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Low Power Designing Techniques — An Overview
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Abstract— With rapid development of portable digital applications, demand for the high fidelity portable devices has laid emphasis on the
development of low power and high performance systems. There are an ever-increasing number of portable applications requiring high
speed, high throughput, small silicon area, and at the same time, low power dissipation. However, the demand for high-performance
portable systems incorporating multimedia capabilities has elevated the design for low-power to the forefront of design requirement in order
to maintain reliability and provide longer hours of operation. In order to fulfill all these requirements, there are many different logic designing
techniques available. This paper presents a review of low power area efficient designing techniques of digital circuits. There have been
numerous published techniques and each technology has its advantages and limitations. After brief introduction, various circuit designing

techniques have been explained along with their comparison.

Index Terms— Arithmetic circuits, Gate Diffusion Input, CMOS, Low power, High speed, Pass-Transistor Logic, Transmission Gate

1 INTRODUCTION

Oday the size of the technology is shrinking and if this

dissipate large amount of power then large amount of

heat will be dissipated in short span of time and that heat
has to be removed. Heat removal may become a limiting fac-
tor if the package cannot sufficiently dissipate this heat or if
the required thermal components are too expensive for the
application. Secondly high-power circuits fail due to the in-
creasing popularity of portable electronic devices. Laptop
computers, portable video players and cellular phones all use
batteries as a power source. These devices provide a limited
time of operation before they require recharging. To extend
the battery life, low power operation is desirable in integrated
circuits. Therefore, In high performance systems, power is the
limiting factor for a further increase in clock speed and circuit
density, due to the difficulties of conveying power to circuits
and removing the heat that they generate [1]. The presence of
multiple ALUs in modern superscalar processors [2], [3] and
of multiple execution cores on the same chip [3], [4], [5] further
aggravates the problem, impacting circuit reliability and in-
creasing cooling costs. In CMOS circuits, the power consump-
tion is proportional to switching activity, capacitive loading
and the square of the supply voltage [2]. To reduce the power
consumption different CMOS logic design techniques like
CMOS complementary logic, Pseudo NMOS, Dynamic CMOS,
Clocked CMOS logic (CMOS), CMOS Domino logic, Cascade
Voltage switch logic (CVSL), Pass Transistor Logic (PTL) have
been proposed [4]. This review paper provides various tech-
nologies for designing digital circuits. These methods are use-
ful for designing of fast, low-power circuits, using a reduced
number of transistors.

2 DEVELOPMENT OF RESEARCH IN LOW POWER
DESIGNING

The development of digital devices which consumes less pow-
er has been started when the integrated circuits came into ex-
istence. In 1940, the research of transistors had been done and
the further research on integrated circuits took place in late
1950. The Rise in the demand of low power digital devices is

due to the rising needs of devices that are operated by battery
[7]. These devices include almost all the gadgets that we need
to do our most of the works. In CMOS circuits, the power con-
sumption is proportional to switching activity, capacitive
loading and the square of the supply voltage [6]. The power
consumed for any given function in CMOS circuit must be
reduced for either of the two different reasons: One of these
reasons is to reduce heat dissipation in order to allow a large
density of functions to be incorporated on an IC chip. Any
amount of power dissipation is worthwhile as long as it
doesnot degrade overall circuit performance. The other reason
is to save energy in battery operated instruments same as elec-
tronic watches where average power is in microwatts As the
CMOS designing technology shrinks, it has approached to-
wards very high integration density and system on chip de-
signs and beyond few GHz operating frequencies, critical con-
cerns have been arising to the extreme increase in power con-
sumption and the need to further reduce it. Although Static
CMOS Logic has been the most popular design approach for
the past three decades, many attempts have been made to
propose a better alternative to achieve lower power dissipa-
tion, smaller area and better performance. Then Pass-
Transistor logic (PTL) was proposed as a promising alterna-
tive to Static CMOS Logic [7], [8], [9]. A comprehensive com-
parison between the PTL and Static CMOS approaches was
presented by Zimmermann et al. [8]. Pass-transistor design
was found to be well-suited to circuits that contain large pro-
portions of XOR gates and multiplexers, such as arithmetic
units, as PTL implementations of these functions are more
efficient than conventional CMOS implementations [7],[9]. On
the other hand, PTL implementations of logic gates such as
NANDs and NORs, were found to be slower and consume
more power than CMOS implementations [9], [10] mainly be-
cause of the reduced output swings due to the threshold drop
across a single-channel pass transistor. Moreover, the leakage
of PTL implementations of monotonic gates was shown to be
much higher than that of CMOS implementations [11].

3 Low POWER DESIGNING TECHNIQUES

In low power design there are a variety of considerations like
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power dissipation due to hazards and critical race conditions,
leakage and direct path currents, power consuming transitions
in unused circuitry and pre-charge transistors. A fast arithme-
tic operation requires fast circuit and the fast circuits require
small size to minimize the delay effects of wires. Small size
implies a single chip implementation, to minimize wire de-
lays, and to make it possible to implement these fast circuits as
part of a larger single chip system to minimize input/output
delays [5]. The increasing demand for low-power VLSI asks,
among others, for power efficient logic styles. Performance
criteria for logic styles are circuit speed, circuit size, power
dissipation, and wiring complexity as well as ease-of-use and
generality of gates in cell-based design techniques. Dynamic
logic styles are often a good choice for high-speed, but not for
low-power circuit implementations due to the high node activ-
ity and large clock loads [7]. Description of some designing
techniques is discussed in next subsections.

