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Abstract: - Protocols are needed for establishing communication between devices. The most
widely used protocols are UART and I2C. This paper proposes a new approach in
implementation of these protocols along with a memory which could be implemented onto
a FPGA which makes the implemented device capable of communicating with peripheral
devices connected that have any one of the specified communication protocol such as UART
or I2C protocol in it. UART is a serial communication protocol that includes a transmitter,
receiver and baud rate generator. I2C is a less complex communication protocol that ensures
connection between devices using two lines. The protocol implementation is done in
ModelSim platform.
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INTRODUCTION
UART is the abbreviated form of Universal Asynchronous Receiver Transmitter. Universal
Asynchronous Receiver Transmitter is commonly included in microcontrollers and is designed
to be used for various applications. UARTs are used for devices such as modems, wireless
communication etc. It is a serial communication protocol which consists of a transmitter,
receiver and baud rate generator. The transmitter converts the parallel data to serial fashion
and then transmits it bit by bit. While the receiver receives the data in a serial manner and
converts the data to parallel form. UART interface chip could follow various serial bus interface
standards such as RS-232, RS-422 and RS-485.
I2C is the abbreviated for of Inter Integrated Circuit, offers very advanced feature; automatic
multi-master capability. ADC (Analog-to-Digital Converter), EEPROM (Electrically-Erasable
Programmable Read-Only Memory), DAC (Digital-to-Analog Converter), RTC (Real-time clocks),
microcontrollers, sensors are largely available with I²C interface. The two I²C signals are serial
data (SDA) and serial clock (SCL). There is no need of slave select even though the protocol
could be used for any number of slaves. The slaves have a unique address which could be used
for selection purpose. It is also bidirectional mode of communication. A Multi master criterion
is also acceptable for the I2C protocol.
The microcontroller is embedded with many communication protocols. The communication
protocol includes UART and I2C. The paper proposed is a forehand for the testing of
microcontroller specified by PIC18F65XX. The test station includes UART (RS232) for the
communication with FPGA. The UART and I2C interfaces implemented in FPGA are used to test
the interfaces of the PIC microcontroller. The Device Under Test (DUT) is PIC microcontroller
and test station is usually a PC. The basic structure of test system is as in Fig.1.

Fig.1. Structure of Test System.
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SOFTWARE ENIVORMENT
The implementation and synthesis of the main controller is done in ModelSim and Xilinx
software platform. ModelSim is an HDL simulation environment developed by Mentor Graphics.
Development of HDL design involves creating the working library, compiling of design, loading
the simulator with design and running the simulation and debugging of results.
WORKING PRINCIPLE
UART
UART communication follows data frame that starts with start bit (logic “0”), 5-8 data bits, stop
bit (“1”), parity bit (even or odd) and idle state. The data frame is given in Fig.2.

Fig. 2. Data Frame.
UART transmitter is used for conversion parallel data to serial for and its transmission long the
line. The two type of registers used for the transmission process are the Transmit Shift Register
and Transmit Buffer Register. As the name suggest, shift registers are used for the function of
shifting in data and buffer registers are employed for temporary storage of data. Fig.3. illustrate
the transmission of data through UART transmitter.

Fig.3. UART Transmitter
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UART Receiver section consists of Receiver Shift Register and Receiver Buffer Register. FIG.4.
shows the receiver section of the UART. Here the valid reception is marked by the reception of
a start bit followed by data bits and parity bits. The reception termination is marked by stop bit.

