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Abstract— With UART, serial communication can be 

implemented between remote embedded systems and 

peripherals. Based on fixed frequencies with a sampling 

method the UART protocol is used to achieve robustness 

under reasonable frequency variations between systems for 

cheap and low speed applications. This work investigates 

whether low power techniques like clock gating can be 

advantageously implemented in a UART receiver for clock 

power reduction. The proposed clock gating technique 

reduces unnecessary clock transitions of functional blocks in 

IDLE state and also dynamic power in running state not affect 

the design functionally 
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I. INTRODUCTION 

Universal Asynchronous Receiver Transmitter (UART) is 

popular communication protocol which translates data from 

a parallel stream to a serial data stream which is transmitted 

across the communication link. This protocol dictates that 

communication occurs at a predefined frequency. The two 

devices on the link generate their frequencies independently, 

and new data arrives asynchronously to the local clock. This 

requires that the data stream is sampled to ensure reliability 

even when the frequencies at the two ends of the link differ  

from the specified frequency. A local internal clock is 

generated with a frequency that is significantly higher than 

the channel sampling rate for this purpose. Wang et. al. [1] 

demonstrates a new approach to implement a UART while 

Yu et. al. [2] implements a multichannel UART controller 

using asynchronous FIFOs which allows communication 

with multiple blocks at different baud requirements. Idris et. 

al. [3] proposes the incorporation of BIST techniques to a 

UART design and Norhuzaimin et. al. [4] implements a 

UART for high speed operations. Dipanjan Bhadra et al [5] 

implements a UART using asynchronous design techniques. 

Many of these designs propose the introduction of new 

hardware focusing at customizing the core for specific 

operations. In order to reduce clock power, the clock-gating 

approach can be used which lowers not only the switching 

activity at the function unit level, but also the switching  

capacitive  load  on  the  clock  distribution network. Clock-

gating is considered as  one  of  the most  effective  method   

in   

RTL  and  architectural power  reduction .  This 

method is  extensively supported at the RTL level because 

designers have insight on how many flip flops or registers are 

assigned to the data path and controller of the design. By 

combining (using AND  gate)  the  clock  with  a  gate-control 

signal, clock gating  disables the clock to a module when that 

it is not used, avoiding power consumption due  to  

unnecessary  charging  and  discharging  of  the unused  

circuits.  This paper uses the VHDL description language to 

adopt the core functions of UART consisting of three main 

components i.e.  transmitter, receiver  and  the baud  rate 

generator. We are using the state machines for transmitter and 

receiver which makes our  proposed UART become more 

stable, reliable, compact and less complex for serial data 

communication. Because of this  the  utilization  of  LUTs, 

slice flip flops or we can say the area consumption  of  the  

chip  becomes  less.   

II. BACKGROUND 

A. UART Design:  

The sample UART is a fully functional, synthesizable, 

universal asynchronous receiver transmitter core. The  core  

is quite compact and configurable.  The receiver and the 

transmitter operates independently, and each module can  be  

selectively  disabled  for  synthesis. The UART design 

consists of three main blocks transmitter, receiver, and baud 

generator. The function of the baud generator is to  generate 

the baud frequency clock pulses from the input clock. The 

transmitter and the receiver block, which do the data transfer, 

are independent of each other and hence this design can 

achieve full duplex communication. 

B. Baud Generator:   

The baud rate generator creates a 16 × baud clock pulses 

depending on the baud-rate specified for the communication 

link for both the transmitter and receiver blocks which allows 

them to generate their own baud clock pulse. The clock which 

is faster allows the receiver to align the sampling pulse as 

desired and provides a faster response time from the 

transmitter. It is critical to know where to sample data 

information. Ideally, time for sampling is at the middle point 

of each data bit arriving serially. 

 

 

(1.1) 

𝐶𝑜𝑢𝑛𝑡 =
𝑆𝑎𝑚𝑝𝑙𝑒 𝑐𝑙𝑜𝑐𝑘

𝐵𝑎𝑢𝑑 𝑟𝑎𝑡𝑒 × 𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔
 

 

C. Receiver Block:  

The receiver block uses an oversampling scheme to read the 

data stream coming from the Rx pin. In this scheme middle 

points of transmitted bits are estimated and retrieved at these 

points. The oversampling scheme basically performs the 

function of a clock. Here instead of using the rising edge to 

indicate when the input signal is valid, it uses sampling ticks 

to estimate the middle point of each serial bit. While the 

receiver has no information about the exact onset time of the 

initial bit arriving which is the start bit, the estimation can be 

off by at most  1/16 . The rest of the data are retrieved at most 

1/16  from the middle point as well. But this scheme is not 

appropriate from high data rates because the baud rate can 

only be a small fraction of the system clock rate. 

