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ABSTRACT 
The integration of maximum number of functions in a chip lead to the power dissipation and power consumption. Recovering the 

dissipated power is one of the best solutions to reduce power dissipation. A technique called Non Complementary Clocked Logic 

(NCCL) is introduced which uses recovery logic to recover the dissipated energy by recycling the energy from the load.This 

method not only reduces the power dissipation but also conserve the area. The proposed logic has been tested in an adder circuit 

with PIPE line, CVSL and Pseudo NMOS logic.Applying proposed logic in an adder minimizes power by 22.65% compared to 

existing logic and the performance parameters, power and area are measured.The adder circuit is then tested by implementing it 

in an ALU circuit. 
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INTRODUCTION 
 
 With increasing demand of low power integrated circuits for portable equipment like PDA, laptops, mobile 
phones etc., power reduction is one of the main concerns. The low-power requirements of present electronic 
systems have challenged the scientific research towards the study of technological, architectural and circuital 
solutions that allow a reduction of the energy dissipated by an electronic circuit. In the conventional circuits, 
power dissipation can be minimized by reducing the supply voltage, node capacitance and switching activity to 
a certain extent.  But Energy recovery is a promising approach to the design of VLSI circuits with extremely 
low energy dissipation. Energy recovery circuits achieve reduced power dissipation by steering current across 
device with low voltage differences and by gradually recycling the energy.                  
 
1.1Sources of power dissipation: 
 In digital CMOS circuit switching, short circuit current and Leakage current are the main sources of power 
dissipation. In a CMOS inverter circuit, node switches from ON and OFF state due to logic 1 and logic 0. Due to 
this effect capacitors of the nodes get charged and discharged. The Short circuit current refers to the current 
flowing directly from the source (Vdd) to the ground (Vss) when both the n-network and p-network conduct 
simultaneously. The Leakage currentarises in an inverter when input and the output of the gates are not 
changing.  
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 Leakage current gets increased when threshold voltage of the MOS device decreases. So the total power 
dissipation in an CMOS circuit is given by   P total  =  P static  +  P dynamic. Since total power dissipation is sum of 
static and dynamic dissipation components, dynamic dissipation have been proven to be greater than the static 
power when systems are active. Generally the static dissipation is negligible and hence it is ignored. So for Low 
Power system design concentrates on reducing dynamic power dissipation. The high performance systems 
power consumption is reduced to 150W by reducing the heat by cooling systems. This is not suited for very 
large system which leads to high cost. So automatically performance is limited for high power hungry circuits. 
Hence, in addition to the dynamic power, static power also leads to limit the battery life when the systems are 
idle. 
 
1.2 Discussion about power reduction techniques: 
 Processes with sufficiently high threshold voltage and oxide thickness, static dissipation is small and 
dynamic dissipation usually dominates while the chip is active. Dynamic circuit families have clocked nodes 
and a high internal activity factor, so they are also costly. Since the dynamic power is directly proportional to 
the activity factor, it is reduced by reducing the activity factor. Reducing activity factor will cause a large spike 
which will occurs when the transistor switches from idle mode to full active mode. 
 A large fraction of power is dissipated by clock network, so entire portion of clock is turned OFF where 
possible. Interconnect switching capacitance is most effectively reduced through careful floor planning, placing 
communicating units near each other to reduce wire lengths. Voltage has a quadratic effect on dynamic power. 
Therefore, choosing a lower supply significantly reduces power consumption. As many transistors are operating 
in a velocity-saturated regime, the lower power supply may not reduce performance. Voltage can be adjusted 
based on operating mode; for example, laptop processor may operate at high voltage and high speed when 
plugged into an AC adapter, but at lower voltage and speed when on battery power. If the frequency and voltage 
scale down are in proportion, a cubic reduction in power is achieved .Frequency can also be traded for power. If 
the power supply is reduced, the frequency requirement is lowered; hence overall power consumption goes 
down.  
 Some tech-turned methods such as analog current source and pseudo-NMOS gates intentionally draw static 
power. They can be turned off when they are not needed.  Sub threshold leakage power is already a major 
problem for battery-powered design in the 180nm generation and will be growing exponentially as power 
supplies and threshold voltage are scaled down in future processes. In low-power battery-operated device, 
leakage specifications may be given at 40o C rather than 110o C because battery life is most important in the 
range of normal ambient temperature.   
 Another way to control leakage is through Reverse Body Bias(RBB)which can be applied during idle mode 
to reduce the leakage and through Forward Body Bias(FBB) which can be applied during active mode to 
increase performance. Threshold voltages vary from one die to another due to manufacturing variations. An 
Adaptive Body Bias (ABB) can compensate and achieve more uniform transistor performance despite the 
variation. The Body Bias should be kept to less than about 0.5V. Too much reverse body bias leads to greater 
junction leakage through a mechanism called band-to-band tunneling, while too much forward body bias leads 
to substantial current through the body to source diodes. Applying a body bias requires addition power supply 
rails to distribute the substrate and well voltage.  
 
