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Abstract— This paper focus on the various sources of power 

dissipation in modern VLSI circuits. This paper also discuss 

the importance of designing low power VLSI circuits along 

with various techniques of power reduction and its 

advantages and disadvantages. It is basically a comparative 

study between various power reduction techniques in 

modern VLSI circuits.   
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I. INTRODUCTION 

During the desktop Pc design era VLSI design technique 

was much more focused on optimizing speed to execute real 

time functions. As a result designers have integrated 

semiconductor ICs with various complex signal processing 

and graphical processing units but we sacrificed the 

portability. Now a day’s portable electronics applications 

like tablets, smart phones e.t.c. are rapidly making their way 

to consumer electronics market. On other hand more and 

more number of transistors are getting added in modern 

VLSI chip as the demand of System on Chip (SoC) is 

increasing. These increasing features are also leading to high 

power dissipation. Consumer demands a portable electronic 

device which includes all the features without consuming 

much power. So the most important factor to consider while 

designing SoC for portable device in ‘low power design’. 

Here the cause of power dissipation and the techniques of 

power dissipation reduction in discussed. 

II. POWER DISSIPATION 

Power dissipation has three components: 

A. Static Power: 

The semiconductor consumes Static power dissipation due 

to leakage current. Leakage current is that current which 

flows when the ideal current is Zero. The capacitor such as 

transistors or diodes conduct a small amount of current even 

when they are turned off as capacitor discharges slowly. It 

caused some unintended power loss from a capacitor. The 

leakage current also generates heat that leads to degraded 

performance. It is observed that in deep submicron 

technology leakage current contributes 50% of total power 

consumption. 

Static power dissipation (Pstatic) = Supply Voltage (VDD) * 

Leakage Current (Ileakage) 

 
Fig. 1:   Leakage Current 

Two major components of  Leakage current are: 

1) Sub threshold leakage:  

When the gate voltage is below the threshold voltage current  

conducted between source and drain in MOS transistor 

caused sub threshold leakage. It can be as high as 80-90% of 

total circuit leakage. 

2) Gate oxide leakage:  

If a high electric field is applied to a MOS transistor with 

low oxide thickness then a current flows through the oxide 

tunnel is called gate oxide leakage. 

 

Fig. 2:  Sub Threshold Leakage and Gate Oxide Leakage 

B. Dynamic Capacitive Power:  

CMOS digital circuits consume power while charging and 

discharging various load capacitances. Dynamic power is 

dissipated when energy is drawn from power supply to 

charge up the output node capacitance. During this charge 

up phase the energy drawn from the power supply is 

dissipated as heat in the conducting pMOS transistor. No 

energy is drawn from power  power supply during charge 

down phase, yet the energy stored in the output capacitance 

during charge up is dissipated as heat in the conducting 

nMOS transistors, as the output voltage drops from VDD to 

0. 
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Fig. 3: Dynamic Capacitive Power 

Pdynamic =  load capacitance(CL) * VDD
2
 * operating 

frequency(Fop) 

The dynamic capacitive power dissipation is based 

on the assumption that the output node undergoes one 

power-consuming transition (0 to VDD) in each clock cycle. 

This assumption is not always correct. Depending on the 

circuit topology, logic style and the input signal statistics the 

node transition rate can be slower than the clock rate. So we 

introduce node transition factor or activity factor (α), which 

is effective number of power consuming voltage transitions 

experienced per clock cycle. It is directly proportional to 

dynamic power consumption. So the previously stated 

equation of dynamic capacitive power is modified as 

Pdynamic = α *CL* VDD
2 

* Fop 

C. Dynamic Short-Circuit Power:  

Short-circuit power, is caused by the short circuit currents 

that arise when pairs of pMOS/nMOS transistors are 

conducting simultaneously. As the input voltage makes a 

transition from logic 0 to 1,ideally pMOS should turned off 

and nMOS should turned on. But the process takes small 

time till then both the transistors remain on and it provides a 

short circuit path from supply voltage to ground. 

Short-circuit power (Psc) = VDD * time of slope (Tsc) 

*Imax. 

 
Fig. 4:  Dynamic Short-Circuit Power 

III. POWER DISSIPATION REDUCTION TECHNIQUE 

We have discussed various components of power 

dissipation. Now we have to think about the power 

dissipation reduction technique  

A. Static power consumption reduction:  

Static power consumption can be reduced if we can reduce 

the supply voltage and leakage current. 

1) Supply voltage reduction: 

Supply voltage has direct relation with power consumption. 

Supply voltage of 3.3V is widely used in present days 

MOSFET. Experiment has shows that if we can scale down 

supply voltage to 1V power consumption will be reduced 10 

times as shows in figure 5. 

 
Fig. 5:  Supply Voltage Vs Power Consumption 

Supply voltage scaling is a god technique to reduce 

power consumption it affects the performance of the circuit 

as it caused drastic increase in gate delay. So in modern 

VLSI circuits we have to maintain a balance between speed 

and power. 

