr| slave addressTV data data P

?

“1” = Read Each byte is “0” = Write Each byte is
acknowledged acknowledged
by the master device by the slave device

(except the last one, just
before the Re-START
condition)
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Acknowledge; Clock Stretching

- Acknowledge
Done on the 9th clock pulse and is mandatory
- Transmitter releases the SDA line
- Receiver pulls down the SDA line (SCL must be HIGH)
- Transfer is aborted if no acknowledage

T
oy DATACUTPUT 4:\! / X N

' No acknowledge

||

DATA OUTPLT 1 \
BY RECEIVER |
I

Acknowledge

SCL FROM
MASTER || 1 NS N

5
L_J clock pulse for

START
condition acknowledgamant
[ (e

Acknowledge on the [2C-bus.

* Clock Stretching

- Slave device can hold the CLOCK line LOW when performing

other functions
- Master can slow down the clock to accommodate slow slaves
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12C Protocol - Clock Synchronization

—71— Vdd
Master 1 Master 2
| >
CLK1 — . — CLK 2
= SCL o

Wit HIGH periad

* LOW period determined by the longest clock LOW period
* HIGH period determined by shortest clock HIGH period
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12C Protocol - Arbitration

« Two or more masters may generate a START condition at the same time
* Arbitration is done on SDA while SCL is HIGH - Slaves are not involved

aster 1 loses arbitration
DATA1 #SDA

-
=
]
|

<>;:a<
111
-

bData |

L —

L

RN
-

¢
S —

]
-

L —[—

B
I
| —
|
L
.
L
T —

L E_ MSCE
Start “1” “075 uon u1!1 “01! “1”
command
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What do | need to drive the 12C bus?

.| e

I2C BUS

There are 3 basic ways to drive the I°C bus:

1) With a Microcontroller with on-chip I°C Interface
Bit oriented - CPU is interrupted after every bit transmission

(Example: 87LPC76Xx)
Byte oriented - CPU can be interrupted after every byte transmission

(Example: 87C552)

2) With ANY microcontroller: 'Bit Banging’
The I2C protocol can be emulated bit by bit via any bi-directional open drain port

3) With a microcontroller in conjunction with bus controller like the
PCF8584 or PCA9564 parallel to I°C bus interface IC
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Pull-up Resistor calculation
DC Approach - Static Load

Worst Case scenario: maximum current load that the output transistor can
handle = 3 mA . This gives us the minimum pull-up resistor value

Vdd min-0.4V
R = With Vdd = 5V (min 4.5 V), Rmin = 1.3 kQ
3 mA ; s
AC Approach - Dynamic load T H
* maximum value of the rise time: \Q\
’ “-{l"'H.':'- a
— 1us for Standard-mode (100 kHz) B
— 0.3 us for Fast-mode (400 kHz) [ovey B
» Dynamic load is defined by: T T e

V(t) = Vpp (1-e */RC)
Rising time defined between
30% and 70%

T... =0.847.RC
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12C Bus recovery

 Typical case is when masters fails when doing a read operation in a slave

« SDA line is then non usable anymore because of the “Slave-Transmitter”
mode.

» Methods to recover the SDA line are:
— Reset the slave device (assuming the device has a Reset pin)

— Use a bus recovery sequence to leave the “Slave-Transmitter” mode

* Bus recovery sequence is done as following:
1 - Send 9 clock pulses on SCL line
2 - Ask the master to keep SDA High until the “Slave-Transmitter” releases
the SDA line to perform the ACK operation

3 - Keeping SDA High during the ACK means that the “Master-Receiver”
does not acknowledge the previous byte receive

4 - The “Slave-Transmitter” then goes in an idle state

5 - The master then sends a STOP command initializing completely the

bus
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12C Protocol Summary

START

HIGH to LOW transition on SDA while SCL is HIGH

STOP

LOW to HIGH transition on SDA while SCL is HIGH

DATA

8-bit word, MSB first (Address, Control, Data)
- must be stable when SCL is HIGH
- can change only when SCL is LOW
- number of bytes transmitted is unrestricted

ACKNOWLEDGE

- done on each 9th clock pulse during the HIGH period
- the transmitter releases the bus - SDA HIGH
- the receiver pulls DOWN the bus line - SDA LOW

CLOCK

- Generated by the master(s)

- Maximum speed specified but NO minimum speed

- A receiver can hold SCL LOW when performing
another function (transmitter in a Wait state)

- A master can slow down the clock for slow devices

ARBITRATION

- Master can start a transfer only if the bus is free

- Several masters can start a transfer at the same time

- Arbitration is done on SDA line

- Master that lost the arbitration must stop sending data

DesignCon 2003 TecForum [2C Bus Overview
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1°C Summary - Advantages

« Simple Hardware standard
« Simple protocol standard
» Easy to add / remove functions or devices (hardware and software)
« Easy to upgrade applications
« Simpler PCB: Only 2 traces required to communicate between devices
 Very convenient for monitoring applications
 Fast enough for all “Human Interfaces” applications
— Displays, Switches, Keyboards
— Control, Alarm systems
 Large number of different I°C devices in the semiconductors business

* Well known and robust bus

DesignCon 2003 TecForum [2C Bus Overview
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2nd Hour
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Overcoming
Previous
Limitations
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How to solve I12C address conflicts?

* |2C protocol limitation: when a device does not have its 1°C address

programmable (fixed), only one same device can be plugged in the same
bus

= An I2C multiplexer can be used to get rid of this limitation

* |t allows to split dynamically the main I°C in several sub-branches in order to
talk to one device at a time

* It is programmable through I°C so no additional pins are required for control
« More than one multiplexer can be plugged in the same |°C bus

* Products
# of Channels Standard w/Interrupt Logic
2 PCA9540 PCA9542/43
4 PCA9546 PCA9544/45
8 PCA9548
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12C Multiplexers: Address Deconflict

I2C EEPROM I2C EEPROM
1 2

MASTER

same address

I°C EEPROM I°C EEPROM

MASTER

The multiplexer allows to address 1 device
then the other one

DesignCon 2003 TecForum [2C Bus Overview



How to go beyond I°C max cap load?

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

= An I2C multiplexer can be used to get rid of this limitation

* It allows to split dynamically the main I°C in several sub-branches in order to
divide the bus capacitive load

* It is programmable through 1°C so no additional pins are required for control
« More than one multiplexer can be plugged in the same |°C bus

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

* Products:
# of Channels Standard w/Interrupt Logic
2 PCA9540 PCA9542/43
4 PCA9546 PCA9544/45
8 PCA9548
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12C Multiplexers: Capacitive load split

MASTER

12C bus

MASTER

The multiplexer splits the bus in two downstream 200
pF busses + 100 pF upstream

DesignCon 2003 TecForum [2C Bus Overview
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Practical case: Multi-card application

 The following example shows how to build an application where:
— Four identical control cards are used (same devices, same |°Caddress)
— Devices in each card are controlled through [°C
— Each card monitors and controls some digital information
— Digital information is:
1) Interrupt signals (Alarm monitoring)
2) Reset signals (device initialization, Alarm Reset)
— Each card generates an Interrupt when one (or more) device generates
an Interrupt (Alarm condition detected)
— The master can handle only one Interrupt signal for all the application
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12C Multiplexers: Multi-card Application

- Cards are identical

- One card is selected / controlled

at a time

- PCA9544 collects Interrupt

MASTER

INT3

I2C bus 0

IC bus 1

Card 0

Card 1

Card 2

Card 3

A A A

Interrupt signals are
collected into one signal
DesignCon 2003 TecForum [2C Bus Overview
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How to accommodate different I2C logic
levels in the same bus?

* |2C protocol: Due to the open drain structure of the bus, voltage level in the
bus is fixed by the voltage connected to the pull-up resistor. If different
voltage levels are required (e.g., master core at 1.8 V, legacy I°C bus at 5V
and new devices at 3.3 V), voltage level translators need to be used

= An I2C switch can be used to accommodate those
different voltage levels.

* |t allows to split dynamically the main I°C in several sub-branches and allow
different supply voltages to be connected to the pull up resistors

« PCA devices are programmable through I°C bus so no additional pin is
required to control which channel is active

* More than one channel can be active at the same time so the master does
not have to remember which branch it has to address (broadcast)

« More than one switch can be plugged in the same I°C bus
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12C Switches: Voltage Level Shifting

I12C device| |I12C device| |I12C device| [I2C device| [I2C device
1 2 3 4 5
1\ J 1§ J

MASTER

I12C bus

Y

Y

Devices supplied by 5V Devices supplied by 3.3V
and not 5.0 V tolerant
|

MASTER

I12C device
1

I12C device
2

I12C device

I12C device
4

I12C device

DesignCon 2003 TecForum [2C Bus Overview
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# Channels |Int

1 GTL2002

) PCA9540
PCA9542/43| X

PCA9546
4 PCA9544/45 | X

5 GTL2010

8 PCA9548

11 GTL2000
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How to increase reliability of an 1°C bus?
(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 I2C switch can be used to split the I12C bus in several
branches that can be isolated if the bus hangs up.

