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 The growing significance of portable systems to limit power consumption in 

ultra-large-scale-integration chips of very high density, has recently led to 

rapid and inventive progresses in low-power design. The most effective 

technique is adiabatic logic circuit design in energy-efficient hardware. This 
paper presents two adiabatic approaches for the design of low power circuits, 

modified positive feedback adiabatic logic (modified PFAL) and the other is 

direct current diode based positive feedback adiabatic logic (DC-DB PFAL). 

Logic gates are the preliminary components in any digital circuit design. By 
improving the performance of basic gates, one can improvise the whole 

system performance. In this paper proposed circuit design of the low power 

architecture of OR/NOR, AND/NAND, and XOR/XNOR gates are 

presented using the said approaches and their results are analyzed for power-
dissipation, delay, power-delay-product and rise time and compared with the 

other adiabatic techniques along with the conventional complementary metal 

oxide semiconductor (CMOS) designs reported in the literature. It has been 

found that the designs with DC-DB PFAL technique outperform with the 
percentage improvement of 65% for NOR gate and 7% for NAND gate and 

34% for XNOR gate over the modified PFAL techniques at 10 MHz 

respectively. 
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1. INTRODUCTION  

Energy consumption is a crucial parameter in ultra large scale integration (ULSI) technology. 

Presently, many electronic devices are portable, compact and show high performance. The reduction in 

power dissipation is the most important factor for achieving higher performance with high density. In 

complementary metaloxide semiconductor (CMOS) circuits, several new approaches are emerging to achieve 

low power consumption. When timing requirement is not crucial, adiabatic logic is the most outstanding 

approach amidst the various techniques to lessen the power consumption in CMOS circuits [1]. Adiabatic 

logic suggests the make use of a trapezoidal power clock that permits charging or discharging at a steady 

current without current flow. Therefore, lesser amount of energy is dissipated by adiabatic circuits [2]. 

Adiabatic logic works on alternating current supplies instead of direct current, which makes the recycling of 

energy in the circuit [3]. 

Adiabatic logic is a unique technique for creating logical circuits that assures exceptional density 

and very less power consumption. Bennett first proposed this technique in 1992 and declared that the energy 

https://creativecommons.org/licenses/by-sa/4.0/
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could in principle be saved and used again. A significant amount of research has been accomplished on logic 

circuit design using the adiabatic techniques. The complementary pass logic adiabatic gated (CPLAG) XOR 

gate designed with an asynchronous reset facility [4]. Adiabatic computing for CMOS integrated circuits was 

presented, which is based on the dual threshold CMOS and gate length biasing approach [5]. NAND/NOR gate 

are deisgned based on positive feedback adiabatic logic (PFAL) and two phase clocked adiabatic static CMOS 

logic (2PASCL) techniques [6]. Two phase adiabatic dynamic logic (2PADL) is used to design a carry 

lookahead adder which has the advantages of energy efficiency and lower switching power due to the usage 

of gate overdrive because of this feature it can be used in a variety of low-power very large scale integrated 

(VLSI) designs [7]. Further, energy efficient different gates are design using various adiabatic approach like 

CMOS, 2N2P, efficient charge recovery logic (ECRL) and PFAL adiabatic logic for low power applications [8]. 

A energy efficient AND/NAND and XOR/XNOR gates and carry lookahead adder are designed using noval 

charge sharing improved pass gate adiabatic logic (CSIPGL) technique which is operating uses four-phase 

power clock sources [9]. In recent years, much investigation has been reported on the design of inverter [10], 

gates [11]-[16], adder [17]-[22], subtractor [23], multiplexers [24], [25] and flip flops [26]-[28]. The circuits 

that dissipate more heat and consume more power need expensive cooling alternative, resulting in higher 

device costs. The adiabatic logic approach have been asserted as a possible means for energy recovery. Logic 

gates are the fundamental units of any digital system and thus, this paper aims at designing high performance 

gates which can improve the overall system performance. Moreover, MPFAL and direct current diode based 

positive feedback adiabatic logic (DC-DB PFAL) adiabatic approaches result into ultra low power circuit 

which is the need of current electronics era. 

This paper presents the design of low power OR/NOR, AND/NAND, and XOR/XNOR gates using 

Modified PFAL and DC-DB PFAL techniques. Further, the comparative analysis of these techniques with the 

other adiabatic techniques such as ECRL, PFAL and with the conventional CMOS approach is carried out to 

investigate the performance metrics of gates under study. For analysis, 45 nm technology nodes are used with 

the supply voltage of 0.8V.  

The remainder of this paper is organized as follows. Section 2 presents the basics of adiabatic logics. 

The design of proposed logic gates using adiabatic techniques are is presented in section 3. Sections 4 and 5 

discuss the comparative analysis and results respectively. The paper is concluded in section 6. 

