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INTRODUCTION 

Though the transistor has been invented decades 
ago, in the 1990s the main agenda is to reduce the 
power consumption. The concern was also to give 
high performance and minimum feature size of the 
circuit. Based on an individual if the customer has 
electronic batteries, wrist watches and others in 
usage the battery life plays an important role. 
Power dissipation as becoming a serious issue 
because the performance has to be increased then 
integration of function on the number of chips is 
required. Due to this, the size of the circuit reduces. 
As a result, the power increases and heat are 
developed in the circuit and removal of heat is the 
worst issue. If this issue is not taken care then there 
is a huge capital loss. 

SOURCES OF POWER DISSIPATION 

There are three sources of power dissipation in 
digital CMOS circuit they are: 
1. Dynamic power dissipation 

2. Static power dissipation 

3. Short circuit power dissipation 

Total power dissipation PD=Ps+Pd+Psc. 

DYNAMIC POWER DISSIPATION 

During switching either from 0 to 1 or from 1 to 0 
both n and p transistor is on for short period of 
time. This result in a short current pulse from Vdd 
to Vss. Current is also required to charge and 
discharge the capacitive load. 

 

Figure:1: charging and discharging currents in 
dynamic power dissipation 

Case 1: 

When the input is at logic 0, power dissipation is in 
pMOS   

 

 

 

 

Abstract 
Silicon technology scaling has been developed since 40 years. From the beginning, the idea of the designer, 
when developing any IC is to reduce the power dissipation in the circuit, which leads to the reduction of the 
design area. This paper explains about the different techniques chosen for power optimization by the industry 
in a circuit as well as design level. The technique is selected according to the specification of the user. 
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Case 2: 

When the input is at logic 1 

During switching all the energy is stored in the load 
capacitor is dissipated in the nMOS device is 
conducting and pMOS is in cut off mode. The 
energy dissipation in the nMOS inverter can be 
written as 

 

 

 

 

Where is the switching activity factor,  is the 
load capacitance, f is the clock frequency,  is the 
supply voltage. 

STATIC POWER DISSIPATION 

When the input =0 the associated n device is off 
and p device is on, the output voltage is Vdd or 
logic 1. When the input is 1 the associated n device 
is on and p device is off, the output voltage is 0 or 
Vss. 

 

Figure:2: Leakage currents in static power 
dissipation 

We can see that any one of the transistors is off 
when the input voltage is either 0 or 1. Since no 
current flows into the gate terminal and there is no 
direct current path from Vdd to Vss the resultant 

quiescent (steady state) current and hence power is 
zero. Due to the transistor in the quiescent state, 
there is a flow of leakage current. There are three 
main components that constitute leakage current: 

Reverse biased pn junction current:  

Diode leakage occurs when a transistor is turned off 
and another active transistor charges the drain with 
respect to bulk potential. 

 

Where  is the leakage current density, is the 
area of drain diffusion, is the reverse bias 
voltage across the junction, k is the Boltzmann’s 
constant. 

Subthreshold channel leakage : 

The second source of leakage current is the 
subthreshold leakage through a mos device 
channel. even though a transistor is logically turned 
off there is a non zero leakage current through the 
channel at the microscopic level. this current is 
known as the subthreshold leakage because it 
occurs when the gate voltage is below its threshold 
voltage 

This occurs when the gate-source voltage Vgs, has 
exceeded the weak inversion point but it still has 
low the threshold voltage Vth. 

 

 

Where - zero bias electron mobility, n-
subthreshold voltage, Vgs - gate to source voltage, 
Vds- drain to source voltage - thermal 
voltage, -threshold voltage, -oxide capacitance 
per unit area. 

3. Gate oxide leakage:  
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As technology scales down, the oxide thickness gets 
thinner which causes high electric field across the 
oxide. As  scales below 3nm, the gate to 
channel leakage current starts to appear even at 
low gate voltage. That results in direct tunneling of 
electrons from the substrate to gate and gate to 
substrate through the gate oxide. 

SHORT CIRCUIT POWER DISSIPATION 

A short circuit occurs in CMOS gate during signal 
transistor when both the nMOS and pMOS network 
are on and there is a direct path between Vdd and 
ground. This current is also called as crowbar 
current. This current causes 20% of the power 
dissipation, it is directly related to the frequency of 
switching, as the clock frequency increases the 
frequency of transitions increases thus short circuit 
power dissipation also increases.  