« Switches allow the main 12C 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
* It is programmable through I°C so no additional pin is required to control it
« More than one switch can be plugged in the same I°C bus
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Isolate 1°C hanging segment(s)

Device 1

MASTER PCA

954

Device 2

Device 3

Device 4

Device 6
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Device 7

Device 8
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|solate hanging segments
Discrete stand alone solution

+bug +%zLpply <
=i
FALVCIGOZ [I]E H]% SEGMENT 1
=] 5
0] S ]
0 [ < ]
SCL e ;” 5L
1€ bus l—(il— 2 Expanzion bus
s [Tl , i SEGMENT 2
S0 L~ sDa MASTE ——
2 2 B96
FE2BA96 = - |§ -
= = = =
L —_ L [
T - -
GHD BCB4TE BCBA7E GMND
Senzes both 504" and S5CL and dizconnects both if P82 SEGMENT 3
either ztaps low for tine-out period B96 —
MHote: LW supply limitz +%supply range
Llse discretes for higher voltages

* A bus buffer isolates the branch (capacitive isolation)
* Its power supply is controlled by a bus sensor

« SDA and SCL are sensed and the sensor generates a timeout when the
bus stays low

 Bus buffer is Hi-Z when power supply is off.
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How to increase reliability of an 1°C bus?
(Master devices)

* |2C protocol: If the master does not work properly , reliability of the systems
will decrease since monitoring or control of critical parameters are not
possible anymore (voltage, temperature, cooling system)

= An I12C demultiplexer can be used to switch from one
failing master to its backup.

« It allows to have 2 independent masters to control the bus without any fault
or system corruption
— failed master completely isolated from the bus
— |1°C bus is initialized by the demultiplexer before switching from one
master to the other one
* It is programmable through 1°C so no additional pin is required to control it
* More than one demultiplexer can be plugged in the same 1°C bus
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Isolate failing master

M —» Main

12C
BACKUP —> Dbus
MASTER®

« Main Master control the I°C bus
* When it fails, backup master asks to take control of the bus
* Previous master is then isolated by the multiplexer

* Downstream bus is initialized (all devices waiting for START condition)

« Switch to the new master is done

* Products
Device # of upstream channels
PCA9541 2
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How to go beyond I°C max cap load?

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

= An I2C bus repeater or an I2C hub can be used to get rid
of this limitation

« |t allows to double the 1°C max capacitive load (repeater) or to make it 5
times higher (hub = 5 repeaters)

« Multi-master capable, voltage level translation
* All channels can be active at the same time
* Limitation: Repeater/hub cannot be used in series

 Products:
Device # of repeaters # of ENABLE pins
PCA9515 1 1
PC9516 5 4
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1°C Bus repeater (PCA9515) and Hub (PCA9516)
N

-~ PCA
9515

PCA
9516 | ¢ > 0

\\ —
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How to scale the I°C bus by adding
400 pF segments?

« Some applications require architecture enhancements where one or several
isolated 1°C hubs need to be added with the capability of hub to hub
communication

= An expandable I12C hub can be used to easily upgrade
this type of application

* It allows to expand the numbers of hubs without any limit

« Multi-master capable, voltage level translation

 All channels can be active at the same time (4 channels per expandable hub
can be individually disabled)

* Products:
Device # of repeaters # of ENABLE pins
PCA9518 5 4
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PCA9518 Applications

PCA
9518

Y

\

Inter Device I2C bus

PCA
9518

<P Non used Hub
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How to accommodate 100 kHz and 400 kHz
devices in the same 12C bus?

* |2C protocol limitation: in an application where 100 kHz and 400 kHz devices
(masters and/or slaves) are present in the same bus, the lowest frequency
must be used to guarantee a safe behavior.

=» An I12C bus repeater can be used to isolate 100 kHz from
400 kHz devices when a 400 kHz communication is
required

* |t allows to easily upgrade applications where legacy 100 kHz I°C devices
share bus access with newer 400 kHz 1°C devices
« Each side of the repeater can work with different logic voltage levels

 Products:
Device # of repeaters # of ENABLE pins
PCA9515 1 1
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PCA9515 - Application Example

? 3.3V ? ? 5.0V
400 kHz slave 100 kHz slave
<= devices seLd S scL1 devices —
& — O *—
o |
SDAO| —>— | SDA1 )\
1 — ]
ENABLE
MASTER 1 MASTER 2
400 kHz OPTIONAL 100 kHz

 Master 1 works at 400 kHz and can access 100 & 400 kHz slaves at their

maximum speed (100 kHz only for 100 kHz devices)

» Master 2 works at only 100 kHz
« PCA9515 is disabled (ENABLE = 0) when Master 1 sends commands at

400 kHz
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How to live insert?

* |2C protocol limitation: in an application where the I1°C bus is active, it was
not designed for insertion of new devices.

= An I12C 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 PCA9512
which works with 3.3 V and 5 V logic voltage levels at the same time

* Products:

Device # of repeaters # of ENABLE pins
PCA9511 1 1
PCA9512 1 0
PCA9513 1 1
PCA9514 1 1
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12C Hot Swap Bus Buffer

" SCLO SCL1

SDA1

ANVVARY,

SDAO

READY

 Card is plugged on the system - Buffer is on Hi-Z state

 Bus buffer checks the activity on the main 1°C bus

* When the bus is idle, upstream and downstream buses are connected

» Ready signal informs that both buses are connected together
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How to send I12C commands through long cables?

* |2C limitation: due to the bus 400 pF maximum capacitive load limit, sending
commands over wire (80 pF/m) long distances is hard to achieve

=> An I2C bus extender can be used

* It has high drive outputs
 Possible distances range from 50 meters at 85 kHz to 1km at 31 kHz over
twisted-pair phone cables. Up to 400 kHz over short distances.

» Others applications:
— Multi-point applications: link applications, factory applications
— |2C opto-electrical isolation
— Infra-red or radio links

* Products:
Device

P82B715
P82B96
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How to use a micro-controller without 1°C bus or
how to develop a dual master application with a
single micro-controller?

« Some micro-controllers integrates an 12C port, others don’t

= An I12C bus controller can be used to interface with the
micro-controller’s parallel port

* It generates the I°C commands with the instructions from the micro
controller’s parallel port (8-bits)

* It receives the I°C data from the bus and send them to the micro-controller

* It converts by software any device with a parallel port to an I°C device
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Parallel Bus to 12C Bus Controller

» Master without 12C interface

Master <::> PCA
9564

» Multi-Master capability or 2 isolated I°C bus with the same device

Master 9564 [*— > SCL1
< > SDA2
< > SCL2
* Products
Voltage range Max I°C freq Clock source |Parallel interface
PCF8584 4.5-5.5V 90 kHz External Slow
PCA9564 (2.3 - 3.6V w/5V tolerance 360 kHz Internal Fast
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Development

Tools and
Evaluation

Board Overview
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Purpose of the Development Tool and I2C
Evaluation Board

o provide a low cost platform that allows Field

Application Engineers, designers and educators
to easily test and demonstrate 1°C devices in a

platform that allows multiple operations to be

performed in a setting similar to a real system
environment.
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12C 2002-1A Evaluation Board Kit

....... P

e e

FEATURES
- Converts Personal Computer parallel port to 12C bus master
- Simple to use graphical interface for I2C commands

- Win-I2CNT software compatible with Windows 95, 98, ME, NT, XP and 2000

- Order kits at www.demoboard.com
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Evaluation Board 2002-1A Kit Overview

12C 2002-1A

Evaluation Kit
C -Win95/98/2000/NT/XP CD - ROM

Parallel

I2CPORT v2
Port Adapter

Win-I2CNT

I12C Cable
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I2CPORT v2 Adapter Card

 The Win-I2CNT adapter connects to the standard DB-25 on any PC

* It can be powered by the PC or by the evaluation board

I2C 2Kbit
EEPROM
To the PC
parallel <
port
To the I2C
» Evaluation Board
I2C bus signals

Jumper JP2 /
I2C Voltage Selection (Bus
voltage)

Open =3.3V bus
Closed = 5.0 V bus
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Evaluation Board 12C 2002-1A Overview

SCL/SDA Main 12C Bus 12C 2002-1A Evaluation Board
PCA9550 PCA9551 PCA9554 PCA9543 PCA9555 PCA9561 PCA9515 P82B96
PCA9501 PCF8582
LM75A LM75A

SCL1/SDA1 SCL2/SDA2

| 3.3V
@ |:| 9V REGULATORS —» SCLO0/SDAO

1 » 50V

OOOO

* 12 12C devices on the evaluation board
« 2 evaluation boards can be daisy chained without any address conflict

» Boards cascadable through I12C connectors, RJ11 phone cable or USB cable
* On board regulators
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Starting the Software

Clicking on the Win- I2CNT icon will start the software and will

give the following window

[FCWin12CHT - [ ]

S et M N . .
£ Clock Bufers Working Window
E’Epgxigdndels S e I eCt I o n
O pe n th LED Drvers/Blinkers FCA3RE0 ) bltfi anytirne by pressing the F1 key! .
. Multiplexers/Switches PLAS55T : Open the device
Universal

énﬂu Heference GUide

PCASE53

! shAllEd s éll the available parallel ports to
if the YWin-I2C hardiware is available, If not detected,
has been properly ifserted in & parallel part,

Real Time Clocks
Static: Rk

Thermal M anagement
Tone Generatars
Universal Modes

modes
screen

3
3
3
3
3
MNantolatle Registers ®
3
3
3
3
3

Step 3: If necessary, adjust the I2C Dﬁ:erating frequency in the Options Menu

Step 4: Select a device, or create your own 12C device using the Universal
or User Defined selections, from the Device Menu

specific screen

2 modes for the clock.
Slow is adequate for
slow ports and to solve
some potential
compatibility issue

