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 Abstract – This paper presents the design of Universal 

Asynchronous Receiver and Transmitter module using 

various tools available in Cadence Design Systems and Xilinx 

namely: Cadence RC compiler, Cadence Encounter and 

Xilinx Design Suite 14.1i . Test bench simulation has been 

performed using the Xilinx Design in combination with Model 

Sim6.5e, while worst path analysis, power and timing analysis 

have been performed in Cadence RC Compiler. A UART 

module mainly consists of three components, a Transmitter, a 

Receiver, and a BAUD Rate Generator. A BAUD Rate 

Generator generates the clock for the Receiver and 

Transmitter. A BAUD rate is the symbol rate i.e. data rate thus 

higher the rate higher is the speed. For this simulation and 

analysis, we have use a baud rate of 9600 and the technology 

used is 40nm. For FPGA implementation a clock frequency of 

25MHz has been used, and for slack timing and worst path 

analysis time periods ranging from 1000000ps to 1000ps, thus 

giving a frequency range of 100MHZ to 1GHz. NC Simulator 

is used for pre-simulation and post simulation which is done 

using the generated Netlist from Cadence and the 40nm Front 

End library from Cadence. For frequency analysis Cadence 

RC Compiler is used to generate schematic on a 40nm 

technology. Cadence SoC Encounter is used for the layout for 

optimization and routing. 

 

Keywords – UART, Baud Rate, Frequency Analysis, 

Transmitter, Receiver. 

 

I. INTRODUCTION 
 

UART stands for Universal Asynchronous Receiver 

Transmitter. A UART module is an integrated circuit that 

consists of mainly three components, a Transmitter, a 

receiver and a baud rate generator. A UART chip is an 

electronic circuit that transmits and receives data through 

the serial port. A transmitter is in basic a shift register to 

which data is loaded parallel and then data is shifted out 

serially through the MSB or LSB. Thus, it converts bytes 

into serial bits for transmission, and vice versa. It also 

generates and removes extra bits like the start and stop bits 

that are appended to each symbol/character for 

communication configuration, these bits are called parity 

bits. The receiver on the other hand shifts the data in a 

register bit-by-bit thus reassembling the original data in 

another register with parity bits removed. A baud rate 

generator is used to generate a transmitter/ receiver specific 

clock and provide a specific baud rate for data transmission, 

similarly on the receiver UART baud rate generator is used 

to generate another clock for receiving and reassembly of 

the original data. 

Since UART works in the asynchronous mode of data 

transmission both the transmission and the receiver ends 

need their own clocks separate from the system chocks to 

form an understanding in communication i.e. both the 

transmitter and receiver must agree on some sort of timing 

parameters in advance and special bits are added to each 

symbol which are used to synchronize both the units. 

Whenever a symbol is given to the UART module for 

transmission a „Logic LOW‟ is sent representing the 

„START BIT‟. This „START BIT‟ tells the receiver that 

data transmission is about to begin which in turn forces the 

receiver clock to be in synchronisation with the transmitter. 

After the Start Bit, the individual bits of the word of data 

are sent, with the Least Significant Bit (LSB) being sent 

first. Each bit in the transmission is transmitted for exactly 

the same amount of time as all of the other bits, and the 

receiver “looks” at the wire at approximately halfway 

through the period assigned to each bit to determine if the 

bit is a 1 or a 0. Then at last one Stop Bit is sent by the 

transmitter. Because asynchronous data is “self-

synchronous”, if there is no data to transmit, the 

transmission line can be idle. In this simulation analysis 

values are read half way through the period i.e. at the middle 

of the level. For example, if it takes four seconds to send 

each bit, the receiver will examine the signal to determine 

if it is a 1 or 0 after two seconds have passed because by 

this method chances of error in bit detection will be less as 

there will be less chance later in bit change from 1 to 0 or 

from 0 to 1, then it will wait for four seconds and then 

examine the next incoming bit. Thus, making the 

asynchronous data “self-synchronous”. 
 

