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ABSTRACT:  In this paper, Pulse-triggered Flip-flop is used for low power and high-performance efficiency application. Power 

consumption has been increasing with developing VLSI technology. As a result, there is huge demand for information to be 

shared between the logic functions using Flip-flop. To alleviate this problem, Pulse-triggered Flip-flop gives impact to the 

situation due to its single latch structure and also turns it to be the application of reliable low power and high-speed applications. 

Here, three best designs of flip-flops (conditional pulse enhancement scheme, signal feed through technique and conditional pulse 

controlled with transmission gate) are described comparatively. From these techniques, conditional pulse controlled with 

transmission gate comes out to be the best for low power consumption and input to output delay. The pulse controlled technique 

has 27.4% and 42.8% better power delay product than other techniques. These are simulated using Tanner EDA tool for CMOS 

90nm process technology with 1V power supply at 500MHz clock frequency.  

Key words:   Flip-Flop, Pulse-Triggered Flip- Flop, D- Flip-Flop, Low Power Consumption. 

 

I. INTRODUCTION 

In the present scenario, a digital computer requires a lot of information to be stored in the devices. Flip-flop is one of 

binary storage device that can store the information in the form of binary bits either 0 or 1. It has two stable states i.e 

high (1) and low (0). These are also necessary building blocks of sequential digital circuits. The timing of a design 

extensively rely on the speed of these flip-flops, mainly in heavily pipelined designs. Flip-flops also have a major 

involvement in the total consumption of power of the design. Flip-flops are the major source of the consumption of 

power in synchronous systems. They have a direct contact with the consumption of power and speed of VLSI 

systems [1], [2]. Hence, the study on low-power and high performance flip-flops is to be expected. A universal flip-

flop having best performance, lowest consumption of power and highest robustness against noise could be an ideal 

solution to be involved in cell libraries. Further, all designed pulse triggered flip-flop are based on the D-FF which is 

described in following section: 

 

1.1 D (Data or Delay FFs) 

 

Data or delay flip-flops have a single data input with the clock. This type of flip-flops is the amendment of clocked 

RS Flip-flop gates from a basic latch flip-flop and NOR gates modify it in to a clock RS flip-flop [4]. Data or delay 

Flip-flop is also by far the most significant of the clocked flip-flop as it ensures that the input S and R are never 

equal to “1” at the same time. So, it is constructed as its one input is directly goes to S means “set” and second input 

is complementary that means not D input which is goes to R input “reset” and is presented in Fig.1. 

 
Fig.1. D Flip-Flop 
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Simply, when D input is held high or “1” then it will be “set” and when it is held low or “0” then it will be “reset”. 

Further, the excitation table of D flip flop is illustrated in Table 1. 

 

TABLE 1: Excitation Table of D Flip-flop 

 

Clock D Q 

0 X Q previous 

1 0 0 

1 1 1 

1.2 Pulse-Triggered (Master-Slave) Flip-flops 

In pulse-triggered flip flop, the data is entered during the rising edge of the clock pulse but the output does not 

reveal the input state till the declining edge of the clock pulse occur.  Such class of flip-flops are responsive to any 

alteration of the input levels throughout the clock pulse is still “1”, the inputs should be set up previous to the clock 

pulse's increasing edge and should not be altered before the declining edge.  Otherwise, vague results will occur. 

Further, S-R, J-K and D are fundamental types of pulse-triggered flip-flops, have delayed output symbols at the 

outputs. However, it does not have energetic input indicator at clock input.  

The truth tables of above pulse-triggered flip-flops are   similar as that of edge-triggered flip-flops, except the mode 

of clocked.  These flip-flops are also known as Master-Slave flip-flops simply because their internal construction is 

separated into two segments [3].  The slave segment is generally the same as the master segment except that it is 

clocked on the inverted clock pulse and is controlled through the outputs of the master segment rather than via 

external inputs.  The logic diagram of fundamental master-slave S-R flip-flop is depicted in Fig.2. 