/

I2C Indicates the
— clock (SCL)

00 KHz |

PT1 |

frequency

/ Win-IZCMT hardware ready at LPTL
1 |

Indicates that I2C communications can
start

If problem, message “WIN-I2C hardware
not detected” displayed

- Action: check Adapter Card
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Parallel Port
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Device - |/O Expanders - PCA9501

GPIO register value
GPIO value

GPIO Read / Write Options

GPIO
[2CWin-|2CNT - [PCA9500 7 PCA9571 System Maintenance and Control Devices] programming
GPIO :' File Device Options Windaw help _ A 5 ;Iﬂ x| __:
| [YOExpander :’ =Y 1 \ :
address : ﬂhded£3$|_ IEI IEI IEI I;I IPESI I;I IPEII I;I FF | tribe 1j0 Read Ij0 | =] guito White OFF :
EEPROM | reeProMaddiess— [ [o [1 [z [3 Je |s |6 |7 |a |2 Ja | |c |p |s |F : Auto Write
address 1 %lﬁ 0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF | Feature
b iord address i |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF I
Selected byte _:__> 00h 0d o |2 |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF !
information : ———— Toer FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF :
. . 3 |rr FF FF FF FF FF FF FF I
Write Time —:——}Im 3' 5 |FF FF FF FF FF FF FF FF :
I = & |FF FF FF FF FF FF FF FF |
: Read Byte 7 _|FF FF FF F FF FF FF ! Byte 8BH
| A & |FF FF FF FF FF FF FF FF FF FF FF|FF FF FF FT | or 139
EEPROM ly 4 = 2 |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF | 10
Read / : ) [ i Byte 4 |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF I
) | . E |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF I
Write P L e Al ¢ _|FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF :
Options I Preset D |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF I
Set the all —» ! Sot Data IF E |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF :
I F |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF :
EEPROMto ____ .- _________________________ ' EEPROM
the same I 'Enteratwu:u digit hex number into each cell Mormal [§L KH2| LPT1 ‘ programming
value
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Device - Multiplexers/Switches - PCA9543

FCWin-12CNT - [PCA3543 / PCAI545 / PCADS46 / PCAD548 IPC Switches]

ﬁEiIe Device Options  “Windomw Help

Device address

~PrAgE4S

Control Register

Lievice Sodre

—iContral Register—

Value

Read /| Write——p<
Operation

Channel q
Selection

Interrupt
Status d

Auto Write

|

Read

Wirite

Tenie 7|

~PCADS45
Device Address |0xED "l

—Cortrol Register—

=

Read

Write

rPCADSE

Device Address [JxED "l

~iContral Register—

=

Read

Write

~PCACDS48
Device Address [JxED ""'|

~iContral Register—

=

Read

‘Write

-Channel Select——

—Channel Select——

—Channel Select——

¥ Channel 0 [™ Channel 0 [™ Channel 0
_ I Channel 1 I~ Channel 1 I~ Chanrel 1
™ Channel 2 ™ Channel 2
[™ Channel 3 [™ Channel 3
R L= — ~Interrupts
m| Charnel 0 | Channel 0
| Charingl 1 = Channel 1
= | Channel 2
| Channel 3
P mm| Luto Write Off | Ao Wiite Off | auto Write Off

—Channel Select——
[~ Channel 0
[~ Channel 1
[~ Channel 2
[~ Channel 2
[~ Channel 4
[ Channel 5
I Channel 6
[~ Channel 7

= auto Write Off

Feature

WUEN 100kHz | LPTI
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Device = LED Drivers/Blinkers 2> PCA9551

FCWin-12CNT - [PCA9551 8-bit LED Driver / Blinker]

E File Dewice Options Window Help - |E‘ |_}_§_]
L g oo -
I LED 7 LED & LED 5 LED 4 LED 3 LED 2 LED 1 LED O :

1 , . : . ,
| I I |
|
: L__| — |
I | CFF | OFF | OFF | OFF | OFF | OFF | CFF | OFF !
Period  Duky Cycle Petiod  Duty Cycle
I2C Address

G400 sec

0.15625 Hz

' 50,00%

I
I Input Register EI
1

| Frequency
| Prescaler 0

P Reqister O

| Prescaler 1

I
I P Register 1

1
| LED Selector 0-3

|

|

|

1

|

|

|

|

|

1 || Frequency
|

|

|

|

|

|
ol
|

|

IIII:-:CC v|<

\ B Ao Write OFf <4—
A\ <
\ YWirite &l
Read*put Req. > 4—
Read all
J

?Change the Duty Cyle of Pl

tormal [T A MRS
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LED drivers
states

Register values

Device

address
Auto Write

Feature

Read / Write
Operation

Frequencies
and duty cycles
programming
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Device - |/O Expanders - PCA9554

Auto Write

Feature

Output

Register

Read / Write
Operation (all

[FCWin-lZCNT - [PCA9554/PCATISS4A 1/0 Expanders]

” File  DevicANOptions  Window
A
. ’, \‘
Dde;"ce Tgl ﬂutﬁ{ﬁrite Off Read Al Write: Al
a ress
I Register 0 [ Register 1¢— q Register 2 jRegister 3 : :
nfigurati
Input I il crar Ghrm e C(I)R P_Jut atio
Register I I n Register
1| I7 W High 07 W High W7 ™ Mot Irverted! : 7 W Input
I 16 W High 06 ¥ High : ME ™ Mot Inverted, | 8 W Input \
I 15 ¥ High 05 ¥ High M5 Mot Inverted; | ©5 W Input .
L 14 Heh 04 ¥ Hah | N4T Nat Invertedy | C4 W Tnput Polarity
I3 ¥ High 03 W High 1 W31 Mot Inverted! 1| C3 B Input i
: 12 ¥ High 02 ¥ High | M2~ Mot Inverted ] 1| 22 W Input Rengter
1|11 ¥ High 01 W High : N1 Mat Imrerted: : 1 M Input
. 1| 10 W High 00 W High MO Mot Inverted! | C0 W Input
Register § ——— » e LI : -
i ; ; ; ; Read / Write
P rog rammin g Rea Res Res Rea .
r «— Operation
Yrite Yrite W'rite .
(specific
register)

|Checked=high. Inchecked=low,

] 00 kz | LPT1 |
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Device - |/O Expanders - PCA9555

Auto Write
Feature

Input
Registers

Polarity
Registers

Read / Write Operation
(all registers)

FC3din-12CHT - [PCA9555 i5-bit 1/0 Expander]

D . ‘- File Mevice Option:  wWindos, Help A
evice e eigites L e Wy = R
[
Address NF IFF | Read Inputs I 1 ! | Write: All I | Read Al I
L
. I : : r=—==="xg---~-TT-T-=-=-=-= i Bl =
Reg|ster —_’;Cunﬁguratn:un (Registers 7 and &)1 Paolarity (Registers Sand 4)——— = H-Output (Registers 3 and 231 OU tpu t
. | | |
FF FF 00 00 FF FF
Programming , I/ | , | | W | ™ Registers
'}K?,Input 6.7 Input 5.7 [~ Mot Inverted 4.7 Mot Inverted || 3.7 == (High 2.7 == |High I
:'?.6|7 Input | 5.6 Input 561 Mot Iverted | 4,61 Mot Irverted ) (2.6 mmlHigh 2.6 m|High ||
Confiauration | 7.5W Input 5.5 Input 551 Mot Inverted |4.51 Mot Inverted (] [2.5 mm|High (2.5 m|High |,
g || 74F Input 6.4 Input 5.4 Mot Inwerted | 4.4 Mot Inverted || 3.4 mm|High (2.4 ==|High |
Registers | 7 3W Input 6.2k Input 5,31 Mot Inverted (4,31 Mot Inverted || 3.3 mm|High 2.3 mm|High |
11720 Tnput 6.2 Input 5.2 Mat Inverted |4.217 Mot Inverted ! (3.2 mmlHigh 2.2 ==|High |1
71 Input 6.1 Input 5107 Mot Inverted |4.17 Mot Inverted ¢! 2.2 mm|High (2.1 s=|High |1
1|7.0W Input 5.0 Input 5.0 Mot Inverted (4.0 Mot Inverted 1| .0 ™= |High (2.0 == |High :
. S [ i
Read / Write
Opera tion rite Canfig Regs | rite Paolarity Reaq. | rite Dutput Part |
—>
(SpeCi fIC Regis te r) ad Config. F{egizteri Read Polarity Port | ead Cutput Port |

I |Cheu:kﬂu:|=high. Unchecked=low,

IIHIMI 100 kHz | LPTL |
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Device > Non-Volatile Registers > PCA9561

