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Abstract - Leakage Power is the major problem in digital circuits. There are various techniques to reduce the leakage 

power technique. One technique discussed in this paper. We propose a technique called Variable body biasing for 

designing logic gates which significantly cuts down the leakage current without increasing the dynamic power dissipation, 

sleep insertion technique is also added along with variable body biasing technique so that there is no loss of state as in 

sleep stack technique. This thesis proposed a technique that reduces both power dissipation and glitches. This technique is 

based on two methods first is variable body biasing and the other is sleep insertion technique. Pass transistor is also added 

in the circuitry in order to eliminate glitches if any. The existing leakage reduction techniques like sleepy keeper and stack 

technique are having drawbacks like increased area and delay. Other delay elements that are used for reduction in 

glitches takes larger area when compared with pass transistor. This new proposed approach eliminates leakage power 

along with glitches keeping in mind all the drawbacks of all the earlier techniques. All the performance has been 

investigated using 90nm Technology at 1 voltage and evaluated by the comparison of the simulation result obtain from 

TSPICE. 
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I. INTRODUCTION 

 The development of digital integrated circuits is challenged by higher power consumption. The combination of higher clock 

speeds, greater functional integration, and smaller process geometries has contributed to significant growth in power density. 

Scaling improves transistor density and functionality on a chip. Scaling helps to increase speed and frequency of operation and 

hence higher performance. As voltages scale downward with the geometries threshold voltages must also decrease to gain the 

performance advantages of the new technology, but leakage current increases exponentially. Thinner gate oxides have led to an 

increase in gate leakage current.  

Today leakage power has become an increasingly important issue in processor hardware and software design. With the main 

component of leakage, the sub-threshold current, exponentially increasing with decreasing device dimensions, leakage commands 

an ever increasing share in the processor power consumption.  

 Static power refers to the power dissipation which results from the current leakage produced by CMOS transistor parasitic. 

Traditionally static power has been overshadowed by dynamic power consumption, but as transistor sizes continue to shrink, 

static power may overtake dynamic power consumption To alleviate the rising significance of static power in digital systems, 

static power reduction technique shave been developed like transistor stacking, dual threshold voltage , MTCMOS etc. Some of 

these techniques are state saving and some are state destructive techniques. For example: Sleep transistor is a state destructive 

technique. Despite the rising significance of static power in CMOS circuits, the dynamic power is still the major contributor to 

power consumption. Dynamic power is mostly consumed by glitches which are the unwanted transitions and need to be 

eliminated. Glitch and leakage power both are the main contributors to the power consumption and needs to be reduced.  

However, low-power design usually involves making tradeoffs such as timing versus power and area versus power. Increasing 

performance, while the power dissipation is kept constant, is also considered to be a low-power design problem. In fact, higher 

performance-per-watt is the new technique for micro-processor chip manufacturers today. In order to achieve high density and 

high performance, CMOS technology feature size and threshold voltage have been scaling down for decades. Because of this 

trend, transistor leakage power has increased exponentially. The reduction of the supply voltage is dictated by the need to 

maintain the electric field constant on the ever shrinking gate oxide. 

The paper is organized as follows: in Section II, previous work is reviewed. Subsequently, in section III, the modified Low power 

logic gates with VBBT approach are presented. In section IV, the simulation results are given and discussed. The comparison and 

evaluation for modified and existing designs are carried out. Finally a conclusion will be made in the last section. 

 

II. PRELIMINARIES 

A. Sleep Mode Approach 

Sleep approach is used for reduction of gate oxide and sub threshold leakage current in DSM technology[6]. Sleep approach is 

used to rail off the circuit from Vdd to ground, so we insert a PMOS transistor above pull up network and Vdd and NMOS 

transistor below pull down Network and GND[12]. During standby mode a sleep transistor turns off turn off and rail from Vdd 
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and reduces the leakage current[13]. During active mode we ON the sleep transistor and direct connection of circuit with Vdd, so 

increase the performance of the circuit and Reduces the leakage power efficiently. 

 
Figure 1 Sleep Approach NAND gate 

 

B. Leakage Feedback Approach 

Another Leakage reduction technique is leakage feedback approach; In this approach we use two parallel PMOS transistor above 

pull up network and Vdd [6]. To provide the inverting output of the circuit we connect inverter at the output, an inverter provides 

the proper logic feedback to both pull down NMOS(S') and pull up PMOS(S) sleep transistor as shown in Fig.2. This two 

transistor enhance the circuit performance and maintain the proper logic of the circuit during standby mode. In standby mode one 

of the transistor of parallel sleep transistor turn off both NMOS and PMOS, the output of the circuit is pass through inverter which 

keep ON one of the sleep transistor which is connected parallel by providing the proper feedback approach. Hence circuit is active 

in standby mode, we mitigate the various leakage current which flow during standby mode and increase the performance of the 

circuit. 

