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ABSTRACT

Dynamic logic circuits are used in higher-functioning circuit applications due to their
spcc(h Once the static logic circuit was used. But it requires a large number of transis-
tors, resulting in a large overhead area and high power consumption. So it is replaced
by dynamic lﬁic, which has impressive performance compared to static logic. Dynamic
logic circuits are employed in a variety of fields, including microprocessors and dynamic
memory, because they are faster and have fewer transistors than static logic circuits.
However, it has the leakage power and propagation delay issue, which means it won't
be able to demonstrate the necessary performance during the evaluation phase. ide
fan-in domino gates are more compact, resylting in more sub-threshold leakage current
channels. When the Pull-Down Network (PDN) is OFF, noise from any source comes
at gates and devclo& a gate to source voltage. It also increases the leakage power and
propagation delay. As a result, reducing the leakage ﬁower and propagation delay while
designing a dynamic logic circuit is a major issue. A novel dynamic logic model with
low leakage power and propagation delay in contrast to previous models, is developed by
adding delay components and changing stacking effect circuitry. Increased b-thrcshold
leakage current is one of the primary causes of leakage power rise. Sub-threshold con-
duction or leakage rrcnt is the current that flows between the source and drain of a
MOSFET when the transistor is in the sub-threshold region, or weak-inversion region
for gate-to-source voltages less than the threshold voltage. When the size of a techni-

feature is reduced, the supply voltage and threshold voltage are reduced as well. As
the threshold voltage drops, tlﬁ leakage current grows exponentially thus increasing the
sub-threshold leakage power. The LTSpice tool is used to illustrate the robustness of the
proposed model utilizing 45nm PTM technology for OR-AND logic gate functionality

and various supply voltages. Simulation results show a good percentage of improvement

in both leakage power and propagation delay.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The dynamic logic circuit has become popular in the world of electronics. Once upon a
time, the static logic circuit was employed. However, a huge number of transistors are
required, resulting in a large overhead area and significant power consumption [1]. As a
result, it i&;eplaccd with dynamic logic, which outperforms static logic. Sizes of CMOS
features for VLSI circuit designers, leakage power dissipation has become a tolhnrior-
ity. Power dissipation from leakage may develop to dominate total power use. CMOS
power consumption is made up of both dynamic and static components. When transistors
switch, dynamic power is consumed, and static power is consumed regardless of transis-
8r flipping. Dynamic power consumption was historically (at 180nmitechnology and
higher) the single most important worry for low-power chip designers since it accounted
for 90% or more of total chip power. As a result, several previously proposed approaches,
such as voltage and frequency scaling, were designed to reduce dynamic power. The leak-
age wcr has become a significant barrier for existing and future technologies as feature
size lowers [2].

lncrcascdﬁlb-thrcshold leakage power is one of the primary causes of leakage power
rise [3]. Sub-threshold conduction, leakage, or drain current is the current that flows
between the source and drain of a MOSFET when the transistor is in the sub-threshold
region, or weak-inversion region, that is, for gate-to-source voltages less than the thresh-
old voltage. The weak inversion region is another term for the sub-threshold region [4].
When the size of a technical feature is reduced, the supply voltage and threshold voltage
are reduced as well. As the threshold voltage drops, the sub-threshold leakage current
grows exponentially, increasing the sub-threshold leakage power. Next, in order to im-
prove channel conductivity and performance, the gate oxide, which acts as an insulator
between the gate and the channel, should be made as thin as feasible [5]. The phe-
nomenon of sub-threshold leakage of dynamic logic circuit is shown in Fig. 1.1 below.
However, when the gate oxide becomes thinner, the oxide’s barrier voltage changes. As a
result of the sitive gate voltage, some positive charges become trapped in the oxide [6].

As a result, current passes through the oxide. Tunneling current is another name for this
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Fig. 1.1 Sub-threshold Leakage of Dynamic Logic Circuit

phenomenon. The propagation delay rcprcscntathc delay encountered by a signal when

traveling through a gate and is defined as how soon it responds to a change at its inputs.
The propagation delay is determined as the time between the 50% transition sites of the
input and output waveformﬁ An external clock is used in dynamic logic to examine
the circuit operation. The evaluation phase occurs when the clock is logic high. The
evaluation step can be divided into two types. The first is that the PDN’s inputs are
logic low, indicating that the PDN is turned off. Second, the PDN inputs are logic high,
indicating that the PDN is active. When the PDN is turned on during the evaluation phase,
the dynamic node is discharged fairly through the PDN [7]. When the PDN is turned off
during the evaluation phase, however, the dynamic node should maintain the logic high
state discovered during the precharge phase. But it doesn’t always work out like this.
There is always a sub-threshold leakage current through the OFF PDN throughout the
evaluation period [8]. The dynamic node is discharged improperly as a result of the

leaking current, also causing propagation delay. Wide fan-in domino gates are more




compact, resulting in more sub-threshold leakage current channels. When the PDN is
OFF, noise from any source comes at gates and develops a gate to source voltage. It also
increases leakage power and propagation delay. This phenomenon is known as crosstalk.
As a result, reducing leakage power and propagation delay while designing a dynamic

logic circuit is a major issue [9].

