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Abstract - The I2C protocol was given by the Philips Semiconductors in order to allow faster devices to communicate with 
slower devices and also allow devices to communicate with each other over a serial data bus without data loss. I2C plays an 
important role as an interface in communication between devices. Electrically Erasable Programmable Read Only Memory 
(EEPROM), Analog to Digital Converter (ADC), Digital to Analog Converter (DAC) and Real Time Clock (RTC) requires an 
interface for communication and I2C is used as an interface between them. In this paper, the I²C (Inter-Integrated Circuit; 
generically referred to as "two-wire interface") is implemented using Verilog with Field Programmable Gate Arrays (FPGA). 
The I2C master bus controller was interfaced with Alter DE1 board, which act as a slave. This module was designed in Verilog 
HDL and simulated in Modelsim 10.1c. The design was synthesized using Quartus 11 10.1 tool. Today, testing and verification 
are alternatively used for the same thing. Testing of a large design using FPGA consumes longer compilation time in case of 
debugging and committing small mistakes. 
 
Keywords - Altera DE1 Board, System Verilog, I2C bus , SDA, SCL. 
 
I. INTRODUCTION 
 
The Inter Integrated Circuit (I2C) bus developed by 
Philips Company is a single bidirectional serial bus that 
supports multiple masters and slaves. 
USB/SPI/Microwire and mostly UARTS are all just 
„one point to one point‟ data transfer bus systems. 
They use multiplexing of the data path and forwarding 
of messages to service multiple devices. To overcome 
this problem, the I2C protocol was introduced. Serial 
data line (SDA) and Serial clock line (SCL) are the two 
lines used in I2C bus. The design of I2C bus controller 
is to interface between two devices for the purpose of 
communication. The serial communication reduces the 
cost of connection and the number of IC pins. I2C is 
one of the serial wired communication protocols. The 
size of I2C has been decreased over the years, so there 
is a need for less number of pin connections for serial 
data transfer. 

 
In the world of serial data communication, there are 
protocols like RS-232, RS-422, RS-485, SPI (Serial 
peripheral interface), Microwire for interfacing high 
speed and low speed peripherals. These protocols 
require more pin connection in the IC(Integrated 
Circuit) for serial data communication to take place, as 
the physical size of IC have decreased over the years, 
we require less amount of pin connection for serial data 
transfer.  

 
USB/SPI/Microwire and mostly UARTS are all just 
„one point to one point‟ data transfer bus systems. 
They use multiplexing of the data path and forwarding 
of messages to service multiple devices. To overcome 
this problem, the I2C protocol was introduced by 
Phillips which requires only two lines for 
communication with two or more chips and can control 
a network of device chips with just a two general 

purpose I/O pins whereas, other bus protocols require 
more pins and signals to connect devices. The I²C 
(Inter-Integrated IC) bus developed by Philips 
company, is a simple bidirectional serial bus that 
supports multiple masters and slaves.  

 
It uses only two lines: Serial bidirectional data line 
(SDA) and Serial bidirectional clock line (SCL).Within 
I²C bus specifications, a standard mode with a max 
clock rate of 100k Hz and a fast mode of max clock 
rate of 400k Hz are defined. The size of IC has been 
decreased over the years, so there is a need for less 
number of pin connections for serial data transfer. 
Since there is a progress in VLSI technology, billons of 
transistors have been integrated into a single chip 
(SoC). 
 

 
Figure 1: Block Diagram of I2C Master and Slave 

 
Additionally, the versatile I2C bus is used in various 
control architectures: 

  
 System Management Bus (SMBus) 
 Power Management Bus (PMBus) 
 Intelligent Platform Management Interface 

(IPMI) 
 Display Data Channel (DDC) 
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 Advanced Telecom Computing Architecture 
(ATCA) 

 
II. ABOUT I2C PROTOCOL 
 
The I²C-bus is a bidirectional serial bus which supports 
any IC fabrication process (NMOS, CMOS, 
bipolar).The transaction is always initiated by master. 
It uses two wires for communication: 

 
 SDA: Transmission of any data takes places 

through this line. 
 SCL: It is a clock line which is responsible for 

controlling and synchronizing the communication. 
 

A master is the device which initiates a data 
transfer on the bus and generates the clock signals to 
permit that transfer. At that time, any device addressed 
is considered a slave. Clock and reset are the input 
lines used to initiate the bus controller process. The 
R/w signal is given as an input to indicate whether 
master or slave acts as a transmitter in the data 
transmission. 
 
