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Abstract:- In deep submicron technologies, leakage power 
becomes a key for a low power design due to its ever increasing 
proportion in chip’s total power consumption. Power dissipation 
is an important consideration in the design of CMOS VLSI 
circuits. High power consumption leads to reduction in battery 
life in case of battery powered applications and affects reliability 
packaging and cooling costs. We propose a technique called 
Variable Body Biasing for designing CMOS gates which 
significantly cuts down the leakage current without increasing the 
dynamic power dissipation. Variable Body Biasing is a technique 
to tackle the leakage problem in CMOS circuits, uses single 
additional leakage control transistor, driven by the output from 
the pull up and pull down networks, which is placed in a path 
from pull down network to ground which provides the additional 
resistance thereby reducing the leakage current in the path from 
supply to ground. The main advantage as compared to other 
techniques is that Variable Body Biasing technique does not 
require any additional control and monitoring circuitry, thereby 
limits the area and also decreases the power dissipation in active 
state. Along with this, the other advantage with Variable Body 
Biasing technique is that it reduces the leakage power which is 
more efficient in aspects of area and power dissipation compared 
to other leakage power reduction techniques. 
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I. INTRODUCTION 

To reduce the leakage current in the sleep mode we ensured 
that the body to source voltage of the sleep transistor is 
increased. To do that we added a PMOS(M2) and a NMOS 
(M5) in the previously discussed sleepy keeper circuit. 
During sleep mode PMOS (M2) is OFF so the body to source 
voltage of the pull up PMOS (M1) is higher than in the 
active mode. For a turned off single transistor leakage 
current (Isub0) can be expressed as follows: 

Isub0  = A𝑒𝑒
1

𝑛𝑛𝑛𝑛𝑒𝑒  1(𝑛𝑛𝑉𝑉𝑉𝑉0−𝑛𝑛𝑉𝑉ℎ0−𝛾𝛾𝑛𝑛𝑉𝑉𝛾𝛾 0+𝜂𝜂𝑛𝑛𝜂𝜂𝑉𝑉 0) (1-𝑒𝑒
−𝑛𝑛𝜂𝜂𝑉𝑉 0
𝑛𝑛𝑉𝑉 ) 

Where, A= µ0 C0x (W/Leff) 𝑛𝑛𝑉𝑉2 𝑒𝑒1.8  ; n is the sub-threshold 
 

swing coefficient, and Vθ is the thermal voltage. Vgs0, Vth0, 
Vsb0 and Vds0 are the gate-to-source voltage, the zero-bias 
threshold voltage, the base-to-source voltage and the drain-
to-source voltage, respectively, γ is the body-bias effect 
coefficient, and η is the Drain Induced Barrier Lowering 
(DIBL) coefficient, μ is zero-bias mobility, Cox is the gate-
oxide capacitance, W is the width of the transistor, and Leff is 

the effective channel length [8]. From equation (1) we see 
that leakage current (Isub0) decreases as Vsb0 increases. As 
a result of Body effect, Vth also increases which lowers the 
performance. During the active mode, the performance is 
improved as the PMOS (M2) is ON which makes the Vth of 
the pull up PMOS (M1) lower again. 
 
The same discussion is applicable for the pull down NMOS 
(M4) and NMOS (M5). The remaining NMOS (M3) and 
PMOS (M6) works together for retaining the state in the 
sleep mode. If the output is high, in the sleep mode, the 
NMOS (M3) will keep the output high. Similarly, the PMOS 
(M6) will maintain the state in sleep mode if the output is 
low. 

II. PREVIOUS APPROACHES  

In this section we discussed the previous approaches which 
are nearly related to our research. Here we analyse previous 
low power technique that primarily target for reducing 
leakage. These techniques for leakage reduction can be 
grouped into two categories: (i) State saving (ii) state 
destructive [5]. State save can have an advantage over the 
state destructive. The approaches that are adopted in VLSI 
design. We here review previously proposed circuit level 
approaches for sub-threshold leakage power reduction. 

 
Figure 2.1 Sleep Approach 
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2.1 Sleep Transistor Approach 
 
The most well-known traditional approach is the sleep 
approach [1] [2] (Figure2.1).  
 
In the sleep approach, both (i) an additional “sleep” PMOS 
transistor is placed between VDD and the pull-up network of 
a circuit and (ii) an additional “sleep” NMOS transistor is 
placed between the pull-down network and GND. These 
sleep transistors turn off the circuit by cutting off the power 
rails. By cutting off the power source, this technique can 
reduce leakage power effectively. However, the technique 
results in destruction of state plus a floating output voltage in 
sleep mode. 
 
