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ABSTRACT 

Power consumption plays a major role in present day VLSI design technology. The demand for low 

power consuming devices is increasing rapidly and the adiabatic logic style is said to be an attractive 

solution. Power  dissipation  in  circuits  and  systems  is  the critical  factor  for  most  of  the  researchers  

and  industries.  Many power  dissipation  techniques  have  been  proposed  but  most  of these  techniques  

have  some  trade-offs. This logic makes use of charge recovery technique to achieve comparatively low 

power consumption to the CMOS logic. The new technology can be used to drive and be driven by 

conventional static CMOS logic directly. As the size of the integrated circuit grows and more devices are 

fabricated per unit die area with the technology progress, the power dissipation of the integrated circuit 

becomes a very important concern.  
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The heat produced by the circuit itself can bum the whole integrated circuit. The power dissipation of 

the conventional static CMOS logic is bounded by the charging and discharging processes of the gate 

capacitance. The Power dissipation in traditional CMOS circuits can be minimized through adiabatic 

method. The adiabatic technique is highly dependent on parameter variation. The energy consumption is 

analyzed by variation of parameter with the help of MICROWIND tool. In analysis, two logic families, 

ECRL (Efficient Charge Recovery Logic) and PFAL (Positive Feedback Adiabatic Logic) are compared 

with conventional CMOS logic inverter and Multiplexer. 

Keywords :- CMO, ECRL, Integrated Circuit Power Consumption,PCFAL. 

 
1. INTRODUCTION 

1.1 INTRODUCTION  

The project aim will be indicated in this chapter. The distinction between static CMOS and dynamic 

CMOS logic and the origin of power dissipation in an integrated static and dynamic CMOS circuit will be 

implemented to promote the understanding of adiabatic technology and its low power properties. 

1.2 Adiabatic Logic  

 1.2.1Low power electronics 

 

Reducing the electronic devices' power consumption is becoming a very hot subject of research. The 

industry demanding low-power electronic devices has two key factors. 

 

1. 𝑃 = 𝐶 𝑉 𝑓  As charges flow from source to field, the power the CMOS circuit uses becomes heat. In equation 

(1.4), we know that the CMOS circuit’s dynamic power dissipation is known as the circuit's energy consumption 

increases as the digital circuits operate at higher clock frequencies. The heat generated by an integrated high 

frequency circuit will kill the circuit. 

 

  Nowadays, portable electronic products like mobile phones, notebook computers, and so on are very popular. As 

most of these items are powered by batteries, reducing the power consumption means increasing the running time 

until batteries are replaced or recharged 

 

Since the increase in power consumption due to increased operating frequency is not reducible by the 

traditional static CMOS technology mentioned in chapter 1.3.1, scientists have found different ways to minimize 

digital circuit power consumption, such as reducing static CMOS operating voltage. Nevertheless, the process 

voltage reduction seems to have a maximum of 0.9V which will be reached early. At this moment we have another 

adiabatic approach principle that uses adiabatic charging and charging recovery technique. 
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1.2.2 History of adiabatic logic 

The biggest advance in adiabatic logic is to recover the charge stored in a digital circuit's node capacitance 

that shows logic levels and use adiabatic charging technique to reduce the on-resistance loss. Unlike traditional 

static CMOS, adiabatic logic re-distributes the charges in the condensers rather than discharges them to the table. In 

theory, adiabatic logic should employ zero energy after the circuit is initiated. This is why the technology is called 

“Adiabatic Logic". 

 

Younis and Knight [1] and Merkle [2] first proposed adiabatic logic in 1993, with dissipation of aknost 

zero power. In 1995, adiabatic dynamic logic (ADL) was introduced by Dickinson and Denker [3], and Wang and 

Lau [4] introduced adiabatic pseudo-domino logic (APDL). All the suggested enhancements mentioned are not 

compatible with the static CMOS logic design, however. This means the conversion of the static CMOS architecture 

into adiabatic logic is difficult. For example, adiabatic dynamic logic will use a four-phase clock precharge, input, 

evaluate and hold phases. Compared to the CMOS domino logic, adiabatic pseudo-domino logic uses a clock to 

control the charging and evaluation phases. It is proposed in the thesis to preserve consistency with the traditional 

static CMOS, which uses quasi-static architecture. The key difference between CMOS from ADL and APDL is that 

the CMOS can drive and be powered directly via a standard static CMOS logic system. The basic principle of the 

CMOS is to use a fairly high frequency adiabatic clock, rather than multi-stage operation. This makes it possible to 

convert the concept to CMOS, based on traditional static CMOS. Information on CMOS technology will be 

addressed and discussed in chapter 3. 