2) Variation of threshold voltage:   

Threshold voltage is defined as the minimum voltage that 

required to make the transistor ON. Transistor maybe either 

nMOS or pMOS. For nMOS the threshold voltage is 

positive and for  pMOS threshold voltage is positive. 

The threshold voltage ( Vth) of a field effect transistor 

(FET) is the value of the gate-source voltage(Vgs) when the 

conducting channel just begins to connect the source and 

drain contacts of the transistor, allowing significant current 

to flow. If Vgs is less than Vth then there will be no current 

flow. 

 
Fig. 6:  Threshold Voltage 

a) Multiple threshold CMOS circuit (MTCMOS):  

The new MTCMOS circuit technology is proposed to satisfy 

both requirements of lowering the threshold voltage of a 

MOSFET and reducing stand-by current, both of which are 

necessary to obtain high-speed low-power performance at a 

supply voltage of 1V. This technology has two main 

features. One is that N-channel and P-channel MOSFET's 
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with two different threshold voltages are employed in a 

single chip. The other one is two operational modes, 

"active" and "sleep," for efficient power management. MOS 

transistors with low threshold voltage (Vth) are placed in the 

critical path while MOS transistors with high threshold 

voltage (Vth), are placed in the non-critical path. In the 

critical path gate delay time should be as low as possible. 

Hence delay reduction is traded off against leakage by 

placing low threshold transistors causing faster gate 

transitions. However, in the non timing critical path, high 

threshold transistors are placed to reduce leakage as 

speed/delay has less importance here. It is observed that in 

modern VLSI circuits as used in industry, 80% of the paths 

are non-timing critical. Data path can be broadly classified 

into two categories Timing Critical and non-Timing Critical. 

Here, Critical path means the path having the largest timing 

delay. 

The logic gate is composed of MOSFET's with a 

low threshold voltage of about 0.2-0.3 V. Its power 

terminals are not connected directly to the power supply 

lines VDD and GND, but rather to the "virtual" power 

supply lines VDDV and GNDV. The real and virtual power 

lines are linked by MOSFET's QI and Q2. These have a high 

threshold voltage of about 0.5-0.6 V and serve as sleep 

control transistors. Signals SL and SL, which are connected 

to the gates of QI and Q2, respectively, are used for 

active/sleep mode control. Circuit operation in each mode at 

a supply voltage of 1V is described below. 

 
Fig: 7: Example of   Multiple Threshold Voltage CMOS 

In the active mode, when SL is set low, QI and Q2 

are turned on and their on-resistance is so small that VDDV 

and GNDV function as real power lines. Therefore, the 

NAND gate operates normally and at a high speed because 

the Vth of 0.3 V is low enough relative to the supply voltage 

of 1 V. In the sleep mode, when SL is set high, Ql and Q2 

are turned off so that the virtual lines VDDV and GNDV are 

assumed to be floating. The relatively large leakage current, 

determined by the subthreshold characteristics of low-Vth 

MOSFET's, is almost completely suppressed by Ql and Q2 

since they have a high Vth and thus a much lower leakage 

current. Therefore, power consumption during the stand-by 

period can be dramatically reduced by the sleep control. It 

should be pointed out that two other factors affect the speed 

performance of an MTCMOS circuit. One is the size of the 

sleep control transistors Ql and Q2, and the other is the 

capacitances CV1 and CV2 of the virtual power lines. 

b) Variable threshold CMOS circuit (VTCMOS): 

In VTCMOS technique the threshold voltage is varied by a 

suitable control circuit according to the circuit requirements. 

As is evident from the expression above, threshold voltage 

is a function of the source to body bias. Hence variation of 

this bias voltage using suitable circuitry can vary threshold 

voltage. Practically for critical paths threshold voltage is 

lowered as switching speed is of primary concern for such 

paths. But for non-critical paths threshold voltage is 

increased to reduce the leakage power dissipation, as higher 

threshold prevents any sort of unwanted leakage power 

flow. 

VBN=0V are produced for PMOS and NMOS 

respectively. Due to this, the circuit has high switching 

speed (due to low Vth) at the cost of leakage power. In 

standby mode the control circuit generates a lower substrate 

voltage for NMOS and higher substrate voltage for PMOS 

.This causes the threshold voltage of both the NMOS and 

PMOS to increase, thus reducing the leakage current. 

Besides changing the supply voltage (VDD) and the threshold 

voltage (Vth). 

 
Fig. 8: Example of  Variable Threshold Voltage CMOS 

3) Dynamic Threshold MOS:  

In 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. The supply voltage of 

DTMOS is limited by the diode built-in potential in bulk 

silicon technology. The pn diode between source and body 

should be reverse biased. Hence, this technique is only 

suitable for ultralow voltage (0.6V and below) circuits in 

bulk CMOS. 

