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Abstract— Flip-flops are critical timing elements in digital 

circuits which have a large impact on the circuit speed and 

power consumption. The functioning of flip-flop is the 

important element in determining the efficiency of the 

system. To reduce the power consumption in digital circuits, 

a low power Explicit Edge triggered Flip-flop is designed 

and verified. In this design, the circuit triggers at both the 

positive and negative edge of the clock cycle. The proposed 

method is designed and simulated by TANNER EDA tools. 

Simulation results shows that the proposed design is power 

efficient when the circuit triggers at the both the positive 

and negative edges of the clock cycle. 
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I. INTRODUCTION 

The latest advancement in computing technology has set a 

goal of high performance with low power consumption for 

VLSI designer. Flip-flops (FF) are the basic storage 

elements used extensively in all kinds of digital designs. In 

particular, digital designs nowadays often adopt intensive 

pipelining techniques and employ many FF-rich modules. 

The performance of the Flip-flop is an important element to 

determine the performance of the entire system.   Flip-flops 

in terms of pulse generation, can be classified as an implicit 

or an explicit type. In an implicit type, the pulse generator is 

a part of the latch design and no explicit pulse signals are 

generated. In an explicit type FF, the pulse generator and the 

latch are separate [1] without generating pulse signals 

explicitly, Implicit type FF are in general more power-

economical. However, they suffer from a longer discharging 

path, which leads to inferior timing characteristics. Explicit 

pulse generation, on the contrary, incurs more power 

consumption but the logic separation from the latch design 

gives the FF design gives the FF design a unique speed 

advantage. Its power consumption and the circuit 

complexity can be effectively reduced if one pulse generator 

shares a group of FFs. Power consumption of the clock 

system increases dramatically and clock uncertainties take 

significant part of the clock cycle. It is also estimated that 

the power consumption of the clock system, which consists 

of clock distribution networks and storage elements, is a 

high as 20%-45% 0f the total system power [2] .Pulse-

triggered FF because of its single latch structure, is more 

popular than the conventional transmission gate and master-

slave based FFs in high speed applications. Besides the 

speed advantage, its circuit simplicity lowers the power 

consumption of the clock tree system. The term pulse 

triggered implies that data are entered into the flip-flop on 

the rising edge of the clock pulse; however the output 

doesn’t reflect the input state until the falling edge of the 

clock pulse. An alternative clocking approach is based on 

the use of storage elements which are capable of capturing 

data on both rising and falling edges of the clock. Such 

storage elements are termed as Dual–Edge Triggered Flip-

Flops (DETFFs). In this scenario, same throughput can be 

achieved at half of the clock frequency as compared to 

single edge triggered Flip-flops [3] .Dual edge triggered 

Flip-flops can be beneficial for low power systems. In 

general they result in a more efficient system because every 

power dissipating clock edge is used as the advantage. In 

this paper both pulse triggered and edge triggered Flip-flops 

are designed and their performance are compared. 

II. STUDY OF RELATED WORKS 

In [1]   a new low-power flip-flops which are faster 

compared to previously proposed structures was 

designed.The single-edge-triggered flip-flop, called the 

MHLFF (modified hybrid latch flip-flop), reduces the power 

dissipation of the HLFF (hybrid latch flip-flop) by avoiding 

unnecessary node transitions. To reduce the power 

consumption of the flip-flop further, the double-edge-

triggered modified hybrid latch flip-flop (DMHLFF) is also 

proposed. The power consumption in the clock tree is 

reduced by halving the clock frequency of the MHLFF for 

the same throughput. In addition to the low power, the speed 

is higher while the area is not larger. The increase in the 

speed is achieved by lowering the number of the stack 

transistors in the discharge path. 

 In [2] a  new low-power flip-flops which are faster 

compared to previously proposed structures was 

designed.The single-edge-triggered flip-flop, called the 

MHLFF (modified hybrid latch flip-flop), reduces the power 

dissipation of the HLFF (hybrid latch flip-flop) by avoiding 

unnecessary node transitions. To reduce the power 

consumption of the flip-flop further, the double-edge-

triggered modified hybrid latch flip-flop (DMHLFF) is also 

proposed. The power consumption in the clock tree is 

reduced by halving the clock frequency of the MHLFF for 

the same throughput. In addition to the low power, the speed 

is higher while the area is not larger. The increase in the 

speed is achieved by lowering the number of the stack 

transistors in the discharge path. 

