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Abstract— Power reduction is nowadays becoming the first 

consideration in VLSI design. Low power design is one  of  

major  concerns  in  deeply  scaled CMOS  technologies. 

Consequently,  the  need  for  power  efficient  design  

techniques  has  grown  considerably. Several efficient 

design techniques have been proposed to reduce both 

dynamic as well as static power in VLSI circuit applications.  

Clock gating is one of the most elegant and classic 

techniques for reduction of dynamic power, major 

contributor in total power consumption of any VLSI circuit. 

Since clock signal have been a great source of power 

dissipation in synchronous circuits because of high 

frequency and load. So , by using clock gating one can save 

power by reducing unnecessary switching activity inside the 

gated module. In this paper two most popular techniques of 

clock gating are compared for their power saving 

performance, first is AGFF(Auto-gated FF) based and 

second is DDFF(Data driven flip flop) based. These designs 

are implemented using Cadence ADE(Analog design tool) 

and simulation results shows around 40% power saving 

using AGFFs and around 25-30% power saving using 

DDFFs. 
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I. INTRODUCTION 

In  recent  years,  the  demand  for  power-sensitive  designs  

has  grown  significantly. There are two types of power 

dissipations in VLSI circuits, one is dynamic power 

dissipation and other is static power dissipation of which 

former contribute the most in sequential circuits. It depends 

mainly on the switching activity at the nodes. This switching 

activity is due to clock pulses used in the circuit. The clock 

pulses are responsible for up to 70 % of dynamic power 

dissipation in a synchronous circuit. Several techniques to 

reduce the dynamic power have been developed, of which 

clock gating[1][2] is predominant. Generally when a logic 

circuit is clocked, the sequential circuit within the circuit 

gets clock regardless of whether its input toggles or not, this 

contributes in power dissipation. Hence clock gating 

techniques are used which blocks the clock supply to the 

sequential block when its input does not toggles in next 

cycle and saves significant power. 

II. CLOCK GATING[1][2] 

Clock is the main source of dynamic power dissipation in 

sequential circuits because dynamic power dissipation is due 

to charging and discharging of the node capacitances. This 

charging and discharging of node capacitances is due to 

switching activities at the node. So to decrease the node 

switching activities during idle time clock gating techniques 

are used. Clock gating is an effective way of reducing the 

dynamic power dissipation in digital circuits. In clock gating 

based on some algorithm a clock enable signal is generated 

which decides whether to supply the clock to sequential 

block or not. This algorithm may be on probability based or 

comparison of input and output based (data driven). Clock 

gating is particularly useful for registers that need to 

maintain the same logic values over many clock cycles. The 

main challenges of clock gating are finding the best places 

to use it .The general block diagram of clock gating 

technique is shown below. 

 
Fig. 1:  Basic clock gating approach 

By  ANDing  the  clock  with  the enable signal,  clock-

gating  essentially  disables  the  clock  to  a  circuit 

whenever the circuit is not used, avoiding power dissipation 

due to unnecessary charging and discharging of the unused 

circuits. Clock-gating schemes that either result in frequent 

toggling of the clock-gated circuit between enabled and 

disabled states, or apply clock-gating to such small blocks 

that the clock-gating control circuitry is almost as large as 

the blocks themselves, incur large overhead. This overhead 

may result in power dissipation to be higher than that 

without clock-gating. 

During clock-gating, while evaluating clock 

network power, four contributions are considered: 

The  input  capacitances  of  the module  and  of  

the  AND  gate,  the  capacitance  switched  by  the 

interconnection in the clock tree and by the interconnection 

that feeds the control signal to the gating logic. 

III. CLOCK GATING TECHNIQUES: 

A. Data Driven Clock Gating[3][4]: 

 
Fig. 2:  Data Driven Flip Flop (DDFF) 

In Data driven clock gating it can be determined whether the 

next clock signal is gated or not. It can be identified based 

upon the XORing of present output and next input. If the 

two are same then XOR output will be 0 and next clock 
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pulse will be disabled  and if they are different then XOR 

output will be 1 and next clock pulse will be applied to the 

sequential block. In this technique latch is used to remove 

glitch and hazard problems due to direct application of 

enable signal to AND gate with clock. The latch makes the 

enable signal to be available for entire logic high portion of 

the clock. The schematic of the DDFF based on this 

approach is shown in figure 2. 

Fig. 3: Transient analysis of DDFF 

In figure 3, the transient analysis of DDFF is 

shown. In figure 3, g_clk waveform shows the actual clock 

that is going to apply on the D flip flop as a result of clock 

gating, which shows significant decrease in switching at 

input node of D flip flop. As a result dynamic power reduce 

significantly. The last waveform in the figure is the 

waveform of power dissipation in the circuit 

In designing larger sequential circuits by using 

DDFF in place of D FF we can save a lot many clock pulses 

which in turn reduce the dynamic power dissipation of the 

circuit. But  this technique increase the hardware overheads, 

so to compensate this a clear trade off is made between 

clock pulses saved and area overhead. In order to 

compensate hardware over head a number of flip flops are 

grouped [5] to share the same latch. The outputs of k  XOR 

gates are ORed to generate a joint gating signal for  k  FFs, 

which is then latched and then enable signal from latch 

decide whether clock pulse will be applied to the FFs in next 

cycle or not. In the grouping if any flip flop changes its state 

than the FFs of whole group is supplied with clock pulse. 

