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Abstract — This paper implements serial data communication using I2C (Inter-Integrated Circuit) master/slave bus controller. The I2C 

master/slave bus controller was designed, which act as either master or slave as per the requirement. This module was designed in Verilog HDL 

and simulated and synthesized in Questasim 10.0c. I2C master initiates data transmission and in order of operation slave responds to it. It can be 

used to interface low speed peripherals like motherboard, embedded system, mobile phones, set top boxes, DVD, PDA’s or other electronic 

devices. 
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I. INTRODUCTION 

In the world of serial data communication [8], there are 

protocols like RS-232, RS-422, RS-485, SPI (Serial 

peripheral interface), and 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 [6] 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. 

 

In this paper, we are implementing I2C bus protocol for 

interfacing low speed peripheral devices on FPGA [3]. It is 

also the best bus for the control applications, where devices 

may have to be added or removed from the system. I2C 

protocol can also be used for communication between 

multiple circuit boards in equipment with or without using a 

shielded cable depending on the distance and speed of data 

transfer.  

 

I2C bus is a medium for communication where master 

controller [9] is used to send and receive data to and from 

the addressed slave. The low speed peripheral, as a slave is 

interfaced with I2C master bus and synthesized on 

Questasim. Fig-1 shows the I2C bus system with the I2C 

master controller implemented and the real time clock 

device acting as the multiple slave. 
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Figure 1. I/O diagram of I2C master controller interfaced with slave 

devices. 

 

The synopsis of the paper is as follows: In section II, we 

discussed I2C protocol of our proposed design which also 

presents module description for our proposed system. In 

section III, we present the software implementation along 

with algorithm and flow chart. Section IV, holds the 

simulated result of I2C master/slave data transmission with 

different 

 

 
 

Figure 2. START & STOP Condition of I2C. 
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Figure 3. ACK pulse for I2C. 

 

working frequency. Finally, concluded with future scale up 

in section V. 

II. PROPOSED WORK 

A. I2C Protocol 

I2C is a two wire, bidirectional serial data 

communication protocol. I2C may support multiple devices 

where each of that device can be addressed by its unique 

address. As we can see in fig. 1 data line is of 8-bit where 

address line can vary from 7-bit or 10-bit depending on 

addressing scheme we selects. Here  signal will decide 

that whether it’s a reading operation or writing. 

  

I2C bus has only two wires and they are SDA (serial data 

line) and SCL (serial clock line). SCL acts as a clock line for 

I2C bus where SDA acts as a data line.  

B. 7-bit addressing mode  

I2C bus is in IDLE state when SDA and SCL both are 

HIGH. Whenever master wants to transmit the data, it will 

generate START condition by pulling SDA line at LOW 

level and keeping SCL at HIGH. After START condition 

bus will be considered as BUSY. Once the START 

condition is generated master will send 8-bit of data out of 

that 8 

 

 
Figure 4. 7-bit addressing mode. 

 

 
Figure 5. 10-bit addressing mode. 

  

bits first 7 bits are slave address and eighth bit is read or 

write bit. When master will sent this 8 bits all slaves will 

listening to it and whichever slave have the same address 

will generate and send ACK pulse to master. Then master 

will send register address which is located on that slave, will 

be used for data transmission whether to write or read data 

from that that register. Again one ACK pulse is generated by 

slave. Now depending on  bit data will be transferred 

either from master to slave or slave to master. Whoever 

sending data will send 8-bit and wait for the ACK pulse 

from the other, so this is a 9 bit of communication. When all 

data transmission is over master will generate STOP 

condition, SCL is HIGH and SDA is from LOW to HIGH. 

We can see the START and STOP condition in fig 2. 

 

C. 10-bit addressing mode 

10-bit addressing mode is bit different then 7-bit 

addressing. 10-bit addressing will be known by considering 

first two bytes after START condition. When first five bits 

in first byte is 11110 then slave will come to know that it is 

10-bit addressing mode. Then 6
th

 and 7
th
 bits will be MSB of 

10 bit address and 8
th
 bit will be . After this first byte 

whichever slave have the same address will send ACK to 

master. In second byte all 8 bits will be of remaining 10-bit 

addressing and now only one slave will send ACK to master 

for perfect match. Then after master will send register 

address and now data transmission in this mode also will be 

as same as 7-bit. 

III. SOFTWARE IMPLEMENTATION 

I2C master controller is designed using Verilog HDL [5] 

based on Finite State Machine (FSM) [13]. FSM is a 

sequential circuit that uses a finite number of states to keep 

track of its history of operations, and based on history of 

operation and current input, determines the next state. There 

are several states in obtaining the result. 

A. Algorithm 

1) IDLE: When SDA and SCL are HIGH it will stay in 

idle and will not perform any operation. 

2) START: To start I2C operation master will generate 

it by transmittiing SDA from HIGH to LOW when SCL is 

HIGH. 

3) WRITE: Master will send 8 bits of data from that 8 

bits, 7 bits will be address and 8
th

 bit will be zero as it is a 

read operation. 

4) If the address sent by master will be matched with 

slave address then slave will generate ACK pulse. 

5) After reception of ACK pulse master will send 8 bit 

register address, if again it is matched then slave again 

generate ACK pulse. 

6) Now DATA which needs to be write will be sent by 

master in a packet of 8 bit. After reception of each packet 

slave will send ACK.   

7) STOP: Once data transmission is over maste will 

generate it by trnasmitting SDA from LOW to HIGH when 

SCL is HIGH. 

8) If I2C wants to perform READ operation then aslo it 

will first go for WRITE operation and once register is 
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selected, after generating repeated START it will go into 

READ operation. For that 8
th

 bit of first data byte will be 

one. 

9) Master will send slave address for read operation to 

the slave. 

10) Master will receive data from slave and 

acknowledges the slave. 

11) Master will generate STOP condition for termination. 

 

B. FSM 
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Figure 6. FSM of proposed I2C design 

 

IV. SIMULATION RESULT 

 
 

Figure 7. I2C Master/Slave Read Operation 

 

 
 

Figure 8. I2C Master/Slave Write Operation 

V. CONCLUSION 

This results shows that how I2C master controller, where 

I2C master will sends and receives data from the salve. We 

can say that any low speed peripherals can be used with I2C 

bus. In future multiple masters can be implemented in real 

time clock domain using different arbitration and clock 

synchronization techniques. 
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