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Abstract: Power dissipation is an increasing concern in VLSI circuits. New logic circuits have been developed to meet these power 

requirements. Power dissipation can be minimized by using various adiabatic logic circuits. In this paper an Adder circuit has been 

proposed based on 2PASCL and ECRL logic and then compared with Positive Feedback Adiabatic Logic(PFAL), Two-Phase Adiabatic 

Static Clocked Logic(2PASCL) respectively. Comparison shows significant power saving. 
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1. Introduction 
 

In recent times, researchers have been focused on increasing 

clock and logic speed to enhance the performance of portable 

electronic devices. The power consumption is proportional to 

the square of the power supply voltage. Therefore voltage 

scaling is one of the important methods used to reduce the 

power consumption. To improve the circuit performance the 

transistor threshold voltage is scaled down according to 

supply voltage [1]. 

 

Various adiabatic logic families have been proposed 

emphasizing the energy recovery principle. In adiabatic 

circuits power dissipation is significantly less than that of 

CMOS circuits. Hence, adiabatic circuits are promising 

candidate for low-power circuits which can be operated in 

the frequency range in which signals are digitally processed. 

In this study, we design, simulate and compare the power 

consumption of 1-bit full adder using PFAL, 2PASCL and 

ECRL-2PASCL technologies. 

 

2. CMOS Circuits Vis-A-Vis Adiabatic Logic 

Circuits 
 

1. CMOS Circuits 

In CMOS power dissipation occurs during device switching. 

The PMOS and NMOS can be modeled by an ideal switch in 

series with a resistor as shown in figure1 [9]. The pull-up and 

pull-down network is connected to the load capacitance CL. 

When the logic level is “1”, there is a sudden flow of current 

through 𝑅. The charge transferred by power supply to 𝐶𝐿 is 

𝑄 =  𝐶𝐿𝑉𝑑𝑑 . Hence the energy drawn from the power supply 

is  𝑄. 𝑉𝑑𝑑 =  𝐶𝐿𝑉𝑑𝑑
2 [10]. The energy stored in the load 

capacitance is  𝐸𝑠𝑡𝑜𝑟𝑒𝑑 =
1

2
𝐶𝐿𝑉𝑑𝑑

2. The remaining energy is 

dissipated in 𝑅.  

 
Figure 1: (a) A CMOS model showing an ideal switch in 

series with resistor. (b) Charging. (c) Discharging 

The equal amount of energy is dissipated during discharging 

process. Therefore total amount of energy dissipated during 

charging and discharging process is 

 

                  𝐸𝑡𝑜𝑡𝑎𝑙 =  𝐸𝑐ℎ𝑎𝑟𝑔𝑒 + 𝐸𝑑𝑖𝑠𝑐 ℎ𝑎𝑟𝑔𝑒  

 

                             =
1

2
𝐶𝐿𝑉𝑑𝑑

2 +
1

2
𝐶𝐿𝑉𝑑𝑑

2  = 𝐶𝐿𝑉𝑑𝑑
2 

 

From the above analysis it is clear that the energy 

consumption can be reduced by reducing 𝑉𝑑𝑑 . By decreasing 

the switching activity in the circuit, the power consumption 

(P= dE/dt) can also be decreased. 

 

2. Adiabatic Logic Circuits 

The term adiabatic switching is used to minimize energy loss 

during charging and discharging. The term ADIABATIC is 

taken from Greek language that is used to explain the 

thermodynamics process in which no exchange of energy 

occurs between the system and the external environment. A 

constant current is used to charge or discharge the nodes 

during adiabatic process. This is obtained by using AC 

power supplies to initially charge the circuit during specific 

adiabatic phase and then discharge the circuit to recover the 

supplied charge. 

 

 
 

Figure 2: (a) Model of adiabatic logic showing an ideal 

switch in series with resistance and two complementary 

voltage supply clocks. (b) Charging. (c) Discharging. 

