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1 PREFACE

1.1 Version 1.0 - 1992

This version of the 1992 I2C-bus specification includes the 
following modifications: 

• Programming of a slave address by software has been 
omitted. The realization of this feature is rather 
complicated and has not been used.

• The “low-speed mode” has been omitted. This mode is, 
in fact, a subset of the total I2C-bus specification and 
need not be specified explicitly.

• The Fast-mode is added. This allows a fourfold increase 
of the bit rate up to 400 kbit/s. Fast-mode devices are 
downwards compatible i.e. they can be used in a 0 to 
100 kbit/s I2C-bus system.

• 10-bit addressing is added. This allows 1024 additional 
slave addresses. 

• Slope control and input filtering for Fast-mode devices is 
specified to improve the EMC behaviour.

NOTE: Neither the 100 kbit/s I2C-bus system nor the 
100 kbit/s devices have been changed.

1.2 Version 2.0 - 1998

The I2C-bus has become a de facto world standard that is 
now implemented in over 1000 different ICs and licensed 
to more than 50 companies. Many of today’s applications, 
however, require higher bus speeds and lower supply 

voltages. This updated version of the I2C-bus specification 
meets those requirements and includes the following 
modifications:

• The High-speed mode (Hs-mode) is added. This allows 
an increase in the bit rate up to 3.4 Mbit/s. Hs-mode 
devices can be mixed with Fast- and Standard-mode 
devices on the one I2C-bus system with bit rates from 0 
to 3.4 Mbit/s.

• The low output level and hysteresis of devices with a 
supply voltage of 2 V and below has been adapted to 
meet the required noise margins and to remain 
compatible with higher supply voltage devices.

• The 0.6 V at 6 mA requirement for the output stages of 
Fast-mode devices has been omitted.

• The fixed input levels for new devices are replaced by 
bus voltage-related levels.

• Application information for bi-directional level shifter is 
added.

1.3 Version 2.1 - 2000

Version 2.1 of the I2C-bus specification includes the 
following minor modifications: 

• After a repeated START condition in Hs-mode, it is 
possible to stretch the clock signal SCLH (see 
Section 13.2 and Figs 22, 25 and 32).

• Some timing parameters in Hs-mode have been relaxed 
(see Tables 6 and 7).

1.4 Purchase of Philips I 2C-bus components

Purchase of Philips I2C components conveys a license under the Philips’ I2C patent to use the 
components in the I2C system provided the system conforms to the I2C specification defined by 
Philips. 
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2 THE I2C-BUS BENEFITS DESIGNERS AND 
MANUFACTURERS

In consumer electronics, telecommunications and 
industrial electronics, there are often many similarities 
between seemingly unrelated designs. For example, 
nearly every system includes:

• Some intelligent control, usually a single-chip 
microcontroller

• General-purpose circuits like LCD drivers, remote I/O 
ports, RAM, EEPROM, or data converters

• Application-oriented circuits such as digital tuning and 
signal processing circuits for radio and video systems, or 
DTMF generators for telephones with tone dialling. 

To exploit these similarities to the benefit of both systems 
designers and equipment manufacturers, as well as to 
maximize hardware efficiency and circuit simplicity, Philips 
developed a simple bi-directional 2-wire bus for efficient 
inter-IC control. This bus is called the Inter IC or I2C-bus. 
At present, Philips’ IC range includes more than 150 
CMOS and bipolar I2C-bus compatible types for 
performing functions in all three of the previously 
mentioned categories. All I2C-bus compatible devices 
incorporate an on-chip interface which allows them to 
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18.1.1 OPERATION OF THE LEVEL SHIFTER

The following three states should be considered during the 
operation of the level shifter:

1. No device is pulling down the bus line.
The bus line of the “lower-voltage” section is pulled up 
by its pull-up resistors Rp to 3.3 V. The gate and the 
source of the MOS-FET are both at 3.3 V, so its VGS is 
below the threshold voltage and the MOS-FET is not 
conducting. This allows the bus line at the 
“higher-voltage” section to be pulled up by its pull-up 
resistor Rp to 5 V. So the bus lines of both sections are 
HIGH, but at a different voltage level.

2. A 3.3 V device pulls down the bus line to a LOW level.
The source of the MOS-FET also becomes LOW, 
while the gate stay at 3.3 V. VGS rises above the 
threshold and the MOS-FET starts to conduct. The bus 
line of the “higher-voltage” section is then also pulled 
down to a LOW level by the 3.3 V device via the 
conducting MOS-FET. So the bus lines of both 
sections go LOW to the same voltage level.