FCwWin-l2CHT - [PCABDS0 / PCAS559 / PCAISG0 f PCAI561 Mon-volatile Registers] M=l E3
ﬁ File Dewvice Optiong ‘Window  Help - |5’|_}ﬂ
—PCABSS0 “PCA9580 —PCASSE1 D =
, evice
LLELE ALOEss Iﬁ Device Address ID}{QB vI Device Address ID}{QB hd I<
Data Byte [0 4l Address
on-mixed dats EEPROMEyte 0 EEPROM Byte 1 EEPROM Byte 0 EEPROMByte 1 )
B - — = = =
Mux Diata r |_~ I_ _ I_ _ r_
Wil Diata B r Wirite EEQ Wirite EE1 Wit EEIII| Fead EEIII| Wi'rite EE1 | Fead EE1
Mux Data A r e EEPROMs
wite | Read | Read EED Read EE1 FEPRT'FF‘:_BFM FEPR‘I?‘:_B“ES >4— Read / Write
== Auto Write OFf : Operation
Write all Read All p
A A0S50 Wit EE2| Read EE2| Wirite EE3| Fead EE3
Device Address ID}{QB vI
Werite All | Read all
Data Byte Iﬁ | | JJ MU X |N
Moremueeddata T —
MLy Data E r o MuxIn -l Read Mux | Muzx In -l Read MUXl 4— Read
M Data D r = ;
MLy Data r iMLIK_OLIT from EEPRCIM O j IMLIX_IN of non-volatile Reqgister 0 j Ope I'atIOI‘I
Muix Data B r is sourced to MUK QT
Mux Data & r T > 4—— Data
Wirite Read \Wribe | \Wrike |
EEPROM
= auta Wiite OFf . fVlUX IN) ’
| Ml 100 KHz | LPT1 . .
g : | Multiplexing

Note: MUX_IN, MUX_SELECT and WP pins are not controlled by the Software
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Device = Thermal Management - LM75A

Auto Write Read / Write Temperature

Feature Operation (all monitoring

registers)
FCWin-12CHT - [LM759A Digital Temperature and Thermal' #atchdog]

E File Device \Jptions ‘window  Help AL =] =]
: — r . . N == ==-= — s oo oo T

Device rDevice Address— \gutomatic Wiite ead and Write Al Registers— —Tempetature History—————
address 0::30 = auowrite OFf ||| wrkeal | | Resdal | 1 |30 :
ZTemperature - :
| Temp Register | Tempersture ! 25 "

-Read
I
|
~Thyst A :
i 1
Read / Write T [ e . !
Operation 3 (i !
. gn - TS

(specific register) 10 I
| Read I | Write :
—Configuration Register 2 :
\| Read I | Wirite I :
Device 6 |r _SPIH-;D;H_INDrmaI vI I ;ma_m: ________ | miliseconds :
modes : : 05 Mode ICu:umparatur vI 05 Fau Start Read | :

| T/ / W0KHz | LPTL I

Temperature Monitoring/ Start_ _
Programming frequency Monitoring
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Device > EEPROM - 256 x 8 (2K)

« Control window and operating scheme same as PCA9501’s 2KBit EEPRON

PCA9515

* Bus repeater - No software to control it
« Buffered I2C connector available

 Enable Control pin accessible

P82B96

 Bus buffer - No software to control it

 |2C can come from the Port Adapter + USB Adapter through the USB
cable

* I2C can be sent through RJ11 and USB cables to others boards
« 5.0 Vand 9.0 V power supplies
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Universal Receiver / Transmitter Screen

[FCWin-12CHT - [Unwersal I*C Control]
: —Mezza E 1
érF%rrrrrrrwwwwwwﬁwﬁwﬁﬁﬁﬁﬁr
—Message 2
R BT e b e o e e e o BT e e e e o B
- Commands
FRFFFEEFRFREFERRRERRERFRRERF | Programming
Message 4
|FPET Fe fe  f e Be e fo  fT  f fe fe fo F
Message S
|FPET Fe be  f e Be e fo  fT  f fe fe fo F
: J-3end Message 1 Logquencer gueaeene] .-
Send Single Repeat Stop |1234512345 ID j 4 I2C .
............................................................................................... sequencing
/ - J / \ parameters
Y
) A . g
E) 100Kz | PN |

SN

Send Sequencer Sequence Programmable delay
selected programming between the messages
message
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How to program the Universal Screen”?

* Length of the messages is variable: 20 instructions max
« 5 different messages can be programmed

 First START and STOP instructions can not be removed
* |I2C Re-Start Command > “S” key

* I2C Write Command > “W” key

* I2C Read Command > “R” key

« Add an Instruction 2 “Insert” key

 Remove an Instruction - “Delete” key

* Data: 0 to 9 + A to F keys

DesignCon 2003 TecForum [2C Bus Overview
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Some others interesting Features

* I2C clock frequency can be modified (Options Menu).

« Acknowledge can be ignored for stand alone experiment
(Options Menu).

* Universal Transmitter/Receiver program can be saved in a file.

* Device specific screens are different depending on the selected device.
All the options are usually covered in those screens.
Good tool to learn how the devices work and test all the features.

* Possibility to build some small applications by connecting the devices
together through the headers.
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How To Obtain the New Evaluation Kit

* The 12C 2002-1A Evaluation Board Kit consists of the:

—12C 2002-1A Evaluation Board

— 12CPort v2 Adapter Card for the PC parallel port

— 4-wire connector cable

— USB Adapter Card (no USB cable included)

— 9V power supply

— CD-ROM with operating instructions and Win-I2CNT software on
that provides easy to use PC graphical interface specific to the 1°C
devices on the evaluation board but also with general purpose
mode for all other I°C devices.

Purchase the 12C 2002-1A Evaluation Board Kit
at www.demoboard.com
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Comparison of
1-C with SMBus
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Some words on SMBus

* Protocol derived from the I°C bus
* Original purpose: define the communication link between:
— an intelligent battery
— a charger
— a microcontroller
* Most recent specification: Version 2.0
— Include a low power version and a “normal” power version
— can be found at: www.SMBus.org
« Some minor differences between 1°C and SMBus:
— Electrical
— Timing
— Operating modes
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12C Bus Vs SMBus - Electrical Differences

DC parameter comparison between Standard I°C, Fast I’C and SMBus devices
Svmbol Parameéter Std I'C mode device Fast I'C mode device SMBus device Unit
I " er . . . . - b 1
' MIN MAN MIN MAXN MIN MAX
eve
ViL - —
Vpp related 05 (o3v UD 0.5 @UD N/A NJA v
mput level N _
Fixed mput 2 0 Vppinaxt 3.0 Vppmax+0 2 <z v
,. level 3 0.5 3. s 5.
Vi Vpp related N Vppmax+ Vppmax+{
‘DD relate A DD TAY [ ¥ DDHIERTY N/ A N/A W
mput level : lb (0.5 QJU )
1"4' HYS 1'k'r|_ I l-"r". IL |\ A r\ﬁk (i ': 1"-[ D - Nl*i'k P\JI'L W
oL i@ 3m/ 0 0.4 { 04 N/A MN/A
VL lar, (&) bm! N/A N/A 0 0.6 N/A N/A \Y
VoL @ 3 TQ N/A N/A N/A N/A i 0.4
I|"|. ILLUP \l\ A r\ﬁk f\'\ '\J"L / <J| ( ) (':” > LA
L N i . - - J
Cl EAK ) —IN [ (b -1 //H( -5 ] ey

Y

/

Low Power version of the SMBus Specification only

The SMBus specification can be found on SMBus web site at www.SMBus.org
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12C Bus Vs SMBus - Timing and operating
modes Differences

 Timing:
— Minimum clock frequency = 10 kHz
— Maximum clock frequency = 100 kHz
— Clock timeout = 35 ms

» Operating modes

— slaves must acknowledge their address all the time
(mechanism to detect a removable device's presence)
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Intelligent Platform
Management

Interface
(IPMI)

DesignCon 2003 TecForum [2C Bus Overvie



Intelligent Platform Management Interface

* Intel initiative in conjunction with hp, NEC and Dell
* Initiative consists of three specifications:
— IPMI for software extensions
— Intelligent Platform Management Bus (IPMB) for intra-chassis (in
side the box) extensions
— Inter Chassis Management Bus (ICMB) for inter-chassis (outside of
the box) extensions
* Needed since as the complexity of systems increase, MTBF decreases
» Defines a standardized, abstracted, message-based interface to
intelligent platform management hardware.
 Defines standardized records for describing platform management
devices and their characteristics.
» Provides a self monitoring capability increasing reliability of the systems

DesignCon 2003 TecForum [2C Bus Overview 96



Intelligent Platform Management Interface

* IPMI
 Provides a self monitoring capability increasing reliability of the systems
* Monitor server physical health characteristics :
— temperatures
— voltages
— fans
— chassis intrusion
» General system management:
— automatic alerting
— automatic system shutdown and re-start
— remote re-start
— power control
* More information — www.intel.com/design/servers/ipmi/ipmi.htm
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Intelligent Platform Management Bus

« Standardized bus and protocol for extending management control,
monitoring, and event delivery within the chassis:

— |I°C based

— Multi-master

— Simple Request/Response Protocol

— Uses IPMI Command sets

— Supports non-IPMI devices
 Physically 12C but write only (master capable devices), hot swap not required.
* Enables the Baseboard Management Controller (BMC) to accept IPMI
request messages from other management controllers in the system.
* Allows non-intelligent devices as well as management controllers on the bus.

 BMC serves as a controller to give system software access to IPMB
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IPMI Details

* Defines a standardized interface to intelligent platform management

hardware
— Prediction and early monitoring of hardware failures
— Diagnosis of hardware problems
— Automatic recovery and restoration measures after failure
— Permanent availability management
— Facilitate management and recovery
— Autonomous Management Functions: Monitoring, Event
Logging, Platform Inventory, Remote Recovery
— Implemented using Autonomous Management Hardware:
designed for Microcontrollers based implementations
« Hardware implementation is isolated from software implementation
* New sensors and events can then be added without any software changes
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Overall IPMI Architecture

Remote
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Where IPMI Is
being used
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Intel Server Management

Servers today run mission-critical applications. There is
literally no time for downtime. That is why Intel created Intel®
Server Management — a set of hardware and software
technologies built right into most Intel® sever boards that
monitors and diagnoses server health. Intel Server
Management helps give you and your customers more server
uptime, increased peace of mind, lower support costs, and
new revenue opportunities.

