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ABSTRACT 

  
 This paper covers critical review of various methods and 
techniques for estimation and optimization of power in 
CMOS (complementary metal oxide semiconductor) VLSI 
(very large scale integrated) circuit design. There is different 
design techniques like multiple supply, multiple threshold, 
multiple transistor size and stack forcing used for low power 
design. Linear programming algorithm used to find non-
critical path node for multiple supply and multiple threshold 
assignment. Genetic algorithm can be used to find optimum 
combination of different design parameters value. In section I 
contain introduction and need of low power design. Different 
source of power dissipation discuss in section II. Section III 
and IV hold review concepts of theories and literature review 
on previous work done so far respectively. Research scope is 
in section V and conclusion and references have in VI and 
VII respectively.  
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 I INTRODUCTION  

 

The continuing decrease in the feature size and the 

corresponding increases in chip density and operating 

frequency have made power consumption a major 

concern in VLSI design. Excessive power dissipation in 

integrated circuits discourages their use in portable 

systems. It also causes overheating, which degrades the 

performance and reduces chip lifetime. To control their 

temperature levels, the chips need specialized and 

costly packaging and cooling arrangement, which result 

in further escalation of the system cost. The growing 

need for portable communication devices and 

computing systems has increased the need for 

optimization of power consumption in the chip. 

Overall, low power design critical technology needed in 

the semiconductor  

Industry today. Simultaneously, we also need to speed 

up the critical paths of the circuit, while reducing its 

power consumption. 

 

 II SOURCES OF POWER CONSUMPTION IN  

CMOS  

 

The power consumption in digital CMOS circuits can 

be calculated by:  

 

Ptotal= Pdynamic + Pshort-circuit + Pstatic + Pleakage  

 

where Ptotal is the total power consumption, Pdynamic 

is the dynamic power consumption due to switching of 

transistors, Pshort-circuit is the short-circuit current 

dissipation when there is direct path from the power 

source down to ground, Pstatic is the static power 

consumption, and Pleakage is the power consumption 

due to leakage currents.  

 

A) Dynamic power consumption  

The dynamic power consumption, Pdynamic, is due to 

the charging and discharging of the parasitic 

capacitance in the circuit 

 

 
 

 Pdynamic = CL•V
2
dd• N• f …………… (1)  
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Where, CL is parasitic and interconnect capacitance, 

Vdd is supply voltage, N is switching activity factor 

and f is frequency of signal [6]. 

B)Short circuit power 

The short circuit power, Pshort-circuit, is due to direct 

path from the power supply to ground, during the 

transition phase. 

Pshort-circuit = k•(Vdd-2Vt)3•t •N•f ……….(2) 

Where K is a constant that depends on the transistor 

size and the technology, Vt is the threshold voltage of 

the nMOS and pMOS transistors, t is the rise or fall 

time of the input signal, N is the average number of 

transitions in the inverter’s output, and f is the clock 

frequency [20]. 

 C) Static circuit Power  

Static power dissipation in CMOS is due to leakage 

currents.  

D) Leakage currents  

There are six different leakage currents in short channel 

transistor illustrate in Fig.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Transistor leakage currents [14] 

 

Where, I1 is the reverse-bias pn junction leakage. A 

reverse-bias pn junction leakage I1 has two main 

components: one is minority carrier diffusion/drift near 

the edge of the depletion region; the other is due to 

electron-hole pair generation in the depletion region of 

the reverse-biased junction.  

Ileakage=Is•(e(Vdd/Vth)-1)…………...…(3)  

 The reverse saturation current is given by:  

Is=q•ni2•A•(𝐷𝑝/𝑁𝑑𝑊𝑛+𝐷𝑛/𝑁𝑎𝑊𝑝)………(4) 

 

where q is electron charge, ni is the intrinsic 

concentration, A is area of pn junction diode (actually 

drain area), Dp and Dn are the electron and hole 

diffusion coefficient, Nd and Na are the donor and 

acceptor concentration, Wp and Wn are the width of p- 

and n-side of pn junction diode, respectively. 

