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Abstract: Clock pulses are responsible for over 50% of dynamic power consumption in a synchronous circuit. Clock Gating 
is being used for reduction of power consumption in low power circuits for quite a while now. Adaptive clock gating is most 
rigorous of them all. Since gating the clock signals involve additional circuitry there exists a tradeoff between the additional 
number of gates and the total power consumption of gated clock. In this paper we go through the details of adaptive clock 
gating technique and the parameters which are to be taken into account while deciding the gating circuitry. 
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I. INTRODUCTION 
 
The demand for minimal power consuming devices is 
burgeoning each passing day. Manufacturers thus 
have to aim at reducing the needed power at every 
level right from the overall architecture to the block 
and gate level. Consumers demand a smaller size 
battery with long life. Thus manufacturers felt a need 
to do away with the unnecessary power consumed so 
as to utilize the battery and power only when and 
where needed. Looking at the gate level of every 
architecture, the clock gating technique was found to 
be an optimal solution.  
In synchronous circuits normally the clock is given to 
every flip-flop for each clock cycle irrespective of 
whether the flip-flop shows any activity or not. There 
are some blocks which need continuous clock signals 
while some others while other blocks which do not 
need the signals for a long time and yet some others 
which need the clock signals at a definite frequency 
or when a particular condition is satisfied. Now if the 
same clock signal is provided to every block it will 
result in unnecessary power consumption 
preliminarily dynamic in nature. This wastage can be 
as large as 70% of the total dynamic power 
consumed. 
Advanced clock gating technique is the most rigorous 
and advanced technique known till date. In this paper 
we will first go through some known clock gating 
techniques in section II. Section III. shows the 
drawbacks of these techniques and why the need was 
felt to derive a new technique i.e. the Adaptive clock 
gating technique. Section IV enlightens us on how 
this technique is actually used on the gate level. 
Section V. shows how this technique can be used for 
any general purpose model. Finally a conclusion is 
drawn based on the simulated outputs. 
 
II. CLOCK GATING TECHNIQUES 
 
A .Latch based clock gating techniques 

 
As the name suggests, latch is the controlling element 
in this technique. Both the latch and the enable 
signals together decide whether the clock is to be 
provided for the particular cycle or not. Enable signal 
is given the input. During the negative clock cycle the 
latch reflects the change in enable signal whereas 
during the positive clock cycle the output remains the 
same as previous and no change of enable signal is 
reflected whatsoever. The clock reaches the 
sequential logic circuitry only when the output of 
latch is high. The period in which the change in 
enable signal can be sensed is called the active period 
and the period in which the change cannot be sensed 
is called passive or sleep period. But as shown in 
Figure 1. negative half cycle by default becomes the 
active period and positive period becomes the sleep 
period. The anomaly occurs when enable signal 
changes during the sleep period leading to an 
incorrect design. 
 
B. Flip-Flop Based Clock Gating Technique 

 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-5, May-2014 

Implementation Of Adaptive Clock Gating Technique For Low Power Circuits: A Review 
 

70 

[1]In this type of technique, a flip-flop is used as the 
control element. Enable is given the input signal. The 
change in enable signal is only tracked and shown as 
the output only when the negative edge of the clock 
arrives. If output of the flip-flop is high, the following 
sequential circuit gets the clock. The same anomaly 
which existed in latch based clock gating exists here 
too. It is rather persistent here and the probability of 
missing the change on enable pin is high as the sleep 
period is longer in a flip-flop as compared to a latch. 
Figure 2. Shows a flip-flop based clock gating cell. 
 
C .Gate Based Clock Gating 

 
[1]This technique has proved to be efficient than the 
other two described above. It is one of the simplest 
methods. Also since gates are used instead of flip-
flops the space required is also reduced to a greater 
extent. Normally OR gates are used. Figure 3. Shows 
this technique. Enable is the input signal. When input 
i.e. enable is ‘0’,output of the gate remains  the same 
as previous one  i.e there is no change. The output is 
same as the clock when enable becomes ‘1’.Thus the 
dynamic power dissipation is reduced to a larger 
extent. Also the problem faced earlier of missed 
changes does not persist here. Thus the sleep period 
does not effect this circuit. 
 