 
Fig. 9: FTCMOS Circuit 
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4) Gate Leakage prevention:  

In deep sub-micron technology, gate oxide thickness 

reached 10-20A0 causing exponential increase in tunneling 

current through extremely thin gate oxide. In 45nm 

technology, gate leakage got increased by 10 times with 

respect to previous process technology. Hence, thicker 

insulator is used to reduce gate leakage. Thicker insulator 

(increase in Tox) reduces Cox, i.e the gate oxide capacitance 

per unit area = (K/Tox, where K= permitivitty of gate oxide) 

causing increase in threshold voltage (Vth) and thus 

reducing device speed. Hence, to keep Cox constant, 

different insulating materials having higher permittivity than 

SiO2 is used from 45nm technology onwards. Since 

insulating material is changed, polysilicon gate is also 

replaced by new metal gate to maintain low work function. 

B. Dynamic capacitive power consumption reduction:  

Dynamic power dissipation depends on four parameters 

namely Load Capacitance (CL), Supply 

Voltage (VDD), Activity factor (α) and frequency      

(Fop). Their impacts and way of reducing power dissipation 

are discussed below. 

1) Load Capacitance:  

In modern SOC applications, large load capacitance may 

appear due to high fanout net or long wire distance between 

driver and receiver gate resulting in increase in dynamic 

power dissipation. 

a) Reduction Technique:  

To improve power  performance down sizing driver and 

receiver gate is popular technique. By downsizing a 

transistor, the design can be more compact. Proper 

placement androuting is also necessary so that the length of 

the wire can be minimized to reduce load capacitance. 

Decreasing Capacitance is also difficult as it need to scale 

down the device and wiring. 

2) Activity factor: 

The toggling rate of a signal with respect to clock is termed 

as Activity factor (α). Dynamic power dissipation is directly 

proportional to α. 

a) Reduction Technique:  

To reduce Activity factor, most popular technique used in 

industry is Clock Gating. In this method, the clock signal to 

different functional block is gated by enabling signals. In 

most cases, AND gates are preferred for gating clock 

signals. 

 
Fig. 10: Clock Gating 

The above diagram illustrates the concept of clock 

gating. When ENABLE=1, clock can be applied to 

functional block through AND gate. However to avoid 

unnecessary switching when the functional block is inactive, 

the ENABLE input can be made 0 so as to disable the clock 

propagation when not required. This causes the clock to 

become totally inactive when the functional block is in 

nonactive mode, thus eliminating any sort of activity in the 

circuit. Clock Gating can reduce power leak dueto dynamic 

power by as high as 70 to 80%. 

3) Operating frequency: 

Sometime higher frequency is needed for better performance 

but it causes high power consumption. Introducing parallel 

processing lower frequency can be obtained but it increases 

Hardware overhead and requires extrusive change at an 

architecture or algorithm design. 

C. Dynamic Short-Circuit power consumption education: 

Dynamic power dissipation depends on two parameters 

namely Time of the slope(TSC), Supply Voltage (VDD).  

1) Time of the slope(TSC):  

Tsc is the duration of the slope of the input signal. This 

component is directly depended on the Rise time and Fall 

time. 

TSC=(TR+TF)\2 

we can say that fast Rise time, Fall time on input                   

signal means lower short circuit power dissipation. 

 
Fig. 11: Rise and Fall Time 

The Rise time and the Fall time should be small 

compared to the clock period. Very large Rise time and fall 

time have the risk of the cycles going undetected. Large 

Rise and Fall time mean that the signal will be hovering 

around mid level for too long making the system highly 

susceptible to noise and multiple triggering if there is not 

enough hysteresis. 

a) Reduction technique:  

Rise and Fall time can be reduced by reducing the gate 

length of the MOSFET. Strained silicon MOSFET has also 

less rise and fall time than bulk sislicon MOSFET. As 

electrons can move 70% faster allowing strained silicon 

transistors to switch 5% faster. 

- The short circuit power can also be reduced by  

1) device size reduction and  

2) Increasing threshold voltage 

Both of which is also used for leakage reduction. In 

addition, the input rise and fall times for a digital gate needs 

to be less than an upper limit which can be taken care of 

during gate sizing. It is important to note that short circuit 

power dissipation happens only during switching (Dynamic 

power dissipation). Hence reduction of Activity factor (α) 

helps both power reductions simultaneously. 
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IV. CONCLUSION 

The increasing prominence of portable systems and the need 

to limit power consumption in very high density ULSI chips 

have led to rapid and innovative developments in low power 

design during the recent years. Through above discussion 

we get a overview about various power dissipation of any 

type VLSI circuit and their components. In modern VLSI 

circuits separate power management circuits are integrated 

for power distribution. As power dissipation reduction has 

become a matter of serious concern, various power 

reduction techniques are being used. A lots of researches are 

also going on this topic. In this paper some ideas of modern 

power reductions have been discussed elaborately. 
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