 

I2 is the sub threshold leakage; which occurs due to 

carrier diffusion between the source and drain when the 

gate-source voltage, Vgs, has exceeded the weak 

inversion point, but is still below the threshold Vt, 

where carrier drift is dominant. In this regime, the 

MOSFET behaves similarly to a bipolar transistor, and 

the sub-threshold current is exponentially dependent on 

the gate-source voltage. The current in the sub 

threshold region is given by [30] 

Ids=Ke(Vgs-Vt)/nVth(1– e(Vds/Vth))……(5) 

where K is a function of the technology, Vth is the 

thermal voltage, Vt is the threshold voltage and n = 

1+Wtox/ D , where tox is the gate oxide thickness, D is 

the channel depletion width, W = ESi/ Eox . For Vds 

>> Vth , (1- e-Vds/ Vth ) = 1; that is, the drain to source 

leakage current is independent of the drain-source 

voltage Vds, for Vds=0.1 volt [30].  

 

I3 is the oxide tunneling current; Reduction of gate 

oxide thickness results in an increase in the field  across 

the oxide. The high electric field coupled with low 

oxide thickness results in tunneling of electrons from 

substrate to gate and also from gate to substrate through 

the gate oxide, resulting in the gate oxide tunneling 

current. 

Ids=Ke(Vgs-Vt)/nVth(1– e(Vds/Vth))……(5) 

 

where K is a function of the technology, Vth is the 

thermal voltage, Vt is the threshold voltage and n = 

1+Wtox/ D , where tox is the gate oxide thickness, D is 

the channel depletion width, W = ESi/ Eox . For Vds 

>> Vth , (1- e-Vds/ Vth ) = 1; that is, the drain to source 

leakage current is independent of the drain-source 

voltage Vds, for Vds=0.1 volt [30].  

 

I3 is the oxide tunneling current; Reduction of gate 

oxide thickness results in an increase in the field  across 

the oxide. The high electric field coupled with low 

oxide thickness results in tunneling of electrons from 

substrate to gate and also from gate to substrate through 

the gate oxide, resulting in the gate oxide tunneling 

current. 

I4 is the gate current due to hot-carrier injection; in a 

short-channel transistor, due to high electric field near 
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the Si–SiO2 interface, electrons or holes can gain 

sufficient energy from the electric field to cross the 

interface potential barrier and enter into the oxide 

layer.This effect is known as hot-carrier injection. The 

injection from Si to SiO2 is more likely for electrons  

than holes, as electrons have a lower effective mass 

than that of holes, and the barrier height for holes (4.5 

eV) is more than that for electrons (3.1 eV). 

 

I5 is the GIDL (Gate Induce Drain Leakage); GIDL is 

due to high field effect in the drain junction of an MOS 

transistor. When the gate is biased to form an 

accumulation layer at the silicon surface, the silicon 

surface under the gate has almost same potential as the 

p-type substrate. Due to presence of accumulated holes 

at the surface, the surface behaves like a p region more 

heavily doped than the substrate. This causes the 

depletion layer at the surface to be much narrower than 

elsewhere. The narrowing of the depletion layer at or 

near the surface causes field crowding or an increase in 

the local electric field, thereby enhancing the high field 

effects near that region [39]. When the negative gate 

bias is large (i.e., gate at zero or negative and drain at 

VDD), the n+ drain region under the gate can be 

depleted and even inverted. This causes more fields 

crowding and peak field increase, resulting in a 

dramatic increase of high field effects such as 

avalanche multiplication and BTBT [39]. The 

possibility of tunneling via near-surface traps also 

increases. As a result of all these effects, minority 

carriers are emitted in the drain region underneath the 

gate. Since the substrate is at a lower potential for 

minority carriers, the minority carriers that have been 

accumulated or formed at the drain depletion region 

underneath the gate are swept laterally to the 

substrate,completing a path for the GIDL [11]. Thinner 

oxide thickness and higher (higher potential between 

gate and drain) enhance the electric field and therefore 

increase GIDL. 

 

I6 is the channel punch through current. In short-

channel devices, due to the proximity of the drain and 

the source, the depletion regions at the drain-substrate 

and source-substrate junctions extend into the channel. 

As the channel length is reduced, if the doping is kept 

constant, the separation between the depletion region 

boundaries decreases. An increase in the reverse bias 

across the junctions (with increase in VDS) also pushes 

the junctions nearer to each other. When the 

combination of channel length and reverse bias leads to 

the merging of the depletion regions, punch through is 

said to have occurred. 