 

2   LITERATURE SURVEY 

 

The existing VLSl systems organize erratic reasoning, large modules and memories Thus, the performance 

of adiabatic circuits will depend on the economic implementation of not only random logic, but the opposite 

elements of a VLSI network in tandem. Yibin Ye and. In their 1996 paper entitled "On the Design of Adiabatic 

SRAMs," Al. described the design of low-power circuits as adiabatic low-power circuits, adiabatic logic shows nice 

promise. Research has, however, targeted adiabatic circuits / family logic to date. They furnish a system of adiabatic 

Static RAM, which could be applied although the area of simple logic gate efficiency could not be greatly increased. 

The design notes the very high complexity of constructing ultra-low power memory circuits inside a VLSI. Their 

estimated result for a 4Kb memory core block indicates energy savings of approximately seventy-fifth for each 

search, and writes operations. Higher square measure of power savings achieved within the address decoder and I / 

O drivers [30]. 

 

Yong Moon, and, etc. The Efficient Charging Recovery Logic (ECRL) is planned in 1996 as a candidate 

for low-energy adiabatic logic circuits. The power analysis is performed on an electrical converter chain with 

entirely different logic circuits and a bring look ahead adder (CLA). As a pipeline system, ECRL CLA is expected 

to obtain equivalent output as a traditional static CMOS CLA [12]. Vojin G. Oklobdzija et.al in research entitled 

"Pass-Transistor Adiabatic Logic Using Single Power-Clock Supply." Presented new adiabatic pass-transistor logic 
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(PAL) that operates from one power-clock supply and beats the aforementioned adiabatic logical methods as far as 

their vitality is used. PAL can be dual-rail logic with fairly low gate complexity: a PAL gate is made up of true and 

true and complementary NMOS practical blocks, and a try of cross-coupled PMOS devices [24]. 

 

Lolas, Z.C. ET.A. In 1999 a low-power array architecture solution was introduced based on energy 

recovery techniques. Reversible pipeline main concepts have been adopted [14]. In 1999 K later. W. NG et K. T. 

Lau engineered a low-power 4:2 compressor, which shows a major power reduction [16]. 

 

Hamid Meimand Mahmoodi et. al . Introduced a low-power, low-noise adder design with pass-transistor 

adiabatic logic in 2000. Because of their theoretical zero power dissipation, classical CMOS circuits, whose power 

consumption is usually a huge problem, consider reversible solutions plausible. Alternatively, growing technologies 

usually introduce inherent quantum effects that are inherently reversible. So prospect circuits are generated from 

reversible logic gates at some reason. The adiabatic adder shows energy savings of seventy-six to eighty seven 

percent and eighty seven to ninth percent, with the help of the post-layout simulation tests. Similar to its static 

CMOS counterparts [11], it also displays a significant reduction in witching noise. 

 

H. H. Wong, K. In 2002, T. Lau lowered power utilization in multipliers and acquired enormous power 

decrease in the general computerized system. (7, 3) one of those counters However, segments used as part of 

parallel multipliers are not as prevalent as the compressor (4:2). Some (7, 3) counters have been accounted for and 

the majority of them are usually executed in traditional CMOS style [10]. J. Y. Park, with S. J. Hong developed the 

Latched Pass-Transistor Adiabatic Logic (LPAL) in 2002 and proposed a low-power design scheme that energy-

efficiently replaces traditional CMOS circuits. Simulation using 0.35um CMOS technology has contrasted the 

energy dissipation between Pass-transistor Adiabatic Logic (PAL) and LPAL. The LPAL demonstrates 44 per cent 

energy savings relative to the PAL [15]. 

 

o Ettore Admirante, and. In a 1.2V, 0.13μm CMOS system, Developed an adiabatic 8-bit Ripple 

Carry Adder to demonstrate the ability of adiabatic logic for low power applications. The 

adiabatic block architecture was consistent with standard cells that had static CMOS. This allows 

massive adiabatic circuit blocks to be implemented with manageable complexity of design. At f = 

20 megacycle the energy was in static CMOS by an aspect of seven below, and energy savings on 

the far side f =100MHz were possible. For the conversion between adiabatic and static CMOS 

signals interface circuits are shown. The test comes to validate the utility of the adiabatic adder 

inserted into a static state of CMOS. An evaluation of the vitality performance of a complete 

adiabatic system including a four-stage trapezoidal power clock generator, obtaining an energy 

saving by a factor of 6 at f =20MHz [8]. 

 

o Natarajan Aiyappan et. Al. 2003, introduced Addressable Memory (CAM) hybrid adiabatic 

material. The CAM uses an adiabatic change method to reduce the use of vitality within the match 

line while preserving the read / compose operation execution. For ultra-low-power, low-
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performance applications such as sensible cards and transportable devices, the adiabatic CAM 

was suitable. For the match line, CAM uses a clocked power supply while the rest of the circuit 

was constant due to the simple CAM [6].

