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Abstract 
Due to the growing impact of subthreshold and gate leakage, static leakage is contributing more and more towards the power 
dissipation in deep submicron Nano CMOS  technology. There have been many works on subthreshold leakage and techniques to 
reduce it, such as controlling the input vector to the circuit in standby mode, forcing stack and body bias control. In this tutorial 
paper we have reviewed the leakage current with change in drain source, gate and bulk voltages for 4 different submicron 
technologies using the latest PTM models. Simulation result shows the effect of gate leakage and subthreshold leakage in total 
leakage current for different input vectors for a stack of 3 Nano technology NMOS transistors. 
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1. INTRODUCTION 
With the continuous scaling of CMOS devices, leakage current is becoming a major contribution to the total power 
consumption. In current deep-submicrometer devices with threshold voltages, subthreshold and gate leakage have become 
dominant sources of leakage [1][2]. One of the most challenging aspects of today’s CMOS VLSI circuits is standby power 
dissipation. Feature size reduction has made the effects of leakage currents more pronounced. This becomes more 
complicated in sub 100nm technologies with not only subthreshold leakage but also with the gate oxide [3]. 
 
This paper shows the minimum input vector for Subthreshold leakage, Gate leakage and total leakage current and the 
effect of adding stack transistor to a NMOS transistor for the reduction of gate leakage to total leakage ratio in nano-scale 
CMOS circuit. We use an approach which takes an advantage of the natural leakage behavior in stacks of MOS 
transistors[5] to reduce sleep mode leakage while avoiding active mode performance loss. We first identify a circuit input 
vector that will put most of the circuit into a low leakage state[6]. In general, the low leakage state occurs when most of 
the MOS transistors are turned off in each leakage path which depends on the input vector [7].     
 
2.Stack Effect 
Subthreshold current depends exponentially on VT, VDS  and VGS [1]. Therefore it is a function of the terminal voltages, 
VD,VB,VS and VG. This means that to know subthreshold leakage of a device the biasing condition should be known or by 
controlling the terminal voltages the subthreshold leakage can be controlled. 
 
Input pattern of each gate affects the subthreshold as well as gate leakage current. The leakage of transistors in a stack is 
a function of no. of transistors and input pattern. 
 
Source biasing is the general term for several techniques that change the voltage at the source of a transistor. The goal is 
to reduce VGS, which has the effect of exponentially reducing the subthreshold current. Another result of raising the 
source is that it also reduces VBS, resulting in a slightly higher threshold voltage due to the body effect. Circuits that 
directly manipulate the source voltage are rare, and those that exist usually use switched source impedance or a self-
reversed biasing technique Probably the simplest example of source biasing occurs when “off” transistors are stacked in 
series. Conceptually, the source voltage of the upper transistor will be a little higher than the source voltage of the lower 
transistors in the stack. Hence VGS of upper transistor is negative, VBS is negative resulting in increase in threshold 
voltage and VDS is also lower. Due to this, the leakage of upper transistor reduces [6][7]. This reduction is called stack 
effect. But this reduction in leakage comes at an increase in delay performance. The reduction in leakage due to stack 
effect can lead to increase in delay and hence can be used in situations where this delay can be tolerated or by using gates 
with natural stack [4]. 
 
The stack behavior is observed with the four predictive technologies using models such as 130nm, 90nm, 65nm and 45nm 
for a stack of 3 transistors. 
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                                                Fig.1 Stack of 3 NMOS transistors M1, M2 and M3  
 
Input vector vs. leakage currents in 130nm, 90nm, 65nm, 45nm technologies using a stack of 3 NMOS transistors 
(models used: PTM v1.0) (Toxe (130) = 2.2.5nm; Toxe(90)=2.05nm  ;Toxe(65)=1.85nm ;Toxe (45) =1.75nm)  are shown 
in figure 2, 3 and 4. 

 
Fig.2 Comparison of Subthreshold leakage current of Nanotechnology NMOS stack for different input vectors. 

 

 
Fig.3Comparison of Gate leakage current of Nano technology NMOS stack for different input vectors. 

 
Fig.4 Comparison of Total leakage current of Nano technology  NMOS stack  for different input vectors. 
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3. Simulation Results     
                                                                                         

TABLE I (A): LEAKAGE ANALYSIS OF A 3 NMOS NANO TRANSISTOR STACK 

 
TABLE I (B):  LEAKAGE ANALYSIS OF A 3 NMOS NANOTRANSISTOR STACK 

 
 
Following table shows the subthreshold, gate and total   leakage   current  variation  for  different  minimum input vectors 
applied to stack of four NMOS transistor. 
        The behavior of subthreshold leakage and Gate leakage for different input vectors in different condition are 
discussed as follows: 

CASE I: Subthreshold leakage is dominant than gate leakage (130nm) 

a) Subthreshold is observed to be the lowest in the case when maximum no. of transistors are off. As shown in Fig. 2, for 
a stack of 3 transistors: Minimum input vector is “000”. 

b) Gate leakage is observed to be the lowest when all transistors in the stack except the one connected to ground are ON. 
As shown in Fig. 3, for a stack of 3 transistors: Minimum input vector is “110” but subthreshold leakage increases 
substantially. 

CASE II: Gate leakage is dominant than subthreshold leakage (90nm, 65nm, 45nm) 

a) Subthreshold is observed to be the lowest when one or more of the intermediate transistors (i.e. with drain and source 
both connected to the intermediate nodes of the stack) which are not connected to ground through another conducting 
transistor are ON. This is due to the fact that  gate leakage current charges the intermediate node voltage and hence leads 
to reduction in subthreshold leakage current and gate leakage current. As shown in Fig 1, for a stack of 3 transistors, the 
minimum input vector is “010”. 

b) Gate leakage is observed to be the lowest when all transistors except the one connected to ground are on. As shown in 
Fig. 2, considering the gate leakage minimum input vector is “110” but subthreshold increases substantially as it is 
dependent on the no of  ‘ON’ transistors in the stack 

c) The total leakage (subthreshold leakage + gate leakage) is reduced when the input vector is “100”.Gate leakage is 
minimum with the input vector “110” but the reduction is only slightly less than that obtained by “100”.On the other 
hand the subthreshold which depends on the number of ‘ON’ transistors increases substantially with “110” and offsets the 
reduction in gate leakage. Hence considering 
this, input vector “100” which reduces gate leakage without significantly increasing the subthreshold current is found to 
be the best solution for reduction in total leakage. As shown in Fig. 4, applying input vector “100” for a three transistors 
stack reduces leakage as this combination reduces gate leakage and subthreshold leakage. 
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4. CONCLUSION 
This paper analyzes the growing impact of leakage power in submicron technologies. It focuses on two important leakage 
mechanisms in scaled technologies. There have been many works on subthreshold leakage and techniques to reduce it. 
But as Tox is scaled down below 2nm in the new generation technologies, both the leakages, gate leakage and 
subthreshold leakage have to be addressed together. The leakage currents are therefore analyzed considering their effects 
on the two leakage mechanisms.  
Circuit level techniques incorporated requiring support from technology and process level techniques can be more 
effective in reducing leakage. There cannot be a single technique that will guarantee the best leakage power reduction. 
There are delay and area overheads and also the cost of minimum leakage vector application depends on the previous 
state of the circuit and time for which it will remain in standby mode. Hence the future work can be collaborating the 
circuit level techniques with technology dependent circuit level techniques and process level techniques. 
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