3. A 5 V device pulls down the bus line to a LOW level.
The drain-substrate diode of the MOS-FET the 
“lower-voltage” section is pulled down until VGS 
passes the threshold and the MOS-FET starts to 
conduct. The bus line of the “lower-voltage” section is 
then further pulled down to a LOW level by the 5 V 
device via the conducting MOS-FET. So the bus lines 
of both sections go LOW to the same voltage level.

The three states show that the logic levels are transferred 
in both directions of the bus system, independent of the 
driving section. State 1 performs the level shift function. 
States 2 and 3 perform a “wired AND” function between 
the bus lines of both sections as required by the I2C-bus 
specification.

Supply voltages other than 3.3 V for VDD1 and 5 V for VDD2 
can also be applied, e.g. 2 V for VDD1 and 10 V for VDD2 is 
feasible. In normal operation VDD2 must be equal to or 
higher than VDD1 (VDD2 is allowed to fall below VDD1 during 
switching power on/off).
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19 DEVELOPMENT TOOLS AVAILABLE FROM PHILIPS

Table 8 I2C evaluation boards

Table 9 Development tools for 80C51-based systems

Table 10 Development tools for 68000-based systems

Table 11  I2C analyzers

PRODUCT DESCRIPTION

OM4151/
S87C00KSD

I2C-bus evaluation board with microcontroller, LCD, LED, Par. I/O, SRAM, EEPROM, Clock, DTMF 
generator, AD/DA conversion.

OM5500 Demo kit for the PCF2166 LCD driver and PCD3756A telecom microcontroller

PRODUCT DESCRIPTION

PDS51 A board-level, full featured, in-circuit emulator: 
RS232 interface to PC, universal motherboard, controlled via terminal emulation

PRODUCT DESCRIPTION

OM4160/2 Microcore-2 demonstration/evaluation board with SCC68070 

OM4160/4 Microcore-4 demonstration/evaluation board with 90CE201

OM4160/5 Microcore-5 demonstration/evaluation board with 90CE301

PRODUCT DESCRIPTION

OM1022 PC I2C-bus analyzer with multi-master capability. Hardware and software (runs on IBM or 
compatible PC) to experiment with and analyze the behaviour of the I2C-bus (includes 
documentation)

OM4777 Similar to OM1022 but for single-master systems only

PF8681 I2C-bus analyzer support package for the PM3580 logic analyzer family
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20 SUPPORT LITERATURE

Table 12 Data handbooks

Table 13 Brochures/leaflets/lab. reports/books etc. 

For more information about Philips Semiconductors and how we can help with your I2C-bus design, contact your nearest 
Philips Semiconductors national organization from the address list of the back of this book, or visit our worldwide web 
site at http://www.semiconductors.philips.com/i2c for the latest products, news and applications notes.

TITLE ORDERING CODE

IC01: Semiconductors for Radio, Audio and CD/DVD Systems 9397 750 02453

IC02: Semiconductors for Television and Video Systems 9397 750 01989

IC03: Semiconductors for Wired Telecom Systems (parts a & b) 9397 750 00839,
9397 750 00811

IC12: I2C Peripherals 9397 750 01647

IC14: 8048-based 8-bit microcontrollers 9398 652 40011

IC17: Semiconductors for wireless communications 9397 750 01002

IC18: Semiconductors for in-car electronics 9397 750 00418

IC19: ICs for data communications 9397 750 00138

IC20: 80C51-based 8-bit microcontrollers + Application notes and Development tools 9397 750 00963

IC22: Multimedia ICs 9397 750 02183

TITLE ORDERING CODE

Can you make the distance... with I2C-bus (information about the P82B715 I2C-bus 
extender IC)

9397 750 00008

I2C-bus multi-master & single-master controller kits 9397 750 00953

Desktop video (CD-ROM) 9397 750 00644

80C51 core instructions quick reference 9398 510 76011

80C51 microcontroller selection guide 9397 750 01587

OM5027 I2C-bus evaluation board for low-voltage, low-power ICs & software 9398 706 98011

P90CL301 I2C driver routines AN94078

User manual of Microsoft Pascal I2C-bus driver (MICDRV4.OBJ) ETV/IR8833

C routines for the PCF8584 AN95068

Using the PCF8584 with non-specified timings and other frequently asked questions AN96040

User's guide to I2C-bus control programs ETV8835

The I2C-bus from theory to practice (book and disk) Author: D. Paret
Publisher: Wiley 
ISBN: 0-471-96268-6

Bi-directional level shifter for I2C-bus and other systems AN97055

OM5500 demo kit for the PCF2166 LCD driver and PCD3756A telecom microcontroller 9397 750 00954


