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Abstract: 

Leakage or static power has become one of the greater demanding design fields for the IC designers. Basically, in this paper we 

have studied and analyzed run-time or on-time leakage reduction techniques. Lowered power supplies and advancing clock gating 

technologies can get switching power reduction, all these techniques boost the leakage power and therefore increase total power 

because leakage power is the part of the total power. Fabricators look the additional challenge of leakage power variability in these 

technologies. Already proposed techniques for leakage-power reduction include the use of different supply voltages and gate 

threshold voltages, and put the input values to idle gates, such that leakage is reduced. Gate-length biasing is a runtime leakage 

reduction methodology, that advantages on the short-channel effect by increasing the gate-length of MOS devices to significantly 

decrease their leakage current for a small delay penalty in CMOS circu its. For the most novel CMOS technologies leakage power 

dissipation has become a challenging field fo r VLSI IC designers. The multi -threshold process, another runtime leakage reduction 

methodology, increased costs have been justified by the resulting significant leakage reductions, and multi -threshold processes that 

are standard today. The major objective o f this paper is to present the review of analysis of leakage factors, comprehensive study 

and to present different proposed runtime leakage reduction techniques in the VLSI design. 

 

Index Terms: CMOS, Leakage Power, Runtime Leakage, Standby Leakage,  Sub-threshold Leakage, Gate Length Biasing, Leakage 

Variability. 

 

1 INTRODUCTION 

      High-power d issipation in ICs reduce battery life, lower 

circuit performance and reliab ility, and has a huge effect on 

packaging costs [1]. Leakage or static power is one of the big 

basic challenge faced by the semiconductor industries 

presently. Leakage variability is also of big matter and along 

with t iming variability determines the profit. Leakage current 

has three main factors: i) Sub-Threshold Leakage ii) Gate 

Leakage  iii) Reverse Biased Drain Substrate and Source 

Substrate juncture band-to-band tunneling leakage [2]. Among 

these three types of leakages, the sub- threshold leakage is the 

effective part to the total leakage [2], especially at operating 

temperatures that are around higher than room temperature. The 

additional design space beared by the biasing of device gate 

lengths to decrease IC leakage power and its variability is 

studied. It is very well known that static or leakage power 

reduces exponentially and delay is increase linearly along with 

increasing gate length [3]. Thus, it is feasible to boost gate 

length only lightly to get advantages of the exponential leakage 

reductions, while spoil performance alone linearly.  

     The use of only and light increases in gate length is more 

beneficial to leakage reduction [1].The authors in [1], utilize 

gate-length biasing only to those devices that do not show in 

critical paths, thus assuring zero or neglig ible reduction in IC 

performance [3]. To h ighlight the value of the technique, the 

multi-threshold voltage technique, that is generally used for 

leakage reduction, is firstly applied and then gate-length biasing 

is used to display further reduction in leakage [1].  Leakage-

reduction methodologies can be branched into two classes 

depending on the case they reduce standby leakage or runtime 

leakage. Standby techniques decrease the leakage of devices 

when the device is in off state, while runtime techniques 

decrease the leakage of on state devices [3]. 

     Many techniques have been approached for standby-leakage 

reduction like dual threshold CMOS (DTCMOS), variable 

threshold CMOS (VTCMOS), input vector control, power 

gating technique, and stacking transistor technique, etc. [4]. 

However, very few approaches have been proposed for runtime 

leakage reduction and threshold-voltage assignment is the alone 

mainstream approach. Other recently proposed runtime or 

ontime leakage reduction techniques include gate-length 

biasing [6] and adaptive body biasing. The runtime leakage 

reduction techniques include multi-threshold manufacturing 

process and gate-length biasing [1- 5]. Gate-length biasing is a 

promising technology because of the fact that there is no need 

for ext ra process and can be performed at any point in the 

design process [3]. 

 

2 GATE LENGTH BIAS ING 

     Gate-length biasing is a run-time or on-time leakage power 

reduction technology. Gate-length biasing, that advantages on 

the short-channel effect by slightly increasing the gate-length of 

MOS devices to significantly decrease their leakage current for 

a small delay cost. Gate-length biasing is used to alter the 

threshold voltage and reduce leakage significantly at the cost of 

small delay increase [3]. Advantages of gate-length biasing, in 

addition to less process costs, include finer control over 

leakage-delay tradeoff and important reduction in leakage 

variability [1]. Leakage variability is another major challenge 

faced by fabricators today. A number of sources of variation 
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can cause variations in gate-length, and hence in performance 

and leakage. The changes of leakage power and delay with the 

gate length biasing technique is shown in Figure 1 for an 

industrial 130-nm approach [1].  

     Leakage current beat down with gate lengths, making gate 

length biasing less desirable in that range [1]. Another major 

advantage of gate length biasing is leakage variability 

reduction. As the sensitivity of leakage to gate length decrease 

with increased gate length, a fixed level of variab ility in gate 

length convert to a reduced variability in leakage [1]. The  term  

gate-length  biasing  to refer to the suggested technique and the 

use of the phrase “biasing a device” to refer increasing the gate 

length of the device lightly [1]. In new CMOS technology, as 

channel length becomes smaller, threshold voltage shows a 

larger dependence on channel length, because of the short-

channel effect (SCE) and drain induced barrier lowering 

(DIBL). 