UART Receiver ASMD:   

The ASMD diagram includes four states IDLE, START, 

DATA and STOP. The s_tick signal is the enable signal from 

the baud rate generator and in one bit interval there are 16 

ticks. The FSMD will remain in the same state unless the 

s_tick signal is asserted. 



Low Power UART Design using Low Power Techniques 

 (IJSRD/Vol. 4/Issue 02/2016/494) 

 

 All rights reserved by www.ijsrd.com 1764 

 
Fig. 1: ASMD of UART receiver 

D. Transmitter Block:  

The UART transmitter works as a shift register that shifts out 

data bits at a specified. The baud rate generator generates 

one-clock cycle enable ticks which controls this rate. Here no 

oversampling is involved, the frequency of the ticks is 16 

times slower than the UART receiver. The transmitter does 

not use a new counter; it shares the baud rate generator of the 

UART receiver. To keep track of the number of enable ticks 

it uses an internal counter. After every 16 enable ticks a bit 

will be shifted out. 

III. METHODOLOGY 

We consider clock-gating as a primary method for power 

reduction. We investigate how this technique can be enabled 

from the RTL level. At the RTL level, a designer is working 

on a behavioral description of the design. In this case one 

would need to insert clock-gating logic into the behavioral 

description before synthesis. 

Vivado Tool: With the Vivado tool we can estimate 

the power after synthesis which can be done in two modes 

which are vector-based power estimation and vectorless 

based power estimation. The vector based method requires 

users to provide a simulation activity file that represents the 

real world operation at the design. This activity file can be 

either an SAIF or VCD file. It is recommended to use an SAIF 

type file for faster estimation. If a simulation activity file 

can’t be provided Vivado will automatically switch to the 

vectorless mode making the best possible assumptions for the 

switching probability and the percentage of time signals will 

be held high as with any heuristics based approach. 

IV. IMPLEMENTATION 

In  this  design we will  review  the  operation  of  the  UART  

receiver  and  identify  the  logic  to  be incorporated  to  the  

functional  module  of  the  receiver  module.  In  the  UART  

protocol,  the transmitter and the receiver do not share a clock 

signal. Since there is no  clock sharing, a known data transfer 

rate (baud rate) must be agreed upon prior to data 

transmission. That is, the receiving UART has to be kept 

informed of  the transmitting UART’s baud rate. In almost all 

cases baud  rates  of transmitter and receiver are  the same. 

The transmitter shifts out the data starting with the LSB first. 

The transmitter of UART consists of a state machine, bit cell 

counter, transmitted bit counter, a serializer. The receiver of 

UART is composed of a control state-machine, support logic 

and deserializer. 

 
Fig. 2: Clock gated UART receiver 

The goal of the UART receiver is to detect the  start-

bit,  then de-serialize the following bit-stream, detect the 

stop-bit, and make the data available to the host. After 

receiving the stop bit, the UART receiver will go into the 

IDLE state where the master clock unnecessarily drives the 

UART receiver module. This is when we are going to add a 

logic in the receiver block without affecting the functionality 

of the UART receiver. 

 
Fig. 3: Power Summary of clock gated UART receiver 

 
Fig. 4: Low Power UART receiver waveform 

A NOR operation between the Rx_LP_EN enable 

signal from the controller and receiver data is performed to 

generate the signal. Then AND operation between the 

generated signal and master clock is done to obtain 

Tx_LP_clk signal. The Tx_LP_clk signal is the clock used to 

drive the baud rate generator. The baud rate generator will 

then generate a new clock called clk_gen which enables or 

disables the rest of the modules of the UART receiver in the 

IDLE state. 
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Fig. 5: RTL Schematic of UART receiver 

V. RESULTS 

A drop in clock power consumption is observed in the second 

version of UART receiver after applying clock gating 

technique. The toggling of the modified clock has been 

reduced after receiving the STOP bit of the data stream which 

reduces the dynamic power consumption in the IDLE state of 

the UART receiver. The percentage of resources FFs, LUTs, 

I/O used or utilization factor has reduced after clock gating. 

 
Fig. 6: Before clock gating 

 
Fig. 7: After clock gating 

VI. CONCLUSION 

A novel design of UART receiver is implemented using Low 

Power Technique which is Gate Based Clock Gating Scheme. 

Two versions of the UART design are compared (with and 

without clock gating) in terms of clock power consumption, 

utilization and timing analysis. Modifications are done to the  

control  block  of  the  UART  receiver  to  reduce  the  clock 

power consumption  during  data reception. This is done by 

adding suitable logic at the RTL level of the UART receiver 

design.  The UART design is simulated and synthesized using 

Vivado tool by Xilinx. 
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