ﬁz Motivation

Wide fan-in domino gates are more compact, resulting in more sub-threshold leakage cur-
rent channels. When the PDN is OFF, noise from any source comes at ﬁtcs and develops
a gate to source voltage. It also causes sub-threshold leakage power. This phenomenon
is known as crosstalk [10]. So, reducing leakage power is a great challenge while design-
ing a dynamic logic circuit. The ynamic logic circuit has become popular in the world
of electronics. Once upon a time, the static logic circuit was employed. However, a
huge number of transistors are required, resulting in a large overhead area and significant
power consuaption. As a result, it is replaced with dynamic logic, which outperforms
static logic. In higher-functioning circuit applications, dynamic logic circuits are used
because of their speed. However, the dynamic logic’s performance isn’t very promis-
ing due to its propagation delay and leakage current problem. A novel dynamic logic
model with low leakage power and propagation delay in contrast to previous models, is
developed by adding delay components and changing stacking eftect circuitry. The LT-
Spice tool is used to illustrate the robustness of the proposed model utilizing 45nm PTM

technology and various supply voltages for OR-AND logic gate functionality.

1.3 Thesis Objectives

Since higher contention time and sub-threshold leakage power of domino logic circuit is a

problem for the protection of the system, our main goal is to reduce this high propagation
lay and sub-threshold leakage power of high performance domino logic circuit. A

novel dynamic logic circuit design with very low leakage power and propagation delay

is proposed in this thesis. The primary objectives of this thesis is stated below-

1. Designing a domino model which consists of a pull-down network, delay elements,

keeper device and stacking effect circuitry.

2. Observing the circuit leakage power and propagation delay for wide fan-in gates

in evaluation phase.




@

3. Observing the circuit performance for wide fan-in logical OR-AND operation.

1.4 Thesis Layout

This thesis is arranged in the following order.

Introduction

Provides the background of this thesis along with a brief introduction

l

Literature Review

This chapter gives an overall idea of static circuit, dynamic logic circuit, problem
statement and previous works related to dynamic logic circuit

This chapter provides details information about the proposed model and its working principle

!

Simulation and Results

This chapter shows the simulated waveform and gives the result

Conclusion

This chapter analyzes the results and concludes this thesis

|
|
|
|

Fig. 1.2 Thesis Layout




CHAPTER 2

LITERATURE REVIEW

2.1 Introduction
In this chapter, we will try to give a brief discussion about dynamic CMOS circuit in-
cluding its basic components, problem statement and previous works to solve the leakage

power and propagation delay issue.

2.2 MOS

Metal oxide semiconductor (MOS) represents a category of distinctive materials as a
result of their charge transport properties. They distinguish themselves from standard
valence semiconductors within which the interaction between the metal and compound
orbitals ends up in important inequality of the charge carrier transport. Metal oxides are
often doped into either n- or p-type physical phenomenon. They will even be heavily
doped to act as conductors with terribly low electrical resistance, a number of that re-
ferred to as the clear semiconductive oxides. In metal compound semiconductor, the fab-
ric characteristics, band structure, defects, impurity doping, and electrical properties of
some necessary n-type (Indium compound, Zinc oxide, Tin(IV) compound) and p-type
(Copper oxide, Nickel compound, Tin(l) oxide) metal oxides ar shortly introduced.In
metal-oxide-semiconductor (MOS) transistors, an identical congtion applies, however
the operational frequency is usually determined by the space between the supply and
drain.

The source and drajbof an n-channel MOS (NMOS) transistor, for example, are two
é—type areas formed in a piece of p-type semiconductor, commonly silicon. The whole
semiconductor surface is coated by an insulating oxide layer, with the exception of the
two locations where metal leads touch these areas. The metal gate, which is commonly
aluminum, is deposited on top of the oxide layer, slightly above the source-drain gap. The
semiconductor materialaehind the gate will have extra holes if no voltage (or a negative
voltage) is applied to it, nd very few electrons will be able to bridge the gap since one of
the two pﬁunctions would obstruct their route. As aresult, except for inevitable leakage
currents, no current will flow in this setup. If the gate voltage is positive, an electric field

will penetrate the oxide layer and draw electrons into the silicon layer right behind the




gate (commonly referred to as the inversion layer). When this voltage reaches a certain
58

level, electrons will flow freely between the source and drain. The transistor is switched

on.
oV, (GATE VOLTAGE)
» N
OXIDE —* N
S10 \\I
SUBSTRATE
t
ox
V_ (SUBSTRAIE VOLTAGE)
Fig. 2.1 Metal Oxide Semiconductor

