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Abstract – As MOSFET dimensions shrink to the 

nanometre scale, the leakage power and negative-bias 

temperature instability (NBTI) become a challenging issue. 

Leakage power can be decrease by  Stack transistor, Sleep 

transistor and transmission gate base techniques. Sleep 

transistor technique provided lesser static power dissipation 

and lesser static power delay product in comparison with the 

other techniques.  It has been shown previously that the 

stacking of two off transistors has significantly reduced sub-

threshold leakage compared to a single off transistor.  In this 

work a stack transistor technique using two series connected 

stack is use to design the digital circuit. But it has a delay 

penalty. The static and dynamic power of stack is 

considerably low. But it has a delay penalty and its area 

requirement is maximum compared with other processes. 

This can be overcome by using stack transistors of half size. 

Our goal is to trade off between these limitations and thus 

propose new methods which reduce both leakage and 

dynamic power with minimum possible area and delay trade 

off. 
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INTRODUCTION 
 

As MOSFET dimensions shrink to the nanometre scale, 

the leakage power and negative-bias temperature 

instability (NBTI) become a challenging issue. When the 

gate voltage of MOSFET is negatively biased then due to 

NBTI variation in threshold voltage  will vary transistor 

delay. The input vector control method base on the input 

state is commonly use method to reduce leakage and NBTI 

effect [1]. Gate replacement technique is use by using an 

extra gate which has same functionality when circuit is in 

active mode and reduce the leakage current and NBTI 

when circuit is in standby mode [4].  

Leakage power can be reduce by Stack i.e. series 

connected half size transistors, Sleep and transmission 

gate base techniques [1]. 

In this work we simulate the parametric analysis for 

MOSFET switching delay, leakage power reduction, and 

negative bias temperature effects due to the process 

variations.  

When the gate is active the channel form between drain 

and source terminal, via a resistive path and enable mA 

range current to flow. The standby leakage may be made 

significantly smaller than the active leakage by changing 

the body bias conditions or by power-gating. For this the 

voltage scaling is the effective approach to reduce this 

power dissipation. But this voltage scaling also reduces the 

switching speed of the circuit, since the switching time is 

inversely proportional to supply voltage. To deal with this, 

systems may exploit dynamic voltage scaling to allow the 

lowest VDD necessary to meet the circuit speed 

requirements while saving the energy used for the 

computation. 

 

LEAKAGE POWER IN MOSFET 
 

When a transistor is logically turned off, non-zero 

leakage current flows through the channel due to the 

parasitic pn junction. This happens when the gate voltage 

is below the threshold voltage. Hence, this leakage current 

is known as subthreshold leakage. When the operating 

voltage is reduced, the threshold voltage must be reduced 

to compensate for the increase in delay. Reduction in 

threshold voltage drastically increases subthreshold 

leakage.  Subthreshold leakage current is the most 

dominant component of leakage current (power) in short 

channel MOS transistors. This leakage current is caused 

by the inability to completely turn off a MOS transistor. 

Due to the reversely biased pn junction the transistor 

conducts even in weak inversion region below the 

threshold voltage of the MOS transistor. When the gate to 

source voltage of N channel MOSFET is reduces below 

the threshold voltage, the transistor enters in weak 

inversion region. During this operation the transistor 

conducts due to reversely biased pn junctions which cause 

the leakage current to flow. The leakage current in 

MOSFET is cause due to junction leakage form source or 

drain to the substrate, gate induce drain leakage due to 

high electric field effect in the drain junction, gate 

tunnelling leakage due to entering of conduction electron 

in oxide layer under high electric field and depends on the 

supply voltage and oxide thickness, and subthreshod 

leakage also called as channel punch through current 

which is cause by reversely biased pn junction between 

drain source channel region.  

In MOSFET the total power dissipation is 

     Ptotal = Dynamic + Pstatic 

Dynamic Power : 

     Pdynamic = Pswitching + Pshortcircuit 

Static Power: 

     Pstatic = (Isub + Igate + Ijunct )  

In this paper we work on subthreshold leakage power 

dissipation in MOSFET. The variation in threshold voltage 

affects the current in MOSFET. Minor increase in 

threshold voltage will reduce the leakage current 

exponentially, but it has a minor effect on the dynamic 

power dissipation. Also variation in dimension of 

MOSFET i.e reducing the width of a transistor reduces 

both leakage and dynamic power, but at a linear rate only. 
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POWER AND DELAY 

 

The power dissipation in MOS transistor is dynamic 

power and leakage power. The dynamic power is cause 

due to switching power when gate charges its output load 

capacitance and short-circuit power when a pull-up 

network and a pull-down network areON together for an 

instant while transistors are turning on and off. The 

dynamic power dissipation in MOSFET depends on the CL 

load capacitance of a CMOS gate, Vdd the supply voltage 

and f clock frequency.  