2.2  Sleepy Stack Approach 
 
The sleepy stack approach combines the sleep and stack 
approaches [3] [4] (Figure 2.2). The sleepy stack technique 
divides existing transistors into two half size transistors like 
the stack approach. Then sleep transistors are added in 
parallel to one of the divided transistors. During sleep mode, 
sleep transistors are turned off and stacked transistors 
suppress leakage current while saving state. Area penalty is a 
significant matter for this approach since every transistor is 
replaced by three transistors. 

 
Figure 2.2 Sleepy Stack 

 
2.3 Sleepy Keeper Approach 
 
Sleepy keeper utilizes leakage feedback technique [5] 
(Figure 2.3). In this approach, a PMOS transistor is placed in 
parallel to the sleep transistor (S) and a NMOS transistor is 

placed in parallel to the sleep transistor (S'). The two 
transistors are driven by the output of the inverter. During 
sleep mode, sleep transistors are turned off and one of the 
transistors in parallel to the sleep transistors keep the 
connection with the appropriate power rail. 
 

 
Figure 2.3 Sleepy Keeper 

 
2.4  Dual Sleep Approach 
 
Dual sleep approach [6] (Figure 2.4) uses the advantage of 
using the two extra pull-up and two extra pull-down 
transistors in sleep mode either in OFF state or in ON state. 
Since the dual sleep portion can be made common to all 
logic circuitry, less number of transistors is needed to apply a 
certain logic circuit. 
 

 
 

Figure 2.4 Dual Sleep 
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2.5  Dual Stack Approach 
 
In dual stack approach [7] (Figure 2.5), 2 PMOS in the pull 
down network and 2 NMOS in the pull-up network are used. 
The advantage is that NMOS degrades the high logic level 
while PMOS degrades the low logic level. Compared to 
previous approaches it requires greater area. The delay is 
also increased. 
 

 
Figure 2.5 Dual Stack 

III. PROPOSED MATHEDOLOGY 

In this section, we introduce our new leakage power 
reduction techniques. At first we will discuss the structure of 
the techniques then we will show the operations of these 
techniques.  
 
3.1 Variable Body Biasing Approach 
 
To reduce the leakage current in the sleep mode we ensured 
that the body to source voltage of the sleep transistor is 
increased. To do that we added a PMOS(M2) and a NMOS 
(M5) in the previouly discussed sleepy keeper circuit (Fig.6). 
During sleep mode PMOS (M2) is OFF so the body to source 
voltage of the pull up PMOS (M1) is higher than in the 
active mode. For a turned off single transistor leakage 
current (Isub0) can be expressed as follows: 
 

Isub0  = A𝑒𝑒
1

𝑛𝑛𝑛𝑛𝑒𝑒  1(𝑛𝑛𝑉𝑉𝑉𝑉0−𝑛𝑛𝑉𝑉ℎ0−𝛾𝛾𝑛𝑛𝑉𝑉𝛾𝛾 0+𝜂𝜂𝑛𝑛𝜂𝜂𝑉𝑉 0) (1-𝑒𝑒
−𝑛𝑛𝜂𝜂𝑉𝑉 0
𝑛𝑛𝑉𝑉 ) 

Where, A= µ0 C0x (W/Leff) 𝑛𝑛𝑉𝑉2 𝑒𝑒1.8  ; n is the sub-threshold 

 

swing coefficient, and Vθ is the thermal voltage. Vgs0, Vth0, 
Vsb0 and Vds0 are the gate-to-source voltage, the zero-bias 
threshold voltage, the base-to-source voltage and the drain-

to-source voltage, respectively, γ is the body-bias effect 
coefficient, and η is the Drain Induced Barrier Lowering 
(DIBL) coefficient, μ is zero-bias mobility, Cox is the gate-
oxide capacitance, W is the width of the transistor, and Leff is 
the effective channel length [8]. From equation (1) we see 
that leakage current (Isub0) decreases as Vsb0 increases. As 
a result of Body effect, Vth also increases which lowers the 
performance. During the active mode, the performance is 
improved as the PMOS (M2) is ON which makes the Vth of 
the pull up PMOS (M1) lower again. 
 
