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Abstract 

The state machine elements are major power 

consuming component in VLSI system. The power 

reduction of these element leads to reduction of global 

power consumption of VLSI system. In this paper, we 

propose implementation of Counter using Low power 

Overlap based Pulsed Flip Flop and observed the power 

reduction compared with conventional flip flop designs. 

The proposed counter shows power reduction of 46.6%, 

20.6% and 57.8% when compared to counters 

implemented with Semi-dynamic Flip Flop, Power Pc 

Flip Flop and Static flip-flop respectively. The 

performance comparison done in Mentor Graphics 

10.2v with 0.5um technology. 

 

I. INTRODUCTION 

Technology and speed are always moving forward, from 

low scale integration to large scale integration. So, the 

system requires large number of components. In order to 

reduce the no of components we are using flip-flops. In 

this paper, we propose Low power Overlap based Pulsed 

Flip Flop. 

 

Here our intension is to implement counter using Toggle 

flip-flops, because implementation of counter with these 

flip-flops will not require any additional hardware. The 

Data flip-flops having extensive developments from 

literature [1] to [4], as toggle flip flop can be obtained 

from data flip-flop with additional XOR gate, the 

proposed flip-flop with embedded logic is chosen. Also D 

flip-flop with Qbar terminal feed backed to Din can be 

used to implement counter but this implementation 

suffers with charge sharing problem. 

 

II. FLIP FLOP ARCHITECTURES 

The master-slave designs, such as the transmission gate 

based master-slave flip-flop, PowerPC 603 master-slave 

latch dissipate comparatively lower power and have a low 

clock-to-output (CLK-Q) delay. PowerPC 603 is one 

ofthe most efficient classic static structures. It has the 

advantages of having a low-power keeper structure and a 

low latency direct path. The large D-Q delay 

resultingfrom the positive setup time is one of the 

disadvantages of this design. Also, the large data and 

CLK node capacitances make the design inferior in 

performance. The implementation of Power Pc flip-flop 

is shown in figure 2.1. 

 
Fig 2.1: Power Pc Flip Flop 

 

The second category of the flip-flop design, the dynamic 

flip-flops includes the modern high performance flip-

flops. There are purely dynamic designs as well as 

pseudo-dynamic structures. The latter, which has an 

internal pre-charge structure and a static output, deserves 

special attention because of their distinctive performance 
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improvements. They are called the semi-dynamic or 

hybrid structures, because they consist of a dynamic 

frontend and a static output. SDFF fall under this 

category. They benefit from the CLK overlap to perform 

the latching operation. SDFF is the fastest classic hybrid 

structure, but is not efficient as far as power consumption 

is concerned because of the large CLK load as well as the 

large pre-charge capacitance. Semi dynamic flip-flop 

(SDFF) is considered as classic high performance flip-

flop, combines the merits of static and dynamic structures 

in hybrid architecture. In SDFF, only one transistor 

driven by the data input greatly helps to reduce pipeline 

overhead. The major sources of power dissipation in the 

conventional semi-dynamic designs are the redundant 

data transitions and large pre-charge capacitance. Many 

attempts have been made to reduce the redundant data 

transitions in the flip-flops. The major advantage of the 

SDFF is the capability to incorporate complex logic 

functions efficiently. The efficiency in terms of speed and 

area comes from the fact that an N-input function can be 

realized in a positive edge triggered structure using a 

pull-down network (PDN) consisting of N transistors. 

This embedded structure offers a very fast and small 

implementation. Although SDFF is capable of offering 

efficiency in terms of speed and area, it is not a good 

solution as far as power consumption is concerned. SDFF 

has a fast non inverting output and a slow inverting 

output. The implementation of Semi Dynamic flip-flop is 

shown in figure 2.2.  

 
Fig2.2: Semi Dynamic Flip Flop 

As clock clock-bar overlapping is major problem in 

conventional Dynamic flip-flops, Aflip-flop architecture 

that can operated with single clock is proposed, called 

True Single Phase Clock flip-flop (TSPC). The circuit 

consists of alternating stages called n-blocks and p-blocks 

and each block is being driven by the same clock signal. 

This latch was constructed by merging two parts 

consisting of CMOS Domino and CMOS NORA logic. 

There are several benefits with this flip-flop such as 

elimination of skew due to different clock phases and 

significant saving in chip area. The implementation of 

True single phase flip-flop is shown in figure 2.3. 

