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Abstract— Low power has emerged as a principal theme in 

today’s world of natural philosophy industries. Power 

dissipation has become a vital thought in terms of 

performance and space for VLSI Chip style. With shrinking 

technology, reducing power consumption and over all power 

management on chip area unit the key challenges below 

100nm attributable to redoubled complexness. For several 

styles, improvement of power is vital as temporal 

arrangement attributable to the necessity to cut back 

package value and extended battery life. For power 

management leak current conjointly plays a vital role in low 

power VLSI styles. Leakage current is turning into an 

progressively vital fraction of the full power dissipation of 

integrated circuits. This paper describes regarding the 

assorted ways, methodologies and power management 

techniques for low power circuits and systems. A future 

challenge that has got to be met to style an occasional power 

high performance circuits are mentioned. 
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I. INTRODUCTION 

Low power components along with the low power design 

technique have revealed great advantage than ever before. 

As requirement increases, the need for lower power 

consumption has also gets linearly increased. The power 

consumption plays a vital role in the wireless, memory 

devices, handheld and communication devices. In earlier 

days the area, cost and performance were considered as the 

major concern for the VLSI design which made the power 

as secondary whereas this has been changed and the power 

has been driven to fore front of all other parameters at 

current scenario. In case of attaining higher performance, 

the power dissipation has to be reduced and which leads to 

reduction in cost and improvement in reliability. Generally 

the lower power consumption and higher bandwidth are the 

two pre-dominant parameters in designing higher end 

devices. The power consumption in VLSI circuit is 

increased linearly as there is an increase in the speed and 

complexity and also as transistor count increases, as the 

device dimension decreases. The high performance system 

processing technology leads power to the fore front of all 

other major concern which affects system while designing. 

According to US Environmental Protection Agency, the 

80% of power consumptions are due to the computing 

equipment’s and unused equipment’s. Powers are generally 

dissipated in the form of heat which leads to the adverse 

effect. There are several techniques that have been proposed 

over decades to overcome the power consumption and to 

attain the higher performance. The fundamental low power 

techniques such as logic restructuring, optimization, 

resizing, clock gating and multi threshold voltages are used 

to reduce leakage current, transition power are well 

established. 

II. VARIOUS STRATEGIES AND THE LEVEL OF ABSTRACTION 

The circuits are described, transformed and manipulated in 

various abstraction levels. As the abstraction level differs 

the strategies also get differed [4]. The abstraction begins 

with the system level and ends with physical level or vice 

versa. 

(1) System Level are given in terms of set of hardware, 

software, memory components and various 

interfacing algorithms which are used to induce the 

required functionality in the logic. It is obtained by 

using partitioning and power down techniques. 

(2) In Architectural or behavioral level the components 

are given in terms of description language such as 

VHDL and Verilog or through high level 

programming languages such as C and Embedded 

C or through their behavior. This level uses 

locality, regularity and concurrency as strategies 

and it has no time limit and it takes only causal 

information and the interface protocol. 

(3) The Register Transfer Level is demonstrated with 

the parameters such as arithmetic blocks, MUX, 

registers and interconnects. It mainly states the 

interconnection of a system on the clock cycle level 

and it makes use of strategies such as data encoding 

and decoding, pipelining and redundancy. 

(4) Gate Level is stated in terms of set of Boolean 

equations which provides the functionality and the 

get netlists. 

(5) The Transistor Level is meant to be transistor 

network structure which imposes various logic 

styles and transistor sizing. 

(6) Physical Level is described in terms of the mask 

layout included during fabrication. The multiple 

thresholds, multiple supply voltages are the 

strategies used in this level. 

 The low power circuits can be created by 

enhancing effective power management made of various 

strategies at various levels of abstraction in VLSI design 

flow. 

III. SOURCES OF POWER DISSIPATION 

In digital circuits the power consumed are of two types such 

as Static Power and Dynamic Power. Static power includes 

the leakage current whereas the dynamic power includes 

capacitive switching power and the short circuit power [8]. 

