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Abstract- In this paper a clock gated Huffman encoder and decoder circuit implementation is presented. The Huffman 
circuit is designed with gated clock as it optimized the power dissipation without degrading the performance. This paper 
aims to implementing, analyzing and comparing the various resource power using clock gating techniques to Huffman 
design on a 130 nm library. The technology used in this paper is gated clock circuit using different types of clock gating to 
get the best performance for Huffman design. Gated clock is used to control the encoder and decoder circuit. The results of 
design shows that using AND based clock gating technique is better than latch based clock gating. It reduces power and area 
more than latch based clock gating. The proposed Huffman design is implemented by using ASIC design methodologies 
with 130 nm technology library. The architecture of Huffman design has been created using Verilog HDL language, Quartus 
II 11.1 Web Edition (32-Bit). The simulation is carried out by using ModelSim-Altera10.0c (QuartusII 11.1) Starter Edition.  
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I. INTRODUCTION 
 
The demand in the increased low power and high 
performance electronic devices has led to the research 
of low power technique [1]. Huffman coding 
algorithm is widely used in downsizing data.It is the 
operation of compress data using less bits than an 
uncompressed which utilize of specific encoding 
schemes [2].Reducing data size is a technique for 
lowering the quantity of information utilized to 
appear for any content without excessively lowering 
the quality of the information [3]. Hence, the need to 
reduce power design is a challenging taskbecause this 
problem leads to increased temperature and make the 
design unstable. In addition, reduce the battery life. 
The research on minimizing the power of the 
Huffman coder is carried out and various low power 
techniques have been proposed. Therefore, power 
dissipation has become bottleneck in realizing higher 
execution. This leads towards the research into low 
power and high speed VLSI systems. Power 
dissipation is estimated by the factors such as the 
leakage power, short-circuit power and dynamic 
power including the frequency, supply voltage, 
switching activity and capacitor [4]. The power 
dissipation mathematical is presented as: 
Ptotal=Pdynamic+Pshort-circuit+Pleakage…. (1) 
 
Dynamic power involved switching activity, because 
the current flows only during logic transitions on the 
net, the term of dynamic power dissipation depends 
on the clock frequency (possible transitions per 
second) and the switching activity (presence or 
absence of transitions actually occurring on the net in 
successive clock cycles). Higher clock frequency is 
the more often there is activity on the transistors state 
(change of value), the reason with synchronous 
devices activity is done with the change of clock. In 
other words, switching power results from the  
 

 
charging and discharging of the external capacitive 
load on the output of a cell. 
These parameters can be summed in the following 
formula: 
Pdynamic = α FCV2……………….……….. (2) 
 
In equation (2):C the capacitance, α is the switching 
activity, V the supply voltage and F is the frequency. 
Therefore, the power management techniques can be 
applied at various levels in the design. The research 
on low power design techniques is carried out at the 
technology level, circuit level, logical level, 
architectural level and at the system level. The 
research survey clearly indicates that the level of 
power optimization is high at the system level than at 
the transistor level. The low power techniques are: 
multiple thresholds, multiple voltages, static voltage 
scaling, dynamic voltage and frequency scaling 
power reduction, power gating and clock gating [5]. 
Each of the techniques has challenges in 
implementing them. In this paper, low power 
management techniques at the system level are 
applied for the Huffman encoder and decoder design. 
The circuit is verified by applying different 
techniques of clock gating namely latchbased clock 
gating and AND based clock gating techniques. 
Huffman designis synchronous circuit,it is operates 
with reference of the clock input to design. More 
power consumption in synchronous design consumes 
in clock signal. From the survey, the clock consumes 
power up to 30% of the total power consumption of 
design[6][7]. Therefore, a need to reduce this power 
is a challenging task for the researchers and the 
designers in modern design. The clock gating 
technique namely using AND gate and latch based is 
applied to Huffman design and the power analysis for 
each is explained in Section II. Section III will 
describe the implementation of Huffman using clock 
gating technique, section IV will give the detailed 
insight into the results obtained from the 
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implementation, section V will conclude on the 
results and discussion. 
 