 In [5] a novel low-power pulse-triggered flip-flop 

(FF) design is presented. First, the pulse generation control 

logic, an and function, is removed from the critical path to 

facilitate a faster discharge operation. A simple two-

transistor and gate design is used to reduce the circuit 

complexity. Second, a conditional pulse-enhancement 

technique is devised to speed up the discharge along the 

critical path only when needed. As a result, transistor sizes 

in delay inverter and pulse-generation circuit can be reduced 

for power saving. Various postlayout simulation results 

based on UMC CMOS 90-nm technology reveal that the 

proposed design features the best power-delay-product 

performance in seven FF designs under comparison. 
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III. FLIP-FLOP STRUCTURES 

A. Explicit Pulsed Data Close To Output: 

 
Fig. 1.1: ep-Data-close-To-output 

Figure 1.1 show the schematic of the Explicit –pulse Data-

close-to-Output Flip-flop(epDCO which is considered as 

one of the fastest flip-flops due to its semi-dynamic nature.It 

contains a NAND –logic-based pulse generator and a semi 

dynamic true-single-phase-clock structured latch design. In  

this design,invertors 3 and 4 are used to latch data and the 

invertors 1 and 2 are used to hold the internal value.This 

design suffers from serious drawback, the internal node is 

discharged on every rising edge of the clock in spite of the 

presence of the static input 1. This gives rise to large 

switching power dissipation..The internal node X will be 

charged or discharged at every clock cycle especially when 

the input data especially when the input data does not 

change, a lot of power is consumed at this point. Moreover, 

while the output is high, the repeated charging/discharging 

of node X in each clock cycle causes glitches to appear at 

the output. These glitches propagate  to the driven gates not 

only to increase their switching power consumption but also 

to cause noise problems that may lead to system 

malfunctioning. 

B. Conditional Discharge Flip-Flop: 

 
Fig. 1.2:  CDFF 

In this design the extra switching activity is eliminated by 

controlling the discharge path when the input is stable high 

and thus the name conditional discharge technique.when the 

input undergoes a LOW to HIGH transition the output Q 

changes to HIGH and QB to LOW.This transition at the 

output switches off the discharge path of the first stage to 

prevent it from discharging or doing evaluation in 

succeeding cycles as long as the input is stable HIGH. AN 

extra NMOS transistor controlled by the output signal 

Q_fdbk is employed so that no discharge occurs ifthe input 

data remains “1”.Power consumption in this design is high 

and the discharging path delay is more. 

C. Proposed Edge Triggered Flip-Flop: 

The proposed design is shown in the fig 1.2.The Edge 

triggered flip-flop is formed by using a pair of PMOS and  

an NMOS .  

 
Fig. 1.3: Edge triggered Flip-flop 

Here latches are designed by using two invertors connected 

back to back and its output is connected to PMOS . In this 

design the circuit triggers at both the positive and negative 

edge of the clock cycle to reduce the power consumed by 

the Flip-flop. This proposed design can be applied to the 

circuits to be operated with low power. The proposed flip-

flop operates as follows. 

 When CLK is low NMOS-2 will be in ON 

condition and the data D will be transmitted through the 

latch formed by the invertors 4 and 3. When CLK is high 

NMOS-1 will be in ON condition and the data D will be 

transmitted through the latch formed by the invertors 1 and 

2. 

IV. SIMULATIONS 

The proposed design is simulated by means of using Tanner 

EDA tools. The design is verified under various inputs.The 

simulation result of the existing and the proposed design is 

shown in fig 1.3 and 1.4 
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Fig. 1.4: Waveform of ep-DCO 

 
Fig. 1.5:  Waveform of CDFF 

 
Fig. 1.6: Waveform of Proposed design 

V. RESULT COMPARISON 

The performance of the proposed design is compared with 

the existing one in terms of power, leakage current and 

number of transistors. 

FF DESIGNS 
EP-

DCO 
CDFF 

PROPOSED 

DESIGN 

Avg Power(mW) 2.576 2.050 1.46 

Min power(mW) 2.473 1.929 1.053 

Max power(mW) 5.101 3.810 2.40 

Leakage 

current(mA) 
1.378 1.071 0.58 

No of transistors 16 18 14 

Table 1: Result Comparison 

VI. CONCLUSION 

In this paper, the pulse triggered Flip-flop and the edge 

triggered Flip-flop are discussed. The comparison table 

shows that the proposed design is efficient in terms of power 

consumption, leakage current and number of transistors. The 

circuit triggers at bith the positive and negative edge of the 

clock cycle as a result total power consumption has been 

reduced  in a large extent. Hence the proposed design meets 

the requirements of Low power VLSI design. 
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