 

W.J. Yang et. al. 2003 gave a novel low power programmable logic array (PLA) structure based on 

adiabatic switching is presented. Simulation results urged that the power consumption is comparable to it of the 

adiabatic pseudo-domino logic (APDL) PLA, however whereas common place semiconductor transistor size for the 

isolation transistor are often applied, in APDL PLA this semiconductor device was designed with a bigger breadth 

[29]. 

    

3  METHODOLOGY OF PROPOSED PROJECT

3.1 LIMIT OF ENERGY DISSIPATION

In 1988, Bennett [5] proved there must be energy dissipation not less than kTln2 (where k is the constant of 

Boltzmann and T is the temperature) for any activity of an irreversible system. Consider Merkle 's example 

regarding an irreversible device's energy dissipation[2]. When a "AND,, power supply gate IV allows 100 electrons 

to flow from the ground to the supply during switching. The dissipated energy will be 100eV. This value is roughly 

4000kT, since T is 300 K, which is still compara

following the modem electronics phenomenon, we will be hitting the 4000kT value before the year 2000 and the 

physical limit by 2015. Reversible devices must be built to overcome the barrier 

frequencies of electronic devices as described in chapter 1.5.1 above.

3.2 REVERSIBLE ELECTRONICS 

3.2.1 Reversibility 

Consider the operation of a CMOS inverter in Figure 3

Figure 3.1 Inverter for reversible devices des
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At time t1, Mn can discharge the charge deposited in Cout to Vss. When time = t2, Mp charges the Cout up 

to Vdd, these two operations completely delete the original status of the system for the new details. Through 

Maxwell’s historical paradox, the Demon in Knowledge System Thermodynamics [6]

operation is equal to an increase of at least kln2 of entropy in the universe as a whole. Therefore no less kTln2 

energy dissipation is inevitable. The charging phase typically dissipate

process also dissipates 1⁄2 CV2 of energy.

 

Nevertheless, if we can, by any way, deposit the charge originally stored in Cout (information) instead of 

discharging (erasing) it to Vss at t1, and remove the charge sto

irreducible thermodynamic cost since the information is never erased. Examples of reversible operations are this 

charging recycling and non-erasing process. All devices that do reversible operations are o

devices. Theoretically, we can build circuits which consume zero power by using reversible devices.

 

3.2.2 Adiabatic Switching 

3.2.2.1 Conventional Charging 

When the input of a CMOS inverter goes from high to low, the circuit can be 

Figure 3.2 Conventional charging model

When the switch is closed, the full supply potential appears across the Ron on

to start with the load capacitance Cload. Ron voltage decreases as the 

charging capacitor is fully charged, a charge q = CloudVdd flows from the source to the capacitance of the 

charging. The Er = qVdd = CloadV
2

dd  is transferred from the supply by calculating the energy consumption. Onl

percent of the energy consumption goes to capacitance while only ½ C

capacitance. The other ½ CloadV
2

dd is mainly in the on

never recover the energy that is dissipated as heat.

The same condition happens when the capacitance to load is discharged. Once the inverter input goes high, 

the load condenser is discharged to Vss and the energy stored is completely dissipated as heat by the n channel 

transistor's on-resistance. 
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devices. Theoretically, we can build circuits which consume zero power by using reversible devices.

When the input of a CMOS inverter goes from high to low, the circuit can be modelled as shown in Figure 3.2.

Figure 3.2 Conventional charging model 
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to start with the load capacitance Cload. Ron voltage decreases as the capacitance is charged to Vdd Once the 

charging capacitor is fully charged, a charge q = CloudVdd flows from the source to the capacitance of the 

is transferred from the supply by calculating the energy consumption. Onl

percent of the energy consumption goes to capacitance while only ½ CloadV
2

dd is the energy stored in the 

is mainly in the on-resistance as heat dissipated. Any reversible devices will 

dissipated as heat. 

The same condition happens when the capacitance to load is discharged. Once the inverter input goes high, 

the load condenser is discharged to Vss and the energy stored is completely dissipated as heat by the n channel 
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ften called reversible 

devices. Theoretically, we can build circuits which consume zero power by using reversible devices. 

modelled as shown in Figure 3.2. 

 

resistance, causing charging 

capacitance is charged to Vdd Once the 

charging capacitor is fully charged, a charge q = CloudVdd flows from the source to the capacitance of the 

is transferred from the supply by calculating the energy consumption. Only 50 

is the energy stored in the 

resistance as heat dissipated. Any reversible devices will 

The same condition happens when the capacitance to load is discharged. Once the inverter input goes high, 

the load condenser is discharged to Vss and the energy stored is completely dissipated as heat by the n channel 
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4  RESULTS AND DISCUSSION 

 

4.1 IMPACT OF PARAMETER VARIATIONS ON THE ENERGY CONSUMPTION 

 The energy consumption in adiabatic circuits is heavily dependent on variations in the parameters [29-31]. 