 

III REVIEW THEORETICAL CONCEPT [33]  

 

Expressions above for the total power dissipation of 

CMOS logic gates suggest that we have several 

different means for reducing the power consumption. 

These measures include (i) reduction of the power 

supply voltage VDD, (ii) reduction of the voltage swing 

in all nodes, (iii) reduction of the switching probability 

(transition factor) and (iv) reduction of the load 

capacitance. Note that the switching power dissipation 

is also a linear function of the clock frequency, yet 

simply reducing the frequency would significantly 

diminish the overall system performance. Thus, the 

reduction of clock frequency would be a viable option 

only in cases where the overall throughput of the 

system can be maintained by other means. 

The reduction of power supply voltage is one of the 

most widely practiced measures for low-power design. 

While such reduction is usually very effective, several 

important issues must be addressed so that the system 

performance is not sacrificed. In particular, we need to 

consider that reducing the power supply voltage leads 

to an increase of delay. 

Also, the input and output signal levels of a low-voltage 

circuit or module should be made compatible with the 

peripheral circuitry, in order to maintain correct signal 

transmission. 

The reduction of switching activity requires a detailed 

analysis of signal transition probabilities, and 

implementation of various circuit-level and system-

level measures such as logic optimization, use of gated 

clock signals and prevention of glitches. Finally, the 

load capacitance can be reduced by using certain circuit 

design styles and by proper transistor sizing. 

 

Low-Power Design Through Voltage Scaling [33]  

 

Equation 1 show dynamic power dissipation is 

proportional to the square of the power supply voltage 

VDD, hence; reduction of VDD will significantly 

reduce the power consumption. There are two 

approaches to reduce VDD without performance 

degrading.  

 

A) Pipelining Approach  
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Now consider an N-stage pipelined structure for 

implementing the same one logic function. The logic 

function F(INPUT) has been partitioned into N 

successive stages, and a total of (N- 1) register arrays 

have been introduced, in addition to the original input 

and output registers, to create the pipeline. All registers 

are clocked at the original sample rate, fCLK. If all 

stages of the partitioned function have approximately 

equal delays then the logic blocks between two 

successive registers can operate N-times slower while 

maintaining the same functional throughput as before. 

This implies that the power supply voltage can be 

reduced to a value of VDDnew to effectively slow 

down the circuit by a factor of N. Here latency is 

increase by N times 

 

B)Parallel Processing Approach 

 

Another method for trading off area for lower power 

dissipation is to use parallelism, or hardware 

replication. This approach could be useful especially 

when the logic function to be implemented is not 

suitable for pipelining. Consider N identical processing 

elements, each implementing the logic function 

F(INPUT) in parallel. Assume that the consecutive 

input vectors arrive at the same rate as in the single 

stage case examined earlier. The input vectors are 

routed to all the registers of the N processing blocks. 

Gated clock signals, each with a clock period of (N 

TCLK), are used to load each register every N clock 

cycles. This means that the clock signals to each input 

register are skewed by TCLK, such that each one of the 

N consecutive input vectors is loaded into a different 

input register. Since each input register is clocked at a 

lower frequency of (FCLK/N), the time allowed 

computing the function for each input vector is 

increased by a factor of N. This implies that the power 

supply voltage can be reduced until the critical path 

delay equals the, new clock period of (N*TCLK). The 

outputs of the N processing blocks are multiplexed and 

sent to an output register which operates at a clock 

frequency of FCLK ensuring the same data throughput 

rate as before.  

 

Since the time allowed computing the function for each 

input vector is increased by a factor of N, the power 

supply voltage can be reduced to a value of VDDnew to 

effectively slow down the circuit. 

 

C)Circuit Techniques for Leakage Reduction 

 

1) Standby Leakage Control Using Transistor Stacks  

(Self-Reverse Bias): Subthershold leakage current 

flowing through a stack of series-connected transistors 

reduces when more than one transistor in the stack is 

turned off. This effect is known as the stacking effect.  