The clock plays a vital role and consumes large power since 

it feds most of the blocks in the circuit and it also get 

switched every clock cycle. The total power dissipated is 

given by  

PTotal=PDynamic+PShortCircuit+PLeakage+PStatic       (1.1) 

 Where PDynamic = Power dissipation due to transistor 

switching, PShort Circuit = Power dissipation which occurs 

when there is a direct current path between the power supply 
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and the ground, PLeakage = Power dissipation due to the 

current leakage and PStatic = Static power dissipation. 

 
Fig. 1: Classification of Power 

A. Static Power: 

Power dissipated by a gate when it is in idle or inactive state 

are called as Static power. Static power consumption is a 

product of leakage current and the supply voltage. This 

power is considered to be quiescent and it is denoted as Ps. it 

is given as  

PS = VCC X ICC             (1.2) 

Where VCC = Supply Voltage 

ICC = Current through the device 

B. Dynamic Power: 

Power dissipated by being in active state due to switching 

activity of the input signal [5]. It is also said to be caused 

due to charging and it is given as 

PD = αCLVDD
2
f       (1.3) 

C. Short Circuit Power: 

It occurs when there is a direct current path existing between 

the power supplies and ground in the transition phase. 

D. Leakage Power: 

In CMOS circuit there occur non-zero reverse leakage and 

sub-threshold currents [2]. The leakage may be two types 

such as Reverse bias diode leakage current and the sub-

threshold current in the turned off transistor channel. 

IV. TRADE- OFFS 

In order to reduce power consumption there exists several 

trade-off issues such as, 

A. Voltage Scaling and Supply Voltage: 

The short circuit and switching power dissipation depends 

on the VDD and hence the reduction in supply voltage 

reduces the power dissipation. Reducing the threshold 

voltage will shift the delay time but it leads to exponential 

increase in sub-threshold leakage. Hence the selection of 

appropriate voltage supply or threshold plays an important 

role [3]. The threshold voltages are controlled by back-

biasing method. The modern system makes use of more than 

one threshold voltages. While using multiple threshold 

voltages, one will be left low for delay critical part of the 

circuit. 

B. Clock Frequency: 

Reducing the clock frequency is not more effective for 

reducing the power consumption. It depends on the clock 

gating technique. 

C. Switching Capacitance: 

Switching capacitance reduction is obtained through various 

logic styles which affect the critical capacitance [6]. The 

capacitance vary according to the application as an example 

consider the flip-flops and registers, the flip-flops have 

capacitance at clock nodes and it has high activity, therefore 

flip-flops  with small number of clocked transistors have 

been used. 

V. POWER MINIMIZATION AND MANAGEMENT TECHNIQUES 

There are several power minimization and management 

techniques such as 

A. Optimal Standby Input Vectors: 

Sub-threshold leakage current depends on the vectors 

applied to the gate inputs because different vectors cause 

different transistors to be turned off [6]. When a circuit is in 

the standby mode, one could carefully choose an input 

vector and let the total leakage in the whole circuit to be 

minimized model leakage current by means of linearized 

pseudo- Boolean functions. 

B. Super Cutoff CMOS Technique: 

This technique is very much similar to the MTCMOS but 

instead of a high Vth sleep transistor, a nominal Vth sleep 

transistor is employed to reduce the additional delay caused 

due to the presence of increased threshold value in sleep 

transistor. 

C. Sleep Transistor: 

This is a State-destructive technique which cuts off either 

pull-up or pull-down or both the networks from supply 

voltage or ground or both using sleep transistors. This 

technique is MTCMOS, which adds high-Vth sleep 

transistors between pull-up networks and Vdd and pull-

down networks and ground while for fast switching speeds, 

low-Vth transistors are used in logic circuits. Isolating the 

logic networks, this technique dramatically reduces leakage 

power during sleep mode. However, the area and delay are 

increased due to additional sleep transistors. During the 

sleep mode, the state will be lost as the pull-up and pull-

down networks will have floating values. These values 

impact the wakeup time and energy significantly due to the 

requirement to recharge transistors which lost state during 

sleep. 

