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Motivation 
 The power dissipation of clock system that comprises clock 

distribution network and flip-flops (FFs), accounts for 30% to 
60% of the overall system power.  

 A wide section of  technologies have been proposed to improve 
the performance of FFs.  

 Pulse-triggered flip-flops (P-FFs) gain more popularity over the 
conventional transmission gate (TG) and master-slave based 
FFs in high-speed and low-power applications. 

 A more power-efficient dual-edge implicit P-FF with an 
embedded clock-gating scheme (DIFF-CGS) is proposed and 
discussed in this paper. 
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Main idea 
 Switching power consumption is one of the primary components 

of the total power consumption in complementary metal–oxide–
semiconductor (CMOS) circuits, and is caused by charging and 
discharging the load capacitances when the signal of node 
makes a transition between low and high level. 

 when the input data of FF keeps unchanged, it is not necessary 
to provide clock signal to the FF, and blocking the redundant 
clocked signals and eliminate the redundant transitions of 
internal nodes can decrease the power of FF.  
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Method 
 The embedded clock gating scheme is employed to 

conditionally disables the inverter chain to block the redundant 
delayed clocked signals and eliminate the redundant transitions 
of internal nodes when the input data keeps unchanged.  

 The specific clock gating scheme is implemented by embedding 
a control circuit in the adaptive clocking inverter chain, which 
employs a TGL-based comparator to avoid threshold voltage 
degradation problem.  
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Proposed Scheme 
• The implicit pulse generation stage with an embedded clock-

gating scheme and the static latching stage. 
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  The snapshots of the 
transient waveforms for 
DIFF-CGS, which 
demonstrates that the 
proposed design has 
correct logic functionality 
and redundant pulses are 
suppressed. 

 

Major results (1) 
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 Comparison of various designs 

Major results (2) 
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Major results (3) 

Fig. 12 Different data-switching activities: (a) power dissipation; (b) PDP 
performance 
SDETFF: static dual edge-triggered flip-flop; CDFF: conditional discharge flip-flop; 
CPEFF: conditional pulse enhancement flip-flop; DIFF-CGS: dual-edge implicit flip-
flop with an embedded clock-gating scheme 
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Fig. 13 Different process corners: (a) power dissipation; (b) delay 
SDETFF: static dual edge-triggered flip-flop; CDFF: conditional discharge flip-flop; 
CPEFF: conditional pulse enhancement flip-flop; DIFF-CGS: dual-edge implicit flip-
flop with an embedded clock-gating scheme 

Major results (4) 
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Major results (5) 
 Monte-Carlo simulation results of power and delay. 

Front In
form

 Technol E
lectro

n Eng



Conclusions 
 A novel DIFF-CGS exhibiting excellent power reduction by means of 

employing a clock-gating scheme in pulse generation is proposed.  

 Extensive post-layout simulation results show that DIFF-CGS gains 
an improvement of 41.39%to 56.21% in terms of power consumption 
against its rival designs at 10% data switching activity at typical 
corner. 

 Full-swing operations in both implicit pulse generation and the static 
latch improve the robustness of the design.  

 Therefore, the proposed DIFF-CGS is quite suitable for power-
efficient applications in VLSI designs which are not sensitive to delay. 
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