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Abstract 

Power Dissipation being an important parameterof any electronic system’s 

performance is a major topic of interest for scads of researchers. Frequency 

divider, a basicbuilding block in ample electronic systems, dissipates a very 

high power and consumes substantial amount of energy. In this papera 

frequency divider-by-3 circuit is implemented using diode freeadiabatic logic 

(DFAL), which surpasses the static CMOS logicbased inverter and frequency 

divider-by-3 in terms of power dissipation and power delay product (PDP). 

The functionality of the implemented circuit is verified through TSPICE 

simulations inTanner EDA simulator by using 0.25 micron 

technologyparameters. For the performance measures, average 

powerdissipation and PDP of the DFAL based frequency divider-by-3 circuit 

iscompared with its static CMOS counterpart. The simulation results constant 

input frequency analysis confirm the superiority of DFAL basedfrequency 

divider-by-3.  

Keywords: Adiabatic, static CMOS, inverter, frequency divider-by-3,DFAL, 

PDP 

 

1. INTRODUCTION 

Power dissipation becoming a limiting factor in VLSI circuits and systems. Due to 

relatively high complexity of VLSI systems used in various applications, the power 

dissipation in CMOS inverter arises from its switching activity, which is mainly 
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influenced by the supply voltage and effective capacitance. To optimize power 

dissipation, the researches show various techniques like appropriate coding, 

appropriate design architectures, appropriate manipulation algorithms. 

In this paper we have applied adiabatic logic design approach to design COMS 

inverter. Adiabatic switching techniques based on energy recovery principle are one 

of the innovative solutions at a circuit and logic levels achieve reduction in power. 

The expression “Adiabatic is taken from a Greek language which means no energy 

transfer with outer environment, this process is known as a thermodynamic. So the 

dissipated heat loss in adiabatic logic families is very less. But in CMOS logic design, 

charge flow in the circuit is studied and many methods can be used for minimizing 

power dissipation in basic CMOS design like: reducing the power supply and 

switching activities. A combination of above all is important in portable systems 

which have some common issues such as weight, size and life of battery. 

Various logic families under the category of adiabatic logic are available. Some of 

these are: Glitch free cascadable adiabatic logic (GFCAL) , Clocked Adiabatic Logic 

(CAL) , Positive Feedback Adiabatic Logic (PFAL), Efficient Charge Recovery Logic 

(ECRL) andTwo Phase Adiabatic Static CMOS Logic (2PASCL).Among these 

families GFCAL suffer from amplitude deterioration and large time delay. CAL, 

PFAL and ECRL have limitations like leakage of current, charge sharing and floating 

output nodes. 2PASCL has a simple structure and low power dissipation but degraded 

outputs. All these limitations are over powered by an efficient adiabatic logic family 

named as diode free adiabatic logic (DFAL), which has been proposed in literature. 

This logic family can be used in surfeit of low power VLSI applications e.g. low 

power frequency dividers, low power LCD(Liquid crystaldisplay) and low power 

ADC (analog to digital converters) etc. This paper focuses on DFAL based frequency 

divider-by- 3 implementation and compares its performance with static CMOS 

counterpart. In Section 2, DFAL based Inverter and DFAL based Edge triggered D-

flip flop have been reviewed. Section 3 describes about DFAL based frequency 

divider-by-3, followed by simulation results and quantitative analysis of DFAL based 

circuit’s performance in section IV. 

 

2. DFAL CIRCUITS 

The main focus of the paper is to present a DFAL based frequency divider-by-3. This 

section briefly reviews the basics of DFAL first and then discusses about some 

building blocksto be used in design of freqeuncy divider-by-3. 
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2.1. DFAL Inverter  

The circuit, of Figure 1 is a DFAL inverter employing split level sinusoidal power 

supplies (𝑉𝑝𝑐 and 𝑉𝑝𝑐̅̅ ̅̅   ). The waveforms of the split level sinusoidal supplies have 

been shown in Figure 2. The idea behind using these power supplies is to reduce the 

voltage difference between the two electrodes which leads to reduced power 

dissipation. The attractive feature of proposed topology is that it is diode free; there is 

not any diode in its charging or discharging path. In our proposal, split level 

sinusoidal power clock supply 𝑉𝑝𝑐 and 𝑉𝑝𝑐̅̅ ̅̅  are used. One clock is in phase while the 

other is inverted. The voltage level of  𝑉𝑝𝑐exceeds that of 𝑉𝑝𝑐̅̅ ̅̅  by a factor of 𝑉𝑃𝐶/2, this 

will minimize the voltage difference between the electrodes and consequently power 

dissipation is reduced. Split level clock charges/discharges the load capacitance 

comparatively slowly than the other adiabatic power clocks. Since the efficiency of 

adiabatic logic circuits depends upon how slowly the load capacitance is charged or 

discharged so power dissipation is minimized further. 

Depending on the value of the power supplies, the DFAL inverter operation 

completes into two phases i.e. hold phase and evaluation phase. 

 

 

Figure 1: DFAL INVERTER 

 

The evaluation phase is defined by 𝑽𝒑𝒄  in the positive half cycle and in 𝑽𝒑𝒄̅̅ ̅̅ ̅ its 

negative half cycle. For an input LOW logic, transistor M_P1 goes to ON state which 

leads to charging of load capacitor. Similarily for a HIGH input logic in evalution 

phase the transistor M_N1 and M_N2 are turned on, which leads to discharging of 
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load capacitor and charge recycling to 𝑽𝒑𝒄.  