2) Multiple Designs: Multiple-threshold CMOS 

technologies, which provide both high- and low-

threshold transistors in a single chip, can be used to 

deal with the leakage problem. The high-threshold 

transistors can suppress the sub threshold leakage 

current, while the low-threshold transistors are used to 

achieve high performance. Multiple-threshold voltages 

can be achieved by the following methods.  

 

1) Multiple channel doping.  

2) Multiple oxide CMOS  

3) Multiple channel length  

4) Multiple body bias. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Power and delay dependence on threshold voltage 

(Vt ) [10]. 
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Fig. 4 Vt at different channel-doping densities [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Vt at different oxide thicknesses [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig. 6 Vt at different channel length [19]. 

 

Multithreshold-voltage CMOS: Multithreshold voltage 

CMOS (MTCMOS) reduces the leakage by inserting 

high-threshold devices in series to low Vt circuitry [28]. 

Fig.7 shows the schematic of an MTCMOS circuit. A 

sleep control scheme is introduced for efficient power 

management. In the active mode, SL is set low and 

sleep control high Vth transistors (MP and MN) are 

turned on. Since their on-resistances are small, the 

virtual supply voltages (VDDV and VSSV) almost 

function as real power lines. In the standby mode, SL is 

set high, MN and MP are turned off, and the leakage 

current is low. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Schematic of MTCMOS circuit [28]. 

 

Dual threshold CMOS: For a logic circuit, a higher 

threshold voltage can be assigned to some transistors in 

noncritical paths so as to reduce the leakage current, 

while the performance is maintained due to the use of 

low threshold transistors in the critical path(s) [15]. 

Therefore, no additional leakage control transistors are 

required, and both high performance and low power can 

be achieved simultaneously. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Dual Vt CMOS circuit. 
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Variable threshold CMOS: Variable threshold CMOS 

(VTMOS) is a body-biasing design technique [36]. 

Fig.9 shows the VTMOS scheme.To achieve different 

threshold voltages, a self-substrate bias circuit is used 

to control the body bias. In the active mode, a nearly 

zero body bias is applied. While in the standby mode, a 

deeper reverse body bias  is applied to increase the 

threshold voltage and cutoff the leakage current. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 VTCMOS. 

 

Dynamic threshold CMOS: For dynamic threshold 

CMOS (DTMOS), the threshold voltage is altered 

dynamically to suit the operating state of the circuit. A 

high threshold voltage in the standby mode gives low 

leakage current, while a low threshold voltage allows 

for higher current drives in the active mode of 

operation. Dynamic threshold CMOS can be achieved 

by tying the gate and body together [7]. 

Double-gate dynamic threshold SOI CMOS  

(DGDT-MOS): The double-gate dynamic threshold 

voltage (DGDT) SOI MOSFET [16] combines the 

advantages of DTMOS and double-gate FD SOI 

MOSFETs without any limitation on the supply 

voltage. 

3) Dynamic Designs: Dynamic threshold voltage 

scaling is a technique for active leakage power 

reduction. This scheme utilizes dynamic adjustment of 

frequency through back-gate bias control depending on 

the workload of a system. When the workload 

decreases, less power is consumed by increasing Vt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Schematic of DTMOS inverter 

 

 

IV LITERATURE REVIEW ON RELATED WORK 

 

[38] Due to the quadratic relationship between dynamic 

power consumption and VDD, reducing the supply 

voltage is the most effective way to lower the dynamic 

power, at the expense of increasing gate delay. In order 

to prevent the negative effect on performance, the 

threshold voltage (Vt) must be reduced proportionally 

with the supply voltage so that a sufficient driving 

current is maintained. This reduction in the threshold 

voltage causes an exponential increasing in leakage 

power, which in turn can raise the static power of the 

device to unacceptable levels.  