More information:
program.intel.com/shared/products/servers/boards/server _management
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PICMG

* PICMG (PCI Industrial Computer Manufacturers Group) is a consortium
of over 600 companies who collaboratively develop open specifications
for high performance telecommunications and industrial computing
applications.

* PICMG specifications include CompactPCI® for Eurocard, rackmount
applications and PCI/ISA for passive backplane, standard format cards.
* Recently, PICMG announced it was beginning development of a new
series of specifications, called AdvancedTCA™ for next-generation
telecommunications equipment, with a new form factor and based on
switched fabric architectures

* More information - www.picmg.org
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Use of IPMI within PICMG

Known as Specification Based on Comments
cPCl PICMG 2.0 NA No IPMB
cPCI PICMG 2.9 IPMI 1.0 Single hot swap IPMB optional
AdvancedTCA PICMG 3.x IPMI 1.5 Dual redundant hot swap IPMB mandatory
* PICMG 2.0: CompactPCI Core
* PICMG 2.9: System Management
* PICMG 3.0: AdvancedTCA Core

3.1 Ethernet Star (1000BX and XAUI) — FC-PH links mixed with 1000BX

* 3.2 InfiniBand® Star & Mesh

« 3.3 StarFabiric

- 3.4 PCI
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Managed ATCA Board Example

Update
Channel Fabric Base
Interfacet | Interfacet | Interdfacet
IOpﬁunal
Board Payload | Linkto IPM
Controller iZLimm  Freat Beard
(26977} gy 260 mm)
Backplans 140 in?)
Interconnect | - .
Enablet i
Paylboad I |Payload 1.2" pitch
Powear 1 Interface
Enablet Non-
DC/D '
Cogver?er N— ety
Storage

| -sevoct « Dual, redundant -48VDC power distribution to each

card w. high current, bladed power connector
* High frequency differential data connectors

* Robust keying block

* Two alignment pins

* Robust, redundant system management
* 8U x 280mm card size

* 1.2” (6HP) pitch

* Flexible rear I/0O connector area
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- IPM Controller IPMC)
Shelf-External System Manager Shelf Management Controller (ShMC)
Advanced TCA Board

r_____J___

Managed ATCA Shelf: Example 1

Shelf Manager w/ Dedwcated ShMC
Cther F seld Replaceahle Una (FRU|

Shelf [l Shelf N M Ke},l

Implamantation
Dapandant

Connaction

BUS

i o | it el FeAseTIFeAseL 2x Redundant, Bussed or Radial, IPMB-0

PCA9511IPCA9511 PCA9511[PCA9511|PCA9511IPCA9511JPCA9511IPCA9511]PCA9511]PCA9511)PCA9511IPCA9511|PCA9511IPCA9511|PCA9511IPCA951 1

BUS BUS BUS BUS BUS BUS BUS BUS
Boand Boarnd Board Boarnd Board Boarnd Board Board
| | | | | | | |

2 Hedundant Radial Internet-Protocol-Capable Transport
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VMEbus VME

Tacheal=gy

» Motorola, Mostek and Signetics CHlvas
cooperated to define the standard

(with B S surface)

 Mechanical standard based on the
Eurocard format.

AAESd Host (5L

 Large body of mechanical
hardware readily available P

 Pin and socket connector scheme \
is more resilient to mechanical wea  mm™>3

than older printed circuit board

edge Connectors | MMaximum Data Transfer Speeds
| Topology | Bus Cycle | MMaximum Speed
» Hundreds of component o ‘ hiBbe ‘ - ‘ 10 Mbtroee
manufac.turers _support appllc_a_tlons T wmer | T || 5y
such as industrial controls, military, | VMES4z | 2eVME | 160 Mbytelseo
telecommunications, office automation ‘ VME320 ‘ 2655T ‘ Moot
and instrumentation systems. .
www.vita.com
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Use of IPMI in VME Architecture

« New VME draft standard indirectly calls for IPMI over I°C for the system
management protocol since there was nothing to be gained by reinventing
a different form of system management for VME.
* The only change from the PICMG 2.9 system management specification
is to redefine the backplane pins used for the I2C bus and to redefine the
capacitance that a VME board can present on the 12C bus.
* The pin change was required because the VME backplane
connectors are different from cPCI.
* The capacitance change was required because cPCI can have a
maximum of 8 slots and VME can have a maximum of 21 slots.

System Management for VME Draft Standard VITA 38 — 200x Draft 0.5
9 May 02 draft at www.vita.com/vso/draftstd/vita38.d0.5.pdf
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|2C Device
Overview
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12C Device Categories

* TV Reception * General Purpose I/O

* Radio Reception  LED display control

* Audio Processing * Bus Extension/Control
* Infrared Control « A/D and D/A Converters
 DTMF - EEPROM/RAM

* LCD display control  Hardware Monitors

» Clocks/timers * Microcontroller
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12C Product Characteristics

« Package Offerings
Typically DIP, SO, SSOP, QSOP,
TSSOP or HVQFN packages

* Frequency Range
Typically 100 kHz operation
Newer devices operating up to 400 kHz
Graphic devices up to 3.4 MHz

» Operating Supply Voltage Range
25t055Vor28to55V
Newer devices at 2.3 to 5.5 V or 3.0 to 3.6 V with 5 V tolerance

» Operating temperature range
Typically -40 to +85 °C
Some 0to +70 °C

* Hardware address pins
Typically three (Ay, A,, A,) are provided to allow up to eight of the
identical device on the same 1°C bus but sometimes due to pin
limitations there are fewer address pins

-
[ &}
Ha
n
-
.—
-
]
-
B
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TV Reception N

INTERFACE

The SAA56xx family of microcontrollers are RETLHRE b as B -l s
a derivative of the Philips industry-standard }

80C51 microcontroller and are intended for S L) wewony

use as the central control mechanism in a H —
television receiver. They provide control — .
functions for the television system, OSD and ovas—] (DATA oseuar [ 26
incorporate an integrated Data Capture and | B g
display function for either Teletext or Closed _— —— e
Caption. VB e TMING e ysvic

LUt hiln )

Additional features over the SAA55xx family have been included, e.g. 100/120
Hz (2H/2V only) display timing modes, two page operation (50/60 Hz mode for
16:9, 4:3), higher frequency microcontroller, increased character storage, more
80C51 peripherals and a larger Display memory. For CC operation, only a
50/60 Hz display option is available.

Byte level I1’C-bus up to 400 kHz dual port I/O
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Radio Reception

DSHO nscFoB Yooaa AFHOLD AMAFIF2

DAAIN Ywne crour  Vooas FREF Voo vooenn|oscrk | arsare Y Troswote ¥ moswex pwex Voome Vooat
| |
ES ERE G |ir = |@ \iu CREEE w_ s |% EEE ] = ot
= SECUENTIAL
DaaTD ANTEHNA veo CIRCUIT FER | | [oeromee] | | Mot i
[PV . T +—| ADS UROATING -
L TUHING SYSTEM I ! ‘ : .
™
e 'he TEA6845H
- 10.25MHz 2 maf2ll me e IS a
4 - MIF 2| o . .
s o le IC with
. : == ez | colnr eesus Tl sSingle with car
i o) FM
TIFMAGE t | = .
= = iF2enD
s o2 p — T ) radio tuner for AM
. f t TEABSSH e
FHMIXTE a LEVEL - .
= » mt - - DEMCOUILATOR
FREND —= FH ™ 2 s e = orerz an In en e
FMMIRT I MIXER a | |
.
=1
C
| B for microcontroller
2 . AMMOISE PEAK! ELANK A
Vi MMLE o DETECTOR [ | AvERSGE [ pse [T e RN o e - t H 'th th I2C
s uning with the 12C-
[ |
B g bus. It ides th
2
IO 4] v M CRYSTAL | |60 US rOVI eS e
o =] . LIMITER oSE AR [ oy KTALGHED
ﬂm.w:-: a1 | RF KGC g T i, LEVEL HTHLE . .
anact .
bl following functions:
- s | [Faw o FRIEE
AMMIXTRI » | A [:> - s
MIKER 1 [—H WRAXZOUTT
T I [ B wsnanzouta
1w e | ] 1] iz O e N L EEE MR ER FR R
MELESD
amccing | Wxcoz|  IFAMPIDEC | FAMPIN IFAMRICUT Coffsat | IFIGND FMUMIN | Cage
Vomes  MCUTH Voowa IFAMPZOEC  IFANFZIN AMIF2 AMIFZDEC  FMUNDEC
.

« AM double conversion receiver for LW, MW and SW (31 m, 41 m and 49 m
bands) with IF1 = 10.7 MHz and IF2 = 450 kHz

* FM single conversion receiver with integrated image rejection for IF = 10.7 MHz
capable of selecting US FM, US weather, Europe FM, East Europe FM and Japan
FM bands.
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Audio Processing

The SAA7740H is a function-

specific digital signal processol s«

The device is capable of
performing processing for
listening-environments such as
equalization, hall-effects,
reverberation, surround-sound
and digital volume/balance
control. The SAA7740H can
also be reconfigured (in a dual
and quad filter mode) so that it
can be used as a digital filter
with programmable
characteristics.