 

Fig.2. Pulse Triggered (Master Salve FF) 

II. Analysis of Flip-Flops Design 

 

A. Conditional pulse enhancement scheme FF [1] 

A Pulse-triggered Flip-Flop design with Conditional Pulse-Enhancement Scheme is shown in Fig. 3.In this FF 

design, the pulse generation control logics based on AND logic means when clock and inverted clock are at logic 

“1” for some time due to the delay provided by I1 inverter, then a clock pulse is generated. Pulse generation logic is 

detached from the critical path to ease a faster discharge operation; it means it is explicit type FF design. A 

conditional pulse-enhancement technique is designed to speed up the discharging operation when intermediate node 

X discharges. Transistor P3 enhances the generated clock pulse at the rising edge of the clock. As a result, transistor 

sizes in delay inverter I1 and pulse-generation AND based circuit can be reduced for power saving and faster 

operation. Simulation results based on CMOS 90-nm technology found that the proposed design features the best 

power-delay-product performance till 2012.The simulated results has been obtained by Tanner EDA tool which 

shown in Fig.4. 
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Fig.3. Circuit Diagram of Conditional Pulse Enhancement FF [1] 

 

 
Fig.4 Simulated Results of Conditional Pulse Enhancement FF [1] 

 

B. Signal feed through Technique based FF [2] 

In this technique, it is to amend the delay which is shown in Fig. 4. It uses a static latch structure and a conditional 

discharge scheme to remove avoidable switching at an internal node. This design uses AND gate based clock pulse 

generation circuit but it is different from previous section design clock circuit. It has NAND gate and Inverter 

section to make AND logic. A new technique is implemented using a NMOS pass transistor which is controlled by 

the pulse clock so that input data can drive output node Q of the latch directly. When input Data (digital logic “1”) 

transfers to output, then intermediate node discharges to make output node at digital logic “1”. But along this, 

NMOS pass transistor helps in pull up output node quickly at the clock pulse occurrence. This pass transistor also 

helps to pull down the output node when input Data becomes low (digital logic “0”). This is signal feed through 

technique that makes FF design faster during both charging and discharging operation. The simulated results has 

been obtained by Tanner EDA tool which shown in Fig.6. 
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Fig.5. Circuit Diagram of Signal Feed through Technique based FF [2] 

 

Fig.6. Simulated Results of Signal Feed through Technique based FF [2] 

C. Conditional pulse control with Transmission Gate Flip-Flop 

In this FF design, signal feed through technique and transmission gate for controlling Data and clock are mixed. It 

lowers the lower dissipation during charging and discharging operation of intermediate node and output node. A 

transmission gate (parallel combination of NMOS and PMOS transistor) and a NMOS transistor are used to control 

the pulse in each case. This is also the explicit type FF. As a result, very low power dissipation occurs when there is 

no switching of input Data. It is simulated at 90nm CMOS process technology. The circuit diagram and simulated 

results has been obtained by Tanner EDA tool which shown in Fig.7and Fig.8. 
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Fig.7. Circuit Diagram of Conditional Pulse-control with Transmission Gate FF [3] 

 

Fig.8 Simulated Results of Conditional Pulse-control with Transmission Gate FF [3] 

Further, the comparison of different Flip-flops design is given in Table 2 and the graphical representation of power 

dissipation of Flip-flops has been shown in Fig. 9. 
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TABLE 2. Comparison of different FFs design 

FF Design 

Signal feed 

through scheme 

[2] 

Conditional pulse 

enhancement based PT-

FF [1] 

Conditional pulse control 

with Transmission Gate 

Flip-Flop[3] 

No. of transistors 
19 24 23 

Data-to-Q delay (ps) 123.56 113.14 100.22 

Power (100% switching activity) uW 25.38 30.03 18.82 

Power (50% switching activity) uW 22.15 19.04 15.64 

Power (25% switching activity) uW 19.52 15.21 13.47 

Power (0% switching activity – all 1) Uw 15.09 10.77 12.45 

Power (0% switching activity – all 0) uW 13.71 14.16 10.42 

PDP (fJ) at 50% switching activity 2.73 2.15 1.56 

 

 

Fig.9. Power Dissipation at Different Switching Activities for all three FF Designs. 

III. CONCLUSION 

Among the three design of flip-flop, Low power conditional pulse control with Transmission Gate Flip-Flop is best 

in performance and has low D-to-Q delay as compared with the other two design flip-flop. The designed Flip-flop is 

simulated using CMOS 90 nm process technology with 500MHz clock frequency. A number of transistors are also 

lesser than Conditional pulse enhancement based PT-FF. In addition, the average power consumption of the best 

third flip-flop is 37.19% lesser than signal feed through scheme FF design. 
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