Start and Stop Condition: 
 
All communication begins with a START signal and 
can be finished by a STOP signal [9]. In Idle condition, 
both the SDA and SCL are high. A high to low 
transition on the SDA line, while SCL is high, is the 
start condition. A low to high transition on the SDA 
line, while SCL line is high, is the stop condition. The 
start and the stop signal condition is shown in Figure 2. 
 

 

Figure 2: Start and Stop Operation 
 
III. ACKNOWLEDGEMENT 
 
In I²C an ACK needs to be sent by Receiver shown in 
Fig.3. After transmitting the address byte, master pulls 
the SDA line in high impedance state, thus allowing the 
slave to respond with an acknowledgement which it 
does by pulling the SDA line low. After releasing the 
SDA line master generates the clock to read the ACK 
bit. If ACK is received master can proceed with 
read/write bit operation. If the transmitted address does 

not match any of these slaves present shown in Fig.4, 
none of the slaves would pull down the SDA and the 
line remains high. Master interprets this as NACK. If 
NACK is received master can issue STOP command or 
reissue the START command. 
 

 
Figure 3: Acknowledge Report of I2C protocol 

 
Data Communication to write and read operations on 
SDA by controlling of SCL. 
 
Write Data Communications: 
 
There are two modes of transmission: Master 
Transmission mode and Master receiver mode. In the 
master transmission mode, shown in Fig.5, master 
begins the communication by initiating the start 
condition followed by sending 7-bit slave address with 
MSB bit is sent first. The direction bit (R/W) with W=0 
is specified. This is then followed by the 
Acknowledgement bit specified by the receiver. The 
master then sends the data acknowledging each byte of 
data that is received. The master then sends the stop 
condition to terminate the data write. 

 

 
Figure 3: Data Communication Flow 

 
 An agreed-upon format for transmittingthe  data 

between two devices. It determines the type of error 
checking to be used. 

 The transaction is always initiated by master. 
 After transfer every address and data byte handshaking 

is done by ACK. 
 The transaction initiation and termination is done by 

START and STOP conditions. 
 
Data is received from slave transmitter mode. After the 
start condition, master sends the slave address followed 
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by the direction bit (W=1) to indicate it as read mode. 
The slave device sends an acknowledge bit after 
receiving address and direction bit. A repeated start 
condition (Sr) is carried out with 7 bit slave address 
with R=1, acknowledging it. The slave receives the 
data of 7 bits with acknowledging each byte sent. 
Finally when all bits have been received stop condition 
is initiated to stop the communication. 

 

 
Figure 4: Write and Read Operation 

 
Pin Diagram of  I2C Master: 
 

 
Figure 5: PIN Diagram for I2C Master 

 
Functionality of I2C Master: 
 
Master initiates the data transfer by sending START 
signal. It is an attention signal to all the slave devices 
on the bus. The Start is followed by the 7-bit 
ADDRESS of the slave it wants to communicate with. 
ADDRESS is followed by R/W bit which acts as a 
control bit to decide the direction of data transfer. 
Master releases the bus and waits for the 
acknowledgement (ACK) bit from the slave. 
 
Pin Diagram of I2C Slave: 
 

 
Figure 6: PIN Diagram of I2C Slave 

The desired slave pulls the SDA line LOW to send 
ACK signal. Depending on R/W bit value either master 
or slave sends the 8-bit data and acts as the transmitter. 
The other device acts as a receiver and sends ACK 
after receiving 8-bit data by pulling SDA LOW. After 
(N) ACK the master ends the transmission by sending 
STOP signal. Any master can now initiate a new data 
transfer by taking the control of bus. 
 
Simulation Results: 
 

 
Figure 7: Simulation result of Master for write 

operation 

 
Figure 8: Simulation result of Slave for read operation 

 
CONCLUSION 
 
I2C Single Master is successfully designed using 
Verilog, simulated in Modelsim and synthesizing. As 
the number of devices connected to a system is going 
to increase, there is a need for a system which supports 
multiple protocols. This project can be further extended 
to design for multiple masters. Automated test-cases 
are generated and applied to our DUTs. Functionality 
of The I2C Bus Controller was verified from The 
tabular representation. 
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