 

 

2. ADIABATIC LOGIC 

Adiabatic logic circuits have been emphasized for having an energy recovery principle. The term 

"adiabatic" states to a process in which a thermodynamic system interacts with its environment without 

transferring heat or matter. These circuits have three conditions as follows [12]. 

a) When there is a large voltage difference between the drain and source terminals, the transistor should be 

switched off. 

b) When current is flowing through the transistor, it should be turned on. 

c) Never pass current through diode. 

Adiabatic logic has a very low energy dissipation, but at the cost of complex circuitry Adiabatic circuits are 

classified into two types that are fully and quasi-adiabatic. Quasi-adiabatic circuits undergo from some 

adiabatic loss due to current leakage caused by non-ideal switches, but these are easier to design hence, are 

preferred over fully adiabatic circuits. 

 

2.1.  Power dissipation in adiabatic circuits 

In conventional CMOS logic, power consumption happens during the charging and discharging of 

the circuit. In CMOS circuits, a constant voltage is employed as a source, in which the energy is transferred 

from the power supply to the output node. Due to switching events, the energy from the output node travels 

to the ground. 

In low-power circuits, adiabatic logic employs reversible logic to reduce power dissipation by using 

residual energy and improves the energy efficiency. Instead of static operating voltage, a trapezoidal power 

clock signal is used to retrieve the signal energy. In adiabatic logic, a constant current supply is utilized instead 

of a constant voltage supply to charge the load capacitance. Figure 1 depicts adiabatic charging and discharging. 

The current (ic (t)) and energy (Ec) during charging is given by (1) and (2). 

 

ic (t) = CloaddVc /dt = CloadV / T  (1) 

 

Ec = (ic
2*R)*T (2) 

 

Where, R is the resistance and T is the voltage ramp period, V is the swing of the supply voltage. 
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The charge holding in the load capacitor is often reused AC type instead of DC. If the T> RCload then 

charging the circuit time constant (2RCload) is much smaller than T, since the energy dissipation is small. The 

dissipation of energy is decreased by decreasing the PMOS transistor on-resistance as the dissipated energy 

(Eadiabatic) is proportional to R and is given by (3) and (4) [1].  

 

Eadiabatic = ( ic
2*R)*T (3) 

 

Eadiabatic =R* Cload
2 * V2/T (4) 

 

 

 
 

Figure 1. Adiabatic charging and discharging 

 

 

3. IMPLEMENTATION OF LOGIC GATES USING DIFFERENT ADIABATIC TECHNIQUES 

To limit energy loss from the circuit, adiabatic techniques are employed. These techniques use the 

trapezoidal waveform which has a crucial role in charge recovery. The clock has 4-phases that are evaluation, 

hold, recovery and wait. The junction capacitance charge and logic are evaluated during the evaluation phase 

and during the hold phase; the logic is retained and used as input for the next stage. The drawn power is 

returned to the source, during recovery phase. The circuit waits for the logic from the previous stage to be 

calculated in the waiting phase [29]. This section presents the design of low power logic gates such as 

OR/NOR, AND/NAND and XOR/XNOR using modified PFAL and DC-DB PFAL. For the analysis, ‘In1’ 

and ‘In2’ are taken as input voltage signals, Vpc is the power clock, and ‘out’ is the output voltage signal.  

 

3.1.  Design of basic gates using MPFAL 

This section describes the design of the logic gates using a modified PFAL technique. The modified 

PFAL comprises a positive source of DC voltage (Vdc) between the source and ground terminal of a pair of 

cross-coupled inverters (M1, M3) and (M2, M4). In comparison to the traditional PFAL, these changes 

ensure the minimum dissipation of power in the circuit. The simulations are run at Vdc of 0.1 V. The designs 

under consideration are shown in Figures 2-4.  

Simulations are run at 10 MHz frequency and results are obtained as shown in Table 1. NOR gate 

shows the power dissipation of 12.1 nW, delay of 31700 ps and delay power product of 385 aJ. Further, 

NAND gate shows the power dissipation of 2.83 nW, delay of 27600ps, and the power delay product of 78 

aJ, while XNOR gate shows the power dissipation of 10.31 nW, delay of 6840 ps and the power delay 

product of 70.41 aJ, where abbreviation aJ stands for Auto Joule.  