 

To counter the loss in performance while improving the 

power efficiency, multiple VDD [13] and multiple Vt 

[23] techniques have been proposed. The gates on 

critical paths operate at the higher Vdd or lower Vt, 

while those on non-critical paths operate at the lower 

Vdd or higher Vt, thereby reducing overall power 

consumption without performance degradation. These 

techniques have been successfully implemented. For 

example, IBM’s ASIC design flow can fully take 

advantage of the power-performance trade off by using 

their voltage island concept and multiple-Vt standard 

cell library [25]. Gate sizing [8] is another powerful 

method of power optimizing. Logic gates on critical 
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paths may be sized up to meet timing requirement, at 

the expense of higher power consumption; while those 

on non-critical paths can be sized down to reduce the 

power consumption. Hamada et al. [18] examined 

multiple supply voltages, multiple threshold voltages 

and transistor sizing individually and derived a set of 

rules of thumb for optimal supply voltages, threshold 

voltages and transistor sizing. A good summary of these 

three techniques is presented by Brodersen et al [24].  

 

[38] To tackle the ever-increasing leakage power, 

besides multiple Vt technique, another solution is stack 

forcing. It has been shown that the stacking of two off 

transistors can significantly reduce leakage power than 

a single off transistor [27]. The logic gate with stack 

forcing has much lower leakage power, however, at the 

expense of a delay penalty, because the effective device 

width Weff becomes change after stack forcing. It is 

similar to replacing a low-Vt device with a high-Vt 

device in a multiple-Vt design. 

 

To achieve the most power efficient design, all these 

power reduction techniques have to be balanced. [37] 

combined gate sizing and supply voltage optimization 

to minimize power consumption under a delay 

constraint. [12] Presented a heuristic algorithm to 

combine dual-Vdd and dual-Vt techniques. Augsburger 

[26] evaluated the effectiveness of multiple supply 

voltage, transistor sizing, and multiple thresholds 

independently and in conjunction with each other, 

showing that the order of application of these 

techniques determines the final savings in active and 

leakage power. 

 

Recently, researchers have looked at the joint 

optimization of these techniques, because it can help to 

achieve maximum power savings compared to a 

sequential application of a single variable optimization. 

Sirichotiyakul et al [29] presented an algorithm for joint 

optimization of dual-vt and sizing to reduce leakage 

power. Karnik et al [34] developed a heuristic iterative 

algorithm to do device sizing and dual-Vt allocation 

simultaneously to exploit the timing slack for reduction 

of total power consumption. They found that joint dual-

vt and sizing can reduce the power by 10% and 25% 

compared with pure Vt allocation or pure sizing 

method, respectively. Srivastava et al. [31] were the 

first to investigate the effectiveness of simultaneously 

multiple supply and threshold voltage assignment for 

total power saving. Their algorithm is based on linear 

programming approach. Nguyen et al. [5] developed 

another linear programming algorithm that can 

simultaneously perform the threshold voltage 

assignment and sizing optimization, and then apply the 

supply voltage optimization as a sequential step. Lee et 

al. [4] proposed heuristic algorithms for simultaneous 

state, Vt and gate oxide assignment.Srivastava et al [32] 

proposed a sensitivity-based algorithm to perform 

concurrent sizing, Vdd and Vt assignment. 

 

[38] Presented a GA-based power optimization 

framework that can simultaneously exploit four power 

optimization techniques: multiple supply voltage 

assignment, multiple threshold voltage assignment, gate 

sizing and force stacking.  

 

[35] When the design window is moved toward lower-

VDD and lower-Vt along the equi-speed curve, power 

dissipation is reduced. Since the sub threshold leakage 

current increases rapidly as Vt is lowered, the power 

dissipation will be increased again at the point where 

the leakage current dominates the power dissipation. It 

can be seen that the power dissipation is at a minimum 

around where the power dissipation due to the 

subthreshold leakage current makes up several dozen 

percentage of the total power dissipation. Lowering 

both VDD and Vt, however, raises problems. An 

exponential increase in subthreshold leakage current 

due to Vt reduction, not only shortens battery life in 

portable equipment, but also disables the IDDQ testing. 

For these reasons it is very difficult to lower VT below 

0.2 volts. In addition, significant delay increase due to 

VT variation at a low Vdd, degrades worst-case circuit 

speed. However, it is difficult to lower Vt by means of 

process and device refinement.  

 

[35] There are two approaches to solve these problems. 

Conventional power-down schemes either on a board or 

in a chip can solve the battery life problem. The other 

approach is to control V, through substrate bias, which 

can solve all three problems. 

