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Abstract 

In the era of enormous population and vast industries, the power consumption of             
devices counts a major concern for both humans and the environment. This work is              
just an effort in conserving the power of devices. In this work, a serial communication               
protocol called Universal Asynchronous Receiver Transmitter (UART) is designed on          
Artix-7 Field Programmable Gate Array (FPGA). The implemented UART in this           
design work is a power-efficient UART, which is very much beneficial for green             
communication. The implementation work is done on the Xilinx 14.1 ISE Design            
Suite. To check the power consumption of UART, the voltage of the output load is               
varied from 1.0V to 3.0V. It is observed that the UART is the most power-efficient at                
1.0V output voltage supply. 
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1. Introduction 
Data communication with a minimum amount of power utilization is one of the major              
issues that the world is facing. So people are moving towards the use of green               
communication and power-efficient devices [1-2]. This research work is done in order            
to promote and fulfill the ideas of green communication. In this work, a             
power-efficient UART device is implemented on Artix-7 FPGA. UART is Universal           
Asynchronous Receiver Transmitter which is used for serial communication [3].          
UART requires the use of a single wire for both transmission of data and receiving of                
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data which is represented in figure 1 [4-5]. The UART requires no clock signals for               
transmitting data from transmitter end to receiver end. 

 

Fig 1. UART communication. 

The proposed UART in this work is analyzed at different output load voltage value              
which is shown in figure 2. 

 

Fig. 2 Different voltage value. 

2. Related Work 
Authors implemented a High-performance Random-Access Memory (RAM) design        
on 28 nm FPGA [6]. The power in this work is calculated for different LVCMOS I/O                
standards. A low power D Flip-Flop has been designed by authors using LVCMOS             
IO standards [7]. Researchers designed a green data flip-flop on FPGA using various             
LVCMOS I/O standards [8]. LVCMOS I/O standards based 4-bit register is           
implemented by researchers on FPGA [9]. Authors also designed an energy-efficient           
digital clock on Spartan-6 FPGA [10]. Clock gating-based an energy-efficient          
Arithmetic Logic Unit (ALU) is implemented on FPGA by researchers [11].           
Therefore, a lot of work has been done for promoting green communication and             
power-efficient devices. But no work is done on power-efficient UART. So, in this             
work, a power-efficient UART is designed on Artix-7 FPGA. 
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3. Design Setup  
 
The power-efficient UART is implemented on Xilinx 14.1 ISE Design Suite and the             
results of power consumptions are targeted on 28 nanometers (nm) Artix-7 FPGA.            
The power utilization of UART is done by the X Power Analyzer tool for the voltage                
range of 1.0V to 3.0V. The Register Transistor Level (RTL) of UART is described in               
figure 3. At the input side, there are nine-wire lines were as at the output side of                 
UART there are four-wire lines. 

 

Fig. 3 RTL of UART. 
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4. Environmental Setup 
 
The ambient temperature at which UART device is interfaced with Artix-7 FPGA is             
250C with an airflow of 250 Linear Feet per Meter (LFM). The junction temperature              
of the UART is increased as the output voltage supply gets increased. The UART              
burns out, when the voltage supply reaches to 3V. The corresponding value of             
junction temperature with each value of voltage is illustrated in figure 4. 

 

Fig. 4 Junction temperature v/s Voltage. 

 
6.  Power Calculation of UART with Artix-7 FPGA​. 
 
A. When the output voltage is 1.0V. 

When the output voltage is at 1V there is only leakage power dissipation in the UART                
device which is 0.042W. All the other on-chips power of the device dissipates 0.00W              
of the power. Therefore the total power consumption of the device is also 0.042W.              
The power consumption of the UART device for 1V is described in table 1. 

Table 1. Power consumption at 1.0​V​. 

On-chips Power (W) 
Clock 0.000 
Logic 0.000 
Signal 0.000 
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IOs 0.000 

Leakage 0.042 
Total 0.024 

 

B. When the output voltage is 1.5V. 

When the supply voltage of output load is scaled to 1.5V, the leakage power              
dissipation is 0.110W. The other on-chips power of the UART device contributes            
0.00W power consumption. Therefore for 1.5V, the total power is 0.110W. The            
power consumption for 1.5V voltage is shown in table 2.  

Table 2. Power consumption at 1.5​V​. 

On-chips Power (W) 
Clock 0.000 
Logic 0.000 
Signal 0.000 

IOs 0.000 
Leakage 0.110 

Total 0.110 
 

C. When the output voltage is 2.0V. 

For the 2.0V output voltage. The total power and leakage power is same 0.419W. All               
the other on-chips power counts 0.000W power consumption in the total power            
consumption of the UART device which is shown in table 3. 

Table 3. Power consumption at 2.0​V​. 

On-chips Power (W) 
Clock 0.000 
Logic 0.000 
Signal 0.000 

IOs 0.000 
Leakage 0.419 

Total 0.419 
 

D. When the output voltage is 2.5V. 

When the output supply voltage of the UART device is tuned to 2.5V, the leakage               
power dissipation is 2.074 W, which is equal to the total power consumption of the               
device. There is 0.000W power consumption by all the other on-chips power of the              
UART device. Table 4, represents the power consumption for 2.5V voltage supply. 

 Table 4. Power consumption at 2.5​V​. 
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On-chips Power (W) 

Clock 0.000 
Logic 0.000 
Signal 0.000 

IOs 0.000 
Leakage 2.074 

Total 2.074 
 

E. When the output voltage is 3.0V. 

When the supply voltage of the output load is scaled up to 3.0V, the device gets                
burned. The total power consumption also reaches to the maximum value of            
239.621W. The power consumption of the UART device for 3.0V is illustrated in             
table 5. 

Table 5. Power consumption at 3.0​V​. 

On-chips Power (W) 
Clock 0.000 
Logic 0.000 
Signal 0.000 

IOs 0.000 
Leakage 239.621 

Total 239.621​* 
*Red color denoted burning of device. 

7​. ​Results and Discussion 

From the power analysis of the device, it is clearly observed that as the output voltage                
of the load increases the total power consumption of the device also increases. The              
device can be used up to the output voltage supply of 2.0V. When the voltage is tuned                 
to 3.0V the device gets burned because of the heat. The total power comparison at               
different voltage levels is shown in figure 5. 
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Fig. 5 Total power consumption at different voltage value. 

8. Conclusion 

In this work, a power-efficient UART device is implemented on 28nm Artix-7 FPGA.             
The implementation is done using Xilinx 14.1 ISE Design Suite. The power of the              
device increases as the output voltage increases, and when the voltage is scaled to              
3.0V the device gets burned. The device can only use up to 2.0V of the output                
voltage. There is an increment of 161.9% of the total power consumption of the              
device, when the voltage change from 1.0V to 1.5V. There is an increment of              
897.619% of the total power consumption of the device, when the voltage change             
from 1.0V to 2.0V. There is an increment of 6338.1% of the total power consumption               
of the device, when the voltage change from 1.0V to 2.5V. From the power analysis,               
it is clearly observed that the UART device is most power-efficient at 1.0V of the               
output voltage. 
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