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Abstract: I2C Controllers have been an integral part of 

many SoCs in the industry and also have been logically 

implemented individually. But many of they perform the 

function of serial to parallel conversion or vice-versa. So in 

this paper we present another function which an I2C 

Controller can play an important role in case of serial 

communication in the Embedded Systems. This is the 

function of priority based address generation for slave 

devices on the I2C Bus. We build an address generator 

which decides which device should be communicated which 

should not be. Then the i2c communicator establishes a 

complete data transfer for the Master of the system. 

I. INTRODUCTION 

I2C buses have been many times preferred over other 

forms of serial communication standard majorly because 

of its great simplicity, which is the standard of two 

wires.At the same time a new attribute is being 

introduced in this for the serial communication of the 

system that is PRIORITY. Many a times it so happens 

that the communication is needed to be done between two 

components of the system of the system at the same 

instance of time which then causes malfunction of the 

system performance. To avoid this, the components need 

to be prioritized according their importance in system and 

fed into the intelligence of the master of the 

communication. This brings us to the end of the problem. 

So indirectly we are trying to introduce a new concept in 

the I2C bus protocol application. This shall be a great 

advantage for all those applications wherein importance 

of certain part is very critical in the system performance. 

 

II. INTER INTEGRATED CIRCUIT BUS (I2C 

BUS) 

The I2C-bus is a world standard that is now 

implemented in over 1000 different ICs manufactured by 

more than 50 companies. Additionally, the versatile I2C-

bus is used in various control architectures such as 

System Management Bus (SMBus), Power Management 

Bus (PMBus), Intelligent Platform Management Interface 

(IPMI), Display Data Channel (DDC) and Advanced 

Telecom Computing Architecture (ATCA).  

Here are some of the features of the I2C-bus: 

 Only two bus lines are required; a serial data 

line (SDA) and a serial clock line (SCL). 

 Each device connected to the bus is software 

addressable by a unique address and simple 

master/slave relationships exist at all times; 

masters can operate as master-transmitters 

or as master-receivers. 

 It is a true multi-master bus including 

collision detection and arbitration to prevent 

data corruption if two or more masters 

simultaneously initiate data transfer. 

 Serial, 8-bit oriented, bidirectional data 

transfers can be made at up to 100 Kbit/s in 

the Standard-mode, up to 400 Kbit/s in the 

Fast-mode, up to 1 Mbit/s in Fast-mode 

Plus, or up to 3.4 Mbit/s in the High-speed 

mode. 

Both SDA and SCL are bidirectional lines, connected 

to a positive supply voltage via a current-source or pull-

up resistor. When the bus is free, both lines are HIGH. 

The output stages of devices connected to the bus must 

have an open-drain or open-collector to perform the 

wired-AND function. Data on the I2C-bus can be 

transferred at rates of up to 100 Kbit/s in the Standard-

mode, up to 400 Kbit/s in the Fast-mode, up to 1 Mbit/s 

in Fast-mode Plus, or up to 3.4 Mbit/s in the High-speed 

mode. The bus capacitance limits the number of 

interfaces connected to the bus. 

 

Fig 1: I2C Bus Layout 

For a single master application, the master’s SCL 

output can be a push-pull driver design if there are no 

devices on the bus which would stretch the clock. The 

data on the SDA line must be stable during the HIGH 

period of the clock. The HIGH or LOW state of the data 

line can only change when the clock signal on the SCL 

line is LOW. One clock pulse is generated for each data 

bit transferred. The acknowledge takes place after every 

byte. The acknowledge bit allows the receiver to signal 

the transmitter that the byte was successfully received and 

another byte may be sent. The master generates all clock 

pulses, including the acknowledge ninth clock pulse. 
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Fig 2: Complete Data Transfer Format of I2C Bus Communication. 