 

In fig.2 the energy dissipation process in an adiabatic circuit 

is shown [9]. Due to the use of a time varying voltage source, 

the rate of the switching transition in adiabatic circuit is 

decreased. Each voltage changes with time [9], as shown in 

figure 3. 
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Figure 3: Graph showing the changes of voltage in adiabatic 

circuits to conventional dc power supply at the (a) power 

supply 𝑉𝑃  (b) node capacitance 𝑉𝐶  (c) resistance 𝑉𝑅  

 

The uniform charge transfer over entire time duration 

provides reduced peak current in adiabatic circuits. Therefore 

the overall energy dissipation during the transition phase is 

 

𝐸𝑑𝑖𝑠𝑠  =  𝐼 2𝑅𝑇𝑃  =   
𝐶𝐿𝑉𝑑𝑑

𝑇𝑃

 
2

𝑅𝑇𝑃 =   
𝑅𝐶𝐿

𝑇𝑃

 𝐶𝐿𝑉𝑑𝑑
2 

 

According to above equation the power dissipation can be 

decreased by increasing 𝑇𝑃 . 

 

When ∅  changes from HIGH to LOW discharging process 

takes place through NMOS. The energy stored in the 

capacitors is drawn by the system and is used. Thus the 

energy dissipation does not occur and it is recycled. 

 

3. Adiabatic Logic Families 
 

The adiabatic logic families can be divided in two categories 

– Fully Adiabatic and Partial Adiabatic. All the charges 

stored on the load capacitor is recovered and fed back to the 

power supply in fully adiabatic circuits. Due to this the fully 

adiabatic circuits becomes slower and complex as compared 

to partial adiabatic circuits. Pass Transistor Adiabatic Logic 

(PAL) and Split-Rail Charge Recovery Logic (SCRL) are 

popular fully adiabatic techniques. 

 

In Partial Adiabatic or Quasi Adiabatic circuits some charge 

is allowed to transfer to the ground. Therefore a part of the 

energy can be recovered. Efficient Charge Recovery Logic 

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

2N2P adiabatic logic, NMOS Energy Recovery Logic 

(NERL), Clocked Adiabatic Logic (CAL), Two Phase 

Adiabatic Static Clocked Logic (2PASCL) etc are example 

of partial adiabatic logic. 

 

1) 2PASCL 

The schematic of 2PASCL inverter [10] is shown in figure 4. 

Two MOSFET diodes are used charge recycling and to 

improve the discharging speed of internal nodes. In which 

one is connected between output node and power clock and 

other is connected between the NMOS and the other power 

source. This circuit uses two split level sinusoidal 

waveforms. Due to this voltage difference between current 

carrying electrodes can be minimized which results in 

reduced power dissipation. It works in two phases: 

Evaluation and Hold. ∅ swings up and  ∅  swings down in 

evaluation phase and vice-versa takes place in hold phase. 

The charging/ discharging process does not occur after every 

clock cycle which results in minimum number of dynamic 

switching. It will suppress the node switching activities. 

 

                       
                    Figure 4: 2PASCL inverter circuit 

 

The circuit operation is divided in two phases: 

 

a) Evaluation Phase 

 Output node Y is low and PMOS is ON then CL  is charged 

through PMOS and output becomes in high state. 

 If node Y is Low and NMOS is on then no transition 

occurs. 

 If Y is high and PMOS is ON then no transition occurs. 

 If node Y is High and NMOS is ON then discharging 

process takes place through NMOS and D2 and output 

becomes at 0 logic. 

 

b) Hold Phase 

 If node Y is Low and NMOS is ON then no transition 

occurs. 

 When the preliminary state of Y is High and PMOS is ON, 

discharging through 𝐷1 occurs. 

 The charging/discharging process does not necessarily 

occur during every clock cycle, so the number of dynamic 

transitions decreases, which results in reduced power 

dissipation. 

 

2) ECRL 

The schematic of ECRL proposed by Moon and Jeong [13] is 

shown in figure 5. It‟s structure is similar to cascade voltage 

switch logic with differential signaling. The supplied energy 

is recovered and reused by using an AC power supply. The 

power clock generator can always drive a constant load 

capacitance independent of the input signal by generating 

both out and /out. 
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    Figure 5: Schematic of ECRL inverter and power clock. 

 

For efficient recovery process ECRL also uses four phase 

clocking such as „evaluation‟, „hold‟, „recovery‟ and „wait‟. 

Initially, input „in‟ is high and input „/in‟ is low. When 

power clock rises from zero to VDD, since m3 is on so 

output „out‟ is connected to ground. In evaluation phase /out 

follows the power clock pck. When pck reaches to Vdd  the 

out hold 0 and /out hold Vdd . When power clock goes from 

Vdd to 0 /out   returns it‟s energy to power clock. Wait phase 

is used to maintain the clock symmetry. 

