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ABSTRACT 

 
The power minimization techniques have become the major concern in VLSI design. These 

are very crucial for enabling several battery powered applications. Many power optimization 
techniques at architecture level and circuit level were implemented to achieve lower power in 
past two decades.  The paper developed here describes a novel method of clock gating for power 
minimization technique in the area of DSP applications. The information carrying 2’s 
complement signal is partitioned as multiple words.  A method for signal range comparison 
based clock gating at partitioned word level is developed. The generic implementation of VHDL 
model for transposed FIR architecture is developed and the work shows good direction of power 
saving and can be suitable for signal processing applications.  

  Among the FIR architectures Transposed FIR filter is more reliable for implementation in 
VLSI. With proposed clock gating method the transposed FIR architecture is designed and 
observed more power saving from non clock gating design of transposed FIR filter.  
KEY WORDS: Transposed FIR filter, clock gating 

 
1. INTRODUCTION 
 
      VLSI circuits are characterized for optimized power, speed, area, and cost apart from their 
functionality. CMOS technology has become default choice for the design of low power 
VLSI circuits. There are two types of power consumption in CMOS circuits. One is static 
power and the other is dynamic power. Static power is due to leakage current where as 
dynamic power is due to transient or leakage power consumption (Ptransient) & capacitive 
load power (Pcap) consumption. 

Different power dissipations are considered depending on the design problems. Suppose 
when studying the supply line sizing, the Ppeak i.e., peak power is considered with respect to 
addressing cooling or battery requirements the average power dissipation pav is considered. 

Total power consumption in the circuit is given by 

Total Power (PTotal) = Pstatic + PDynamic   (1) 

Equation (1), gives the Total power (PTotal) which is sum of the static power (Pstatic) and 
the dynamic power (PDynamic). 
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Static Power (Pstatic) = IstaticVdd    (2) 

Vdd is the Supply voltage and Istatic is the Static current through the device.Major 
advantage of CMOS circuits is the low static power. 

Dynamic Power (PDynamic)  = PCap+ PTransient  = (CL + C) Vdd
2 f α   (3) 

From equation (3), the total dynamic power is the sum of capacitive load power (Pcap) and 
transient power (Ptransient) consumption. CL is the load capacitance, C is the internal capacitance of 
CMOS gate, f is the frequency of operation, and α is the activity factor related to switching 
activity due to CL and C.   

 If the switching events are more, then the resulting dynamic power consumption will be 
higher. Static component is present even if there is no switching occurs. This is due to leakage 
currents or by conducting path between supply rails.  

In digital VLSI circuits the dynamic power component is the crucial element. For 
reducing it many researchers are attempting to analyze various possibilities. The Clock Gating is 
a very effective technique which disables the corresponding registers and its associated 
combinational logic blocks effectively to reduce dynamic power. Several types of Clock Gating 
methods are available. Switching activity is the primary source of power consumption in CMOS 
circuits. It is the powers required for charging and discharging of the capacitance. Figure 1 
shows CMOS inverter where transition in the inverter input leads switching power. 

 
 
 
                              Fig: 1 Transition in the inverter input leading to switching Power 

 
The dynamic power consumption [1] in CMOS circuits is due to both PTransient and PCap 

dissipation. PTransient denotes the amount of power dissipated when the circuit changes its states 
from logic ‘1’ to logic ‘0’ and vice versa. The (PCap) power dissipation is due to the charging and 
discharging of load capacitance. High level taxonomy of the power minimization strategies of all 
types of systems is given from broad classification and is observed that there are several ways to 
reduce power dissipation at different abstraction levels.  Broadly there are three categories [2]. 
One is Tile based second is Interconnect and the third is Adaptive voltage scaling.  
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1.1. METHODS OF REDUCING DYNAMIC POWER DISSIPATION 
 To reduce dynamic power dissipation, there exist two broad methods i.e., Glitch 

reduction and Clock gating.  Here the description of these two is given briefly. Clock gating is 
dominant one, out of all the different types of dynamic power reduction techniques. 
 
 Glitch Reduction 

Glitches are the unnecessary signal transitions, Glitch power is the dynamic power 
dissipation of circuit. It increases as the switching activity increases. 