The same discussion is applicable for the pull down NMOS 
(M4) and NMOS (M5). The remaining NMOS (M3) and 
PMOS (M6) works together for retaining the state in the 
sleep mode. If the output is high, in the sleep mode, the 
NMOS (M3) will keep the output high. Similarly, the PMOS 
(M6) will maintain the state in sleep mode if the output is 
low. 
 
3.1.1 Structure of variable body biasing technique  

 
 

Figure 3.1.1 Structure of variable body biasing technique 
This technique in figure 3.1.1 uses two parallel connected 
sleep transistors in Vdd and two parallel connected sleep 
transistors in GND. The source of one of the PMOS sleep 
transistor is connected to the body of other PMOS sleep 
transistor for having so called body biasing effect. Similarly 
the source of one of the NMOS sleep transistor is connected 
to the body of other NMOS sleep transistor for having the 
same effect as for PMOS sleep transistors. So, leakage 
reduction in this technique occurs in two ways.  
 
Firstly, the sleep transistor effect and secondly, the variable 
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body biasing effect. It is well known that PMOS transistors 
are not efficient at passing GND; similarly, it is well known 
that NMOS transistors are not efficient at passing Vdd. But 
this variable body biasing technique uses PMOS transistor 
in GND and NMOS transistor in Vdd, both are in paralleled 
to the sleep transistors, for maintaining exact logic state 
during sleep mode. This technique uses aspect ratio W/L=3 
for NMOS transistor and W/L=6 for PMOS transistor in the 
main inverter portion. For the sleep transistors this 
technique uses aspect ratio W/L=1 for both the NMOS and 
PMOS transistors. The extra two transistors of the design 
for maintaining the logic state during sleep mode also use 
aspect ratio W/L=1. Due to the minimum aspect ratio the sub-
threshold current reduces.  
 
3.2 Operation of Variable body biasing technique  
 
During active mode S=1 and S'=0 is asserted. Then the entire 
sleep transistors are ON and the inverter is in active mode. 
For different input signal desired output signal is caught. 
During sleep mode or inactive mode S=0 and S'=1 is 
asserted. Then the entire sleep transistor is turned OFF. 
Since the sources of the nmos and pmos sleep transistors 
are connected to the body of similar transistor, the threshold 
voltage of the sleep transistors increases due to the body 
biasing effect [17] during sleep mode.  
 
This increase of threshold voltage of the transistors reduces 
the leakage current. That's why the static power consumption 
is also lowers. This variable body biasing technique also has 
two extra transistors in parallel to the sleep transistors. The 
purpose of this extra transistor is to save data during inactive 
mode of the circuit.  
 
Let us to save the value '1' in sleep mode. Assume that the 
'1' value has already been calculated. This technique uses this 
output value of '1' and an nmos transistor connected to Vdd to 
maintain output value equal to '1' when in sleep mode. When 
in sleep mode this nmos transistor is the only source of Vdd 
to the pull up network since the sleep transistors are turned 
off. Similarly to maintain a value of '0' in sleep mode, assume 
that the '0' value has already been calculated, this technique 
uses this output value of '0' and a pmos transistor connected 
to GND to maintain output value equal to '0' when in sleep 
mode. When in sleep mode, this pmos transistor is the only 
source of GND to the pull down network since the sleep 
transistors are turned off. 

IV. SIMULATION RESULTS 

We compare the stacked sleep approach, variable body 

biasing technique and forced sleep technique to a base case 
and five other previous approaches, namely sleep transistor, 
forced stack, sleepy stack, sleepy keeper and dual sleep. 
Thus, we compare nine design approaches in terms of power 
consumption (dynamic and static), delay and area. To show 
that the approaches are applicable to general logic design, 
we choose a chain of four inverters. We use Synopsis 
HSPICE [18] for simulation purpose to estimate delay and 
power consumption. Area is calculated with the help of 
MICROWIND. All considered approaches are evaluated for 
performance by using a single, low-Vth for all transistors. The 
inverter chain uses three inverters each with W/L=6 for 
PMOS and W/L=3 for NMOS for the base case. For 
example, sleep transistors (Figure 3.2) used in the pull-up 
and pull-down networks of the base case inverter chain have 
W/L=6 and W/L=3, respectively. Transistors in the forced 
stack approach (Figure 3.3) are sized to half of the size of 
the base case transistors, e.g., transistors used in pull-up and 
pull-down of the base case inverter chain have W/L=3 and 
W/L=1.5, respectively.  
 