1.3 Analysis of existing logic: 
 Efficient Charge – Recovery Logic (ECRL) proposed by Moon and Jeong [2], uses cross coupled PMOS 
transistors. It has the structure similar to Cascode Voltage Switch Logic (CVSL) with differential signaling. 
Efficient charge recovery logic consists of two cross couple PMOS transistors in the pull up section where the 
pull down section is constructed with a tree of NMOS transistors. The basic full adder in ECRL logic has been 
constructed as shown in Figure1. &Figure2.for sum and carry respectively. The capacitor operation can be 
explained by two phases: charging phase, discharging phase. During charging phase, the ½ Q which is drawn 
from the supply is stored in the capacitor. During discharging phase, in addition to the ½ Q dissipation ground 
connected capacitor will dissipate the stored charge in the form of heat. ECRL full adder circuit uses the 
complementary block to keep the circuit in the hold phase which prevents the circuit from discharging the 
energy into ground. This will reduce the power dissipation by recycling the power instead of dissipating to the 
ground. 
 
2.Proposed work: 
 Main goal of proposed work is to make the power dissipation less than the existing logic. Proposed work 
aimed to remove the complementary part which can reduce the area and to make the power dissipation less than 
the power dissipation calculated in the ECRL logic. The eminent recovery from the power dissipation is to 
recover the dissipated power back to the supply. Recovering the power [1] & [4] is named as “adiabatic”, means 
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a process occurring without any loss or heat emulsion. This technique tries to achieve zero power dissipation. 
Principle of proposed style is to recover the dissipated power from the load. 
 

 
Fig 1: ECRL Sum Circuit. 
 

 
Fig. 2: ECRL Carry Circuit. 
 
2.1 Design of recovery path:  
 The clock/supply represented as Ф in Figure 3 is divided into four phases. They are idle phase, evaluation 
phase, hold phase and restoration phase. When Ф = 0, Ф is in idle phase. When Ф increases from 0 to Vdd, Ф  is  
in  evaluation  phases, when Ф = Vdd, Ф is in the hold phase. At restoration phase, Ф decreases from Vdd to zero. 
Restriction is provided to the discharge of load capacitance which means that the dissipated power is recovered 
back to the input through a recovery network. This recovery path should not affect the logic of the function. Path 
should be turned ON, when the node Y is in logic 1. When the node Y is in logic 0, path should be turned off 
because current from the supply will make the logic 0 to logic 1. 
 

 
Fig. 3: Design of Recovery path. 
 
2.2 Application of proposed logic in various logic: 
 Various logic styles such as CVSL, Pipeline logic and Pseudo NMOS logic are taken for analysis. The 
proposed method is applied in all three logic and the comparative study has been made with Non-
Complementary Clocked Logic. 
 
 
 
2.3 Cascode Voltage Switch Logic (CVSL): 
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 Cascode Voltage switch logic (CVSL) belongs to class of differential-logic types. The idea is to use  a dual 
n-block instead of a dual p-block and a pair of cross-coupled PMOS transistors to compute the logic function 
and its complement. CVSL can be roughly as fast as dynamic logic and it dissipates almost as little static power 
as static CMOS. This logic uses both true and complementary input signals and computes both true and 
complementary outputs using a pair of NMOS pull-down networks. The pull-down network  f  implements the 
logic function as in a static CMOS gate, while f  uses inverted inputs feeding transistors arranged in the 
conduction complement. For any given input pattern, one of the pull-down networks will be ON and other will 
be OFF. The pull-down network that is ON will pull the output low. This low output turns ON the PMOS 
transistor to pull the opposite output high. When the opposite output rises, the other PMOS transistor turns OFF. 
So no static power dissipation occurs. Cascode Voltage Switch Logic is otherwise known as Differential   
Cascode Voltage Switch Logic(DCVS).CVSL has a potential speed advantage because all of the logic is 
performed with NMOS transistors, thus reducing the input capacitance. Complex gates can be implemented with 
lower transistor count. Certain clocked DCVS families have very low propagation delay for large complex 
gates.  Clocked DSCV styles often integrate both the sequential and combinational portions into a single 
complex gate. This style of logic is hence suitable for high-speed VLSI. Both true and complementary outputs 
are available. This makes completion of gate evaluation easy to detect. It is the reason which makes DCVS gates 
the logic family of choice for implementing self-timed circuits. 

