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Abstract – Leakage power consumption has become a major concern for 

VLSI circuit designers. Leakage power will become dominant by the year 

2020 as per the report of ITRS [9]. We propose the new approach, named 

sleepy stack with variable body biasing (SSVBB), which reduces the leakage 

current thereby saving the state of art. It uses traditional sleep transistors 

which are placed parallel to PMOS/NMOS between the pull up/pull down 

device and VDD/gnd. Dual Vth can be also be applied to reduce sub 

threshold leakage current. It achieves exact same power reduction as zigzag 

approach along with saving the logic state of the circuit. Based on the 

experiments with the inverter as the benchmark circuit, it is found that 

there is 48% of reduction in delay but with the sacrifice of area. For the 

application which requires long idle/standby time while maintaining the 

logic state, the stack sleep with variable body biasing can be used.  
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I. INTRODUCTION 

 

Aggressive scaling of CMOS circuits with respect to feature 

size and threshold voltage has lead to dramatic increase in 

leakage current. Another possible dominant leakage power is 

gate oxide leakage and reverse bias band to band tunneling, 

which contribute to more than 25% of total power 

consumption. Thus leakage power increases exponentially 

with the reduction in the feature size. With increase in the 

threshold voltage, sub threshold can be dramatically reduced. 

For these reason, leakage power consumption has become the 

dominant factor in the total power consumption.  
 

However, leakage power becomes critical in case of battery 

operated device such as cell phones, PDAs etc. Thus the 

technique for the low power is broadly classified into two 

types: state preserving logics and state destructive logic. In the 

former the logic state of the circuit is preserved whereas in the 

latter the logic state of the circuit is lost. Our new approach 

retains the state of the logic circuit, thereby reducing the 

leakage power at the cost of increased delay.  
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II. PREVIOUS WORKS 

 

Here we review the previously proposed circuit level 

technique for sub threshold leakage power reduction.  

 

A. Sleep Transistor Technique: 

 

The most well known traditional approach is sleep transistor 

approach [1] [2]. In sleep approach, additional PMOS 

transistor is placed between pull up network and power rails to 

cut off the supply during the active mode. Additional NMOS 
is placed between pull down network and ground to turn off 

the power rails during the idle mode. During sleep mode, 

sleep transistors are turned off and leakage current is 

suppressed.  Thus output will be floating during the sleep 

mode, thus leading to destruction of state. Thus by cutting off 

the power, this technique can reduce the leakage power.  

 

 
Fig.1 Sleep approach 

 

B. Zigzag approach: 

 
Zigzag approach reduces the area overhead caused by the 

additional sleep transistor in sleep approach. By placing the 

alternate sleep transistor this overhead can be reduced by 

selecting the particular preselected input vector [3]. In sleep 

mode, input of logic is „0‟ and each logic input reverses its 

state and the output is 1. Thus, the zigzag approach uses few 

sleep transistors than the sleep logic. 

 

mailto:anjana.ramaprasad@gmail.com
asomkuwar@gmail.com


 
Fig.2 Zigzag approach 

 

C. Stack approach 

 
Another low power reduction technique is the stack approach. 

It breaks down the existing transistor into two halves [4]. 

When two transistors are turned off simultaneously, sub 

threshold current is reduced with increased delay and area. 

Thus the logic state of the circuit is also maintained.  

 

 
Fig.3 Stack approach 

 

D. Sleepy Stack approach: 

 

The sleepy stack is the combination of sleep and forced stack 

approach [5] [6]. Sleepy approach can achieve low power 

leakage, but loses its logic state at its output. Forced stack 

reduces the leakage power by stacking of the transistor and 

also retain its state. It uses only low Vt transistors and so the 

leakage power saving is small. Thus by combining this two 

technique one can achieve (i) ultra low power leakage and (ii) 
retention of state.  This technique divides existing transistor 

into two halves and then sleep transistors are placed parallel to 

one of the stacked transistor. 

 
Fig.4 Sleepy Stack 

 

E. Sleepy keeper: 

 

In this approach, PMOS transistor is placed parallel to the pull 

up sleep transistor and NMOS is placed parallel to pull down 

sleep transistor [7]. When in sleep mode, the NMOS is the 

only source of VDD to pull up network as the sleep transistor 
is turned off. When in active mode, PMOS is the only source 

of ground to pull down network as the sleep transistors is 

turned on. Due to the presence of sleep transistor, the 

resistance of the ON path increases thus decreasing the 

propagation delay. This approach retains the logic state of the 

circuit.  