II. CLOCK GATING TECHNIQUE 
 
Clock gating (CG) is a technique to prevent the clock 
input into the functional modules which are idle. This 
implies switch off the clock if not necessary. There 
are various techniques of clock gating methods used 
to optimize the power dissipation [8]. The clock input 
to the functional block is provided through the basic 
logic gates. As can be seen from the Fig. 1, the 
Huffman encoder has three inputs namely enc_in, 
dec_in and clk. The clock to the Huffman is proved 
through a clock gate. When the clock input is applied 
and if the enable en is at logic ‘1’, Huffman perform 
the encode operation. Otherwise, it will perform 
decode operation. 
 

 
Fig. 1: RTL viewer top _level Huffman 

 
III. IMPLEMENTATION OF HUFFMAN DESIGN 
 
Huffman compression utilized the probability of the 
character of the source to generate the symbols of 
code words. The occurrence of all alphabets of the 
entrance is estimated to find out the probability 
distribution. According to the probabilities the code 
words for each of these alphabets are given. In this 
algorithm, the shorter code words are given for higher 
probabilities and longer code words are given for 
smaller probabilities. For this function, using symbols 
as leaves to represent all alphabets, the parent for 
these leaves namely nodes, every node should have at 
less one leave. Then, create a binary tree according to 
their probabilities and paths of those leaves are taken 
as the code words it is code length one word. Static 
Huffman algorithms calculate the frequencies first 
and then buildingHuffman tree for both the encoder 
and decoder process [9].The proposed Huffman is 
given a set of symbols and their frequencies usually 
proportional to probabilities, find a prefix free binary 
code (a set of code words), with minimum expected 
code length equivalentlyto Huffman tree with 
minimum weighted path length from the root [10]. 
Huffman design is executed for text data 
compression. Moreover, the text decoder contains 
Huffman decoder for obtaining the original data. 
Furthermore, Huffman tree is used by the encoder 

and the decoder where the alphabets consist of the 
uppercase letters and the space. 
 
3.1. Latch Based Clock Gating  
In this method of clock gating a latch based is used to 
select the functional module. The clock input is 
provided to all design modules,but only one is 
selected by latch based gated to perform the 
evaluation of the inputs[7]. The RTL viewer of latch 
based design is shown in Fig. 2. As can be seen, the 
latch based has en input and clk input. Used output 
latch ANDing with the clk signal to generate gated 
clk signal used to control Huffman modules operation 
[11]. The design is compiled, simulated and 
synthesized is carried out using 130 nm technology 
libraries. The simulations are carried out by using 
Modelsim tool. The architecture of compression and 
decompression algorithm design has been created 
using Verilog HDL language. Quartus II 11.1Web 
Edition (32-Bit). In addition, simulated using 
ModelSim-Altera 10.0c (Quartus II 11.1) Starter 
Edition. 
 

 
Fig. 2: latch based clock gating 

 
3.2. AND based Clock Gating 
Huffman design considered in this paper consists of 
two functional blocks modules: encoder and decoder. 
Each module is synchronous which means the inputs 
are evaluated on the occurrence of the clock. The 
AND based clock gating technique can be applied to 
the Huffman design, where only one functional unit 
(encoder or decoder) operates while the other does 
not. Hence, the enable input of the AND based will 
provide the clock signal either the encoder or decoder 
module [12].  The RTL view of the schematic 
Huffman design is shown in Fig.1. RTL viewer of 
AND based as mapped in Verilog is shown in Fig. 3. 
The clock is connected to either the encoder or the 
decoder based on the enable input. The synthesis 
generates the device utilization for the netlist as well 
as for the implemented. The netlist report show that 
the AND based clock gating utilized less power 
consumption, less area, but it generate higher delay 
for the same frequency used. 130 nm standard cell 
libraries are used for ASIC implementation. The 
simulations are carried out by using Modelsim tool. 
The architecture of compression and decompression 
algorithm design has been implemented using Verilog 
HDL language, Quartus II 11.1 Web Edition (32-Bit). 
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The simulation is carried out by using ModelSim-
Altera10.0c (Quartus II 11.1)Starter Edition. 
 

