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Abstract 

Reducing of power in electronic devices has become an 
important part in today’s electronic industries. In the earlier days, 
the performance had been given higher priority overlooking the 
power aspect. As the number of components in a single chip is 
increasing power dissipation has become the focus of present day 
research.  Optimization of the design is accomplished by 
compromising design issues and components. For shrinking 
technology below 100mm the power dissipation has become very 
important and has been very critical to the designer. For many 
designs optimization of power has become need for extended 
battery life, reduce package cost and reduce weight and size. 
This paper describes about the various strategies, methodologies 
and power management techniques for low power circuits and 
systems.  
Keywords: Power Dissipation, low power, leakage current, 
power management. 

1. Introduction 

The power dissipation has been playing a vital role in 
present day design of electronic circuits. Area, 
performance and cost were the major issues faced by the 
earlier designers and this has become their major concern. 
In earlier days power dissipation was neglected because of 
low device density, and low operating frequency. But as 
the technology increases, the density and operating 
frequency also increases and also as there is increase of 
portable consumer electronics which shifts towards the 
power dissipation [1]. Also the high power system 
worsens the silicon failures if they operate in high 
temperatures. The rate of failure doubles as the 
temperature increases by 10oC.  So the low power VLSI 
systems have become necessary especially in some 
modern electronic goods like laptops, mobile phones etc. 
Many methods have been developed in order to reduce 
power include capacitance minimization (clock gating, 
glitch suppression), voltage minimization (voltage scaling, 
low signal scaling) and frequency minimization 
(frequency scaling) [2]. The Figures 1 & 2 illustrates 
power consumption of servers and laptops [3]. 

 
Fig. 1  Power consumption of a server. 

 
Fig. 2  Power consumption of Laptop (IBMR40). 

Power dissipation is defined as the rate at which the power 
is taken from the source and is converted into heat.  There 
are two types of power dissipation such as static power 
dissipation and dynamic power dissipation. The static 
power dissipation is mainly due to i) sub-threshold 
conduction through OFF transistors, ii) tunneling current 
through gate oxide and iii) leakage through reverse-biased 
diodes. The dynamic power dissipation is mainly due to i) 
leakage through reverse-biased diodes and ii) short circuit 
current while both PMOS and NMOS networks are 
partially ON [4]. 

2. Static power dissipation: 

Typically, all low-voltage devices have a CMOS inverter 
in the input and output stage. Therefore, for a clear 
understanding of static power consumption, refer to the 
CMOS inverter modes shown in Figure 3. We know that 
in order to turn the PMOS “ON” the input  logic ‘0’ 
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should be applied to the gate whereas in order to turn the 
NMOS  “ON” the input logic ‘1’ is to be applied to gate of 
NMOS. 
 

 
 

Fig. 3  CMOS Inverter Mode for Static Power Consumption.  

In case 1 the input whose logic level is’0’ is applied to 
both PMOS and NMOS. So PMOS behaves like a closed 
switch and output is connected to power supply. Similarly 
if the input is logic’0’ then only NMOS is short circuited 
and output is connected to ground. We also know that the 
gate terminal is isolated i.e. in ideal condition the current 
through gate is zero and there is no path for the current to 
flow between power supply and ground. So quiescent 
current is zero and hence static power dissipation is zero. 
However, there is a small amount of static power 
consumption due to reverse-bias leakage between diffused 
regions and the substrate [5]. This leakage inside a device 
can be explained with a simple model that describes the 
parasitic diodes of a CMOS inverter, as shown in Figure 4 
 

 

Fig. 4  Model Describing Parasitic Diodes Present in CMOS Inverter. 

The source drain diffusion and N-well diffusion form 
parasitic diodes. In Fig. 4, the parasitic diodes are shown 
between the N-well and substrate. Because of the parasitic 
diodes which are in reverse biased, only their leakage 
currents contribute to static power consumption [6]. 
 

Pstatic=VddIddq                                                             (1) 
 
Where Iddq is quiescent leakage current [5]. 

3. Dynamic power dissipation:  

Due to switching the input from one logic level to other 
there is path for the current to flow from Vdd (power 
supply) to Vss (ground). The details will be explained on 
the basis of following diagram (Figure 5). 