Glitches result when combinational logic circuit is driven by inputs having mismatched 
delays. To reduce glitch occurrence, switching activity is to be minimized. Some of the glitch 
reduction techniques are reducing switching activity, gate sizing, use of multiple threshold 
transistors etc. [3]. 
Clock gating 

Clock gating is a technique which disables the clock for sequential logic circuits. It will 
disable the clock when the inputs are not changing during the present and previous clock cycles. 
The respective blocks which are connected to that will undergo in to idle state. In synchronous 
circuits the clock gating technique works efficiently by utilizing clock signals [4]. 

Figure 2 shows the principle of clock gating. Based on the design considerations, the 
control signal has to be generated. The clock gating logic operates the clock depending on the 
control signal and provides the gated clock CLKG as output. This (CLKG) has less toggle rate, 
leads to save the power. 

In the system level Clock gating method, the entire functional module can be set in to 
disable condition (mode), or part of the module (sub module) can be set in to disable mode, 
remaining sub modules are under operating condition. Out of different power management 
techniques like power gating, substrate biasing, voltage scaling, multiple supply voltage and 
multiple threshold voltage, the highest power saving can be obtained from the clock gating 
technique [5]. 

 
                                            Figure 2. Clock gating principle 

MOTIVATION 

The work is motivated by observing the scope of power optimization specific to signal 
processing applications, which is not explored by existing clock gating methods.  

Clock gating techniques reduce power dissipation by avoiding unnecessary switching 
activity in the circuit. To do this, the sequential [6] modules are controlled by gated clocks. 
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These are developed by ANDing of clock signal and the gating signal as shown in figure 3. the 
Clock Gating realization scheme for RTL Design is given, in which it is partitioned by 
combinational logic block between register stages (Sequential blocks). 

 
 

 

 

  

 

                                     Figure 3. Clock gating scheme for RTL design 

 
The way of developing the Clock gating signals depend on the type of Clock gating 

technique. Figure 3.gives the example of Clock gating scheme for the RTL design. In this there 
are two sequential blocks separated by a combinational one. The gating signal and the clock 
signal are the two inputs of an AND gate. The output of it is the clock input of sequential blocks. 
When the value of gating signal is ‘1’ and clock input is enabled then the sequential block-1 
perform its function and produces respective output. When gating signal is ‘0’ then there is no 
change in the output of the sequential block ‘1’ and undergo disable state. The sequential block 
for which clock is disabled, avoids unnecessary transitions as well as glitches in flip flops and 
consecutive combinational logic blocks which results in the reduction of dynamic power 
consumption [6]. 

The existing signal value comparison based methods are very effective in computing 
applications such as Central Processing Units (CPUs) of processors and similar applications. In 
this category of applications the probability of bit change is same for all the bit positions. Hence 
comparator for generating clock gating signal is designed for total word. However the situation 
in signal processing is different. In signal processing 2’s complement representation is used to 
represent a signal, where each adjacent sample value only differs by small value. When the 
signal is going through zero value, most of the times the Most Significant Bits (MSBs) do not 
contain information.  

2. Digital filters 
In Digital signal processing the filters occupied vital role. Filters are classified in to two broad 
types based on their impulse response. One is IIR Filters and the second is FIR Filters. 
 An Infinite Impulse Response (IIR) system has an impulse response for infinite duration. 
The IIR filters are of recursive in nature. The IIR filter’s output response depends on the present, 
past inputs and also on output samples. 
  
 FIR filters are non-recursive in nature and their impulse response is finite. The present 
output depends on present and previous input samples only. Due to no feedback, error due to 
round off noise is less severe in FIR filters. 

 

 

Sequential 
block-1 

Gating 
signal 

Clk 

 

Sequential 
block-2 

Comb 
logic  

International Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 611



         Digital filters are very most important components in DSP applications. The Primary role 
of these filters is to suppress the undesirable portions of the signal or noise signal. Also these can 
extract the signal of a particular frequency. These are widely used in digital broad cast, digital 
wireless communication etc,. Many signal processing applications can be implemented using the 
FIR filter. Hence these are selected for implementation by using proposed clock gating 
technique. FIR filters and many other signal processing operations like Fourier transforms and 
DCT etc., use MAC operation. It is same as in FIR filtering. Multiplication operation is the one 
of very important operations in DSP. Hence the power consumption of multipliers is the very 
important factor to be noted. Therefore in low power Digital Signal Processing applications 
design of multiplier has been important concern. 