This is shown in figure 4. 

The main disadvantage of this technique is shorter 

time window where it can work properly. This is due to the 

fact that there is significant delay through XOR gate, OR 

gate, latch and AND gate. For proper functioning this delay 

must not exceed the setup time of the D FF. Another 

difficult may arise in grouping is to identify the flip flops 

having highly correlated toggling. 

 
Fig. 4: DDFF cell using 4 D FF sharing 1 latch 

B. AGFF (Auto gated flip flop): 

 
Fig. 5: Auto-Gated Flip Flop (AGFF) 

In  Auto  gated  flip-flops  master  latch  is triggered on the 

falling edge of the clock, where its output must stabilize no 

later than a setup time prior to the arrival of the clock’s 

rising edge, when the master latch becomes opaque and the 

XOR output obtained by comparing its input and output  

indicates whether or not the slave latch should change its 

state. If it does not, its clock pulse is stopped  and  otherwise   

it is passed. A   significant power   reduction was reported   

for   register based small circuits, such as counters,  where  

the input of each FF depends on the output of its predecessor 

in the register. AGFF can also be used for general logic. For 
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smaller or less complex circuits power dissipation in circuits 

using AGFF is less than that using DDFF because logic 

overhead due to clock gating is more in DDFF in 

comparison to AGFF. 

There are two major drawbacks. Firstly, only the 

slave latches are gated, leaving half of the clock load not 

gated. Secondly, serious timing constraints are imposed on 

those FFs residing on critical paths, which avoid their 

gating. 

IV. 4 BIT JOHNSON COUNTER[6][7][8]:

 
Fig. 6: 4 bit Johnson counter using conventional D FF 

 
Fig. 7:  Transient analysis of 4 bit Johnson counter 

Figure 6 shows the schematic of 4 bit Johnson 

counter using conventional D flip flop. There is a similar 

schematic for Johnson counter which involve DDFF and 

AGFF in place of conventional D flip flop. The figure 7 

shows the transient analysis of 4 bit Johnson counter 

together with waveform of power dissipation in the circuit. 

The transient analysis of conventional 4 bit Johnson counter 

looks similar to that made by using DDFF & AGFF except 

for power dissipation. 

V. SIMULATION RESULTS 

Table 1 shows the power dissipation comparison of DDFF 

& AGFF with conventional D flip flop. The results shows 

that there is a significant reduction in power dissipation 

from conventional D FF to DDFF to AGFF. AGFF shaves 

around 40% power reduction and DDFF shows around 25% 

power reduction in comparison to conventional D FF. 

Technology gpdk 180 

Supply voltage 3.3 V 

Time period of D input 120 ns 

Clock Simulation Power dissipation (uW) 

frequency 

(MHz) 

time (us) Conv. 

D FF 
AGFF DDFF 

20 1 83.23 48.46 64.2 

50 1 87.21 51.34 66.64 

100 1 101.4 60.5 80.33 

200 1 133.4 79.6 106.4 

250 1 151 87.4 117.1 

Table 1: Comparison of power dissipation of AGFF & 

DDFF with conventional D flip flop 

Technology gpdk 180 

Voltage supply used 3.3 V 

Clock 

(MHz) 

Simulation 

time (ns) 

Power dissipation of 4 bit Johnson 

Counter 

(uW) 

Conventional AGFF DDFF 

20 350 87.15 48.7 59.29 

50 140 217.4 128.1 156.1 

100 70 434.2 253.31 306.51 

200 35 867.2 493.4 609.6 

Table 2: Comparison of power dissipation in 4 bit Johnson 

counter using DDFF & AGFF with conventional D flip flop 

Table 2 gives the comparison results of 4 bit 

Johnson counter using DDFF & AGFF with conventional D 

FF. There is also significant power reduction in this case 

similar to above around 40 % using AGFF and around 25-

30% using DDFF. 

VI. CONCLUSION 

The AGFF and DDFF circuits are made by using Cadence 

tool on gpdk 180 technology at 3.3 V supply. There is 

around 40-45 % reduction in power dissipation in Johnson 

counter using AGFF because in AGFF only slave D FF can 

be gated. In DDFF based designs around 25% power 

reduction is achieved. In data driven technique, there is large 

clock gating circuit overhead which can also accounts in 

power dissipation. This is why DDFF dissipate more power 

in comparison to AGFF type clock design. 
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