III.THEORY OF OPERATION 

The Fig 3 shows the layout of the I2C Controller and 

the rest of the devices on the Bus. Now the I2C controller 

has a primary task of taking parallel data from the Master 

and communicating it between the Slave devices. In 

addition to this objective is the task of generating an 

address for the device specifying which slave needs to be 

communicated with. So the I2C bus controller for this 

purpose can be designed with the given structure (See Fig 

4). It shows us how the data and the addresses are 

synchronously handled by the controller under a single 

clock. 

The different parts of the I2C Controller are- 

1. I2C Bus Communicator- This part takes the 

parallel data or address and sends it onto I2C bus 

lines according to the format of standard shown in 

Fig 2. It also does the reverse i.e. in case of receiving 

data it takes the serial data and puts it parallel format 

for the Master to read. 

2. Address Generator- It is highlight of the I2C 

Controller. This unit checks the address of the 

devices which needs to be prioritized according to 

the need of the Embedded System. When a new 

device is to be addressed by the master it checks the 

priority level of device allows communication 

between the master and the slave. For Example, if 

device 1 and device 2 are two critical control 

parametric measurement sensors and their priority 

levels are corresponding to the device number. Then 

in case of emergency state, sensed by the master, the 

I2C Controller will allow only device 1 to be 

communicated between the master and devices. 

3. Read and Write Registers- These are simply 

registers which store and incoming and outgoing 

parallel data to the master respectively. The master 

selects these registers using the SEL Pin. 

4. Clock- It is the clock which runs the complete 

system of the I2C Bus Controller. 

IV. I2C BUS COMMUNICATOR 

The I2C bus communicator being the most important 

part of the controller needs to be designed very carefully 

because it handles the data and address to the devices 

strictly according to the standard. So a state diagram 

which displays sequential change in data (SDA) line of 

I2C Bus as by the clock (SCL) line is shown in the Fig 5. 

 

Fig 3: System for I2C Bus Controller 
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Fig 4: Structure of I2C Bus Controller 

The Diagram is designed by looking at the standard 

timing diagram of the I2C Bus data transfer operation. If 

we take close look at Fig 2 and follow the events of the 

clock and data lines then the following points can be 

concluded- 

1. Initially to begin the operation of i2c bus data transfer 

the i2c_go signal is generated from the address 

generator. 

2. To ensure proper clock line working we check for a 

positive edge clock trigger i.e. scl if no clock is present 

then there is the! scl signal to indicate it. 

3. For actual beginning of i2c bus data transfer 

procedure we take another clock confirmation with 

START condition. 

4. Now the address generator gives the address that is to 

be sent on the bus for the respective device. So the i2c 

communicator passes the address on the bus until the 

count for the byte transfer is completed signaled by the 

Anding of both scl & count. 

5. Then we wait for the acknowledgement signal from 

the device through the ack signal until then a !ack signal 

is assumed. 

6. After the acknowledgement the data which is either 

taken by master or given by it, is operated by the 

communicator in byte format by a similar scl & count 

operation. 

7. The byte is stored in the respective register which 

needs to be periodically scanned by the master after 

each byte transfer. 

8. We check if another byte needs to be transferred by 

looking at the address and number of bytes in the 

address generator. This is done with the strtand! strt 

signals. 

9. Once the data transfer procedure is finished a STOP 

condition is generated on the i2c bus. 

 V. ADDRESS GENERATOR 

The address generator is designed to store the device 

addresses and according to the priority the address is given 

to the i2c communicator and thus we can have a successful 

operation of master-slave communication priority based. It 

includes a priority selection unit which takes the addresses 

of the devices and puts them in priority order for sequential 

device communication on the i2c bus. The Priority Level is 

decided by the state of emergency, such as Temperature 

Emergency state will have temperature sensors with higher 

priority. 
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Fig 6: Priority Selector of Address Generator 

V. CONLCUSION 

This form extra functionality can also be extended into 

many forms. Finally we can say that i2c controllers need not 

be always just controllers, there multifunctional attribute can 

be helpful when in an Embedded System there are many 

remote devices. 

 

Fig 5: State Diagram of I2C Bus Communicator 
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