III. DRAWBACKS OF EARLIER 

TECHNIQUES AND NEED FOR 
ADAPTIVE CLOCK GATING 

 
An additional reset signal was added with the enable 
signal for each type of gating and the results were 
analyzed based on area minimization, power 
consumption and total negative slack(TNS).For the 
above mentioned techniques the comparative change 
is shown in Table 1 drawn from the analysis done in 
[5] for respective circuits with an additional reset 
signal as compared to without reset signal. 

 
Table 1:Analysis of various parameters 

Thus we see that although area minimization in Gate 
based clock gating is minimal as compared to the 
other to types, it has an upper hand on the Total 
Negative Slack. Also the dynamic power 
consumption is considerably reduced as the charging 
and discharging of capacitance is less in gate based 
clock gating. Also since flip-flop based clock gating 
consumes greatest power of the three it has a larger 
capacitance which needs to be charged and 
discharged. Thus, need was felt to use gate based 
clock gating. 
 
IV. ADAPTIVE CLOCK GATING 

TECHNIQUE 
 
The data driven or adaptive clock gating technique is 
the most widely used clock gating technique due to 
its simplicity [3]. In this a clock enable signal clk_en 
is created. clk_en is the output of XOR gate whose 
inputs are present data input that will appear at the 
output of the system and the current output. This is 
shown in Figure 4. 

 

The signal clk_en is ‘1’ when current output and the 
current input have different values. In this case the 
clock needs to be provided and this is the active 
period. clk_en becomes ‘0’ when current output and 
current input have same values. This period is called 
the sleep period and the clock is not provided in this 
period i.e. it is gated. For practical implementation 
the clock driver in Figure 4 is then replaced by a 2-
way AND gate called clock gater. 
Controlling each gater by a dedicated flip-flop is 
studied in [6].Also it is seen that use of LFSR(linear 
feedback shift register) reduced the power 
consumption by 10%[7].For further power reduction 
the number of clock gaters can be achieved by 
lowering the number of clock gaters. If we knew 
which flip-flops act simultaneously we could group 
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them and a gated clock could be provided to them. 
Dozens of flip-flops can be grouped together based 
on the analysis of   in this manner and thus power can 
be reduced to a considerable extent. Suppose K 
number of clk_en signals are grouped together then 
they are provided as inputs to an OR gate. This signal 
is given as an input to a negative edge triggered latch 
and the output clk_g_en is obtained. The proposed 
adaptive clock gating has considerable timing 
implications. 
 

 
Figure 5 illustrates a FF to FF logic stage with its 
driving clock signals. In the physical implementation, 
the XOR gate is integrated into the FF, while the OR 
gate, AND gates and the latch are integrated into the 
clock gater. 
 
V. IMPLEMENTATION OF A 

PARTICULAR MODEL 
 
The following algorithm can be rigorously followed 
for implementation of adaptive clock gating on a 
synchronous circuit to make it easier. 

 Individual activity vectors are drawn for 
each filp-flop. 

 The current output and current input of a 
particular filp-flop is XOR-ed to check the 
toggling probability. 

 Algorithm is written in Verilog HDL to gate 
the clock during inactive period. 

 Thus the clock is provided only during 
active period. 

 To find out the toggling probabilities of a 
number of flip flops they are grouped in 
pairs of two or three as given and analysed 
in and there activity vectors are XOR-ed. 

 Thus flip-flops with similar activities are 
provided a clock gater. 

 The algorithm is written in behavorial model 
in Xilinx testbench and outputs are 
simulated using iSIM. 