For the two logic families, the effect of parameter variations on energy consumption is investigated with respect to 

the CMOS logic circuit, using TSPICE simulations. Simulations are performed at a node of 250 nm technology. The 

W / L ratio of PMOS and NMOS are taken as 9λ /2 λ and 3λ/2 λ respectively, Where λ = 125nm. 

4.2 LAYOUT AND SIMULATION RESULTS 

4.2.1 Transition frequency variation 

 Figure.5.1 indicates the energy dissipation of the two adiabatic logic families per cycle versus the 

switching frequency and the CMOS for the inverter logic. Figure.5.2 indicates the energy dissipation of the two 

adiabatic logic families per cycle against the switching frequency and the CMOS for the 2:1 multiplexer.   

 

Figure 4.1 Energy consumption per cycle versus frequency for an inverter at VDD = 2.5V and load capacitance = 
20fF. 

              

 It is shown that the action is no longer adiabatic for high frequency, and hence the energy dissipation 

increases. At low frequencies the dissipation energy will increase due to the leakage currents of the transistors for 

both CMOS and adiabatic logic. Thus the simulations are conducted only at reasonable frequency range to provide 

better results with respect to CMOS. 
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Figure 4.2 Energy consumption per cycle versus frequency for a 2:1 multiplexer at VDD = 2.5V and load 
capacitance = 20fF 

 

4.2.2 Load capacitance variation 

                                      

Figure 4.3 Energy consumption per cycle versus load capacitance for an inverter at VDD = 2.5V and frequency = 
100 MHz. 

 Figure.5.3 demonstrates the energy dissipation of the two adiabatic logic families and CMOS for the 

inverter logic by cycle versus load capacitance. Figure.5.4 indicates the energy dissipation per cycle versus load 

capacitance for the 2:1 multiplexer of the two adiabatic logic families and the CMOS. The Figures show that 

adiabatic logic families have greater energy efficiency over a large range of load capacitances than CMOS logic. At 

high load range PFAL displays better energy shavings than ECRL. 
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Figure 4.4 Energy consumption per cycle versus load capacitance for a 2:1 multiplexer at VDD = 2.5V and 
frequency = 100 MHz. 

 

 

 

5.2.3 Supply Voltage Variation 

 Figure.5.5 shows the energy dissipation of the two adiabatic logic families per cycle versus the supply 

voltage and CMOS for the inverter logic. Figure.5.6 indicates the energy dissipation per cycle against the two 

adiabatic logic families' supply voltage, and the 2:1 multiplexer CMOS. Supply voltage is seen to decrease, the gap 

between CMOS and the logic families is reduced. But ECRL and PFAL still display significant energy savings over 

a wide range of supply voltage. 

                                    

  Figure 4.5 Energy consumption per cycle versus supply voltage for an inverter at load capacitance = 20fF and 
frequency = 100 MHz. 

 

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 186

PROTEUS JOURNAL

VOLUME 11 ISSUE 7 2020



10 
 

                                

Figure 4.6 Energy consumption per cycle versus supply voltage for a 2:1 multiplexer at load capacitance = 20fF and 
frequency = 100 MHz. 

 

   6 CONCLUSION  

The Power dissipation in traditional CMOS circuits can be analysed through adiabatic method. The 

adiabatic technique is highly dependent on parameter variation. The energy consumption is analyzed by variation 

of parameter with the help of MICROWIND tool. In analysis, two logic families, ECRL (Efficient Charge 

Recovery Logic) and PFAL (Positive Feedback Adiabatic Logic) are compared with conventional CMOS logic 

inverter and Multiplexer. The different variations of parameters are investigated against adiabatic logic families, 

which show that adiabatic logic families are highly dependent upon it. Yet less energy consumption can still be 

done in adiabatic logic families across the broad spectrum of parameter variations than the CMOS logic. At high 

frequency and high load efficiency PFAL displays better energy shavings than ECRL. Thus adiabatic logic 

families can be used across the broad range of variations in parameters for low power applications.  

 Further adiabatic logic is to be implemented in the future which will help to address the drawbacks of 

recent adiabatic logic circuits. For instance- DFAL (Free Adiabatic Logic Circuit diode). Future work also involves 

the design of the proposed buffer / inverter’s larger adiabatic gates and circuits, and higher frequency dissipated 

energy analysis and comparison with other adiabatic families. 
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