 

 
Fig.5 Sleepy keeper 

 

III. METHODOLOGY 

 

In this section we describe our new approach, sleepy stack 

with variable body biasing. This aims in reducing the sub 

threshold leakage current along with the retention of the logic 

state of the circuit. Sub threshold is the dominant among the 

all leakage currents and is caused by the minority carriers 

drifting from source to drain in the presence of weak inversion 

layer.  

 



Unlike stack approach, the original transistor is divided into 

two halves and the sleep transistors are placed parallel to one 

of the stacked transistor. Here the body of the sleep transistor 

is tied to the source of the PMOS/NMOS transistor in the pull 

up/Pull down network. During sleep mode, both the sleep 

transistors are turned off. So the body to source voltage of the 
pull up PMOS is higher than active mode. But the stack 

structure maintains the exact state of the circuit.  

 

For the turned off transistor, the sub threshold leakage current 

can be expressed as  

 

Isub = Ie1/nVƟ(V
gs-Vth-γVsb+ηVds)(1-e-V

ds/VƟ)           (1) 

 

Where I =  μCox (W/L) VƟ
2e1.8; n is sub threshold co-

efficient, VƟ  is the thermal voltage, Vgs, Vth, Vs and Vds are 

the gate-to-source voltage, the zero-bias threshold voltage, the 

base-to-source voltage and the drain-to-source voltage, γ is the 
body-bias effect coefficient, and η is the Drain Induced 

Barrier Lowering (DIBL) coefficient. From the above 

equation it is evident that, leakage current decreases as Vsb 

increases. Thus as a result of body effect, threshold voltage 

increases which decreases the performance of the circuit.  

 

When in active mode, both the sleep transistor are turned on 

facilitating continuous flow of current, thus providing faster 

switching time. The performance is increased as the transistor 

is turned on, making the threshold voltage of the pull up 

PMOS lower again. The remaining PMOS/NMOS help to 
maintain the state during the sleep mode. 

 
Fig.6 Variable Body Biasing (Inverter) 

 

IV. EXPERIMENTAL METHODOLOGY 

 

We compare the variable body bias technique with previously 

mentioned methods, namely, Base case, sleep, forced, sleepy 

stack and sleepy keeper approach. The comparison is made 

with respect to static power consumption, dynamic power 

consumption, propagation delay and area. This technique can 

be used to general logic circuits and memory. Inverter is 

chosen as the benchmark circuit. We use HSPICE for 

simulation purpose to estimate delay and power consumption. 

Area is estimated using MICROWIND tool. All the 

approaches are evaluated using low Vt transistors. The 

inverter uses W/L=3 for PMOS in the pull up network and 

W/L=1.5 for NMOS in the pull down network.  

 

 
Fig.7 Experimental Methodology 

 

All the simulations are carried down at the room temperature 

of 270C, VDD= 1.2v, supply voltage of 2.5V. The device 

model used for the simulation is BSIM model. 

  

V. EXPERIMENTAL RESULTS 

 

We measure static power dissipation, dynamic power 
dissipation, propagation delay and area for the five approaches 

namely, sleep, sleepy stack, forced stack, sleepy keeper and 

base case with the proposed method. The simulation is 

performed using schematic entry and its corresponding test 

patterns are generated and its functionality is verified. After 

verification the schematic file is converted into Verilog file, 

which gets converted into physical layout. Using the physical 

layout the area is found.   

 

 
Fig.8 Standby leakage current as a function of a) Ig b) Isub & IBTBT c) Total 

leakage current 



 
 

Fig.9 Static power dissipation (W) 

 

 
 

Fig.10 Dynamic power dissipation (W) 

 

 
 

Fig.11 Propagation delay (s) 

 
 

 
 

Fig.11 Area (µm
2
) 

 

 

45nm 
Prop. 

Delay(s) 

Static Power 

(W) 

Dynamic 

Power (W) 
Area(µm

2
) 

Base Case 2.29E-11 6.13E-08 7.29E-06 9.52 

Sleep 4.77E-11 5.1E-09 5.81E-06 4.85 

Forced stack 1.001E-10 1.3E-09 7.75E-06 2.73 

Sleepy Stack 6.77E-11 2.47E-09 2.89E-06 4.09 

Sleepy keeper 5.22E-11 4.31E-09 5.99E-06 3.62 

VBB 3.49E-11 1.11E-09 2.061E-06 2.87 

 

Table. I Area, power, delay estimation for Inverter  

  

VI. CONCLUSION 

 

Scaling down the device size and threshold voltage has lead to 

increase in the leakage power dissipation. Our approach 

results in retention of the logic state as well as minimizing the 

leakage power. Variable body biasing is the most efficient 

approach for reducing the leakage power with smallest delay 

and area. This approach is best suited for the basic logic 

circuits and memory.  
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