 
Fig 2.3: True Single Phase Clock Flip Flop 

 

III. PROPOSED ARCHITECTURE 

The proposed flip-flop is a data flip-flop with an 

embedded pull down network of XOR gate attached to it, 

to obtain a toggle flip flop operation. The operation of the 

flip-flop can be divided into two phases: 1) the evaluation 

phase, when CLK is high, and 2) the pre-charge phase, 

when CLK is low. The actual latching occurs during the 

1–1 overlap of CLK and CLKB during the evaluation 

phase. The proposed Overlap based Pulsed Flip Flop 

implementation is shown in figure 3.1. 

 
Fig 3.1: Proposed Toggle Flip Flop 
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The operation of flip-flop relays on the overlapping of 

clock and clock bar signals. To enhance the overlapping 

period in the circuit three inverters are connected instead 

one inverter. Here the transistors 1&3 implements 

dynamic logic in which pair of PMOS and NMOS are 

used to avoid the direct short between power rails i.e, 

Vdd and ground.  

 

 
Fig 3.2: Proposed Flip Flop output waveforms 

 

The transistors 2&3 implements overlapping logic to 

latch the input D value at the rising edge of clock. The 

transistors present between 1&2 and implementing pull 

down network of the XOR gate, applied with D, Dbar, Q, 

Qbar converts the data flip-flop into toggle flip-flop. The 

circuit analysis is as follows. When clock is equal to zero 

then transistor1   will be ON and hence pre-charge occurs 

to the node X to logic high. The transistor2 will be in 

OFF state so no logic may be evaluated. When clock is 

equal to 1 transistor1 forced to OFF condition to allow 

logic evolution but transistor2 is in OFF state to avoid 

logic evolution.Therefore the circuit may not take any 

input in clock low and high periods. In these conditions 

the leakage current decides the power dissipation. If we 

consider transition from high to low initially clock is in 

high state so transistors 1&2 are in OFF state and 3 in ON 

state, no logic evaluation takes place, whenever the clock 

transition occurs immediately the transistor1 ON and 

transistor3 OFF to initiate pre-charge period and 

transistor2 is in OFF state during over lap period due to 

clock to clock bar delay, to avoidlogic evaluation. 

Considering rising edge of clock or low to high transition, 

Initially clock is at logic low level hence the circuit is in 

pre-charge condition, whenever transition 

occurs,immediately transistors 1&2 change their state but 

the transistor2 remains in its previous state for short 

duration of time due to inverter delay in that period the 

transistors 2&3 are in ON condition to allow the XOR 

logic to be evaluated and effect the voltage at the node X. 

During evaluation period the value present at X may be 

remained at logic high or discharged to zero depending 

on input D and previous input or present output Q. In the 

waveforms shown the voltage waveforms X to be at logic 

high value whenever the clock input is at logic low and 

the X value alters only at some instances of clock low to 

high transition the value present at X made to retained by 

bi-stable element employed by two back to back 

connected inverters. The hold value of X latched to 

output state through inverter operated by the clock input. 

During or after evaluation period the clock will be at 

logic high to allow X or Xbar signal to output latch.If we 

observe the voltage waveform at node P the voltage level 

of P updated at rising edge of clock and it holds the same 

value up to the next rising edge as it becomes floating 

node during clock low period. Here to implement toggle 

flip flop Q,Qbar outputs are feed backed to input X or 

pull down so that the output toggles if at all input is given 

a logic high value for every clock cycle . If the 

waveforms are observed,during first rising edge of clock 

the input is applied at T (D in the circuit) is at logic low 

and output Q is at logic high and the XNOR of these two 

is logic low evaluated to node X.Since value at X is logic 

low the node P is changed to logic high to maintain 

Q&Qbar at same previous values. In case of second rising 

edge input T and feed back Q both are at logic high to 

produce logic high value at X which causes node P to 
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discharge to logic low hence the output Q and Qbar 

toggled. 

 

IV. COUNTER IMPLEMENTATION 

The conventional counter is a digital electronic device 

which measures the frequency of an input signal. It may 

also have been designed to perform related basic 

measurements including the period of the input signal, 

ratio of the frequency of two input signals, time interval 

between two events and totalizing a specific group of 

events. Figure 4.1 shows the implementation of four bit 

asynchronous counter. 