Shraddha et al. [7] proposed an efficient approach using pipe lined concept designed a 
FIR filter and optimal power saving is obtained. Several existed methods of designing FIR filters 
using different concepts to reduce power consumption.  

 A novel design is presented in this paper, its main principle is to detect whether the 
information is present are not in the particular partitioned data word out of a total data word. It is 
purely RTL based one and the proposed clock gating is applied to transposed FIR filters. .  

 Figure 4.  Shows the structure of 6-stage Transposed FIR filter. The output of 
Transposed FIR filter is same as that of direct FIR filter. It can be constructed from the direct 
FIR filter by following changes (1) Exchanging its output and input (2) signal flow direction is 
inverted (3) adder and fork are interchanged. A major advantage of Transposed form is the 
inherent pipelining built with the filter structure. 

 

 
                     Figure 4. Structure of 6-Stage Transposed FIR filter  
 

In signal processing data is transferred through the network and filtered. The filtering 
operation is basically performed through multiplications and/or additions i.e., MAC operation. 
MAC occupied vital role in the filter design. The power consumption in these filters is directly 
proportional to number of times the multiplication operations are performed. MAC unit is used 
for realizing DCT (Discrete Cosine Transform), Discrete Wavelet Transform (DWT) consists of 
multiplications and additions. Multiplier is the important one in the realization of MAC unit. 
Here modified Booth algorithm is used to design multiplier [8].  

Levent Aksoy et.al [9] proposed algorithm for optimizing the gate area by adopting digit 
serial multiple constant multiplication (MCM).[10]. Here both direct and transposed FIR filters 
are implemented. The transposed FIR filter is preferred due its power efficiency and higher 
performance. A multiplication of input data and filter coefficients is performed by shift and adds 
multiplication. The results indicate that shift and architecture reaches up to 34% compared to 
MCM. 

FIR filters are widely used in DSP systems. These are characterized by multiply 
operations with extensive sequence. If number of taps are more the response can be tuned more 
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fine, low power multiplexer based MAC is designed power consumption of proposed FIR filter 
is evaluated and obtained power saving. Implementation of digital filters using FPGA approach 
lowering the cost than ASIC and also more flexible [11]. . 

T Ramesh Reddy et .al [12] proposed Low power low area FIR filter. MAC is designed 
with different type of multipliers like booth multiplier, shift and add multiplier, serial adder and 
multiplier. Results are obtained for all the types and compared. It is observed that power saving 
is more for shift and add multiplier.In the FIR filter design there exist two input frequencies 
X(n)and H(n).If their lengths are considered as M and N respectively, then the output of the FIR 
filter is the convolution of two sequences with the tap length of (M + N -1). [13].  

 
4. Proposed clock Gating method 

Depending on the information present the enable signal for ith stage partitioned word can 
be computed for all possible cases of no information input condition. 

Here all possible no information cases are considered to develop the enable signal. Based 
on all conditions of no information the logic circuit is designed which is shown in figure 5. 
Because almost all the times the lower most partitioned data word is having the information, 
hence the clock gating is not applied to it and is applied to only (p-1) partitioned data words. 

The conditions to develop the enable generation logic are as follows. 
Condition one is when sign bit is zero and all the bits of respective partitioned data word    

are zeros. 
Condition two is when sign bit is one and all the bits of respective partitioned data word 

are one’s. 
Condition Three is for sign change case i.e. signal is being transferred from +ve to –ve and vice 
versa. 
Condition four is for enabling or disabling of (i+1) th stage. 

All the outputs of individual cases have been ORed and the final output of this is the 
enable signal. 

 

 Logic diagram of enable generation 
Based on all the conditions for no information the logic circuit is designed as shown in 

figure 5. Depending on the information present in the particular partitioned data word the En 
signal is generated. Based on this whether the operation is performed or not will depend. By 
considering area over head also into account only for (p-1) partitioned data word the clock gating 
is used. The Boolean function is implemented in VHDL for the enable generation circuit.. 