 
Fig. 4: Design of Full Adder with recovery path. 

 
Fig. 5: CVSL circuit. 

 
Fig. 6: CVSL NAND/AND. 
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Fig. 7: Pipeline logic. 
 

 
 
Fig. 8: Simulation Of Circuit Diagram Of Full Adder using Non-Complementry Clocked Logic. 
 

 
 
Fig. 9: Iming Diagram of Full Adderusing Non-Complementry Clocked Logic. 
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Fig. 10: Schematic Diagram of Pseudo-NMOS Full Adder using NCCL. 
 

 
 
Fig. 11: Timing Diagram of Pseudo-NMOS Full Adder using NCCL. 
 

 
 
Fig. 12: Circuit diagram of PIPE Line Full adder using NCCL. 
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Fig. 13: Timing Diagram of PIPE Line Full adder using NCCL. 
 

 
 
Fig. 15: Timing Diagram of Cascode Voltage Switched Full adder using NCCL. 
 

 
 
Fig. 16: Schematic diagram of ALU unit with adder using NCCL Logic. 



152                  T. Thangam, et al 2015/ Advances in Natural and Applied Sciences. 9(17) Special 2015, Pages: 145-153 

2.4 Pipeline/parallel logic: 
 In an effort to improve the throughput of digital systems, designers have long turned to pipelining. In a 
pipelined system, a logic network is partitioned into pipeline stages, each of which operates upon data computed 
in the previous cycle by the previous pipeline stage. When a logic network is pipelined, synchronizing elements, 
either latches or registers, are inserted to partition the network into stages. Pipelining of a circuit into N stages 
can resulting speedup in throughput up to a factor of N. The inserted synchronizing elements increase the area 
and power consumption of the logic and add additional latency and cycle time overhead. 
NAND gate 

RESULTS AND DISCUSSION 
 
 In an Adder, the dissipated power is 0.716mW using ECRL logic which is get minimized to 03mW with the 
help of NCCL logic. The reduction in power is mainly due to additional feedback element used in the proposed 
method. So the power gets minimized by 22.65%. Different logic has taken such as Pipeline, CVSL logic and 
Pseudo NMOS logic and their performance parameters are compared with NCCL logic in Table 1&Table2. 
 
Conclusion: 
 This article uses the Non-Complementary Clocked Logic for the design of  an Arithmetic Circuit . The 
proposed logic can save the power up to 80%. Performance of the proposed logic is analyzed by applying it in 
other logics. Power dissipation in the traditional methods is higher compared with the non-complementary 
clocked logic. When this logic is applied in other traditional methods, dissipation is further more reduced to a 
considerable extent. For the testing proposed logic, each functions of ALU is designed using the Non 
Complementary Clocked Logic to reduce the overall power dissipation.     
 

 
 
Fig.17: Timing Diagram of Arithmetic LogicUnit using NCCL. 
 

 
Fig. 18: Graph showing Power for different logic with and without NCCL. 
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Fig. 19: Graph showing area for different logic with and without NCCL. 
 
Table 1: Comparison of Area and Power of different types of adder using NCCL logic. 

ADDER DESIGN METHOD  POWER (mW)  WIDTH(µm) HEIGHT(µm) AREA(µm) 
PIPE Line Logic  0.018  62 12 744 

PIPE  Line Logic using NCCL  0.006  65 12 780 
CVSL Logic  0.72  56 13 728 

CVSL Logic using NCCL  0.112  61 13 790 
PSEUDO NMOS Logic  0.74  45 14 630 

PSEUDO NMOS Logic using NCCL  0.0316  48 14 672 
 
Table 2: Comparison Chart for ALU design. 

ALU with different logic Power (mW) Area(µm) 
ALU with ECRL logic 0.716 728 
ALU with NCCL logic 0.000316 620 

 
Future Scope: 
 By designing recovery path using suitable element, power dissipation may be reduced further. Since the 
complementary logic needs the additional active element, it increases the area by 8% compared to other power 
reduction logic. So it is aimed to find suitable solution for further area reduction.  
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