 
Fig 4.1: Four bit counter implementation 

 

There is a great variety of counter based on its 

construction. 

 Clock: Synchronous or Asynchronous 

 Clock Trigger: Positive edged or Negative edged 

 Counts: Binary, Decade 

 Count Direction: Up, Down, or Up/Down 

 Flip-flops: JK or T or D 

Counters are classified according to the way they are 

clocked. In asynchronous counters, the first flip-flop is 

clocked by the external clock pulse and then each 

successive flip-flop is clocked by output of the preceding 

flip-flop. In synchronous counters, the clock input is 

connected to all of the flip-flop so that they are clocked 

simultaneously.Synchronous and asynchronous circuits 

have their own advantages and disadvantages. In a 

synchronous circuit, all the bits in the count change 

synchronously with the assertion of the clock. In an 

asynchronous circuit, all the bits in the count do not all 

change at the same time. 

Fig 4.2: Implemented 4 bit Counter Waveforms 

In synchronous circuit clock signal drives more number 

of transistors, results in more switching power 

consumption. But the requirement here is, low power 

delay product.Figure 4.2 shows the output waveforms of 

implemented four bit binary counter showing count from 

0 to 15. 

 

Fig 4.3: Layout of Proposed Flip Flop 
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Table 5.1: Performance Comparison of Flip Flops 

 

Fig 4.4: Layout of implemented Four bit Count. 

Most often, Layout of the VLSI circuits Drawn manually 

to get most possible compact circuit layout. Figure 4.3 

and Figure 4.4 shows the Hand Drawn layouts of 

proposed flip-flop and implemented counter respectively. 

V. PERFORMANCE ANALYSYS 

Design metrics Area, Delay and Power decides the 

performance of a flip-flop. The readings obtained from 

tool are tabulated in TABLE 5.1 and TABLE 5.2 

 

Table 5.2: Performance Comparison of Counters 

 

The CMOS static flip-flop occupies more area when 

compared to other flip-flops, Requiring 38 transistors. 

Though the advancement in VLSI reached the saturation 

level to decrease the transistor size up to 13nm so we no 

need to bother about transistors but the increase in 

number of transistors makes the routing network more 

complex. Alongside, number of transistors driven by 

clock and data inputs are of more interest. The more data 

driving transistors provide pipeline overhead. More 

number of clock driving transistors responsible for 

switching power consumption. Figure 5.1 shows the 

Comparison of Flip-flop Architectures where static flip-

flop suffers with requirement of more number of 

transistors and more data driving transistors. Power Pc 

suffers with more number of clock driving transistors. 

The proposed flip-flop architecture is optimum in all 

respects. 

 

Fig 5.1: Comparison of Flip-flop Architectures 

 

Fig 5.2: Comparison of power consumed by flip-flops in 

Peco Watt. 
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Fig 5.3: Comparison of power consumed counters in 

Nano Watt. 

In the implemented flip flops, toggle flip-flop operation 

for the proposed PTFF and SDFF is obtained with 

embedded logic i.e., D flip-flop with XOR pull down 

network. For The power pc and TSPC flip-flops obtained 

by feed backing inverted output to the input. In case of 

PTFF feed backed output is XORed with input. The 

Static flip-flop is a conventional CMOS technology 

implementation of toggle flip flop. As shown in Figure 

5.2,Comparatively the proposed flip-flop consumes less 

power which is 29.8% less than conventional static flip-

flop. In the same way counter implemented with 

proposed flip-flop consumes less power which is 

57.8%less than conventional static flip-flop as shown in 

Figure 5.3. The TSPC flip-flop seems to be consuming 

very less power individually but in the counter 

implementation it consumes significant amount of power. 

The clock to Q delay taken gives the propagation delay of 

flip-flop, also rise times of the outputs mentioned to 

know the effect of flip-flop on the driving circuit as the 

transition time determines the switching power 

consumption in VLSI circuits. 

VI. CONCLUSION 

A Four bit Counter implemented using Low power 

Overlap based Pulsed Flip Flop and Compared it 

withCounters implemented using well known flip flop 

architectures and found that proposed design consumes 

less power and outputs less Delay. The % decrease in 

energy delay Product when compared to Semi Dynamic 

Flip Flop is 46.6%, Power Pc flip-flop is 20.4% and 

Static flip-flop is 36.6%Also layout is drawn for the 

proposed architecture. 
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