Voox  Vask CLED TETCLK 76T TaT2 T&ET2
- 4
e [E] &1 [ 1,45 J,4? lqa l 9 o 13 25 40,
g ], AL " a6, 50, 55
ATALZ | OECILLATOR M cLock b— Ve
COUNTER T
7B, 3 32
A2 + 38, 53, 54
BOOLE o > < Voo
.............. -
43 OIGITAL SIGMALL 5
oS FTH - PROCESSING CORE T uchivg
oD —tow @seuso)  |] mPUT: 2n4-ORDER FILTER autPoT ] || s pusi ] DOt
DIz0 P M INPUT "| BUFFER DFFSEM1|?'E|-1‘TER BUFFER QUTPUT :-_3? DoEn
R B | REGISTERS ] .
=k g MUTE
RET —f—w HE RAs
54 Il -
Al —1—p 16 6 —-II_E— EEQ
7 _pi: E“_EE
PROGRAM PROGRAMMABLEf....... > COEFFICIENT) ] te 27004 ta 21
COUNTER BOM - RAM T e — L, soman
CONTROLY 11,12, 15, 1a|
UMT D0t D3
| 186 20
! ] R
SAATT40H | +2 " MLIX
i > 12o-ausn 3§ SEL
s INTERFAGE j#-— S0
*51 b
i MLCTT3
A ASZ

The SAA7740H realizes most functions directly in hardware. The flexibility exists in
the possibility to download function parameters, correction coefficients and various
configurations from a host microcontroller. The parameters can be passed in real
time and all functions can be switched on simultaneously. The SAA7740H accepts
2 digital stereo signals in the 12S-bus format at audio sampling frequency (fast )
and provides 2 digital stereo outputs.
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DTMF/Modem/Musical Tone Generators

OSCl  O8CO Voo Vas
I I
1(3) 2(4) YT RERE
.| cLock
OSCILLATOR =7 seneraTon
3
MODE HIGH +
+ | GROUP
‘ DIVIDER | OAC |
bs r HIGH
it
i PP EWITCHED Y
D3—— @] IMPUT DIVIDER CAPACITOR e
10 CONTROL H SELECTION BANDGAP [ e e w2 rone
b2  LoGic (ROM] VOLTAGE ADDER
p1isns— 28k, REFERENCE SWITCHED RESISTOR
a7 {} CAPACITOR CAPACITOR
DS CL ——— | e |
Law T e [T
STROBE —° 1 e + PCD3311C
PCD3312C
T(6)
MAGSET
Ay

 Modem and musical tone generation
 Telephone tone dialing

« DTMF > Dual Tone Multiple Frequency
* Low baud rate modem
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1C LCD Display Driver

LCD Display Control

Display size:
2 line by 12 characters +
120 icons

Control
logic

w27 <

Bias voltage Voltage
generator | multi- Supply

plier

Row driver
Sequencer

Column driver

The LCD Display driver is a complex device and is an
example of how "complete" a system an I2C chip can be —
it generates the LCD voltages, adjusts the contrast,
temperature compensates, stores the messages, has
CGROM and RAM etc etc.
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1C LCD Segment Driver

Display sizes
LCD Segment Control 1x24... 2x40...
single chip: 4x40...16 x 24

Control logic

Bias voltage
generator

)
1S9
o

2
S

o
[
c

=
Qo

X
3]
®

01]

Sequencer

Segment drivers

The LCD Segment driver is a less complex LCD driver
(e.g., just a segment driver).
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12C Light Sensor

The TSL2550 sensor converts the intensity of ambient light into digital signals
that, in turn, can be used to control the backlighting of display screens found in
portable equipment, such as laptops, cell phones, PDAs, camcorders, and GPS
systems. The device can also be used to monitor and control commercial and
residential lighting conditions.

By allowing display brightness to be adjusted to ambient conditions, the sensor
is expected to bring about a significant reduction in the power dissipation of
portables.

The TSL2550 all-silicon sensor combines two photodetectors, with one of the
detectors sensitive to both visible and infrared light and the other sensitive only
to IR light. The photodetectors’s output is converted to a digital format, in which
form the information can be used to approximate the response of the human
eye to ambient light conditions sans the IR element, which the eye cannot
perceive.
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|2C Real Time Clock/Calendar

Real-Time Clock / Calendar

32kHz

Counters:
s, min, h, day,

rescaler
month, year P

Alarm-, Timer-
Registers

I2C-bus SDA

interface
(240 Byte RAM 8583) SCL

Interrupt address
decoder
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Oscillator / ]

Real time clocks and
event counters count
the passage of time and
act as a chronometer

They are used Iin
applications such as:

* periodic alarms for
safety applications

e system energy
conservation

 time and date stamp
for point of sales
terminals or bank
machines
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12C General Purpose I/O Expanders

General Purpose 1/0

alternative analog

Supply input configurations

I2C-bus
interface

ey 2 acddress
e o decoder

(7]
Q
()}
©
g
(7)) (7))
(4] )
< =2
2 e
© S
-l o
—
pre
=2
o
£

 Transfers keyboard, ACPI Power switch, keypad, switch or other inputs

to microcontroller via I°C bus
» Expand microcontroller via 1°C bus where |/O can be located near the

source or on various cards
» Use outputs to drive LEDs, sensors, fans, enable and other input pins,

relays and timers
» Quasi outputs can be used as Input or Output without the use of a

configuration register.
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Quasi Output I1°C I/O Expanders - Registers

* To program the outputs
Multiple writes are

S ‘ Address ‘W n OSEXT n P possible during the
same communication

* To read input values _
Multiple reads are
- RSN - -
same communication

* Important to know

— At power-up, all the 1/O’s are HIGH; Only a current source to V; is
active

— An additional strong pull-up resistors allows fast rising edges

—1/0’s should be HIGH before using them as Inputs
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Blank

DesignCon 2003 TecForum [2C Bus Overview 122



True Output 1°C I/O Expanders - Registers

* To configure the device

S| Address |W ) ]

‘ ‘ n DATA Configuration and
- Polarity registers

s‘ Address ‘w n 02, n e n P

once programmed
« To program the outputs

CONFIG No need to access
03, A

Multiple writes are

s ‘ Addre%s ‘Tv n 01, n i possible during the
same communication

* To read input values

S ‘ Address ‘TV n 00, n S ‘ Addres% R Ig:.::’; m
Multiple reads are possible

during the same communication
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True Output 1°C 1/0O Expanders - Example

Input Polarity  Config Output
Reg# Reg# Reg# Reg#

0 ] 1 ] x K/ 1
| e 0 p ) e 1 [ > 1
0 = 0 == 0 ==t 0 —> 0
0 | 1 et 0 el 1 [ > 1
0 =t 1 jol 1 o X K —1 1
| pl ] e ] e X K1 0
0 = 0 e 1 P X K—7 0
1001

Read Read/ Read/ Read/ 1/0’s
Write Write Write
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Signal monitoring and/or Control

« Advantages of I1°C
— Easy to implement (Hardware and Software)
— Extend microcontroller: 1/0O’s can be located near the source or on
various cards
— Save GPIO'’s in the microcontroller
— Only 2 wires needed, independently of the numbers of signals
— Signal(s) can be far from the masters
— Fast enough to control keyboards
— Simplify the PCB layout

— Devices exist in the market and are massively used
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Signal monitoring and/or Control

* Proposed devices

# of Outputs Interrupt and | POR and 2K | Interrupt, POR
P POR EEPROM and 2K EEPROM
Quasi Output (20-25 ma sink and 100 uA source)
8 PCF8574/74A | PCA9500/58 PCA9501
16 PCF8575/75C - -

# of Outputs Reset and POR Interrupt and POR

True Output (20-25 ma sink and 10 mA source)
8 PCA9556/57 PCA9534/54/54A
16 - PCA9535/55

« Advantages
— Number of /O scalable
— Programmable 1°C address allowing more than one device in the bus
— Interrupt output to monitor changes in the inputs
— Software controlling the device(s) easy to implement
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|2C LED Dimmers and Blinkers

alternative analog input
configurations

<
-

//\

Oscillator
Input/ output stages

* [2C/SMBus is not tied up by sending repeated transmissions to turn LEDs

on and then off to “blink” LEDs.

* Frees up the micro’s timer
 Continues to blink LEDs even when no longer connected to bus master

» Can be used to cycle relays and timers
« Higher frequency rate allows LEDs to be dimmed by varying the duty

cycle for Red/Green/Blue color mixing applications.
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12C LELC

) Blinkers and Dimmers

Input Register(s)

0 (00,) 255 (FF,)
___Frequency 40 Hz 64s
Duty Cycle 100 % 0.4 %
0 (00,) 255 (FF,)
Frequency 160 Hz 1.6s
Duty Cycle 0% 96 %
PWM, 256 - PWM, Blinkers
256 256 Dimmers
+—>
—1 ON OFF ON LOFF
PSC, + 1 PSC, + 1
<« 160 40 >
PWM, 256 - PWM,
< 256 >§256
| ON loOFF| ON OFF]| ON
PSC,+1 PSC,+1
ON = LED ON
<« a0 OFF = LED OFF

PWMO

PSCO

PWM1

PSC1

........
........