Fig. 4. UART Receiver
I2C
I²C is a multi-master protocol. The two signals used are SDA and SCL. The SDA line is used to
carry data either from master or slave. The acknowledgement from the master in case of a read
signal and an acknowledgement signal from the slave in case of the write signal and the data bit
transfer to slave or master could be made possible using the SDA line. The clock is provided by
the master through the SCL line. 7-bits slave addresses are used for the identification of slaves
and initiation of transmission to it. The data rate could be 100 kbps, 400 kbps and 3.4 Mbps,
respectively called standard mode, fast mode and high speed mode.
First, the master will issue a START bit, followed by master sending the address of the device it
wants to access, along with an proposal whether the access is for a read or write operation. The
connected slaves check the address for a match. If a match in address is found, an
acknowledgement is passed to master. Once the master receives the acknowledge message, it
starts transmitting or receiving data i.e. read operation or write operation. Fig.5. shows the
basic diagram of I2C.
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Fig. 5. I2C Basic Block Diagram
IMPLEMENTATION AND SYNTHESIS
UART transmitter and receiver are realized using state machines. The state machines provide
the functionality of the implemented design. Fig.6. shows the transmitter state machine. Eleven
states are defined in the state machine. Idle state is where no operation occurs and when a
start bit polled obtains a 0 value, the transmission is initiated and a stop bit marks the end of
transmission.

Fig.6.Transmitter state machine
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UART receiver state machine is given in Fig.7. The state machine of receiver also poses eleven
states. The idle state is where the reception is polled for. A change in reset value marks the
reception operation. Start bit is received and when it is logic 0, the state is changed to b0 where
the first bit among the 8 bit is received and stored and thus 8 bits are recei ved and stop bit
indicates termination of reception process.

Fig. 7. Reciever state machine
I2C protocol is also implemented using the state machine. The operation of I2C is well explained
using the state machine. Fig 8 shows the state machine of I2C. It has 9 states according to the
mode of operation executed. In the READY state, the en is polled for, that is an activity is polled
for. When a positive signal arrives, the START state is executed. This begins the starting of
operation by making all necessary start conditions. Next a bit cnt is executed, that to for
specified time where the address and rw operation needed to be carried out is communicated
with the bus. The ACK_SL deals with the acquisition of slave acknowledgement. Next state is
executed based on write or read operation needed to be carried out. If read command is to be
carried out, the master reads the data from the slave and sends back a acknowledgement, and
if write command is to be carried out then data is written to the slave and slave gives back a
acknowledgement. If only one byte of data is to be written or read to slave or master then next
state to be executed is stop, if not the address to the slave is checked for and also the read or
write operation needed to be carried out. Fig 3.4.8 shows the state machine of I2C.

Available Online at www.ijpret.com

52

Research Article
CODEN: IJPAKY
Impact Factor: 4.226
Betty George, IJPRET, 2015; Volume 4 (3): 47-55

ISSN: 2319-507X
IJPRET

Fig. 8. I2C state machine
RESULT
UART transmitter VHDL implementation plot is given in Fig.9. Here store value is the value that
needed to be transmitted and the state are defined by ready, b01, b11, b21, b31, b41, b51,
b61, b71, b81. The output value that is transmitted is given by d0. Here the parallel data being
transmitted in serial fashion is depicted.

Fig. 9. UART Transmitter.
UART receiver VHDL implementation plot is given in Fig.10. The states are defined by ready, b0,
b1, b2, b3, b4, b5, b6, b7, b8. The input value that is received is given by din which is serial in
manner and the values are stored in parallel manner.
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Fig. 10. UART Receiver
There are two operation carried out using the I2C communication protocol. One is read
operation and other is write operation. Fig.11 shows the I2C write operation where master
writes onto a slave. Here the logic is implemented and it is not connected to any slave device,
so the sda and scl lines are not defined. The state denotes that a slave acknowledgement is
acquired as a result of the completion of write operation cycle.

Fig. 11. I2C Write operation
Fig.12 shows the read operation by I2C protocol. The state carried out is read as the
concatenated value is read. The value is read from the slave but as the slave is not connected,
the logic is implemented. Here a master controlled I2C is implemented.

Fig. 12. I2C Read operation
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CONCLUSION
Communication protocols that are widely used are implemented in HDL. UART and master
controlled I2C are widely used for communication. The implemented design could be used to
design an FPGA that could act as a controller for the testing of communication protocols of a
microcontroller. The selectable frequency and baud rate for I2C and UART help the FPGA to test
the microcontroller’s I2C and UART for different speeds. Extensive simulations were carried out
to test the implemented modules.
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