 
3) PFAL 

The schematic of PFAL [15] logic is shown in figure 6. It is 

a dual rail circuit with partial energy recovery. The core of 

all the PFAL gate is an adiabatic amplifier a latch made by 

the two PMOS M1-M2 and two NMOS M3-M4, to avoid a 

logic level degradation on the output nodes. PFAL generates 

two complemented outputs. For the purpose of adiabatic 

charging a time varying source is used that is known as 

power clock which have four phases. Let us consider the 

case when input is high. Then transistors m5 and m1 are in 

on state when the value of power clock increases. Due to this 

out is connected to ground and /out will follow the changes 

of power clock. When the power clock comes to 𝑉𝑑𝑑 , out 

will be zero and /out will be 𝑉𝑑𝑑  which will act as input for 

the next stage. When power clock varies from 𝑉𝑑𝑑  to 0 then 

the energy will be recovered through the m1. 

 
Figure 6: PFAL logic circuit 

 

4. Proposed Design 
 

In this paper we have proposed a new design of 1-bit full 

Adder circuit which is a combination of ECRL and 2PASCL 

logic. The schematic and waveform of the proposed design is 

shown below. 

 

 

 
Figure 7: (a) Proposed adiabatic logic 1-bit full Adder Sum 

schematic and waveform 
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Figure 7: (b) Proposed adiabatic logic 1-bit full Adder Carry 

schematic and waveform 

 
   Logic 

Parameter 

PFAL 2PASCL PFAL-

2PASCL 

Proposed 

Total 

Power (µW) 

Sum 1.14 14.87 1.31 0.09 

Carry 0.63 14.9 0.8 0.39 

 

Delay (ns) 

Sum 2.015 0.61 7.14 2.46 

Carry 2.01 0.69 3.14 6.41 

Figure 8: Performance analysis of various design techniques 

at 20MHz 

 

5. Simulation 
 

The simulation is performed using a tanner tool at 90nm 

CMOS technology node. The simulation results obtained for 

1-bit full Adder of proposed logic and comparison with 

different adiabatic logics has been shown in figure 8. The 

simulation is performed at operating frequency of 20MHz. 

Two split level sinusoidal power supply has been used in this 

design. 

 

6. Conclusion 
 

In this paper we have designed and simulated 1-bit full adder 

using energy efficient adiabatic logic and two phase 

adiabatic static clocked logic. The simulation result shows 

that power consumption of the proposed design is 

considerably less than that of PFAL, 2PASCL and PFAL-

2PASCL techniques. From this analysis it clear that the 

proposed design is very power efficient technique in low 

power VLSI regime. 

 

 

 

References 
 

[1] K. Roy, S. Mukhopadhyay and H. Mahmoodi-

Meimand, “A leakage current mechanism and leakage 

reduction techniques in deep sub micrometer CMOS 

circuits,” Proc. IEEE, vol.91, no.2, pp.305–327,Feb. 

2003 

[2] S. Kim, C.H. Ziesler, and M.C. Papaefthymiou, 

“Charge-recovery computing on silicon,” IEEE Trans. 

Computers, vol.54, no.6, pp.651–659,June 2005.  

[3] M.J. Marjonen, and M. Aberg, “A single clocked 

adiabatic static logic – a proposal for digital low power 

applications,” J. VLSI Signal Processing,vol.27, no.27, 

pp.253–268, Feb. 2001 

[4] V.I. Starosel‟skii, “Adiabatic logic circuits: A review,” 

Russian Microelectronics,vol.31, no.1, pp.37–58, 2002.  

[5] V.I. Starosel„skii, “Reversible logic,” Mikroelektronika, 

vol. 28, no. 3,pp. 213–222, 1999.  

[6] K.A. Valiev and V.I. Starosel‟skii, “A model and 

properties of a thermodynamically reversible logic 

gate,” Mikroelektronika, vol.29, no.2,pp.83–98, 2000. 

[7] K. Takahashi and M. Mizunuma, “Adiabatic dynamic 

CMOS logic circuit,” [IEICE Trans. Electron. 

(Japanese Edition)], vol.J81-CII, no.10,pp.810–817, 

Oct. 1998 (Electronics and Communications in Japan 

Part II (English Translation), vol.83, no.5 , pp.50–58, 

April 2000). 

