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Abstract – This work is base on adiabatic power dissipation 

technique for dynamic power dissipation reduction using 
deep submicron i.e., 50nm CMOS technology. The timing 
simulation and power dissipation analysis is done on 
MICROWIND layout simulator tool. The comparative 
analysis with related work shows that the area require for 
design at 90nm technology  is reduce up to 63% and the 
power dissipation is reduce up to 93.4%.  That of for 50nm 
technology, area is reduce up to 52% and power up to 96.8%. 
Adiabatic switching method is use to suppress the dynamic 
power dissipation in CMOS circuits. This power dissipation 
is mainly cause during the time of output capacitive  load 
charging and discharging time i.e., during the rise and fall 
time. The adiabatic technique uses the charge recovery 
concept.  The current flow from supply voltage either Vdd or 
ground to output load capacitor is controlled in a way that 
the energy dissipation during the rise  time or fall time and 
output load capacitor dissipation is reduced.  
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I.  INTRODUCTION  
 

Compared to static CMOS, the dual-rail adiabatic gate 
perform both direct and complemented form output logic 
circuit. Dual-rail gates offer inverted outputs is generated 
without additional inverter gates, saving inverters in larger 
designs. Speaking about latency, Adiabatic Logic systems 
rise in latency the more gates are cascaded. Dual-rail 
signalling allows skipping inverter stages and so 
decreasing the number of cascaded gates, and thus allows 
decreasing the energy consumption and the latency in 
adiabatic systems. 

The time required to charge the output load capacitor of 
CMOS circuit from 10% to 90% of its steady state value 
(Vdd) is called as rise time whereas the time required 1to 
discharge the output load capacitor of CMOS circuit from 
90% to 90% of its steady state value (Vdd) is called as fall 
time. There is tree types of power dissipates in CMOS 
circuit, these are static power dissipation, dynamic power 
dissipation and short circuit power dissipation. The static 
power dissipates due to the leakage current in parasitic pn 
junction is MOSFET. The dynamic power dissipates 
through output load capacitor during the charging and 
discharging time. The short circuits power dissipates when 
both NMOS and PMOS transistors turn on for some time 
when the input voltage is at intermediate stage [6]. 

 

II.  ADIABATIC SWITCHING  

When the pmos transistor turn ON with the negate gate 
voltage the supply voltage Vdd will charge the output load 

capacitor. The energy is stored in output load capacitor 
during this rise time is recycled instead of it is dissipated 
in the form of heat. This can be possible by using non 
standard i.e., variable Voltage source in the supply node. 
The CMOS circuit can be model as a R C network shown 
below. 

 
Fig. 1. The Charging Phase of output Load Capacitor 

modelled by CMOS as RC circuit 
 

Power dissipation is defined as the tempo of power 
delivered from source to organization or device. In recent 
times Power rakishness is flattering a significant limitation 
in a design. The methodologies which are used to 
accomplish low power consumption in digital systems 
span an extensive variety from device method level to 
algorithm level. Device characteristics, device geometries 
and interconnect properties are noteworthy factors in 
declining power consumption [6]. 

In conformist level restoring CMOS logic circuits by 
means of rail to rail output voltage swing every switching 
event causes an energy transfer from the power supply 
source to the output node or from the output node to the 
ground. During a transition of the output from initial to 
supply source 0-to-VDD, the total yield charge Q = Cload 
VDD is strained from the power supply at a constant 
voltage. Therefore an energy of Esupply= Cload VDD

2 is 
drawn from the power supply throughout this transition. 
Charging the output node capacitance to the voltage VDD 
means that at the closing stages of the evolution, the sum 
of stored energy at the output node is Estored= Cload VDD

2 / 
2. Consequently half of the inserted energy from the 
power supply is dissipated in the PMOS network whereas 
only one half is delivered to the output node. For the 
duration of an ensuing VDD-to-0 transition of the output 
node where no charge is haggard from the power supply 
and the stored energy in the load capacitance is dissipates 
in the NMOS network. The adiabatic logic organization 
radically reduces the power dissipation. Adiabatic logic 
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offers a mode to use again the stored energy in the load 
capacitors slightly than the conventional means of 
discharging the load capacitors to the ground and slaying 
this energy [1,2,5]. 
Design Flow 

The design flow includes following steps 
• Behavioural or Functional Description 
• Schematic Logic 
• Technology Mapping 
• Logic Synthesis 
• Gate Description 
• Layout Design 
• Circuit Extraction 
• Test Pattern Generation 

 
Fig. 2. Design Flow 

 
Functional explanation is at first studied and the 

structural design of the digital IC circuit to be designed. 
Behavioural account is then created to analyze the design 
in terms of functionality performance compliance to given 
standards and other specifications. RTL portrayal is done 
using Microwind layout editor tool. This layout portrayal 
is replicated to test functionality. From here onwards work 
requires the help of layout simulator tools. A gate level 
layout is a account of the circuit in terms of gates and 
connections between them which are completed in such a 
way that they convene the timing the power and area 
stipulation. Ultimately a physical layout is made which 
will be confirmed and then sent to fabrication. 