. v,

- 2

LED Selector
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12C Blinkers and Dimmers - Programming
* To program the 2 blinking rates
s| asress WY 0 B esco ] remo |
o B o B

PSCO pointer = 01, for 2, 4 and 8-bit devices
PSCO pointer = 02, for the 16-bit devices

* To program the drivers

s‘ Address ‘Wn gl El= n LEDSELO n LEDSEL1 [
pointer

LEDSEL2 n LEDSEL3 n Jr

LEDSELO pointer = 05,, for 2, 4 and 8-bit devices
LEDSELO pointer = 06,, for the 16-bit devices

Only the 16-bit devices have 4 LED selector registers (8-bit devices have
2 registers, 2 and 4-bit devices have only one)
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Using I%C for visual status

» Use LEDs to give visual interpretation of a specific action:
— alarm status (using different blinking rates)
— battery charging status

« 1st approach: I1°C GPIO’s

— Advantage:
— Simple programming
— Easy to implement
— Inconvenient:
— Need to continually send ON/OFF commands through 1°C
— 1 microcontroller’s timer required to perform the task
— I2C bus can be tied up by commands if many LEDs to be controlled
— Blinking is lost if the 1°C bus hangs

« 2"d gapproach: 1°C LED Blinkers

— Advantage:
— One time programmable (frequency, duty cycle)
— Internal oscillator
— Easy to implement
— Device does not need I2C bus once programmed and turned on
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Using I%C for visual status

* Products:

# of Outputs | Reset and POR
2 PCA9550
4 PCA9553
8 PCA9551
16 PCA9552

# of Outputs | Reset and POR
2 PCA9530
4 PCA9533
8 PCA9531
16 PCA9532

LED Blinkers

Blinking between 40 times a second to
once every 6.4 seconds

LED Dimmers

Blinking between 160 times a second to
once every 1.6 seconds.

Can be used for dimming/brightness or
PWM for stepper motor control
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12C DIP Switches

MUX Select Pin
Non MUX Output Pin

I2C Bus

Hardware Output
Pins

Hardware Input
Pins

* Non-volatile EEPROM retains values when the device is powered down
» Used for Speed Step™ notebook processor voltage changes when on
AC/battery power or when in deep sleep mode

* Also used as replacement for jumpers or DIP switches since there is no
requirement to open the equipment cabinet to modify the jumpers/DIP
switch settings
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Select

12C Dip Switches | Mux

12C
Bus — | 12C INTERFACE /

Write EEPROM Control

Protect

Mode Selection

EEPROM 0

EEPROM 1

EEPROM 2 _ MUX —)

TRIRTaI

EEPROM 3

| HIAR[I)WALREIVaIlIJe |
PCA9561 ) /

~
6 Bits
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12C DIP Switches - PCA9561
* To program the 4 EEPROMS

s‘ Address ‘Tvn 00,, n EEPROM 0 n EEPROM 1 [
'\l EEPROM 2 n EEPR+M3 n P

* To read the 4 EEPROMS

s‘ %\ddress ‘Tvn 00, ns‘ INEICAE A | EEPROM 0 n
EEPROM 1 n EEPROM 2 . EEPROM 3 m

 To read the Hardware value

s ‘ Address ‘W n FF,, n s ‘ Address ‘ Hw VALUE i) +
*To select the mode

S‘ Address ‘TV n FX, n P

DesignCon 2003 TecForum [2C Bus Overview 134




12C Multiplexers

2
I2C Bus é EF I2C Bus 0
i 12C Bus 1

2
Interrupt Out —m— Be

<4 |Interrupt 0

Controller €= |nterrupt 1

FEATURES

-Fan out main I12C/SMBus to multiple channels
-Select off or individual downstream channel
-I2C/SMBus commands used to select
channel

-Power On Reset (POR) opens all channels
-Interrupt logic provides flag to master for
system monitoring.
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KEY POINTS

-Many specialized devices have only one 12C
address and sometimes many are needed in the
same system.

-Multiplexers allow the master to communicate to
one downstream channel at a time but don’t
isolate the bus capacitance

-Other Applications include sub-branch isolation.
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12C Switches

T - I2C Bus 0
I2C Bus . © ol

= 2

s NS — I°C Bus 1

Reset 12C 4——— |nterrupt 0
Interrupt Out Controller <€ |nterrupt 1

» Switches allow the master to communicate to one channel or multiple

downstream channels at a time

» Switches don’t isolate the bus capacitance

» Other Applications include: sub-branch isolation and 1°C/SMBus level
shifting (1.8, 2.5, 3.3 or 5.0 V)
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12C Multiplexers & Switches -
Programming

 To connect the upstream channel to the selected
downstream channel(s)

‘ PCA954x ‘— n CHANNEL'JI n [

Address SELECTIO

* To access the downstream devices on the selected channel
‘ A[:iedvrI::s ‘_ n Command A 0000 n

Once the downstream channel selection is done, there is no need to
access (Write) the PCA954x Multiplexer or Switch

Selection is done at the
STOP command

The device will keep the configuration until a new configuration is
required (New Write operation on the PCA954x)
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|2C 2 to 1 Master Selector

Master 0 I2C Bus Slave Card
2
Master 1 I12C Bus I<C Bus
Interrupt 0 Out Interrupt In
Interrupt 1 Out Reset

« Master Selector selects from two [°C/SMBus masters to a single channel
* [°C/SMBus commands used to select master

* Interrupt outputs report demultiplexer status

« Sends 9 clock pulses/stop to clear slaves prior to transferring master
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Master Selector in Multi-Point Application

DesignCon 2003 TecForum [2C Bus Overview
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Master Selector in Point-Point Application

0 Jeisey
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| 12)Se

| 12)Se
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| 12)Se

0 Jeisey
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DesignCon 2003 TecForum [2C Bus Overview 140



I°C Bus Bi-Directional Voltage Level Translation

18y —O¢— | ] 5V
15v —O S
12v——=@Q —  GTL2002 3
1.0V —0
— GND GREF -—‘
Veore | SREF DREF fmm— Vee
< > s1 D1 |mme > :
CPUI/O < b 2 Dy e > Chipset I/O

Voltage translation between any voltage from 1.0 Vto 5.0 V
Bi-directional with no direction pin
Reference voltage clamps the input voltage with low propagation delay

Used for bi-directional translation of 12C buses at 3.3 V and/or 5V to
the processor I°C port at 1.2 V or 1.5 V or any voltage in-between

BiCMOS process provides excellent ESD performance
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12C Bus Repeater and Hub

<4 SCLO[1] s 16] Voo
- 400 PR 5
scLo| —1>—| scL1 DG o
400 pF ] 400 p 400 p <> SDA1 [4] 3] scL4 <>
SDAO > _ SDA1 =) E1[5] 12] E3 ¢=
<] sCL2 [§] T SDA3 :
Enable 400 P SDA2 [7] 0] scL3
I2C Bus Repeater GND [8 9] E2 =
PCA9515 5-Channel I12C Hub
PCA9516

* Bi-directional I°C drivers isolate the 1°C bus capacitance to each segment.
« Multi-master capable (e.g., repeater transparent to bus arbitration and
contention protocols) with only one repeater delay between segments.
« Segments can be individually isolated
* Voltage Level Translation

« 3.3 Vor 5V voltage levels allowed on the segment
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12C Hot Swap Bus Buffer

ENABLE 1L
SCLOUT 2 L]
SCLIN 30
GND 4 [

Za2997 §

s Yo

}éa

PCA9511 5O
Terminators oo
PCA951 2 Backplane Trace /g’,@ g
PCA951 3 Connectors - g o —
PCA9514 GTLP Transceivers i
SCL SDA

 Allows |/O card insertion into a live backplane without corruption of busses
 Control circuitry connects card after stop bit or idle occurs on the backplane
» Bi-directional buffering isolates capacitance, allows 400 pF on either side

* Rise time accelerator allows use of weaker DC pull-up currents while still
meeting rise time requirements

« SDA and SCL lines are precharged to 1V, minimizing current required to
charge chip parasitic capacitance
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12C Bus Extenders

+Voo =15V +V¥oc =16V - *Vee *Yeer
] 0
V5Y [J1x []1x +5Y - )
['[] 0T
SDA © ™ long twisted pai {] 0 5y = 12c
VR \rﬂ\nu iste Pﬂ"_f\/ IS RN ] t — — spa
|y YOO | Lo , ¢ N [oA ¥3
; ; T+ Note: Schottky T : : ISDCA o
172 P82BY6 | diode or Zener 142 PB2BY6 | L/ TxD
[ - clamps may be - I[SDA]
spurious signals on
* very long wiring J?—
KEY POINTS W,
NG [T] ./ 3] v High drive outputs are used to extend s | 4 8 | Voo
the reach of the I12C bus and exceed
> Lx [2] 7] Ly @ the 400 pF/system limit. >R S
<«»sy [ 3] 6] Sy ¢ Possible distances range from 50 <4 | 6 | Ry
GND [4] 5] NG meters at 85kHz to 1km at 31kHz over
twisted-pair phone cable. oo 4 AL o
Bus Buffer has split high drive outputs
I2C Bus Extender allowing differential transmission or .21 Bi-Directional Bus Buffer
P82B715 Opto-isolation of the 12C Bus.