 

Fig. 5  Current flow.  

Consider a square input such that the input is varying from 
logic’0’ to logic’1’ in one cycle. When the input is in 
logic’0’ the PMOS is ON and current flows from power 
supply (Vdd) to the load capacitance and thereby charging 
the load capacitor. When the input has a transition from 
logic’0’ to ‘1’ the NMOS in ON and so there is direct 
connection between load capacitance and ground and so 
the capacitor discharges and similarly charging and 
discharging happens because of the transition in input 
levels. Therefore dynamic power arises in the complete 
cycle (i.e. current flowing from Vdd to ground). 
In order to calculate the dynamic power (Pdyn) first we 
have to take into consideration the charging event and let 
the capacitor (CL) is charged to power supply voltage. The 
charge that has been stored in this process is Qe=CLVdd 
(coulombs). When the capacitor is discharged the same 
amount of power is discharged. The average power 
dissipated over a single cycle with a period T is 

Pavg=VddIdd                                                             (2) 
Where Idd is the current that is flowing from Vdd to CL 

 
Idd=Qe/T                                                                 (3) 
Pavg=Vdd(Qe/T)                                                        (4) 
Pavg= Vdd(CLVdd/T)                                                  (5) 
Pavg= Vdd

2CLf                                                           (6) 
The total power=Pstatic+Pdynamic 

             =VddIddq+Vdd
2CLf                                  

(7) 
 
We can see in any CMOS logic gate the static power is 
very small and so dynamic power becomes very important 
in designing high speed circuits. So in order to model the 
dynamic power we introduce activity coefficient (a) which 
represents the probability that an output changes from 0 to 
1. 

Pdyn=aVdd
2CLf                                                         (8) 
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Thus the total power that is dissipated = VddIddq+ 
aVdd

2CLf [5]. 

3. Strategies for minimizing power: 

1) By reducing the supply voltage the power 
consumption reduces. This can be done by proper 
scaling. But the only disadvantage with this method is 
delay increases.  Fig. 6 a) & 6 b) shows behaviour of 
supply voltage as function of dynamic power and 
delay [7].  

 
Fig.6 a) Dynamic power vs Supply voltage   

 
Fig.6 b) Delay vs Supply voltage 

 
2) By introducing a sleep transistor between actual 

ground and virtual ground so that leakage current is 
minimized (i.e. static power is minimized). The only 
disadvantage with this method is the area will increase 
and the circuit becomes so intricate. The sleep 
transistor shown above has high threshold voltage 

which is connected in series to the MOS which has 
low VT. In normal operations the sleep MOS behaves 
in the same way as that of the MOS with low VT. The 
purpose of these sleep transistor is to minimize the 
static power [8]. 

 

Fig.7 sleep transistor. 

3) Biasing of the body enhances the threshold voltage of 
the individual transistors and decreases the decreases 
the power dissipation by controlling the leakage 
current.  Swapped body biasing (SBB) and dynamic 
threshold voltage MOS biasing are the two techniques 
which reduce the power dissipation under body 
biasing.  The body biasing is mostly in biomedical 
devices and sensor networks. 

4) By supplying the voltage in lower and higher values, 
the power dissipation is also decreased.  For critical 
path we can supply high voltage and lower voltage is 
supplied for non-critical paths. The higher voltage in 
critical paths will help in achieving the performance 
and lower voltage at non-critical paths helps in 
lowering the power dissipation.  Depending on the 
operational mode, we can fabricate higher and lower 
voltage paths in each grid of the chip.  This type 
multiple supply of power is used in digital signal 
processing.  The only disadvantage in this mode is the 
isolation of various paths and small increment in the 
area.  

5) By decreasing the capacitance the power consumption 
is minimized since the dynamic power vary linearly 
with the capacitance [9].  

 

4. Conclusions 

In this paper, various types of power dissipation 
were discussed and various strategies for minimizing the 
power are discussed. These strategies improve the power 
leakage, extend battery life and lower package cost. The 
products such as hand held computing, multimedia and 
other communication products yields to size and weight 
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reduction for the portable devices. This works provided 
will help the designers to find the root factor for the 
dissipation and understand what kind of power dissipation 
has occurred and which strategy has to implement.  
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