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Multi-master, multi-slave serial communication protocol that enables efficient data exchange between
microcontrollers and various peripherals using only two wires.
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OVERVIEW
I2C (Inter-Integrated Circuit) is a multi-master, multi-slave, synchronous
serial communication protocol widely used for connecting low-speed
peripherals to microcontrollers and processors. Developed by Philips (now
NXP Semiconductors), I2C facilitates communication between devices using
just two wires: a serial data line (SDA) and a serial clock line (SCL). This
simplicity allows for easy integration of multiple devices on the same bus,
with unique addresses assigned to each peripheral. I2C supports various
data rates, typically ranging from 100 kbit/s to 1 Mbit/s, making it suitable
for a broad range of applications, including sensors, EEPROMs, and display
controllers. Its flexibility and ease of use have made I2C a popular choice in
consumer electronics, automotive systems, and industrial automation,
enabling efficient communication and control among a multitude of devices
in embedded systems.

KEY FEATURES
Two-Wire Interface

I2C uses only two wires—SDA (Serial Data Line) and SCL (Serial
Clock Line)—for communication, simplifying wiring and reducing pin
count compared to other protocols.

Multi-Master and Multi-Slave Configuration

The protocol allows multiple master devices to initiate
communication and supports multiple slave devices, enabling a
versatile and expandable network.

Addressing Scheme

Each device on the I2C bus has a unique address, typically 7 or 10
bits long, allowing for efficient identification and communication with
specific peripherals.

Synchronous Communication

I2C operates in a synchronous mode, where the clock signal is
generated by the master device. This ensures that data transfer is
coordinated, reducing the risk of timing errors.

Data Rates

I2C supports various data rates, typically ranging from 100 kbit/s
(Standard mode) to 1 Mbit/s (Fast mode) and up to 3.4 Mbit/s
(High-speed mode), allowing flexibility for different application
requirements.

ACK/NACK Mechanism

After each byte of data is transmitted, the receiving device sends an
acknowledgment (ACK) or negative acknowledgment (NACK),
ensuring reliable communication and error checking.

Arbitration and Clock Stretching

In multi-master systems, I2C provides an arbitration mechanism to
handle simultaneous access attempts. It also supports clock
stretching, where a slave device can hold the clock line low to delay
communication until it is ready to process data.

Low Power Consumption

I2C is designed for low power consumption, making it suitable for
battery-operated devices and applications where energy efficiency is
essential.
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I2S APPLICATIONS

Sensor Interfaces

I2C is commonly used to connect various sensors (temperature,
humidity, accelerometers, etc.) to microcontrollers. Its ability to
handle multiple devices on a single bus makes it ideal for gathering
data from various sensors in applications such as environmental
monitoring and robotics.

Memory Devices

EEPROMs and Flash memory chips often use the I2C protocol for
communication with microcontrollers. This enables data storage and
retrieval in embedded systems, making it suitable for applications in
consumer electronics and industrial devices.

Display Controllers

Many graphical displays, including LCD and OLED screens, utilize I2C
for communication. This allows for easy control of display parameters
and content, commonly found in devices like smartwatches,
appliances, and automotive dashboards.
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I2SC ARCHITECTURE

Real-Time Clocks (RTCs)

I2C is frequently employed to interface with RTCs, allowing
microcontrollers to maintain accurate timekeeping in applications such
as embedded systems, alarms, and timers.

Actuator Control

I2C can control various actuators, such as motors and servos, in
robotics and automation applications. This enables precise movement
and control in systems like robotic arms and drones.

Consumer Electronics

In devices like smartphones, tablets, and smart home products, I2C
connects various components, including audio codecs, power
management ICs, and camera modules, facilitating efficient
communication and functionality.

Automotive Systems

I2C is increasingly used in automotive applications for connecting
various sensors, displays, and control modules within vehicles,
enabling efficient data transfer and enhanced system performance.
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