3.1 Conventional Static CMOS Logic-CSL

Conventional static CMOS logic is used in most chip designs
in VLSI applications. CMOS is also defined as Complementary
symmetry metal-oxide-semiconductor. The full form of
CMOS shows that the complementary pairs of two metal ox-
ide semiconductor field effect transistors have been used for
the designing of digital circuits that are p-type and n-type
MOSEFETs][6].

The features of this logic style are good noise margin, fast
speed, low power and easy to design. Other advantage of stat-
ic CMOS logic style is its robustness against voltage scaling
and transistor sizing which enables reliable operation at low
voltages and arbitrary transistor sizes. The disadvantage of
conventional static CMOS circuits is the voltage swing at the
output nodes is equal to the supply voltage that results in
higher power dissipation [12]. Also one more drawback of
CMOS logic is that it uses more number of PMOS transistors
which lead to high power, high delay and area [13].

3.2 Complementary Pass-Transistor logic- (CPL)

CPL does not use pairs of two metal oxide semiconductor field
effect transistors for the accomplishment of the low power
logic functions. It utilizes only one type of MOSFETs that is N-
type MOSFETs. This is the reason that by implementing CPL
techniques, the circuits will have high operating speed. Also,
the circuits need low value of input capacitance. CPL contains
complementary inputs and outputs. It also includes an NMOS
pass transistor logic network, and CMOS output inverters as
shown in figure 1.
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Fig.1. Basic Concept of CPL

As inverted and non-inverted inputs are needed to drive the
gates of the pass-transistors, the complement of the logic also
needs to exist which selects between the possible non-inverted
output values which drives an inverter to generate an inverted
version of the output [21].

The features of this logic style are increase in output node ca-
pacitance, higher switching power dissipation and higher
propagation delay [14]. The advantage of CPL is that design is
modular. All gates use the same topology, only inputs are
permuted. This makes design of a library of gates very simple.
The availability of both polarities of every signal eliminates
the need for extra inverters. Less number of transistors as
PMOS transistors are eliminated [15], [16], [21], [22].The dis-
advantage of CPL circuits is that the NMOS pass transistors
have a threshold voltage drop. So CPL technique is not suita-
ble for low supply voltages. Also one more disadvantage of
this technique is that CPL based circuits are more sensitive to
Voltage scaling than CSL CMOS [16].

3.3 Double Pass-transistor Logic- DPL

DPL is a modified version of CPL. The DPL also has compli-
mentary inputs and outputs and thus it is implemented using
dual-rails. In DPL circuits, full voltage swing is achieved at
outputs by adding a PMOS transistor in parallel with NMOS
transistors. Although the addition of PMOS transistors results
in increased capacitance compared to CPL style but this does
not limit the performance of DPL. DPL gates have balanced
input capacitance, thus reducing the dependence of delay on
input data. The problems of noise margin and speed degrada-
tion in CPL circuits due to high reduced voltage level are
solved out in DPL design style. The output buffers are not
necessary, since the full swing is achieved by the addition of
PMOS transistor.

The features of this logic style are low power consumption,
complimentary inputs and outputs. Other advantage of DPL is
that this technique eliminates the need for restoration circuit-
ry. Also this technique has reduced delay as compared to the
CPL and CSL techniques [17]. The disadvantage of DPL cir-
cuits is the large area used due to the presence of PMOS tran-
sistors of sizes doubles that of NMOS counterparts. The other
drawback of this circuit is the required complementary inputs
[18], [19], [20]
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3.4 Gate-Diffusion Input - (GDI)

Gate diffusion input (GDI) - a new technology of low-power
digital combinational designing of circuits - is presented in
2001[24]. GDI technology provides the designing of low power
circuits and having low propagation delay. Also, this tech-
nique results area efficient circuits due to the use of less com-
plex logic designing. The different methods are compared
with respect to the layout area, number of devices, de-
lay, and power dissipation. The GDI method is based on the
use of a simple cell as shown in Fig. 2. At first glance, the basic
cell reminds one of the standard CMOS inverter, but there are
some important differences.

1) The GDI cell contains three inputs: G (common gate input
of NMOS and PMOS), P (input to the source/drain of PMOS),
and N (input to the source/drain of NMOS).

TABLE 1
VARIOUS LOGIC FUNCTIONS OF GDI CELL FOR DIFFERENT INPUT
CONFIGURATIONS [4].

N P G Out Function
'0' B A AB Fl1

B T A A+B F2

' B A A+B OR

B '0' A AB AND
C B A AB+AC MUX
‘0 1 A A NOT

2) Bulks of both NMOS and PMOS are connected to N or P
(respectively), so it can be arbitrarily biased at contrast with a
CMOS inverter.

