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Abstract: This paper shows a new Adiabatic approach known as Complementary Pass Transistor Adiabatic Logic. Power 

minimization is the first priority of VLSI designers. The dynamic power requirement of CMOS circuits is a major concern in the design 

of personal information systems and large computers. The clocking mechanism used in Adiabatic logic is different from those of 

standard CMOS circuits. The Recovery phase of the power clock is used to recover charge from the load capacitor. Adiabatic logic 

provides a way to reuse the energy stored in load capacitors rather than the conventional way of discharging the load capacitors to the 

ground and wasting this energy. This paper shows the low power dissipation of Adiabatic logic by presenting the results of various 

designs (an inverter, two input AND gate, two input NAND gate, two input XOR gate). All simulations are carried out by TSPICE 14.1 

and technology used is 90nm.    
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1. Introduction 
 

At  present , the power consumption  has  become  the major 

concern  in the portable  electronic devices such as  mobile 

phones , laptops  for VLSI designers. Due to the limited 

power of batteries, the circuitry involved in these devices 

must consume less power. Large power dissipation in these 

circuits requires costly and noisy cooling machinery. Several 

low power design techniques have been developed to reduce 

the power consumption in the conventional CMOS circuits. 

The energy dissipation in the conventional CMOS can be 

reduced by using   Adiabatic Switching principle. By using 

the adiabatic switching principle, the power dissipation in the 

PMOS network can be minimized and energy stored at the 

load capacitor can be recovered rather than dissipated as 

heat. The circuits designed using Complementary Pass 

Transistor adiabatic logic (CPAL) [1] shows less power 

dissipation as compared to the conventional CMOS.  

 

2. Adiabatic Switching Principle 
 

Figure 1 shows the equivalent circuit used to model the 

conventional CMOS [1] circuits during charging process of 

the output load capacitance. But in this figure, the constant 

voltage source is replaced with the constant current source to 

charge the load capacitance and discharge the load 

capacitance.  Where R is the ON resistance of the PMOS 

network, CL is the load capacitance [1]. The energy 

dissipated in the resistance R [1] is given by- 

 

 
 

Since energy dissipation depends on the R, the ON resistance 

of the PMOS network. So by reducing the ON resistance of 

PMOS, energy dissipation can be minimized. The ON 

resistance [3] of MOS transistor is given by- 

 

Where µ is the mobility, Cox is the oxide capacitance, VGS is 

the gate to source voltage, VTH is the threshold voltage. 

Dissipated energy also depends on the charging time constant 

T, if T >>2RC [2] then energy dissipation will be very less as 

compared to conventional CMOS. 

 
Figure1: Constant current source charging a load   

capacitance, through resistance R.. 

 

The energy stored at the load capacitance can be recovered 

by simply reversing the current direction during discharging 

process instead of dissipation in the NMOS network. 

 

3. Adiabatic digital logic circuits 
 

Practically, there are basically two types of Adiabatic logic 

circuits defined that is Partially Adiabatic and Fully 

Adiabatic. In partially Adiabatic logic all charge cannot be 

recovered  by  the power clock (pck) that is some charge Is 

transferred to the ground but in the fully Adiabatic logic 

based  circuits all charge from the load  capacitance  is 

recovered  by  the power clock. In literature, different logic 

families [1-5] such as Efficient Charge Recovery Logic 

(ECRL), 2N- 2N2P Adiabatic Logic, Positive Feedback 

Adiabatic Logic (PFAL), NMOS Energy Recovery Logic 

(NERL), Clocked Adiabatic Logic (CAL), True Single-Phase 

Adiabatic Logic (TSEL), Source-coupled Adiabatic Logic 

(SCAL), Two phase adiabatic static CMOS logic (2PASCL) 

and Complementary Pass Transistor Adiabatic Logic (CPAL) 

are given. But in this paper we are using Complementary 

Pass Transistor Adiabatic Logic (CPAL) for design purpose, 
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because this logic reduced the power consumption compared 

to other logic families. 

 

3.1 Design and Simulation for Complementary Pass 

Transistor Adiabatic Logic INVERTER 

 

The two phase CPAL inverter is shown in figure 2. It is 

mainly composed of two parts: Logic function circuit that 

consists of four NMOS transistor with complementary pass 

transistor logic function block, and the load drive circuit that 

consists of pair of transmission gates. The CPAL inverter is 

designed using TSPICE and simulated waveforms are shown 

in figure2 and 3 respectively. The power dissipation against 

different load capacitance is shown in figure 4. 

 
Figure 2: Implementation of CPAL Inverter. 

 

Where, a is the input of the inverter. When input is at logic 

„1‟, the complemented output of the inverter follows the 

power clock (Pclk) and output of the inverter is at logic „0‟. 

In the same manner, when input is at logic „0‟,  the output of 

the inverter follows the power clock and shows the logic „1‟ 

at the output of the inverter. 

 
Figure 3: Simulated waveforms of Adiabatic Inverter 

 
Figure 4: Power dissipation (µW) vs Load Capacitance 

 

3.2 Design and Simulation for Two input CPAL 

AND/NAND GATE 

 

The two input CPAL AND/NAND gate [4] implementation is 

shown in figure 5 and this circuit is designed using TSPICE. 

The simulated waveforms are shown in figure 6. The power 

dissipation varies with the load capacitance is shown in 

figure 7. The two inputs of the CPAL AND/NAND gate are a 

and b. As shown in figure 5, the out represents the output of 

the AND gate and out_bar represents the output of the 

NAND gate. 

 
Figure 5: Implementation of AND/NAND gate. 
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Figure 6: Simulated waveforms of CPAL AND/NAND Gate. 

 
Figure 7: Power dissipation (µW) vs Load Capacitance 

 

3.3 Design and Simulation for Two input CPAL 

OR/NOR GATE 

 

The two input CPAL OR/NOR gate [4] implementation is 

shown in figure 8 and this circuit is designed using TSPICE. 

The simulated waveforms are shown in figure 9. The power 

dissipation varies with the load capacitance is shown in 

figure 10. Where a and b represents the two inputs of CPAL 

OR/NOR gate. As shown in figure 8, the out represents the 

output of the OR gate and out_bar represents the output of 

the NOR gate. 

 
 

Figure 8: Implementation of CPAL OR/NOR gate 

 
Figure 9: Simulated waveforms of CPAL OR/NOR Gate 

 

 
Figure10: Power dissipation (µW) vs Load Capacitance. 

 

 

3.4 Design and Simulation for Two input CPAL 

XOR/XNOR GATE 

 

The two input CPAL XOR/XNOR gate [4] implementation is 

shown in figure 11 and this circuit is designed using TSPICE. 

The simulated waveforms are shown in figure12. The power 

dissipation varies with the load capacitance is shown in 

figure 13. Where a and b represents the two inputs of CPAL 
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XOR/XNOR gate. As shown in figure 11, the out represents 

the output of XOR gate and out_bar represents the output of 

the XNOR gate. 

 
Figure11: Implementation of CPAL XOR/XNOR gate 

 
Figure12: Simulated waveforms of CPAL XOR/XNOR   

gate 

Figure 13: Power dissipation (µW) vs Load Capacitance 

 

4. Conclusion  
 

The Complementary Pass Transistor adiabatic logic circuits 

are preferred over conventional CMOS logic circuit because 

a CPAL circuit shows power reduction for the same design. 

The simulation results show that CPAL circuit can recover 

the energy dissipated in the conventional CMOS circuits. 

However CPAL circuits cannot suitable for the application 

where high speed of operation is required.  
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