 

[35] There are three ways to save power dissipation 

while maintaining maximum operating frequency by 

utilizing surplus timing in non-critical paths: 1) 

employing multiple power supplies to lower supply 

voltage, 2) employing multiple threshold voltages to 

reduce leakage current, and 3) employing multiple 
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transistor widths, W’s, to reduce circuit capacitance. In 

paper derive optimum supply voltages, Optimum 

threshold voltages and optimum size of transistors for 

multi supply, multi threshold and multi size transistor 

designing.  

 

[21] Changing the threshold voltage by altering the gate 

oxide thickness helps to reduce both subthreshold 

leakage and gate oxide tunnelling leakage, as well as 

dynamic power. However, advanced process 

technology is required for fabricating multiple oxide 

thickness circuit.  

 

[2] A slight increase in the threshold voltage is shown 

to have an exponential effect in reducing the total 

power dissipation. The corresponding increase in the 

propagation delay is compensated for by increasing the 

number of buffer stages such that there is still an overall 

significant reduction in the total power dissipation. As 

compared to the constant threshold voltage design 

based on a cost function of 2, the proposed scheme can 

lead to either a power dissipation reduction of about 

70% while maintaining the same delay, or up to 30% in 

power dissipation with 10% propagation delay 

reduction, respectively. Closed-form expressions that 

give the optimum threshold voltage and number of 

stages are presented. 

 

[3] Level shifters allow for effective interfacing 

between voltage domains supplied by different voltage 

levels in multi supply design. In this paper presented a 

low power level shifters in the 90nm technology node 

capable of converting subthreshold voltage signals to 

above threshold voltage signals. The level shifter makes 

use of MTCMOS design technique which gives more 

design flexibility, especially in low power systems. The 

level shifter employs an enable/disable feature, 

allowing for power saving when the level shifter is not 

in use.  

 

[17] In this paper, propose two algorithms that apply a 

Multiple Threshold CMOS (MTCMOS) technique to a 

single Vt (threshold voltage) circuit for peak current 

reduction. Algorithms are more complex than an 

algorithm of leakage current reduction that uses an 

MTCMOS technique because current waveform data of 

a circuit are vectors while leakage current data of a 

circuit are scalars.  

 

[9] This paper analyzes the potential of fully depleted 

silicon-on-insulator (FDSOI) technology as a multiple 

threshold voltage VT platform for digital circuits 

compatible with bulk complementary metal–oxide–

semiconductor (CMOS). Various technology options, 

such as gate materials, buried oxide thickness, back 

plane doping type, and back biasing, were investigated 

in order to achieve a technology platform that offers at 

least three distinct VT options (high-VT , standard-VT , 

and low-VT). The multi-VT technology platform 

highlighted in this paper was developed with standard 

CMOS circuit design constraints in mind; its 

compatibility in terms of design and power 

management techniques, as well as its superior 

performance with regard to bulk CMOS, are described. 

Finally, it is shown that a multi-VT technology 

platform based on two gate materials offers additional 

advantages as a competitive solution. The proposed 

approach enables excellent channel electrostatic control 

and low VT variability of the FDSOI process. The 

viability of the proposed concept has been studied 

through technology computer-aided design simulations 

and demonstrated through experimental measurements 

on 30-nm gate length devices. 

 

 

 

V SCOPE OF RESEARCH  

 

As been mentioned above, and the research papers 

available have suggested that the research in the low 

power VLSI design region have continues grooving. 

From 2003 used different optimization algorithm i.e. 

linear programming and genetic algorithm for low 

power design in VLSI. Still has not been developed 

accurate estimation and optimization tool. So, this field 

have an enormous scope of research. There is still lack 

of mathematic use in this field to develop universal 

estimation and optimization tool.  

 

VI CONCLUSION  

 

After an extensive survey of literature and research 

papers related to low power VLSI design, it is 

concluded that the multiple parameter optimization 

techniques is used for low power CMOS VLSI design. 

Major power dissipation in CMOS VLSI circuit is 

because of dynamic power consumption and leakage 

current. Assigning lower threshold voltage to critical 
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path and higher threshold to non-critical path power 

dissipation reduce significant without performance 

degrading. Linear programming based algorithm is used 

to find non critical path node in circuit. Genetic 

algorithm can be used to find optimum combination of 

different parameters value for minimize power. 
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