The typical design flow for the design of mask layout is 
shown if fig 5.1. The physical mask layout design of 
CMOS logic practice begin with the circuit topology to 
understand the needed logic function and the preliminary 
sizing of the transistor at the base of number of devices 
and the span of interconnection. A straightforward unwell 
diagram can be drawn viewing the location of the 
transistor the local interconnection flanked by the 
transistor and the location of contacts.  After that a 
practicable mask layout is drawn using layout editor tool 
according to the layout design rule. Following the final 
design rule check a circuit extraction process to determine 
the real transistor size. The layout alteration is regularly 

determined on the width to length ratios of transistor since 
it establishes the transistor size device transconductance 
and parasitic capacitances [1,2,5]. 
Adiabatic Supply 

The adiabatic power supply requires an efficient energy 
recovery design which implies quality factor Q of the 
power supply to be very elevated. Not only the Q should 
be high but it should be comparative to the cycle time so 
that the power dissipation in the power supply should also 
decrease with the frequency. Or else dissipation in the 
power supply itself will control the logic circuit 
dissipation at subordinate frequencies. Largely preferable 
technique is the use of sinusoidal voltage supply because 
of its effortlessness to design as compared to unadulterated 
trapezoidal wave. The steady current charging necessary 
can be approximated using a sinusoidal power supply 
[3,4]. 
 

III. CMOS  LAYOUT DESIGN 
 

 
Fig. 3. CMOS layout for Adiabatic single rail decoder 

Logic 
 

Fig. 3 shows the CMOS layout design of single rail 
array decoder with four AND logic gates and two inverter 
gates.  The overall area of layout is 7X8.5 µm2  . A single 
rail non standart DC supply is applied on the power rail of 
design. This layout is design with 14 NMOS and 14 
PMOS transistors. The channel length of NMOS transitor 
is 0.1 to 0.15µm and that of width is 0.15 to 0.3µm. 
 

 
Fig. 4. Timing Simulation of Adiabatic single rail decoder 

Logic 
 
Fig. 4. shows the Timing Simulation of Adiabatic single 

rail decoder Logic. The spikes in otput rail of decoder 
logic is due to the non standard power supply rail circuit. 
The power cosuption of this single rail adiabatic logic is 
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0.177 µW which is less than the CMOS circuit base 
decoderlogic with stanadard DC supply.   
 

 
Fig. 5. Adiabatic Supply Connected to CMOS layot of full 

Adder circuit 
 
The Fig. 5 shows the adiabatic full adder circuit with 

single rail supply. The circuit is design with 25 NMOS and 
25 PMOS transistors. The avarage power dissipation is 
0.177µW. The channel length of NMOS is 0.5 to 0.7µm 
and that of channel width is 0.1 to 0.3µm. The total area of 
design is 8.75µmX4.75µm i.e. 41.56µm2.   
 

 
Fig. 6. Timing simulation of Adiabatic Supply Connected 

to CMOS layot of full Adder circuit 
 

Fig. 6 shows the Timing simulation of Adiabatic Supply 
Connected to CMOS layot of full Adder circuit. The 
output terminal ‘sum’ and ‘carry’ shows the ripple at 
output level. The avarage power dissipation shown on 
timing simulation waveform on 20nm scale is 0.177µW. 
 

 
Fig. 7. CMOS Layout for dual Rail  Full adder with ripple 

free sum and carry output 

Fig. 7 shows the timing simulation of dual Rail  Full 
adder with ripple free sum and carry output. The inverter 
logic is connected across the output terminal of dual rail 
adiabatic full adder circuit. He average area computed is  
10 µm X 5.25 µm i.e. 52.5µm2 

 

 
Fig. 8. Timing Simulation of dual Rail  Full adder with 

ripple free sum and carry output 
 

Fig. 8 shows the Timing Simulation of dual Rail  Full 
adder with ripple free sum and carry output. The average 
power dissipation is 0.610uW. 
 

Table I: Parametric Analysis 
Module Technology Area 

(µm2) 
Pavg 
(µW) 

Decoder 50nm 59.5 0.671 
Single Rail Decoder 50nm 64.75 0.177 
Dual rail Decoder 50nm 59.06 0.353 
Dual rail Decoder ripple free 50nm 70 0.385 
Full Adder 50nm 41.56 1.634 
Single rail Full Adder 50nm 41.56 0.177 
Dual rail Full Adder 50nm 41.56 0.354 
Dual rail Full Adder ripple 
free 

50nm 52.5 0.610 

 
IV. CONCLUSION  

 
The adiabatic power supply requires an efficient energy 

recovery design which involves quality factor Q of the 
power supply to be very high. The Q should be high and  it 
should be proportional to the charging or discharging time 
so that the energy dissipation in the power supply should 
also reduces with the frequency. Otherwise, dissipation in 
the power supply will dominate the logic circuit 
dissipation at lower frequencies. Mostly preferable 
technique  in adiabatic switching method is to use 
sinusoidal voltage supply because of its ease to design as 
compared to the pure trapezoidal wave. The comparative 
analysis with related work shows that the area require for 
design at 90nm technology  is reduce up to 63% and the 
power dissipation is reduce up to 93.4%.  That of for 50nm 
technology, area is reduce up to 52% and power up to 
96.8%.  
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