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Abstract – In this paper, a low leakage power and area 

optimize CMOS logic is design and simulated without giving 

up its performance. The methodology is base on series 

connected MOSFET called as stack transistor technique. 

Abstractly, the reduce size series connected MOS transistor 

with gate terminal is connected with each other behaves line a 

single gate input transistor.  

In this paper, a CMOS layout is design and simulated in a 

deep submicron technology with significant reductions in 

power, leakage, and area of the hybrid circuits when 

compared with the conventional design. 
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I. INTRODUCTION 
 

This work presents a comprehensive study on the 

influences of parasitic elements on the MOSFET switching 

performance. A circuit-level analytical model that takes 

MOSFET parasitic capacitances, pn junctions, resistances, 

and reverse current of the diode into consideration is given 

to evaluate the MOSFET switching characteristics. This 

work we analyze the parametric estimation for MOSFET 

switching delay, leakage current reduction, power 

dissipation and variation of temperature effects due to the 

parasitic devices. One solution to the problem of ever-

increasing leakage is to force a non-stack device to a stack 

of two devices without affecting the input load. 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 delayed penalty, similar to replacing a low- Vt 

device with a high-Vt device in a dual-Vt design. Due to a 

stacking of devices, the drive current of a forced-stack gate 

will be lower resulting in increased delay.  

A MOS transistor in the circuit is divided and stacked into 

two half -width size transistors. When two half size stacked 

MOS transistors are turned off together, induce reverse bias 

between them results in the reduction of the sub-threshold 

leakage power. However, increase in the number of 

transistors increases the overall propagation delay of the 

circuit.  
 

II. LEAKAGE POWER DISSIPATION 
 

One of the main reasons causing the leakage power 

increase is an increase of sub-threshold leakage power. The 

Sub-threshold conduction or the sub-threshold leakage or 

the sub-threshold drain current is the current that flows 

between the source and drain of a MOSFET when the 

transistor is in sub-threshold region, or weak-inversion 

region, that is, for gate - to - source voltages below the thre- 

-shold voltage. 

1. Leakage Power Source: 

Sub-threshold 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 

reverse biased pn junction, the transistor conducts even in 

weak inversion region below the threshold voltage of the 

MOS transistor.  

There are four main sources of leakage current in a 

CMOS transistor :  

1. Junction Leakage (I1): The junction leakage occurs from 

the source or drains to the substrate through the reverse 

biased diodes when a transistor is OFF. A reverse-biased pn 

junction leakage has two main components: one is minority 

carrier diffusion/drift near the edge of the depletion region; 

the other is due to electron-hole pair generation in the 

depletion region of the reverse-biased junction. 

2. Gate-Induced Drain Leakage (I3): The gate induced drain 

leakage (GIDL) is caused by high field effect in the drain 

junction of MOS transistors. For an NMOS transistor with 

a grounded gate and drain potential at VDD, significant 

band bending in the drain allows electron-hole pair 

generation through avalanche multiplication and band-to-

band tunneling. A deep depletion condition is created since 

the holes are rapidly swept out to the substrate. At the same 

time, electrons are collected by the drain, resulting in GIDL 

current.  

3. Gate Direct Tunnelling Leakage (I2): This current results 

from the tunnelling of electrons into the conduction band of 

the oxide layer under a high applied an electric field across 

the oxide layer. This direct tunnelling current increases 

exponentially with the gate oxide thickness and supply 

voltage. 

4. Subthreshold Leakage (I4): The sub-threshold leakage is 

the drain-source current of a transistor I.e. channel punch-

through current. 

Increasing the threshold voltage of a transistor reduces 

the leakage current exponentially, but it has a marginal 

effect on the dynamic power dissipation. On the other hand, 

reducing the width of a transistor reduces both leakage and 

dynamic power, but at a linear rate only. 

2. Stack Technique: 

In this technique NMOS and PMOS transistors can be 

added in series with gates to increase the stack effect, it will 

increase the resistance between the supply and ground. 

Therefore, the leakage of the logic gate is reduced. A MOS 

transistor in the circuit is divided and stacked into two half 

-width size transistors. When two half size stacked MOS 

transistors are turned off together, induce reverse bias 

between them results in the reduction of the sub-threshold 
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leakage power. However, increase in the number of 

transistors increases the overall propagation delay of the 

circuit. When a stack of two or more transistors are turned 

off, the time required for voltages and currents to settle to 

quiescent levels is large and can vary over a wide range. 

 
Fig. 1. Stack Technique series connected half channel 

width MOSFET. 

 

III. DELAY IN SERIES CONNECTED MOSFET 
 

The saturated current flow through the MOSFET is 

denoted by : 

Ids = uCox W/L { Vgs – Vt)2 / 2 

This current charge s the output load capacitor and its 

magnitude are constant. 

The output voltage at load capacitor is  

Vout = Ids t / CL 

Substituting this current to the output voltage, we get, 

 t = 2 CL Vout / uCox W/L { Vgs – Vt)2 

For the charging of load capacitor the Vgs = 0.75Vdd, Vt 

=1.5Vdd, Vout= Vdd, thus 

 t = 3 CL / uCox W/L Vdd 

This is the charging time of MOSFET. 

 Similarly for the discharging of load capacitor the Vgs = 

0Vdd, Vt =1.5Vdd, Vout= 0.1Vdd, thus 

 t = 0.3 CL / uCox W/L Vdd 

This is the discharging time of MOSFET. 

Where, 

T is switching time 

CL : Output capacitive load 

U is mobility of charge carrier 

Cox Is oxide capacitance 

W is MOSFET channel width 

L is MOSFET channel Length 

Vdd is the supply voltage. 

 

The gain and switching delay of single MOSFET is B and 

t respectively. If two or more MOSFET are series 

connected, as done in our propose work the channel length 

will increase. For example, if n number of MOSFETs are 

connected in series then the MOS transistor gain is  

 Bseries = uCox W/nL  

 i.e Bseries = B /n 

Thus the delay is estimated as: 

 tseries = 3 CL / uCox W/nL Vdd 

 tseries = nt 

Thus the delay in series connected MOSFET is increase 

by the factor of number of transistors. This is the major 

drawback of series connected MOSFET. Thus to improve 

the speed of MOSFET in stack transistor technique we will 

improve the W/l ratio. 

IV. MOS LAYOUT DESIGN OF STACK TRANSISTOR 

TECHNIQUE 

 
Fig. 2. Schematic Logic circuit for Edge Triggered Flip 

Flop 

 

 
Fig. 3. Timing Simulation of Edge Triggered Flip flop. 

 

 
Fig. 2. CMOS Layout Design for Cross Connected NAND 

Base Flip Flop with Stack Transistor. 
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Fig. 3. Timing Simulation for Cross Connected NAND 

Base Flip Flop with Stack Transistor. 

 

 
Fig. 4. CMOS Layout Design for Cross Connected NAND 

Logic with Variable Threshold using Body Bias Effect. 

 

 
Fig. 5. Timing Simulation of Cross Connected NAND 

Logic with Variable Threshold using Body Bias Effect. 

 

V. CONCLUSION 
 

This work reviewed circuit optimization design 

techniques for controlling the OFF current of CMOS 

circuits in both standby and active modes of circuit 

operation. The sub-threshold leakage control techniques 

that do not adversely affect the circuit performance and 

layout cost. This is especially important in light of both 

statistical process parameter variations and their impact on 

leakage currents. 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 delayed penalty, similar to 

replacing a low- Vt device with a high-Vt device in a dual-

Vt design. 
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