D. Sleepy Stack and Keeper Technique: 

This technique combines the structure of the forced stack 

technique and the sleep transistor technique. In the sleepy 

stack technique, one sleep transistor and two half sized 

transistors replaces each existing transistor [1]. This 

technique consists of sleep transistors connected to the 

circuit with NMOS connected to Vdd and PMOS to Gnd. 

This creates virtual power and ground rails in the circuit, 

which affects the switching speed when the circuit is active. 
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E. Zigzag Technique: 

Wake-up cost can be reduced in zigzag technique but still 

state losing is a limitation. Thus, any particular state which 

is needed upon wakeup must be regenerated somehow. For 

this, the technique may need extra circuitry to generate a 

specific input vector. 

F. Logic Restructuring: 

This is a gate-level dynamic power optimization technique. 

Logic restructuring can, for example, reduce three stages to 

two stages through logic equivalence transformation, so the 

circuit has less switching and fewer transitions. It helps 

mainly in reducing the glitching power of a circuit. 

G. Logic / Transistor Resizing: 

By removing a buffer to reduce gate counts, logic resizing 

reduces dynamic power [7]. Both gate count and stage 

reduction can reduce power and also usually the area. 

H. Pin Swapping: 

In the pin-swapping approach, the pins are swapped so that 

most frequently, switching occurs at the pins with the lower 

capacitive load. Since the capacitance load of upper pin is 

lower, there is less power dissipation.  

I. Power and Data Gating: 

Power gating is a technique used in integrated circuit design 

to reduce power consumption, by shutting off the current to 

blocks of the circuit that are not in use. In addition to 

reducing stand-by or leakage power, power gating has the 

benefit of enabling IDDQ testing. 

 Data gating is an alternate gating method for power 

reduction. Its basic idea is similar to clock gating, based on 

the validation of current data; an enable signal is generated 

by the enable logic and used to prevent data from toggling 

when the input data is invalid or in an idle condition. 

J. Clock Gating: 

Clock gating is a popular technique used in many 

synchronous circuits for reducing dynamic power 

dissipation. Clock gating saves power by adding more logic 

to a circuit to prune the clock tree [9]. Pruning the clock 

disables portions of the circuitry so that the flip-flops in 

them do not have to switch states. Switching states 

consumes power. When not being switched, the switching 

power consumption goes to zero, and only leakage currents 

are incurred. 

K. Memory Splitting: 

In many systems, the memory capacity is designed for peak 

usage. During the normal system activity, only a portion of 

that memory is actually used at any given time. In many 

cases, it is possible to divide the memory into two or more 

sections and selectively power down unused sections of the 

memory. With increasing memory capacity, reducing the 

power consumed by memories are increasingly important. 

L. Operand Isolation: 

Operand isolation reduces dynamic power dissipation in 

data path blocks controlled by an Enable signal. Thus when 

Enable is inactive, the data path inputs are disabled so that 

unnecessary switching power is not wasted in the data path. 

Operand isolation is implemented automatically in synthesis 

by enabling an attribute before the elaboration of the design. 

 Operand isolation logic is inserted during 

elaboration and evaluated and committed during synthesis 

based on power savings and timings. 

VI. CONCLUSION 

The need for lower power systems is being driven by many 

market segments. Unfortunately designing for low power 

adds another dimension to the already complex design 

problem and the design has to be optimized for power as 

well as Performance and Area. When scaling down to deep 

sub-micron technology leakage is a critical problem. In this 

paper we have proposed some of the Power minimization 

techniques. Experiments have to be conducted on these 

techniques to decide which technique is best suited for 

power minimization. 
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