Power consumption is analysed through Xilinx power 
analyser. 
 
Following figures show the analysis done on four 
independent flip-flops grouped randomly in pairs of 
two for the purpose of testing this idea. Initially we 
take three unrelated flip-flops draw their activity 
vectors when a common clock is being provided to 
them .This is shown in figure6. 

 
Here d1, d2, d3 are the inputs and q1,q2 and q3 are 
the outputs of the three flip-flops.k1,k2 and k3 are the 
individual activity vectors and xp12 is the activity 
vector formed when flip-flops 1 and 2 are XOR-ed. 
The inactive period is found out this way and then the 
flip-flops are gated here flip flops 1 and 2 are gated. 
 

 
Figure 7 shows the gated clock waveform along with 
the activity vector of the grouped flip flops 1 and 2 
and the individual flip-flop 3.Next power 
consumption is shown in both gated and without 
gated circuits. This is done using Xilinx Power 
Analyser. 
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This is shown in figure 8.We see that there is a net 
21.5 % reduction in power consumption when the 
circuit is gated. 
 
Now we again consider a 3 bit counter. However we 
notice that simulation results and Xilinx Power 
Analyser show that the reduction in power varies 
from system to system. In the 3 bit counter on the 
basis of toggling probabilities flip-flops 1 and 2 are 
grouped and provided with a gated clock while flip-
flop 3 is provided the system clock. 
 

 
Figure 9 shows the simulation output of the 3 bit 
counter which is quite expected i.e. it simply counts 
from 0 to 7.This is irrespective of with or without 
clock gating. 
 

 
 
Figure 10 shows the comparison of power 
consumption in both the gated and non-gated 
circuitry. We find the power consumption is reduced 
by 3 mW or 6%. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUCION 
 
In this paper we have tried to describe various clock 
gating techniques in brief and which is the most 
suitable for low power consuming applications. 
Further we looked into the logic of implementing the 
robust technique of adaptive clock gating. After that 
step by step algorithm was provided to implement it 
on any model and results of some random three flip-
flops were shown. A total of 21.5% power reduction 
is seen in some random flip-flops whereas 6% 
reduction is seen in a 3 bit counter. Thus it can be 
very confidently concluded that depending on the 
system the reduction of power consumption will vary. 
Thus this technique is efficient and effective in 
cutting down reasonable amount of power 
consumption. 
 
REFERENCES 
 

[1]Jagrit Kathuria,M.Ayoubkhan,Arti Noor, “A review of Clock 
Gating Techniques”. 

[2]Shmuel Wimer, Member, IEEE, and Israel Koren, Fellow, 
IEEE,” Design Flow for Flip-Flop Grouping in Data-Driven 
Clock Gating”. 

[3]Shmuel Wimer and Israel Koren, Fellow, IEEE, “The Optimal 
Fan-Out of Clock Network for Power Minimization by 
Adaptive Gating” 

[4] Shmuel Wimer, “On optimal flip-flop grouping for   VLSI 
power minimization” 

[5] Dushyant Kumar Sharma, “Effects of Different Clock Gating 
Techinques on Design”. 

[6] T. Lang, E. Musoll, and J. Cortadella, “Individual flip-flops 
with gated clocks for low power datapaths,” IEEE Trans. 
Circuits Syst. II, Exp.Briefs, vol. 44, no. 6, pp. 507–516, 
Jun. 1997. 

[7] W. Aloisi and R. Mita, “Gated-clock design of linear-
feedback shift registers,” IEEE Trans. Circuits Syst. II, Exp. 
Briefs, vol. 55, no. 5, pp. 546–550, Jun. 2008. 

[8] S. Wimer and I. Koren, “The Optimal fan-out of clock 
network for power minimization by adaptive gating,” IEEE 
Trans. Very Large Scale Integr. (VLSI) Syst., vol. 20, no. 
10, pp. 1772–1780, Oct. 2012. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


