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Abstract: This paper focuses on the design of I2C single master which consists of a bidirectional data line i.e. serial data line (sda) and 

serial clock line (scl).This protocol can support multiple masters.I2C is a two-wire, bi-directional serial bus that provides a simple and 

efficient method of data exchange between devices and is used for faster devices to communicate with slower devices and each other 

without data loss. It requires only two lines for communication with two or more chips and can control a network of device chips with 

just two general purpose I/O pins whereas, other bus protocols require more pins and signals to connect devices. The complete module is 

designed in Verilog and simulated in ModelSIM. 
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1.Introduction 
 

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 

connections in the IC (Integrated Circuit) for serial data 

communication to take place. But as the physical size of IC 

have decreased over the years, a less amount of pin 

connection for serial data transfer is required. 

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[2] [3] [10] 

 

2.I2C Protocol 
 

It is most suitable for applications requiring occasional 

communication over a short distance between many devices. 

The I2C standard is a communication protocol including 

collision detection and arbitration that prevents data 

corruption if two or more masters attempt to control the bus 

simultaneously. The component reads from and writes to 

user logic over a parallel interface. Resource requirements 

depend on the implementation. 

 

The two lines of the I2C-bus, SDA and SCL, are bi-

directional and open-drain, pulled up by resistors.SCL is a 

Serial Clock line, and SDA is a Serial Data line. Devices on 

the bus pull a line to ground when a logical zero is to be sent 

and release a line when a logical one is to be sent. Each 

device is recognized by a unique address — whether it‘s a 

microcontroller, LCD driver, memory or keyboard interface 

— and can operate as either a transmitter or receiver, 

depending on the function of the device [2].Obviously an 

LCD driver is only a receiver, whereas a memory can both 

receive and transmit data. In addition to transmitters and 

receivers, devices can also be considered as masters or 

slaves when performing data transfers. 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. 

 

 
Figure 1: Logical Circuit Diagram of I2C Master – Slave 

 

Features  

 

 data transfers: serial, 8-bit oriented, bi-directional 

 master can operate as transmitter or receiver 

 bit transfer (level triggered) 

 SCL = 1 , SDA = valid data 

 one clock pulse per data bit 

 stable data during high clock 

 data change during low clocks [6] 

 

 
Figure 2: Change of word occuring during low clock 

 

 start condition (S) 

SDA 1 to 0 transition when SCL = 1 
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Figure 3: Start Condition 

 

 stop condition (P) 

SDA 0 to 1 transition when SCL = 1 

 
Figure 4: Stop Condition 

I2C Master: 

 controls the SCL 

 starts and stops data transfer 

 controls addressing of other devices 

 

I2C Slave 

 Device addressed by master I2C single Master works as a 

transmitter or a receiver. 

 Master as transmitter sends data to slave-receiver (RW=0 

i.e write state) 

 Master as receiver requires data from slave-

transmitter(RW=1 i.e read state) [6] 

 

3. Design Methodology 
 

Finite State Machine (FSM) that describes the design of 

single Master is shown in Figure 5.  

 

Algorithm: 

State 1: Ready condition: I2C bus doesn‘t perform any 

operation.(SCL and SDA remains high) and enable is low. If 

ena becomes HIGH it enters into next state. 

State 2: Start condition: When ena is HIGH, Master 

initiates data transmission by entering into the next state adr. 

State 3: adr state: In this next adr state, master sends the 

slave address serially (11010000) to the slave. bit_cnt is 

used as counter to count the bits of address transferred and 

as it becomes 0,it enters into next state. 

State 4: ack state: If the slave address matches with the 

slave(here single slave is considered hence no need to match 

it as it is taken as state) it sends an acknowledgement bit in 

response to the master. 

Now R/W bit is checked if it is LOW, it enters write state 

else read state. 

State 5: Write state: The 8 bit data to be transmitted is sent 

to the slave by the master. After receiving the data, slave 

acknowledges the master. 

State 6: Read state: The 8 bit data is read from the slave by 

the master. After reading the data, acknowledgement is sent. 

State 7: Stop condition: After the transmission of the data, 

STOP bit is sent.(SCL is high and SDA is from Low to 

high).  

 

Master sends a STOP bit to terminate the connection. Again 

ena is checked if it is still LOW it remains in STOP state 

else it enters the READY state. For performing read 

operation, write operation is performed first and then read 

operation is done. Slave address used is of 3 bit (010).  

 

.

 
Figure 5: Finite State Machine For Design of Single Master  
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4.Functional Description 
 

The functional description of I2C master is described in the 

Verilog HDL. That is called design module. The test bench 

program is developed to test the design module. The test 

bench gives the input to the design module & verifies the 

output. The test bench is written in such way that the design 

module can be checked in all possible conditions. The 

signals given from the test bench to test the working of the 

prototype design of the I
2
C master are: 

 ena 

 ack 

 en 

 in_data 

 sda_r 

 

5. Simulation Results 
 

Results 

 

The I2C single master has been designed in Verilog and 

simulated in simulator tool Modelsim which is used to verify 

the design functioning. This design works for both read and 

write cycle. 

1) Figure 6, shows the data is written from the register 

‗in_data‘ serially through the ‗sda‘ to register ‗out_data‘ 

2) Figure 7, shows the data that is written is now read 

serially through the ‗sda‘ and is shown at the output 

through register ‗read_out‘ 

3) Figure 8, shows the combined simulation result of write 

and read cycle. 

 

 
Figure 6: Modelsim Simulation for Writing of Data 

 

 
Figure 7: Modelsim Simulation for Reading of Data 

 

 
Figure 8: Modelsim Overall Simulation 

 

6. Results 
 

The data transmitted by master is successfully stored and 

read by it. 

 

7. Conclusion & Future Scope 
 

I2C Single Master is successfully designed and simulated. 

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. 
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