It must be remarked that not all the functions are possible in
standard p-well CMOS process but can be successfully im-
plemented in twin-well CMOS or silicon on insulator (SOI)
technologies [23]. In GDI based circuits huge variety of com-
plicated logic functions can be accomplished with the use of
few transistors. This method is suitable for design of fast, low-
power circuits, using a reduced number of transistors (as
compared to CMOS and existing PTL techniques). Table 1
shows how a simple change of the input configuration of the
simple GDI cell corresponds to very different Boolean func-
tions.

© Out

Fig. 2: Basic GDI cell.
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Detailed in [4], GDI cell structure is different from the existing
PTL techniques. The features of this logic style are low power
consumption, improvements in design complexity level, tran-
sistor counts, static power dissipation and logic level swing.

Other advantage of GDI is that this technique reduces the
transistor count. Also this technique has reduced delay as
compared to the other PTL techniques [24].

4 POWER DISSIPATION AND ITS TYPES

The Power dissipation is the most critical parameter for porta-
bility & mobility. It is classified in to Dynamic and Static pow-
er dissipation. Dynamic power dissipation arises when the
circuit is operational, while static power dissipation becomes
an issue when the circuit is inactive or is in a power-down
mode [26]. There are three major sources of power dissipation
in digital CMOS circuits, which are summarized in (1) [18]:

Pavg = P switching + P short-circuit + P leakage
= (a0—1x CLxVdd?xfclk) + (Isc x Vdd) + (leakage x Vdd)(1)

The first term represents the switching component of power,
where load capacitance is CL; fclk is the clock frequency and a
is the probability that a power consuming transition occurs
(the activity factor). In second term direct-path short circuit
current, Isc arises when both the NMOS and PMOS transistors
are simultaneously active, conducting current directly from
supply to ground. Finally, leakage current, which can arise
from substrate injection and sub-threshold effects, is primarily
determined by fabrication technology considerations [25].

The switching power dissipation is a strong function of the
power supply voltage in CMOS digital ICs. Therefore, reduc-
tion of emerges as a very effective means of limiting the power
consumption. However, the saving in power dissipation
comes at a significant cost in terms of increased circuit delay.
Since the exact analysis of propagation delay is quite complex,
a simple first order derivation [12] can be used to show the
relation between power supply and delay time.

Td =CLVdd / K (Vdd - Vth) a (2)

K - Transistor’s aspect ratio (W /L)

Vth- Transistor threshold voltage

a - Velocity saturation index which varies between 1 and 2
Unfortunately, reducing the supply voltage reduces power,
but when the supply voltage is near to threshold voltage (from
equation 2), the delay increases drastically [15].

4.1 Switching Power

It is consumed in charging and discharging of the circuit ca-
pacitances during transistor switching,.

4.2 Short-Circuit Power
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It is consumed due to short-circuit current flowing from pow-
er supply to ground during transistor switching. This power
more dominates in Deep Sub Micron (DSM) technology.

TABLEZ2.

AND, OR, AND XOR CELLS USING GDI, CMOS, AND PTL
DESIGN TECHNIQUES [4].
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TABLES.
COMPARISON OF VARIOUS DESIGNING TECHNIQUES

Features CSL CPL DPL GDI

Transistor High Low Low Very

count Low

Delay High Very Very Low
Low High

Power Con- Very Low High Very

sumption High Low

o Jyoti qupta is currently pursuing her research work under the guidance of
Mr. Amit Grover , Assistant Professor (ECE), Shaheed Bhagat Singh State
Technical Campus, Ferozepur, Punjab, India. .

4.3 Static Power

It is consumed due to static and leakage currents flowing
while the circuit is in a stable state. The first two components
are referred to as dynamic power, since power is consumed
dynamically while the circuit is changing states. Dynamic
power accounts for the majority of the total power consump-
tion in digital CMOS VLSI circuits at micron technology [19].

5 COMPARISON

Various techniques for digital circuit designing have been
compared using table 2

Table 3 compares the different features of various digital de-
signing techniques. Among all the design techniques, GDI
proves to have the minimal number of transistors [4]. CSL
technique consumes more power among all the techniques.
CPL technique is also very efficient because it also consumes
less power and produce lowest delay among all the designing
techniques. GDI is the new approach for low power designing
circuits because of its advantages. Only the CPL design style
can be a better alternative for GDI if high-frequency operation
is of concern [24].

6 CONCLUSION

All the circuits have been implemented on the basis of the re-
quirement of different applications. Different logic styles have
been proved to be efficient in various applications like most of
the functions are complex in CMOS, as well as in standard
PTL implementations, but very simple (only two transistors
per function) in the GDI design method[14],[20]. In this paper
we reviewed various digital designing techniques and dis-
cussed various features, advantages and some drawbacks of
them. Furthermore, we provide a comparison of some ele-
ments of these techniques. However, more work and research
is still going on to find out the other alternative techniques for
the efficient designing of digital circuits.
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