                                            
Figure 2 Leakage Feedback Approach 

 

 

C. Sleepy Keeper Approach 
Above all this approach the most efficient approach for leakage power reduction is the sleepy keeper approach. In this approach 

combination of PMOS and NMOS transistor which is connected paralleled inserted between pull up network and Vdd and pull 

down and GND, NMOS transistor of pull up sleep transistor connected PMOS pull down sleep transistor. As NMOS sleep 

transistor which rail off the path from Vdd to GND is connected to GND and PMOS transistor which is connected to Vdd, NMOS 

transistor is not turn ON that’s why it will not efficiently pass Vdd, this problem can be overcome by maintaining output value 

“1” in sleep mode by connecting NMOS to Vdd. PMOS transistor which is connected to the pull up NMOS transistor and GND 

which is parallel to NMOS sleep transistor, to maintain output value equal to “0” in sleep mode.[8] This approach reduces the 

leakage power efficiently and maintains the proper logic of the circuit with lesser area.[1] 
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Figure 3 Sleepy keeper Approach based 2 input NAND gate 

 

D.  Proposed VBBT with Sleep insertion technique 

This new sleep variable body biasing technique reduces both leakage power and glitch in the logic circuit. This design includes 

both- 

(i) Variable body biasing and 

(ii) Sleep insertion technique 

Sleep insertion technique is a state destructive technique that cuts off either pull-up or pull-down or both the networks from the 

supply voltage or ground or both using sleep transistors. This technique is an extension to MTCMOS, which adds downnetworks 

and ground while for fast switching speeds, low-vth transistors are used in logic circuits, this process reduces leakage power 

during sleep mode. 

The source of one of the sleep transistor is connected to the body of other sleep transistor in order to have a variable body biasing 

effect. Due to this connection the threshold voltage of the sleep transistors increases due to variable body biasing during sleep 

mode.   

                                                            
Figure 4 Variable Body Biasing with Sleep Insertion Technique 

 

III. APPLYING VBBT ALONG WITH SLEEP INSERTION TECHNIQUE  TO CMOSCIRCUITS 

Various circuit applications of the VBBT technique are explored in this section. The VBBT technique with sleep insertion 

technique is applied to the following CMOS circuits and also the irrespective base case are implemented to calculate the amount 

of leakage power reduced in VBBT technique. 

       

(A)   VBBT  based AND gate along with sleep insertion technique 
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Figure 5 Schematic diagram of AND gate with  variable body biasing 

 

 

The VBBT based AND gate is shown in Figure5 with the two transistors used as variable body biasing and one transistor is added 

in order to add stack approach so that the disadvantage of state destructive stage is overcome. The simulation waveforms of 

VBBT AND gate from Figure4 show that the basic characteristics of AND are retained by VBBT AND gate. 

 

 
Figure 6 Simulation Waveform of VBBT AND Gate 

 

 

(B) VBBT based OR Gate along with sleep insertion technique 

The 2-input CMOS OR gate is shown in Figure7 with the  two transistors used as variable body biasing and one transistor is 

added in order to add stack approach so that the disadvantage of state destructive stage is overcome. The simulation waveforms of 

VBBT OR gate from Figure4 show that the basic characteristics of AND are retained by VBBT OR gate. 
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Figure 7 Schematic diagram of VBBT OR gate with sleep insertion technique 

 

 

 
Figure 8 Simulation waveforms of VBBT OR gate 

 

IV EXPERIMENTAL RESULTS 

The leakage power is measured using the Tanner Tool S-EDIT simulator. The results obtained through the technique for logic 

gates are shown in Table 1. Simulation for the logic gates are performed by taking  process parameter, 90nm CMOS Technology. 

 

Table-1 

Gate Type Propagation Delay(ns) Power consumption(pw) %age reduction in 

power consumption Conventional VBBT Conventional VBBT 

AND Gate 4 4.09 0.087 0.069 20 

OR Gate 4.18 4.08 0.29 0.122 58 

 

V. CONCLUSION 

In this paper we have presented leakage power reduction VBBT technique along with sleep insertion technique. It becomes a 

great challenge to tackle the problem of leakage power. In this technique two individual techniques are combined one is sleep 
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insertion technique and the other is variable body biasing technique. VBBT achieves the reduction in leakage power compared to 

other leakage reduction techniques, such as sleep transistor, sleepy keeper, etc. The performance has been investigated using 

90nm Technology and evaluated by the comparison table 2 of the simulation result obtain from TSPICE. 
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