The hold phase is a period of quiescence for DFAL inverter. Hold phase is defined by 

𝑽𝒑𝒄  in the negative half cycle and 𝑽𝒑𝒄̅̅ ̅̅ ̅  in its positive half cycle. In hold phase no 

output transition takes place. Hence the output logic remains independent of input 

logic. Power dissipation reduces because of the lesser switching activity at the output 

in the hold phase. 

 

 

Figure 2 : Split level sinusoidal power supply 

 

2.2 DFAL BASED POSITIVE EDGE TRIGGERED D-FLIP FLOP: 

To implement a frequency divider-by-3, an edge triggered D-flip flop is the basic 

building block. The block diagram of Positive edge triggered D flip-flop has been 

shown in Figure 3. It uses two input NAND gates, therefore the DFAL based NAND 

realization has been used for DFAL based D-flip flop. 

The DFAL based Edge triggered D flip-flop has been simulated on Tanner EDA using 

0.25um CMOS technology with the simulation parameters given in Table I. The 

corresponding simulation waveforms have been shown in Figure 4 

It is visible that Q is logic 1 if D is logic 1 at the rising edge of the clock. Similarly Q 

is logic 0 if D is also logic 0 at the rising edge of the clock. Hence these results 

confirm the operation of Edge triggered D flip-flop using DFAL logic. 

This circuit has been used as a building block for the DFAL based frequency divider-

by-3. 
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Figure 3: Block diagram Positive edge triggered D-flip flop 

 

 

Figure 4: DFAL based edge triggered D Flip-flop simulation waveform 
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3. DFAL FREQUENCY DIVIDER BY 3: 

A frequency divider is a circuitry that takes an input signal of a frequency fin and 

produces an output signal of a frequency f out = fin / p, (p is a natural number). 

Frequency dividers are used for frequency synthesis in numerous applications. 

Frequency divider-by-2 and frequency divider by- 3 are very common frequency 

dividers used in ample electronics systems. DFAL based frequency divider-by-2 using 

master-slave configuration has been implemented  In this section, a frequency divider-

by-3 circuit is implemented using DFAL. 

The block diagram of the frequency divider-by-3 is shown in Figure 6. It comprises of 

two positive edge triggered D-flip flops and an AND gate. The flip-flops in the circuit 

work on the rising edge of the clock. The circuit gives f/3 outputs at its various nodes. 

The circuit is capable of giving two different duty cycles at its different nodes. 

 

 

Figure 5: DFAL frequency divider by 3 simulation wave forms 
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Figure 6.  DFAL frequency divider by 3 

 

RESULTS 

4.1 Inverter Power Efficiency and Delay with Frequency:  

To check the performance of the circuit, both DFAL as well as conventional CMOS 

inverters have been simulated and their power and delay were measured and 

compared with the variation in transition frequency. The specifications used for 

simulation are shown in Table 1. 
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  Table 1: Comparison of power, delay and PDP with frequency at 20 fF for Inverter 

Parameter  Inverter 10M 50M 75M 100M 150M 200M 

Power Dissipation 

(nW) 

CMOS 39.42 201.44 297.53 388.15 415.57 438.78 

DFAL 27.52 25.36 24.11 22.94 15.59 13.65 

Time Delay  (nS) CMOS 50.26 10.26 6.93 5.26 4.22 4.03 

DFAL 51.49 11.49 8.16 6.49 5.32 4.88 

Power  Delay 

Product  (pJ) 

CMOS 1.980 2.060 2.050 2.040 1.750 1.760 

DFAL 1.420 0.290 0.196 0.148 0.082 0.066 

Energy saving (%) DFAL 28.88 85.92 90.44 92.75 95.31 96.25 

Adibatic gain DFAL 1.39 0.710 10.46 13.78 21.34 26.66 

 

Table 2: Comparison of power, delay and PDP with frequency at 20 fF for  frequency  

divider by 3 

Parameter  Inverter 10M 50M 75M 100M 150M 200M 

Power Dissipation 

(µW) 

CMOS 4940 5330 5909 5790 5832 5890 

DFAL 406.2

4 

69.57 489.99 510.16 583.19 590.00 

Time Delay  (nS) CMOS 9800 18.00 11.34 8.00 1.33 1.00 

DFAL 47.73 07.73 04.41 2.79 2.33 1.99 

Power  Delay 

Product  (pJ) 

CMOS 48 95.00 66.00 46.00 7.75 5.89 

DFAL 19 03.63 02.93 01.42 1.35 1.17 

Energy saving (%) DFAL 96.07 96.18 95.56 96.91 82.58 80.14 

Adibatic gain DFAL 2.5 26.17 22.53 32.39 5.74 5.03 

 

 

 

Fig. IV.1. Power dissipation of inverter  with frequency 
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Fig. IV.2. Power delay product of inverter with frequency 

 

 

Fig IV3. Power dissipation of frequency divider by 3 with frequency 

 

 

Figure IV4 : Power delay product of frequency divider by 3 with frequency 
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4. CONCLUSION 

It may be observed that proposed inverter provide almost 81.5% of energy saving and. 

13.44 of adiabatic gain at all observed frequencies. And frequency divided by3 

provide almost 91.24% of energy saving and. 15.73 of adiabatic gain at allobserved 

frequencies. 
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