 
Fig. 3:AND based clock gating 

 
IV. SIMULATION AND RESULT 
 
4.1.Latch based simulation 
The simulated wave form of Huffman design using 
Latch based clock gating is shown in the Fig.4. From 
the simulated waveform it is observed that when the 
en signal input set to high, in this case the clock is 
applied to the encoder module and the result is 
obtained at the output of Huffman design. Later, 
when the en goes low, the encoder module is block 
and the resultis obtained from the decoder module at 
the output of Huffman design. By this way of 
enabling a selective functional module in ON state 
leads to reduction of the power consumption. Power 
analysis for Huffman design is implemented for 
scales of frequencies of MHz. it is obtained for 
various types of power consumption: static power, 
dynamic power and total power, dynamic power 
divide in two types, internal power and switching 
activity [13]. 
 

 
Fig. 4:Latch based simulation waveform 

 
4.2. AND based simulation 
In this technique applying the clock through the AND 
gate. The simulated results are shown in Fig5. The 
analysis carried out for scales of clock frequencies of 
MHz. The inputs to the AND gate will en either 
encoder or decoder module. From the simulated 
waveform, when input en set to high, the encoder 
module is enabled, the clock is provided to the 
encoder module and used to evaluate the encoder 
output. For rest case of the other combination of the 

inputs of the AND gate, will select the decoder 
module and used to evaluate for the given set of 
inputs generated from encoder to evaluate the 
decoder output. The synthesized output is further 
analyzed for the power. The power is analyzed for 
various types. 
 

 
Fig. 5:AND based simulation waveform 

 
4.3. Comparison of latch Clock Gate and AND 
Clock Gate (CG) 
The comparison of the proposed techniques is 
presented in the Table 1.From the results table and 
netlist Synopsys report observed that latch based 
clock gating occupied area more than AND based 
clock gating approximate 0.93%. Moreover, AND 
based clock gating achieved reduction in power 
consumption approximate 2.8% more than latch 
based. But the slack delay generated in each 
frequency apply to design in latch is less than AND 
based CG. This case is giving more advantage for full 
design because it allowed to applying higher than of 
latch frequency.Such as low delay reduce the 
limitation frequency for design. 
 

 
 

 
Fig.6: Total power of latch and AND clock gating 

PERCENTAGE 

DIFFERENCE

TOTAL POWER 

AND (mW)

TOTAL POWER 

LATCH (mW)

TIME (ns) 

HIGH

FREQ. 

(MHz)

2.82%0.010690.011005020

2.62%0.021220.021792540

2.52%0.031330.0321416.6666660

2.86%0.041850.0430812.5000080

2.97%0.052550.0541610100

Table:-1  Compression between AND CG and Latch CG
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CONCLUSION 
 
In this paper, clock gating technique using latch 
based and AND based gating logic is applied to 
Huffman design. The power analysis is carried for a 
range of clock frequencies with all the type of 
performed and analyzed. From the results obtained, 
both can be used as clock gating techniques to reduce 
power. The average difference power consumed 
between dependents techniques approximately 2.8%. 
There is noticeable reduction in total power 
consumption by using AND based CG. The device 
utilization of the two techniques also highlights the 
area reduction using AND clock gating technique is 
0.93% less than of using latchbased CG. Moreover, 
AND based can use higher than frequency apply to 
design comparing to latch based. This method leads 
to reachthe latch based to the negative slack before 
AND gate clock gating. Power delay and used area 
are motivated to use AND gate in low power high 
performance for Huffman design. 
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