Pd = f C Vdd2 

If the Vdd is small, then the Pswitching is small but it 

increases the Time delay of the gate. 

Tswitching = k C / BVdd 

The equation above show that lowering Vdd can reduce 

the switching power but it increases the delay time. The 

above equation shows that lowering Vdd decreases CMOS 

switching power consumption quadratically. 

 

LEAKAGE POWER REDUCTION TECHNIQUE 

TRANSMISSION GATE BASED TECHNIQUE 
 

As shown in fig1 consider the output of NAND 1 and 

NAND 2 are on the critical path, whereas output NAND 3 

are not. When the circuit operates in the standby mode, 

consider the output value of NAND 1 is zero, which 

causing stress on NAND 2 and increasing the delay. To 

reduce this stress one transmission gate is inserted 

between NAND 1 and NAND 2. The output after 

transmission gate becomes 1when the sleep signal is 

1reducing the delay degradation. Simultaneously, goutput 

NAND 3 connects to the NAND 1,s output, which has a 

signal of zero, reducing leakage power. 

 
Fig.1. Cascaded NAND circuit 

 

 
Fig.2. Inserted TG gates to reduce leakage and NBTI 

The insertion of transmission gate in path introduces 

additional delay but it is tolerable as compare to the delay 

and leakage power cause by degradation. 

 

SLEEP TRANSISTOR TECHNIQUE 
 

The high threshold voltage transistor are place between 

the supply voltage, VDD and the pullup network  and a 

sleep nMOS transistor is placed between the pull down 

network and the ground, GND in sleep transistor 

technique.  These transistor turn on when circuit operates 

in active mode and work like static CMOS circuit while in 

standby mode this technique decreases the subthreshold 

leakage power by disconnecting the logic circuitry from 

the supply rails.  

 
Fig.3. Sleep transistor technique 

 

These sleep transistors are driven by sleep signals.  

Using this technique the present state of the circuit is lost 

and thus results in destruction of the present logic state. 

 

STACK TRANSISTOR TECHNIQUE 
 

The operation of  two half size transistors are connected 

in series with common input are similar to the single full 

size transistor. This series connected transistors are called 

as stacking significantly reduces sub-threshold leakage 

compared to a single full size transistor. Stacking will 

increase the resistance between the supply and ground 

which induce reverse bias between them results in the 

reduction of the subthreshold leakage power [4]. 

 
Fig.4. Stack Technique series connected half channel 

width MOSFET. 

 

The two MOSFETs are designed to have the same 

characteristics. With the reverse gate input voltage 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

305 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 2, ISSN: 2277 – 5668 

transistors turn off and there OFF resistance is effectively 

infinite; With forward gate input voltage transistor turn 

ON, their on resistance will reduce. Since the gate is 

basically an open circuit i.e it draws no current and the 

output voltage will be equal to either „0‟ or to the „1‟, 

depending on either pull up or pull down network is turn 

on.  

 
Fig.5. CMOS layout of CMOS layout of sleep transistor 

NAND logic circuit. 

 
Fig.6. Timing Simulation of CMOS layout of CMOS 

layout of sleep transistor NAND logic circuit. 

 

 
Fig.7. CMOS layout of Stack transistor NAND logic 

circuit. 

 

 
Fig.8. Timing Simulation of CMOS layout of Stack 

transistor NAND logic circuit. 

 

 
Fig.9. CMOS layout of transmission gate base NAND 

circuit. 

 

 
Fig.10 Timing Simulation of CMOS layout of 

transmission gate base NAND circuit. 
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Table 1: Static and Dynamic Power consumption for NAND CMOS circuit. 

Circuit Static Power Dynamic Power 

 Input “00” Input “01” Input “10” Input “11”  

Static CMOS  Method 0.065uW 0.335uW 0.169uW 0.034uW 1.7uW 

Sleep transistor Method 0.9uW 0.94uW 1.1uW 0.9uW 1.3 to 1.6uW 

Stack Transistor method 0.163uW 0.007uW 0.007uW 0.013uW 0.7 to 0.9uW 

TG method 0.21uW 0.21uW 0.03uW 0.21uW 0.5 to 0.6uW 

 

Table 1 shows the leakage power consumption of Static 

and Dynamic Power consumption for NAND CMOS 

circuit. The leakage power of stack transistor is calculated 

in the range of0.007uW to 0.9uW while that of static 

CMOS base NAND logic it is in the range of 0.065uW to 

0.335uW. 

 

CONCLUSION 
 

The total leakage current is the function of inputs, thus 

we model the leakage current for each input states. A stack 

transistor base layout for full adder circuit is design which 

reduces the leakage current. The stacking of two off 

devices has significantly reduced sub-threshold leakage 

compared to a single off device. Logic gates after stack 

forcing will reduce leakage power, but incur a delay 

penalty, similar to replacing a low- Vt device with a high-

Vt device in a dual-Vt design. 
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