P82B96
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Changing I2C bus signals for multi-point applications

3.3/5v 12V 12V
|

| Twisted-pair telephone wires,
—)—1@——F@——1€@— USB or flat ribbon cables
I Up to 15V logic levels, Include V.. & GND
SCL I 1o\ NO LIMIT to the number of
3.I|3/‘= | connected bus devices !

3V

1 9

I 3
SDA | ps2B96 | | Ps2B9s | | Ps2B9s | | Pe2B9s q

SDA/SCL ~ SDA/SCL SDA/SCL

SCL
SDA

P82B96

Link parking meters
and pay statlons

Warehouse
pick/pack
systems

Link vending machines
to save cell phone links| /:

* Factory automation
» Access/alarm systems
* Video, LCD & LED display signs

* Hotel/motel management systems
J < " * Monitor emergency lighting/exit signs
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Changing 12C bus signals for driving long distances

Remote Control

..... Enclosure
335V - | | = :
L Long cables I 4>
L II | m:ze:::::r::r\._.-lzﬁjz
3.3-5V 12V I _Q_
— I {>
«»ism | _E/DA':fZZIZ#:ZhZ\"j__"l_ 1
— |
P82B96 B | P82B96

Bi-directional
data streams

Simply link the pins
for Bi-directional
data streams

Conventional CMOS
logic levels (2-15V)

Twisted-pair telephone wires,
USB or flat ribbon cables

2V through 12V logic levels
Able to send V.. and GND

100 meters at 70kHz
NO LIMIT to the number of
connected devices !

Special logic levels
(1°C compatible 5V)

12C currents (3mA)
Higher current option,
up to 30mA static sink
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Re-combine to
bi-directional I12C

Convert the logic
signal levels back
to 12C compatible

Hot Swap
Protection
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Changing I2C bus signals for Opto-isolation

3.3|/5V

Vce 1 Vce 2
i e “I T M R
<> ]

SCL

[.
3.?£ - : .............. [] ?%IE B .
> (¥ ﬁ)

SDA

Bi-directional Low cost Optos can 4N36 Optos for ~5kHz Re-combined to I2C
data streams be o:!lrg_c;cl)):nox;ven 6N137 for 100kHz 12C compatible levels
Special logic levels HCPL-060L for 400 kHz e.g. Vcc 2 =35V
( 12C compatible 5V) Vee 1=2t0 12V
Controlling equipment on phone lines
12C currents (3mA) Higher current option,

up to 30mA static sink AC Mains switches, lamp dimmers
Isolating medical equipment
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Rise Time Accelerators

The LTC®1694-1 is a dual SMBus active pull-
up designed to enhance data transmission
speed and reliability under all specified SMBus
loading conditions. The LTC1694-1 is also
compatible with the Philips I°C Bus.

Comparison of SMBus Waveforms for
the LTC1694-1 vs Resisior Pull-Up

LTC1654-1 e
WDV __.=-P-"

" RopuL.up

A 5Bk

Vo =8V Tus/DI 140 THOE
CLp = 200pF
fopame = 100kHz

The LTC1694-1allows multiple device connections or a longer, more
capacitive interconnect, without compromising slew rates or bus
performance, by supplying a high pull-up current of 2.2 mA to slew the

SMBus or I°C lines during positive bus transitions

During negative transitions or steady DC levels, the LTC1694-1 sources
zero current. External resistors, one on each bus line, trigger the
LTC1694-1 during positive bus transitions and set the pull-down current
level. These resistors determine the slew rate during negative bus

transitions and the logic low DC level.
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Parallel Bus to 12C Bus Controller

= Chip Enable

Control | m———————— |nterrupt Request

BusBuffer | < > Data (8-bits)

|

3 | operation s \\[Tite Strobe <

12C Bus :j o Control Read Strobe 'E
o G Address Inputs S

® o

=

 Controls all the I°C bus specific sequences, protocol, arbitration and
timing

» Serves as an interface between most standard parallel-bus
microcontrollers/ microprocessors and the serial I12C bus.

* Allows the parallel bus system to communicate with the 1°C bus
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Digital Potentiometers

S e [ e
- DS1846 nonvolatile (NV) tri- = e ==
potentiometer, memory, and e Sl 2 o
MicroMonitor. The DS1846 is a highly Bl e
integrated chip that combines three e =

linear-taper potentiometers, 256 bytes of T
EEPROM memory, and a MicroMonitor. ™= E L~ =1 vt
The part communicates over the = = |
industry-standard 2-wire interface and is ~ »—— o sam
available in a 20-pin TSSOP. a7

» The DS1846 is optimized for use in a variety of embedded systems
where microprocessor supervisory, NV storage, and control of analog
functions are required. Common applications include gigabit
transceiver modules, portable instrumentation, PDAs, cell phones, and
a variety of personal multimedia products.
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Analog to Digital Converter

These devices translate between
digital information communicated
via the I2C bus and analog
Oscillator, intern / . .
extern information measured by a
Interrupt VOltage

Supply

INT

SDA
I°C-bus Analog to digital conversion is

SCL interface
used for measurement of the

size of a physical quantity
address (temperature, pressure ...),

proportional control or
transformation of physical
amplitudes into numerical values
for calculation.

« 4 channel Analog to Digital Digital to analog conversion is

. . used for creation of particular
1 channel Digital to Analog control voltages to control DC

motors or LCD contrast.
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Blank
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12C Serial CMOS RAM/EEPROMSs

EEPROM

Standard Sizes Acddress
128 x 8-byte (1 kbit) 24C01 e ,, T
256 x 8-byte (2 kbit) 24C02 __ Pointer - T
512 x 8-byte (4 kbit) 24C04 -
1024 x 8-byte (8 kbit) 24C08 fiose
2048 x 8-byte (16 kbit) 24C16 address
4096 x 8-byte (32 kbit) 24C32 de%“'er
8192 x 8-byte (64 kbit) 24C64
16384 x 8-byte (128 kbit)  24C128 AO [ 1 ~  [E]voo
32768 x 8-byte (256 kbit)  24C256 A P KA Ll
65536 x 8-byte (512 kbit)  24C512 A2[3 6] scL

VSSE 5 | SbA

* |I2C bus is used to read and write information to and from the memory
* Electrically Erasable Programmable Read Only Memory

1,000,000 write cycles, unlimited read cycles

* 10 year data retention
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|2C Hardware Monitors

Remote
SensorrEST 1] hd 16 TEST soa [T 1) 8] veo SDA [T hd [16] ADRESET/NTEST_OUT
Voo [2] 15 STBY scL [Z] (7] 40 sCL [Z] [15] Vooruin
— D+ [3] [14] SCLK os [3] 6] A1 GND [ 3] [14] 2.5v)y
— D-[4] 13 TEST GND [7] (5] A2 Vpp/3.3VSE [4] 73] 3.3viy
TEST [§] [12] SDATA o es vIDO [5] [12] 5V
ADD1 [ [11] ALERT . . viD1 [§] [11] 12Vin/VID4
GND E EI ADDO Dlgltal Temperature VID2 IZ EI O+ p—
GND [8] [ 9] TEST viD3 [ 8] 9] D/NTEST_IN _3
Sensor and Thermal
2 =
1“C Temperature Monitor Watchdog™ I2C Temperature and Voltage
NE1617A LM75A Monitor(Heceta4)

— Sense temperature and/or monitor voltage via I1°C
— Remote sensor can be internal to microprocessor

DesignCon 2003 TecForum [2C Bus Overview 154



12C Microcontroller

Timer
Analog Bk . |
Comparator 16-bit

-
I Keypad/ | Internal £2.5%

~Pattern Match - 7.3728 MHz

[ Interrupt . | RC Oscillator

Microcontrollers with Multiple Serial ports can
convert from:

12C to UART/RS232 — LPC76x, 89C66x and
89LPC9xx

12C to SPI - P87C51MX and 89LPC9xx family
12C to CAN - 8 bit P87C591 and 16 bit PXA-C37
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The master can be either a
bus controller or ycontroller
and provides the brains
behind the 1°C bus operation.

A bus controller adds I°C bus
capability to a regular
ucontroller without I2C, or to
add more |°C ports to
ucontrollers already
equipped with an I°C port
such as the:

P87LPC76x 100 kHz 1°C

P89C55x 100 kHz I°C
P89C65x 100 kHz I°C
P89C66x 100 kHz I°C

P89LPC932 400 kHz I1°C
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|2C Patent and
Legal
Information
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|2C Patent Information

* The 12C bus is protected by patents held by Philips. Licensed IC
manufacturers that sell devices incorporating the technology already have
secured the rights to use these devices, relieving the burden from the
purchaser.

* A license is required for implementing an I2C interface on a chip (IC, ASIC,
FPGA, etc). It is Philips's position that all chips that can talk to the I°C bus
must be licensed. It doesn’'t matter how this interface is implemented. The
licensed manufacturer may use its own know how, purchased IP cores, or
whatever.

 This also applies to FPGAs. However, since the FPGAs are programmed
by the user, the user is considered a company that builds an 1°C-IC and
would need to obtain the license from Philips.

 Apply for a license or text of the Philips 1°C Standard License Agreement
» US and Canadian companies: contact Mr. Piotrowski (pc.mb.svi@philips.com)
« All other companies: contact Mr. Hesselmann (ps.mb.svi@philips.com)
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Questions And
Answers

Philips Semiconductors

Specialty Logic Product Line
Booth 836

Download AN10126-01 1°C Manual for
speaker notes for this presentation
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