The figure below shows the logic diagram of such logic Even though the area overhead 
due to enable generation logic is needed which is considered during the end to end power 
optimization analysis is performed [14]. 
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Fig: 5 Enable generation for proposed clock gating method 

Proposed Transposed FIR filter Implementation 
Figure 4 shows the structure of transposed FIR filter. The transposed FIR filter structure 

employs pipelining technique by inserting the registers in adder path. Hence it is well suited for 
high speed implementation. 

    Figure 6. Is the top level module of transposed form of FIR structure. In transposed FIR 
filter the input signal ‘x’ is common to all the N multipliers and hence instead of N enables 
generation circuits only one enable logic circuit is sufficient. Hence with this architecture the 
overhead due to the enable generation logic is reduced.                            
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Figure 6 Top level module of Transposed FIR filter 

 COEFFICIENTS GENERATION FOR FIR FILTER USING MATLAB 
 The coefficients of FIR filter is obtained by using FDA (Filter Design Analysis) tool. 

FDA Tool provides access to most of the FIR filter design methods in the toolbox. 
Specifications of filter are provided through FDA tool.  

 
Table 1. Digitized filter coefficients and their corresponding decimal values 
 

Filter 
coefficient 

16 bit , sign magnitude 
Q8 format bits 

Correspondin
g decimal value 

cc0 0000000000001110 0.109375 

cc1 0000000000101010 0.328125 

cc2 0000000001000100 0.53125 

cc3 0000000001000100 0.53125 
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3. SIMULATION RESULTS OF   TRANSPOSED FIR FILTER 
The transposed FIR filter is simulated by applying sine wave and coefficients  CC0 to 

CC5 generated by FDA tool. All the inputs of transposed FIR are shown in figure 7. The figure 8 
and 9 shows simulation results for output of transposed FIR filter without and with the clock 
gating respectively. To prove the FIR filter functionality we also added gaussian noise to sine 
wave, so that the applied input is noisy-sine wave (x_noise_sin) shown in figure 8 & 9 

 
Figure 7. Inputs of Transposed FIR filter for both with and without clock gating 

cc4 0000000000101010 0.328125 

cc5 0000000000001110 0.109375 
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Figure 8. Output of Transposed FIR filter without clock gating 
 

 
Figure 9. Output of Transposed FIR filter with clock gating 
 

From the simulation results of transposed FIR filter, it is observed that the proposed clock 
gating has no effect on its functionality. In both cases i.e., in figures 8 and 9 no change is 
observed in the outputs. In both outputs the noise signals is attenuated and obtain the noise free 
signal as output. 

 6. POWER ANALYSIS OF PROPOSED TRANSPOSED FIR FILTER 
 
The power analysis for transposed FIR filter is performed using Xilinx Xpower tool. 

Since it is pipelined, power consumption is less which can be seen from power analysis results. 
Here the dynamic power components only considered. If power also considered more saving can 
be observed but at is not possible in all cases. Hence the power components mentioned in the 
table only considered for comparison. 
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 Without clock gating With clock gating 

Clock power 6 mw 6 mw 

Signal power 3 mw 1 mw 

Logic power 3 mw 1 mw 

DSPs power 9 mw 3 mw 

Total 21 mw 11 mw 

Table 2. Dynamic power analysis of Transposed FIR Filter 

The power analysis of Transposed FIR with and without proposed clock gating is given 
in table 2. The power dissipation of Transposed FIR filter without clock gating is 21 mw. (Clock 
power 6 mw, Logic power 3 mw, Signal power 3 mw and DSPs power 9 mw). The power 
dissipation of Transposed FIR filter with clock gating is 11 mw (Clock power 6 mw, Logic 
power is 1 mw, Signal power is 1 mw and DSPs power 3 mw) only. Hence the power saving of 
48% is obtained with clock gating. 

 7. CONCLUSION AND FUTURE SCOPE 
The proposed clock gated enable logic generation circuit is developed. Transposed FIR filters 
with and without proposed clock gating scheme, are designed using VHDL. The functionality 
verification is performed for both the designs having clock gating and without this scheme, No 
change is observed in the functionality of these filters by adopting clock gating also. The power 
analysis is performed for both using Xilinx Xpower tool. The power consumption of transposed 
FIR without clock gating is 21mw and    with clock gating is 11mw. The power saving of 48% is 
obtained with clock gated transposed FIR filters.  Scope will be there to get more power saving 
by performing the sub partition of the data word depending on the information signal. 
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