II. IMPLEMENTATION 
 

 
Fig. 1. UART Block Diagram. 
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Fig. 2. Block Diagram 

 

Pin Description 

  

system_clock The system clock supplied to 

 the UART IC 

  

system_reset Reset(Active LOW) 

  
transmitter_data(7:0) Parallel data input lines. 

  

transmitterH Transmitter ready 

  

receiver_ready Receiver Ready 

  
uart_clock BUAD rate generated clock 

  
uart_transmitter_dataH UART Transmitter Pin 

  
receiver_data(7:0) UART output data lines 

  
transmitter_doneH UART transmission status 

  
           
BAUD Generator: 

Baud is a measurement of transmission speed. Baud Rate 

represents the number of bits that are actually being sent 

over the media, the Baud count includes the overhead bits 

Start, Stop and Parity that are generated by the sending 

UART and removed by the receiving UART. By the use of 

synchronisation and training bits in the transmission signal 

the two baud rate generators each at the transmitter and 

receiver generate the same clock. 

Transmitter: 

The above figure shows the block diagram for the UART 

Chip. As it can be seen in above there are two main pins for 

data transmitter_dataH (For Transmission) and 

receiver_data (For receiver operation). The parallel data 

input and output pins sets are marked as the 

transmitter_dataH (7:0) and the receiver_data (7:0) 

respectively for inputting data for transmission and taking 

out the recovered data. 

The basic data frame for a UART Transmission can be 

described as: 

 

Start Bit ‘0’ 8 bit Data Stop Bit ‘1’ 

   

 

Initially a „1 to 0‟ or a „High to Low‟ transition is sent 

to let the receiver know that the transmission will begin 

shortly and the parity bits are sent to synchronize the 

receiver baud clock. In this case for simulation we have 

taken start bit as „LOW‟ and the stop bit as ‟HIGH‟. Thus, 

if the data to be sent is: 10110101 then the corresponding 

data frame sent will be as 0101101011. Thus at a time at 

least “ten” bits are sent for sending one byte of data. Using 

this approach increases the bits sent thus reducing the 

usable data rate. Thus, if data is to be transmitted and the 

transmitterH register is empty the data is immediately sent. 

Thus, a transmitter in simple terms performs parallel to 

serial conversion of the data. Using a shift register data is 

be shifted either right or left and bit by bit and sent. The 

either of the bits from the terminal in the register is sent. 

The whole process of shifting and transmitting is repeated 

till the time the last bit is sent. When all the bits are sent a 

„1‟ is sent to notify that the data has been sent and the 

transmission has ended. 

Receiver: 

For the receiver the first frame received is the 

configuration frame which contains the synchronisation 

information, in the later frames sent this information is 

omitted thus if a problem occurs transmission can be 

aborted by making receiver_ready „Low‟. After the both 

the transmitter and receiver are in sync when a „High‟ is 

received the receiver begins monitoring the channel and 

receiving the data. Each bit is stored in a „receiver shift 

register‟, when the eight bits are received the data stored in 

the receiver data register is outputted to receiver_data. For 

this project data is read from the channel at halfway of the 

clock i.e. between the two rising edges. Once the first bit is 

read receiver_ready is set to „LOW‟ the receiver waits for 

16 clock cycles and then takes the value again the whole 

process is repeated till the eight of the clock i.e. between the 

two rising edges. Once the first bit is read receiver_ready is 

set to „LOW‟ the receiver waits for 16 clock cycles and 

then takes the value again the whole process is repeated till 

the eight. 
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III. FINITE STATE MACHINE 
 

  
Fig. 3. Transmitter FSM 

 

The above figures show the Receiver and the Transmitter 

Finite State Machines (FSMs). And describe the internal 

working of transmitter and the receiver modules of UART. 

The transmitter has five states: Idle, Start, Wait, Shift and 

Stop. 

Idle for ready/free state. Start corresponding to initiation. 

Wait for delay and storing MSB and transmitting. Shift for 

rotating the data in the temporary register. Finally the Stop 

State is used to represent completion of transmission. 
 