When a CMOS inverter is driven with an input 
voltage waveform having a finite rise and fall time 
both nMOS and pMOS transistor in the circuit may 
conduct simultaneously for a short period of time 
forming a direct path between Vdd and ground 
thus causes short power dissipation. 

 

-short circuit current  

Vdd-supply voltage  

-threshold voltage 

- gain factor 

 

 

Figure:3: short circuit current in static power 
dissipation 

LEVELS OF ABSTRACTION 

  

Power optimization is required at all level of design 
abstraction as shown below. 

1. System level: system design level consists of 
architecture algorithms, mapping with 
specifications. The algorithm chosen gives the 
power cost because it examines the complexity of a 
program. System-level adaptive voltage scaling, 
loop unrolling, branching reduction. 
2. Algorithm level: it is nothing but choosing the 
proper algorithm for optimization of the algorithm 
choosing is base on word length, hardware and 
software selection, implementation of technology. 
3. Architecture level: The techniques such as 
parallelism, pipeline are used for better power 
optimization takes place if both the techniques i.e 
parallelism and pipeline combine each other 
because the power supply can be reduced abruptly. 
Also, multiple frequencies, voltage islands, and 
other switching activity can be implemented by the 
architecture level. 
4. Gate level: Gate-level can give an accuracy of 
power consumption. Up to 20% of the power can 
be saved. By clock gating and clock tree 
optimization techniques.  
5. Transistor level: The transistor in the advanced 
level can be built by different threshold voltages. 
30% of the power can be saved with a combination 
of transistor and threshold voltages. 
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POWER OPTIMIZATION TECHNIQUES 

Power dissipation has been classified into static 
power and dynamic power. 

Static current is nothing but the leakage current 
caused by the reverse bias current wherein the 
dynamic power is due to short circuit power and 
capacitive switching power. The total power 
dissipated in the circuit is given by  

 

Ptotal is total power in the digital circuit and P 
dynamic the power dissipated by the transistor 
when it is in switching condition. P short is the short 
circuit current produced when there is a direct path 
from the supply Vdd to the ground Vss. 

1. DYNAMIC POWER: It is the power 
produced when the gate is active. It is caused due 
to switching of the input signal. In other words, 
dynamic power is dissipated due to charging and 
discharging. there are two factors responsible for 
switching of dynamic power. 
1 which determines the total period of the data that 
is arrived. 

2 the number of the transition occurring during 
each arrival would generate. 

 

Dynamic power can be reduced by voltage scaling, 
the design area of the chip, supply voltage. 

The parameters varied are: 

1. Clock frequency 
2. Load capacitance 
3. Switching activity 
 

1. Clock frequency technique 

This technique is widely used in the industry it 
disables the clock signal to its idle position in the 
chip. Thereby it reduces the power dissipated 
because of the charging and discharging of the not 

used part in the circuit. The disabling of the clock 
signal takes place by the enable signal. 

2. Supply voltage 

As there is a quadratic relationship between the 
supply voltage and power reducing the voltage is 
the effective method for reducing power. But as the 
voltage increases the delay in the circuit is also 
reduced to threshold voltage in the device. 

There is a to overcome this is by creating the 
voltage islands. The concept of Voltage Island is 
that the multiple supply voltage can be used in 
different for saving power. 

The functional blocks are of two types, 

1. Critical 

2. Non-critical 

The high supply voltage is given to the critical 
functional blocks whereas the low supply voltage is 
given to the non-critical blocks. 

3. Load capacitance: 

The load capacitance affects the parasitic 
capacitance. The parasitic capacitance is the device 
capacitance and the interconnect capacitance. The 
device capacitance can be reduced by giving the 
proper size of the transistor. This reduces the 
current in the circuit thereby the performance of 
the circuit is reduced. The solution to solve this 
problem is to estimate the slack time produced at 
the gate of the circuit. 

Slack time is defined as the difference between the 
arrival time and the required time of the signal. If 
length slack time is required then the size of the 
gate is adjusted by making its length. 

4. Switching activity factor: 

Along with the combination of load capacitance 
and supply voltage, switching activity factor plays a 
vital role in reducing the power of the circuit. A chip 
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can have a large number of load capacitances, if 
there is no switching, no power is consumed. 