A p-channel MOS transistor, in which the source and drain are p-type areas generated
in n-type semiconductor material, exhibits similar characteristics. A negative voltage
applied over a threshold causes a layer of holes (rather than electrons) to form beneath

e gate, allowing a current to flow from source to drain. The operating frequency of
schanncl and p-channel MOS (also known as NMOS and PMOS) transistors is mostly
determined by the speed with which electrons or holes may wander through the semi-
conductor material divided by the distance between source apd drain. Because electrons
have nearly three times the mobility of holes through silicon, NMOS transistors can func-
tion at far higher frequencies than PMOS transistors. Smaller distances between source
and drain are also conducive to high-frequency operation, and much work has gone into
minimizing this gap.
In the 1960s, Fairchild Semiconductor’s Frank Wanlass realized that combining an NMOS
and a PMOS transistor in stan&by mode would draw very little currentjust the minuscule,
inevitable leakage currents. Only when thf:éate voltage surpasses a certain threshold

and a current flows from source to drain do these CMOS (complementary metal-oxide-
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semiconductor) transistor circuits waste considerable power. As a result, they may op-
erate at extremely low power levels, typically a million times lower than bipolar junc-
tion transistors. Blis property of CMOS transistors, along with their intrinsic simplicity
of construction, has made them the ideal option for producing microchips, which now
squeeze millions of transistors onto a surface area smaller than a fingernail. The waste
heat created by the component’s power consumption must be reduced to a bare minimum

in these instances, otherwise the chips may just melt.

e

2.2.1 CMOS

Complementary metal oxide semiconductor (CMOS), also known as complementary-
symmetry metaloxidesemiconductor (COS-MOS), is a OSFET production technique
that employs complementary and symmetrical pairings of p-type and n-type MOSFETS to
perform logic tasks. Microprocessors, microcontrollers, memory chips, an%ther digital
logic circuits are all built using CMOS technology. Image sensors (CMOS sensors), data
converters, RF circuits (RF CMOS), and highly integrated transceivers are all examples

analog circuits that employ CMOS technology.

In 1959, Mohamed M. Atalla and Dawon Kahng created the MOSFET at Bell Labs,
and in 1960, they proved the manufacturing techniques for PMOS (p-type MOS) and
NMOS (n-type MOS). Chih-Tang Sah and Frank Wanlass of Fairchild Semiconductor
eventually merged and modified these methods into the complementary MOS (CMOS)
technology in 1963. E‘l the late 1960s, RCA marketed the technology under the trademark
"COS-MOS," requiring other manufacturers to come up with a new moniker, which led to
"CMOS" being the industry standard by the early 1970s. In the 1980s, CMOS supplanted
NMOS as the primary MOSFET fabrication technique for very large-scale integration
(VLSI) circuits, as well as older transistogansistor logic (TTL) technologies. Since
then, CMOS has been the industry standard for MOSFET semiconductor devices in VLSI
chips. Asof 2011, CMOS technology was used to create 99 percent of IC chips, including
the majority of digital, analog, and mixed-signal ICs.

gh noise immunity and low static power consumption are two significant properties
of CMOS electronics. Because one of the MOSFETS in the pair is permanently off, the
series combination only drains substantial power while switching between on and off
states [11]. As a result, CMOS devices generate less waste heat than other types of logic,

such as NMOS or transistortransistor logic (TTL), which have some standing current
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Fig. 2.2 Normal Operation of a CMOS

even when not changing state. Because of these properties, CMOS can fit a lot of logic
functions on a single chip. CMOS became the most extensively utilized technology in
&S[ chips largely because of this.

The physical structure of MOS field-etffect transistors with a metal gate electrode on top
of an oxide insulator, which is then on top of a semiconductor nﬁcrial is referred to
as metal oxide semiconductor. Previously, aluminum was utilized, but today polysilicon
is used. With the introduction of high-dielectric materials in the CMOS process, other
metal gates have made a comeback, as reported by IBM and Intel for the 45 nm node
and lower sizes. The term "CMOS" refers to both a type of digital circuit architecture
and a set of technologies for putting such circuitry on “éltegrated circuits [12]. The power
dissipated by CMOS circuitry is lower thanalat of logic families with resistive loads.
Since this advantage has risen in importance, CMOS processes and variations have come
to dominate, with CMOS technologies accounting for the great r&jority of current in-
tegrated circuit manufacture. CMOS logic uses roughly 100,000 times less power than
bipolar transistor-transistor logic and about 7 times less power than NMOS logic (TTL).
To build logic gates and other digital circuits, CMOS circuits combine p-type and n-type
metaloxidesemiconductor fieldeffect transistors (MOSFETs). Although separate vices
can be used to demonstrate CMOS logic, commercial CMOS products are integrated
circuits containing billions of both types of transistors on a rectangular piece of silicon

measuring between 10 and 400 square millimeters. All enhancement-mode MOSFETs




are always used in CMOS (in other words, a zero gate-to-source voltage turns the tran-

sistor off).