For comparative analysis, result is obtained through simulations at 10 MHz for the gates under study 

using conventional CMOS approach and the other two adiabatic techniques i.e. ECRL [30], [31] and PFAL 

[32], [33] as shown in Table 1. For other frequencies, the results are given in Table 2. The rise time 

comparison of basic gates is shown in Table 3.  
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Figure 2. NOR/OR gate design based on modified PFAL 
 

 

 
 

Figure 3. NAND/AND gate design based on modified PFAL 
 

 

 
 

Figure 4. XNOR/XOR gate design based on modified PFAL 
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3.2.  Design of basic gates using DC-DB PFAL 

The modified PFAL approach can be further extended to lessen the consumption of power by using 

a new approach that is DC-DB PFAL. As illustrated in Figure 5, the DC-DB PFAL circuit consists of a DC 

voltage source (Vdc) connected between the source and ground terminal of (M1, M3) and (M2, M4) PFAL 

latch and pull-down block with an NMOS diode (M13). The diode at the bottom of the PFAL latch allows for 

easy control of the discharge path by lowering the discharge rate of the circuit's internal nodes, as well as 

level shifting. As a result of the level shifting, the leakage current of the output transistor and the gate to 

source voltage are reduced. Here, the NMOS diode operates in a saturation region, and thus, the current 

through the NMOS diode is given by (5). 

 

Ids = K (Vgs −Vt)
2 = K(Vds −Vt) 

2 (5) 

 

Where, K is the constant, drain to source current (Ids), gate to source voltage (Vgs), drain to source voltage 

(Vds) and threshold voltage (Vt). By applying a positive voltage (Vdc) of 0.1 V to the NMOS diode, Vds is 

reduced. This, in turn, reduces the voltage drop (Vds −Vt), and hence, Ids also decreases. As a result, power 

dissipation is also minimized. Hence, DC-DB PFAL is the most power-efficient technique compared with 

other adiabatic methods. The design of NOR/OR, NAND/AND, and XNOR/XOR gates using the DC-DB 

technique are shown in Figures 5-7, respectively. 

Simulations are run and results are obtained as shown in Tables 1-3. At 10 MHz frequency, NOR gate 

shows a power dissipation of 22 nW, delay of 5.68 pS and power delay product of 0.024 aJ. For NAND gate, 

the result shows a power dissipation of2.63 nW, delay of 4990 ps and power delay product of 13.1 aJ. However, 

XNOR gate shows the dissipation of power 2.82 nW, delay of 20000 ps and power delay product 56.41 aJ. The 

comparison of the results with the other techniques is shown in Tables 1 and 2.  
 

 

 
 

Figure 5. NOR/OR gate design based on DC-DB PFAL 
 

 

 
 

Figure 6. NAND/AND gate design based on DC-DB PFAL 
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Figure 7. XNOR/XOR gate design based on DC-DB PFAL 

 

 

4. COMPARATIVE ANALYSIS OF PROPOSED DESIGNS USING VARIOUS APPROACHES 

This section presents a comparative analysis of different approaches for the proposed gates. The 

circuits of gates under study are simulated using different techniques to study the performance matrices such 

as power delay product and power dissipation by varying frequencies, rise time, and critical propagation 

delay. Table 1 illustrates the comparison of power delay product for proposed designs with other approaches. 

Further, Tables 2 and 3 show a comparative study of power dissipation at different frequencies and rise time 

respectively for the gates under study.  
 

 

Table 1. Performance analysis of proposed gates for different adiabatic techniques including conventional 

approach at 10 MHz 

Gate Types 
Various 

Techniques 
Power Dissipation (Nano Watts) Delay(Pico Sec) 

Power Delay Product  

(Atto Joule) 

NOR Conventional NOR gate 651 17.2 11.2 

 ECRL NOR gate 12.3 79.1 0.009 

 PFAL NOR gate 19.2 9500 182 

 Modified PFAL NOR gate 12.1 31700 385 

 DC-DB PFAL NOR gate 4.22 5.68 0.024 

NAND Conventional NAND gate 372 5250 1950 

 ECRL NAND gate 4.51 25000 113 

 PFAL NAND gate 4.01 9830 39.6 

 Modified PFAL NAND gate 2.83 27600 78 

 DC-DB PFAL NAND gate 2.63 4990 13.1 

XNOR Conventional XNOR gate 778 15800 12300 

 ECRL XNOR gate 7.81 31500 246 

 PFAL XNOR gate 5.77 5830 33.6 

 Modified PFAL XNOR gate 10.31 6840 70.41 

 DC-DB PFAL XNOR gate 2.82 20000 56.41 

 

 

Table 2. Power dissipation of proposed gates for different adiabatic techniques including conventional 

approach at different frequencies 

Gate Types Various Techniques 
Power dissipation (Nano Watts) 

At 10 MHz At 100 MHz At 500 MHz 

NOR ECRL 12.3 14.16 2.975 

 PFAL 19.2 18.22 5.156 

 Modified PFAL 12.1 17.32 71.25 

 DC-DB PFAL 4.22 3.191 0.7687 

NAND ECRL 4.51 5.649 0.8787 

 PFAL 4.01 521.9 1.065 

 Modified PFAL 2.83 3.39 10.65 

 DC-DB PFAL 2.63 3.258 0.8356 

XNOR ECRL 7.81 5.13 1.927 

 PFAL 5.77 5.734 1.905 

 Modified PFAL 10.3 17.06 85.77 

 DC-DB PFAL 2.82 3.55 0.8411 
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Table 3. Rise time of proposed gates for different adiabatic techniques including conventional approach at 10 MHz 
Gate Types Various Techniques Rise Time (Femto sec.) 