Similarly, transistors, including sleep transistors, in the 
sleepy stack approach are sized to half of the size of the base 
case transistors. Variable body biasing technique (Figure 
4.3) uses aspect ratio W/L=3 for NMOS transistor and 
W/L=6 for PMOS transistor in the main inverter portion. For 
the sleep transistors this technique uses aspect ratio W/L=1 
for both the NMOS and PMOS transistors. The extra two 
transistors of the design for maintaining the logic state 
during sleep mode also use aspect ratio W/L=1. Stacked 
sleep approach also uses the same aspect ratio that is used in 
variable body biasing technique. In the forced sleep approach 
aspect ratio W/L=1.5 for NMOS and W/L=3 for PMOS is 
used. For layout purpose we have used DSCH software where 
we have got a verilog while designing the circuit. Then after 
the compilation of the verilog file in MICROWIND software 
we got the accurate layout of the design. In this way we got 
the layout of each method. We have used BSIM4 PTM [19] 
technologies and adopted 130nm, 90nm, 45nm, 32nm and 
22nm processes. The chosen technologies and their supply 
voltages are given in Table. 

 
Table 1: Power supply voltage for different technologies 
180n  130n  90n  65n  45n  32n  22n  
1.8V  1.3V  1.2V  1.1V  1.0V  0.9V  0.8V 

 
4.1 Simulation results for a chain of four inverters  
 
Table 2 shows the result of different methods using 32 nm 
technologies.  
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Table 2: Data for 32 nm technology 
Method Area (µm2) 

Sleepy stack 2.07 
Sleepy keeper 1.83 

Dual sleep 1.28 
Stacked sleep 1.54 

Variable body biasing 1.54 

Forced sleep 1.78 
 

Table 3: Data for 32 nm technology 
Method Area (µm2) 

Sleepy stack 30.1 
Sleepy keeper 22.2 

Dual sleep 10.1 
Stacked sleep 10 

Variable body biasing 10 
Forced sleep 9.97 

 

 
Figure 4.1shows the area of a chain of four inverters in 
different technologies. In case of 32 nm technology both the 
stacked sleep approach and the variable body biasing 
technique gives -20.31% worst result than the dual sleep 
approach. Forced sleep approach gives -39% worst results 
than the dual sleep method. 
 
4.2 Simulation results for SRAM cell  
 
The simulation result for SRAM cell with 32 nm technology 
is given below in tabulated form.  
 
Figure 4.2 shows the area of an SRAM cell in different 
technologies. In case of 32 nm technology both the stacked 
sleep approach and the variable body biasing technique 
gives 1% satisfactory result than the dual sleep approach. 
Forced sleep approach gives 1.29% good results than the 
dual sleep method. 

 

V. CONCLUSION 

In case, a chain of four inverters, Variable body biasing 
technique, sleepy stack method shows 87.6638% & 
42.7778% degraded performance in static power and 
dynamic power respectively. When compared to sleepy 
stack method shows 92.8275%, 58.8095% degraded 
performance than stacked sleep method in dynamic power 
and static power, respectively. Again In comparison with 
stacked sleep, dual sleep approach shows 582.81%,195.96% 
improved performance in static and dynamic power 
respectively. 
 
Variable body bias technique 283.66% and 114.240% 
improved performance in static and dynamic power 
respectively. Forced sleep technique also gives good 
performance in static and dynamic power. So the novel 
stacked sleep, variable body bias and forced sleep technique 
shows better performance when compared to the sleepy 
stack and dual sleep method. Finally, these proposed methods 
show the least speed power product among all methods. 
Moreover, the novel stacked sleep, variable body bias and 
forced sleep method shows best performance as far as area 
requirement and speed are concerned.  
 
CMOS technology in nanometer scale faces great challenge 
due to sub-threshold leakage power consumption. The earlier 
approaches and our proposed approaches can be effective in 
some ways, but no one exactly knows the real solution for 
the reduction of power consumption. So, based on different 
technology and design parameters the techniques are 
chosen by the designers. The earlier approaches are 
discussed in brief in this paper and two novel approaches are 
proposed for generic logic and memory circuit. The methods 
can be applied to single and multi-threshold voltages. The 
proposed methods are unique in area saving and faster than 
any other approaches. Trade off between power and delay 
is occurred in excellent way in our methods. So, these 
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stacked sleep, variable body biasing and forced sleep 
techniques represent a new way in the VLSI designer's 
working area.  
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