 

Figure:4: Clock Gating 

5. Frequency: 

Higher is the frequency, higher is the dynamic 
power dissipation. Frequency is reduced to reduce 
the dynamic power dissipation.throughput is the 
main concern but not the frequency. 

STATIC POWER REDUCTION TECHNIQUES 

 

Many circuit and device level techniques have been 
evolved to reduce static power dissipation.  

1. Multiple supply voltages: 
Since power dissipation decreases quadratically 
with the scaling of supply voltage, wile delay only 
increases linearly, it is possible to use high supply 
voltage in the critical paths of the design to achieve 
the required performance while the off-critical 
paths of the designs use lower supply voltage to 
achieve low power dissipation. It is clear that 
threshold voltage is one of the important 
parameters for device and circuit design. For the 
active mode, the low is preferred because of the 
higher performance.however, for the standby mode 
of operating, high is useful for reduction of 
leakage power. 

Variable threshold CMOS technique: 

In the variable threshold CMOS technique, the 
substrate bias voltage is dynamically varied to 
control the threshold voltage of MOS transistors. 
when CMOS inverter circuit is operating in its active 
mode the substrate bias voltage of the nMOS 

transistor is 0V and the substrate bias voltage of 
pMOS transistor is Vdd.thus transistor in the circuit 
do not experience anybody effect 

 

      Figure:5: variable body biasing 

 The circuit operator with low power dissipation 
(due to low Vdd) and a high switching speed(due to 
low Vth)when the circuit is in standby mode, the 
substrate bias control circuit generates a lower 
substrate bias voltage for the nMOS transistor and 
a higher substrate bias voltage for the pMOS 
transistor. As a result, the magnitude of the 
threshold voltage increases in the standby mode 
and due to body effect. since threshold leakage 
current drops exponentially with increasing 
threshold voltages, the leakage power dissipation in 
the standby mode can be reduced. 

Multi-threshold CMOS technique: 

Multi-threshold CMOS is a very effective circuit 
technique to reduce the leakage current of a logic 
circuit in the standby mode. In this technique, low 
Vth transistors are used to design the logic circuit 
for which the switching speed is essential and high 
Vth transistors are used to effectively isolate the 
logic circuit from Vdd and ground in the standby 
state. 
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   Figure:6: MTCMOS technique 

A high threshold voltage pMOS transistor is placed 
between the power supply and a logic circuit which 
as low Vth and a high threshold voltage nMOS 
transistor is placed between the logic circuit with 
low Vth and ground. 

During active mode of operation, the high 
threshold voltage MOS transistor are turned on 
thereby facilitating normal operation of the circuit 
as there exists a direct path from the output to 
ground and Vdd. 

During standby mode, these high Vth transistors 
are turned off, creating a virtual power supply and a 
virtual ground and thus cutting off the logic circuit 
from the power supply and the ground. Since high 
Vth transistors operating in the standby mode 
forces the logic circuit to go in sleep state these 
high Vth transistors are also known as sleep 
transistors. The main disadvantage of this technique 
is the increase in circuit delay due to the use of high 
Vth mos transistor. 

DTMOS technique: 

The dynamic threshold MOS is that the input 
voltage is greater than zero for nMOS and for 
pMOS it is negative and hence the threshold 
voltage can be reduced accordingly. 

 

 

 

  Fig:7: DTMOS technique 

The DTMOS structure uses both the gate and body 
terminal to provide a signal input. This method 
offers dynamic threshold voltage which reduces the 
power consumption of the circuit. 

Transistor stacking: 

Stacking of two off transistor which significantly 
reduces sub-threshold leakage compared to a 
single off transistor. It is an effective way to reduce 
leakage power in active mode. Transistor stacking 
technique uses the dependence of Isub on the 
source terminal voltage .with the increase of 
terminal voltage of the transistor the subthreshold 
leakage current reduces exponentially. If natural 
stacking of the transistor does not exist in a circuit, 
the to utilize the stacking effect a single transistor 
of width W is replaced by two transistors each of 
width w/2.this is called forced stacking. 

                

CONCLUSION 

Implemented low power the ability to reduce the 
three main factors i.e short-circuited power, 
dynamic power and static power in CMOS circuits. 
Different power optimization technique has been 
seen in this paper. Based on the specification the 
technique is opted by the designer and hence 
power optimization is carried out in the circuit. 
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