NOR Conventional 242 

ECRL 10.7 

PFAL 1260 

Modified PFAL 154 

DC-DB PFAL 1.38 

NAND Conventional 10800000 

ECRL 324 

PFAL 0.0499 

Modified PFAL 1430 

DC-DB PFAL 0.598 

XNOR Conventional 242 

ECRL 88.4 

PFAL 570 

Modified PFAL 649 

DC-DB PFAL 1.38 

 

 

Another significant parameter of the CMOS circuits is chip density that depends on the transistors 

count. Figure 8 shows the comparative investigation of transistor count in conventional CMOS approach and 

in different adiabatic techniques used for the proposed gates. It is observed that the DC-DB PFAL adiabatic 

logic approach uses additional transistors than conventional CMOS approach. However, at the same time, 

DC-DB PFAL consumes less power compared to the standard CMOS approach. 
 

 

 
 

Figure 8. Comparison of transistors count for proposed gates using different techniques 

 

 

5. RESULT ANALYSIS 

This paper presents the design of low power architectures by modified PFAL and DC-DB PFAL 

adiabatic techniques. The performance analysis is carried and the results are compared with the other 

adiabatic techniques including the conventional technique for the parameters such as power dissipation, 

delay, power-delay product, rise time and transistor count. When the power dissipation is analyzed for 

various proposed gates such as NAND, NOR and XNOR, it has been found that the designs with DC-DB 

PFAL technique outperform with the percentage improvement of 68%, 78%, and 65% for NOR gate, 41%, 

34%, and 7% for NAND gate and finally of 64%, 51%, and 34% for XNOR gate over the other techniques 

like ECRL, PFAL and modified PFAL techniques at 10 MHz respectively. 

 Also, it has been noticed that the consumption of power in DC-DB PFAL gate is further reduced 

when the circuits are operated in the range of 100 to 500 MHz. Therefore, the power dissipation of modified 

PFAL is increased in the mentioned operating frequency range. A comparative analysis of these techniques is 

shown in Table 2. Thus, DC-DB PFAL method excels among other adiabatic techniques when investigated 

for power consumption. 

Moreover, propagation delay is one of the vital performance metrics when speed is concerned. In 

case of DC-DB PFAL, the delay in NOR gate is found lesser as compared to delay of NOR gates using other 

adiabatic techniques while NAND and XNOR gates designs using DC-DB PFAL have increased delay, as 

shown in Table 1. Further, the next essential parameter to check the functionality of basic gate is the power 

delay product. The assessment of power delay product for presented designs implies that the NOR, NAND 
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and XNOR gate designs with DC-DB PFAL implementation perform 99%, 83%, and 20% better than their 

MPFAL counterpart as given in Table 1. 

Table 3 presents the rise time for various proposed gate designs with all the adiabatic structural 

methods. Finally, the transistor count is carried out for all the gates under study. The DC-DB PFAL methods 

require ore transistors when investigated with other methods as shown in Figure 8. 

 

 

6. CONCLUSION 

The aim of the electronic design is to retain a balance between the speed and power efficiency. This 

paper explores the design and detailed investigation of OR/NOR, AND/NAND, and XOR/XNOR gates using 

modified PFAL, and DC-DB PFAL adiabatic techniques. Further, the results are compared with other 

adiabatic techniques and the conventional CMOS approach. It is observed that the DC-DB PFAL style 

achieves the best performance among rest of the techniques. Further, a comprehensive analysis of the 

proposed circuits is carried out to examine various performance parameters. It is also demonstrated that the 

designs of NOR, NAND, and XNOR gates using DC-DB PFAL have an improvement of 65%, 7%, and 72% 

respectively, in power dissipation as compared to the similar circuits when designed using Modified PFAL. 

Further, the power–delay product of NOR, NAND, and XNOR gates using the DC-DB PFAL technique 

exhibit an improvement of 99%, 83%, and 20% respectively, as compared to their modified PFAL 

counterparts. In techniques such as conventional CMOS, ECRL, PFAL, Modified PFAL, the best 

performance parameters are attained by modified PFAL. Finally, it is concluded that the DC-DB PFAL style 

is valuable in applications where power saving is of primary importance. These applications include high-

performance battery-operated digital portable systems for ultra-low-power devices in cardiac pacemakers, 

hearing aids, notebook computers, mobile phones, and digital aids. 
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