 

 
Figure 1 Variation of leakage and delay. 

 

The threshold voltage vary due to SCE and DIBL is shown 

as[7]: 

 

∆Vth = -θ th (Leff  ).[2(Vbi - φs)+Vds]                   (1) 

 

where Vbi, known as the built-in voltage of the source/drain 

junctures, Vds is the source/drain voltage. The short channel 

effect coefficient θth(Leff) in (1) has a solid dependence on the 

channel length given by 

 

θ th (Leff  ) = 0.5/cosh ( Leff / lt)-1                       (2) 

 

here,  the lt  is the charactristic length of devices. 

As the (1) and  (2) show, that increasing of the gate length, the 

threshold voltage increases, therefore the leakage power 

decreases exponentially. So, it is attainable to lightly increase 

the gate length to take benefit of the exponential leakage 

reduction [6]. In [6], the changes in the leakage power with gate 

length biasing  is shown in Figure 2. 

      It can be found that leakage current reduces exponentially  

with small increase in gate length. According to Figure 2 notice 

that leakage current beat down with gate-length before 55 nm, 

making gate length 

 
Figure 2 The variation of leakage of NMOS and PMOS devices 

with gate-length biasing 

 

biasing fewer desirable in that range. It is surely that  increasing 

of the gate length alone, the leakage power decreases 

exponentially and the delay increases linearly [4]. Therefore, 

increasing gate length lightly can decrease leakage dissipation 

effectually, although circuit performance has a little penalty  [2]. 

 

3 MULTI-THRES HOLD CMOS  

 

     The one mainstream path to run-time or on-time leakage 

power reduction is the mult i-threshold manufacturing 

procedure. In this approach, cells in noncrit ical paths are 

appointed high threshold voltage, although cells in critical paths 

are appointed low threshold voltage. The mult i- threshold 

CMOS (MTCMOS) process has also been combined with 

different other power reduction techniques [8], [9]. The primary  

fault to this technique has been rise in process costs due to the 

additional steps and masks [5]. However, the increased costs 

have been overcome by the resulting significant leakage 

reductions, and multi- threshold approaches that are standard 

today.  

     A novel problem facing multi- threshold is the raised 

variability of threshold for low- threshold devices. This occurs 

in part due to the random doping variations, as well as the 

degenerated drain-induced barrier lowering (DIBL) and the 

short channel effects (SCEs) in devices with lower channel 

doping [2]. The longer variability in threshold voltage degrades 

the leakage reductions of multi- threshold CMOS and 

degenerates with continued MOS scaling. Moreover, mult i-

threshold methodologies do not offer a easy tradeoff between 

performance and static or leakage power [2]. Devices with 

many more threshold typically have a b ig separation in terms of 

performance and leakage. 

      Mult i-threshold voltage designs bid high performance with 

low runtime and standby leakage power [8]. Low threshold 

voltage devices offer high performance but they are leakier, 

while high threshold devices are slow but they leak less power. 

Circuit optimization techniques use low threshold devices on 

critical paths while h igh threshold is used for all other devices. 

Multiple threshold’s  are manufactured by altering the doping 

levels over the diffusion regions in MOS devices. Additional 

masks and lithography steps are required for achieving multiple 

threshold, therefore the process costs increase [9]. The 

increased costs have been overcome by the substantial leakage 

reductions they provide, and dual and triple- threshold 

processes are standard today. 
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    Figure 3 MTCMOS Structure  

 

     MTCMOS is a basic approach to reduce the leakage power. 

MTCMOS decreases the leakage by introducing the high 

threshold NMOS gating technique between pull down network 

and ground terminal, in sequence to low threshold voltage 

circuit ry, Figure 3 [10]. In [11], Dual threshold CMOS 

technique is a change in MTCMOS, in which high threshold 

voltage can be allow to transistors of non-critical path to 

decrease leakage current and below threshold voltage 

transistors are used in particular paths. An additional mask 

layer is required due to threshold voltage change, thereby 

making fabrication process complicated [5]. Th is technique 

suffers from discontinuation period i.e. it requisite some time to 

get into the normal operat ing mode after the reactivation [10].  

 

4 CONCLUS ION 

 

      Leakage power is an important part of the total power 

dissipation in the modern CMOS circuits. The devices with 

biased gate lengths are more manufacturable and have a bigger 

process space than the nominal devices. Biasing does not 

require any further procedure steps, unlike multip le-threshold-

based leakage optimization methods. Advantages of gate length 

biasing, in addition to the lower process costs, include finer 

control over leakage-delay tradeoff and substantial decrease in 

leakage variability. Multi-threshold voltage designs bid high 

performance with low runtime and standby leakage power. In 

the multi- threshold process, increased costs have been justified 

by the resulting significant leakage reductions, and mult i- 

threshold processes that are standard presently. We conclude 

that the multi- threshold approach may lead to much large 

reduction of runtime-leakage power than the gate-length 

biasing technique. 
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