 

Fig. 4. Receiver FSM  
 

Similarly, the receiver module also works in five states: 

Start: Here the receiver waits for a „LOW‟ until it receives 

it stays in this state. 

Centre: once a LOW bit is received the receiver shift into 

this state and waits for the centre of the pulse and then goes 

to the next state. 

Wait: once the first bit is transmitted receiver stores it in 

a shift register and proceeds to Sample state and once again 

records another bit at the centre. This process is repeated 

seven times. 

Stop: once all eight bits are received and a HIGH is 

received, receiver shifts to this state and stays until data is 

reassembled and sent (i.e. for 16 clock cycles). Once this is 

done receiver_done is set high and the module returns to 

Start State. 

IV. MODEL SIM AND XILINX SIMULATION 
 

 
Fig. 5. Waveform Generated on Model Sim 

 
As in above generated waveforms from Model Sim 

initially receiver_data[7:0] register is empty and starts to be 

filled and rotated with bits till finally 8 bits are received and 

stored. Data for transmission is loaded on to the 

transmitter_dataH[7:0] register. 

Baud Rate Generator: 
In general acts as a frequency divider since the modules 

may not work at same clock supplied by the system. The 

division factor can be mathematically obtained by using the 

system clock frequency and the required baud rate. In this 

case the baud rate required is 9600bps and the system clock 

frequency is 25MHz thus the division factor is: 

 
 

                                      25 ∗ 106 

Divide Factor = 16 ∗ 9600 = 162.7  
 

Thus, the division factor is 163. This factor can be 

increased or decreased in order to decrease or increase the 

baud/ data rate thus allowing to control the rate of 

transmission. The same has been done using Cadence 

Simulator and same resulting waveforms have been 

generated thus showing uniformity in this simulation. 

The Pre-Simulation results when used without any 

technology 

 

  
Fig 6. Pre-Simulation 

 
 Post-Simulation results when used with an in built 

library of 40nm technology. 
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Fig. 7. Post-Simulation 

 

V. CADENCE ENCOUNTER 
 

We have used 40nm Technology. This layout also shows 

advanced information like topology and rings. As seen 

above using the cadence SOC Encounter, a layout 

schematic has been generated for the IC Chip. 

 

  
Fig. 8. Layout of UART 

 

 
Fig. 9. Schematic Generated On Cadence RTL Compiler 

 
VI. ANALYSIS AND RESULTS 

 
Cadence Encounter uses the generated Netlist by RTL 

compiler. Encounter performs optimization and considers 

Timing, power and area and performs top-down global RTL 

design Synthesis to accelerate silicon realization. Using 

Cadence RTL Encounter tool various slack times, Cell Area 

and Power levels have been acquired and further plotted in 

the following graph: 

Table 1. Frequency Analysis. 

Frequencies Slack Cell Net 

 time(ps) Area Power(nw) 

100 MHz 9378 310.82 1495.06 

200 MHz 4378 310.82 1534.26 

1000 MHz 378 310.82 1847.9 

1250 MHz 178 310.82 1945.91 

1644.7 MHz 0 310.82 2423.06 

2000 MHz -108 312 2631.98 
    

 

 
Fig. 10. 

 

 
Fig. 11. 

 
VII. CONCLUSION 

 
In this work we have implemented and simulated a 

UART Transceiver using Verilog HDL programming and 

based it on 40nm technology for RTL and Layout design 

analysis. By varying the division factor we can increase or 

decrease the baud rate and thus the speed of serial 

transmission. The UART module with its components has 

been realised using Verilog Hardware Description 

Language. The RTL schematic design and full chip designs 

have been generated using Cadence RC Schematic 

Encounter and Cadence SoC Encounter. From analysis it is 

concluded that at high frequency the device doesn‟t work. 

From analysis it can be inferred that the maximum 

operating frequency for the device is 1644.7MHz 

(~1.6GHz). The graph from figure 10 and figure 11 shows 

that as frequency increases slack time decreases and power 

increase. The post simulation results from the Cadence NC 

Simulator are in accordance to the results obtained from 

Xilinx 14.1 (along with ModelSim 6.5e). 
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