[8] Y. Takahashi, Y. Fukuta, T. Sekine and M. Yokoyama, 

“2PADCL : Two phase drive adiabatic dynamic CMOS 

logic,” Proc. IEEE APCCAS,pp.1486–1489, Dec. 2006 

[9] N. Anuar, Y. Takahashi and T. Sekine, “Two phase 

clocked adiabaticstatic CMOS logic and its logic,” J. 

Semiconductor Technology and Science, vol. 10, no. 1, 

pp. 1–10, Mar. 2010. 

[10] N. Anuar, Y. Takahashi and T. Sekine, “4-bit ripple 

carry adder of twophase clocked adiabatic static CMOS 

logic: a comparison with static CMOS,” Proc. IEEE 

ECCTD 2009, pp.65–68, Aug. 2009. 

[11] S. Kim, C.H. Ziesler, and M.C. Papaefthymiou, 

“Charge-recovery computing on silicon,” IEEE Trans. 

on Computers, vol. 54, no. 6, pp. 651–659, Jun. 2005. 

[12] C. Siyong, et al, “Analysis and design of an efficient 

irreversible energy recovery logic in 0.18μm CMOS,” 

IEEE Trans. Circuits and Syst.,vol.55, no. 9, pp. 2595–

2607, Oct. 2008. 

[13] J.M. Wang, S.C. Fang and W.S. feng. “New efficient 

designs for XOR and XNOR functions on the transistor 

level,” IEEJ. Solid-States Circuits,vol. 29, no. 7, pp. 

780–786, July. 1994. 

[14] Y. MOON AND D.K.JEONG,“ An Efficient Charge 

Recovery Logic Circuit,” IEEE JSSC, Vol. 31, No. 04, 

pp. 514-522, April 1996.  

[15] A. BLOTTI AND R. SALETTI, “Ultralow- Power 

Adiabatic Circuit Semi-Custom Design,” IEEE 

Transactions on VLSI Systems, vol. 12, no. 11, pp. 

1248-1253, November 2004. 

[16] A. BLOTTI, S. PASCOLI, AND R. SALETTI, 

“Sample Model for Positive Feedback Adiabatic Logic 

Power Consumption Estimation,” Electronics Letters, 

Vol. 36, No. 2, pp. 116-118, Jan. 2000. 

[17] B. VOSS AND M. GLESNER, “A Low Power 

Sinusoidal Clock,” In Proc. of theInternational 

Symposium on Circuits and Systems, ISCAS 2001. 

Paper ID: NOV164027 http://dx.doi.org/10.21275/v5i6.NOV164027 1273



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391 

Volume 5 Issue 6, June 2016 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[18] T. INDERMAUER AND M. HOROWITZ, “Evaluation 

of Charge Recovery Circuits and Adiabatic Switching 

for Low Power Design,” Technical Digest IEEE 

Symposium Low Power Electronics, San Diego, pp. 

102-103, October 2002. 

[19] A. KAMER, J. S. DENKER, B. FLOWER, et al., 

“2N2D-order Adiabatic Computation with 2N-2P and 

2N-2N2P Logic Circuits,” In Proc. of the International 

Symposium on Low Power design, Dana Point, pp. 191-

196, 1995. 

[20] C. HU, “Future CMOS Scaling and Reliability,” 

Proceedings IEEE, Vol. 81, No.05, pp. 682-689, 

February 2004. 

[21] A. P. CHANDRAKASAN AND R. W. BRODERSEN, 

Low-power CMOS digital design, Kluwer Academic, 

Norwell, Ma, 1995. 

 

Author Profile 
 

Durgesh Patel received the B.Tech degree in Electronics & 

Communication Engineering from Feroze Gandhi Institute of 

Engineering and Technology, Raebareli, Uttar Pradesh, India. He is 

currently final year student of M. Tech in Micro- Electronics from, 

Institute of Engineering and Technology, Lucknow. His research 

interest includes low power VLSI circuit designing. 

 

 Dr. S.R.P Sinha received the B. Tech degree from, Ranchi 

University in 1981 and M. Tech degree fromUniversity of Roorkee 

in 1984. He received the Ph.D degree from Lucknow University in 

2004. He is presently working as Professor in Department of 

Electronics Engineering in Institute of engineering and technology, 

Lucknow. His research interest includes Electronic Devices, Micro-

Electronics, VLSI Circuit design. 

Paper ID: NOV164027 http://dx.doi.org/10.21275/v5i6.NOV164027 1274