2.3 VLSI

The chniquc of producing an integrated circuit (IC) by merging thousands of transistors
into a single chip is known as very large scale integration (VLSI). When sophisticated
semiconductor and communication technologies were being developed within the Sev-
enties, VLSI was born. A VLSI device is used as the microprocessor [13]. Prior to the
development of VLSI technology, most ICs could only execute a restricted range of func-
tions. A CPU, ROM, RAM, and other glue logic may be found in an electrical circuit.
VLSI allows IC designers to combine all of these functions into a single chip. oore’s
rule states that the number of transistors per silicon chip doubles every year, as predicted
by American engineer Gordon Moore in 1965.

The physical ﬁence sector has adult at a unsafe pace in recent decades, due to quick
developments in large-scalcﬂegration technologies and system style applications. The
number of IC applications in high-performance computing, controls, telecommunica-
tions, image and video processing, and consumer electronics has been rapidﬁncreasing
since the introduction of VLSI designs [14]. End-users benefit from today’s cutting-edge
technologies, such as hi&-resolution, low-bit-rate video and cellular communications,
which offer a vast array of applications, processing power, and mobility. This tendency
is projected to accelerate, with significant ramifications for VLSI and systems design.
The many design stages are labeled, and the blocks dﬂ'ct design processes.

The specifications come first, and they specify the functionality, interface, and archi-
tecture of the digitaﬁc circuit to be constructed in abstract terms. The design is sub-
sequently analyzed in terms of functionality, performance, compliance with provided
standards, and other criteria using a behavioral description. HDLs are used to describe
Register-Transistor Level. To test practicality, this Register-Transistor Level description
is emulated. From here on out, we’ll want the help of EDA tcﬁs. Logic synthesis tools
area unit then wont to rework the Register-Transistor Level description to a gate-level
netlist. A gate level netlist could be a illustration of the circuit in terms of gates and con-
nections between them, designed to match the temporal arrangement, power, and space
needs [15].

After that, a physical layout is created, which is then confirmed before being submitted to
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Fig. 2.3 Observation of Moore’s law in VLSI design

manufacture. On a single PCB, electrical circuits often includal CPU, RAM, ROM, and

other peripherals. VLSI technology, on the other hand, allows an IC designer to combine
all of these functions into a single chip. We can detect indications of fast expansion in
the electronics scene over the previous few decades if we go back far enough. Increased
functionality, miniaturization, and overall performance are among the advantages. How-
ever, the desire to install more components while using less space means that the margin
for error is shrinking. With this in mind, it’s easy to seehy Silicon (CMOS) technology
has become the dominating manufacturing technique for cost-effective and reasonably
high-performance VLSI circuits in recent yeas.

The technique of embedding or integrating hundreds of thousands of transistors onto a
single silicon semiconductor microchip is known as very large-scale integration. VLSI
technology was first developed in the late 1970s, about the same time as high level proces-
sor (computer) microchips were being developed. Microprocessors and micro controllers
are two of the most prevalent VLSI devices. VLSI is a type of integrated circuit that has
several devices on a single chip. The word, like many other scale integration classifica-
tions based on the number of gates or transistors per IC, dates back to the 1970s.

The advancements in large-scale integration technologies are principally responsible for
the electronics industry’s extraordinary growth. The number of options for ICs in control
applications, telecommunications, high-performance computing, and Cﬁsumer electron-

ics as a whole continues to grow with the emergence of VLSI designs. Due to VLSI tech-
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nology, today’s technologies such as smartphones and cellular communications provide
unparalleled mobility, processing capacity, and application access. As dealand continues
to rise, the projection for this trend implies a quick growth. In general, VLSI IC design
consists of two main stageﬁ)r parts:

Digital design employing a hardware description language, such as Verilog, System Ver-
ilog, or VHDL, is referred to as front-end design. Additionally, design verification using
simulation and other verification techniques is included at this step. Designing, which
begins with the gates and goes through to design for testability, is also part of the pro-
cess. Characterization and CMOS library design are included in the back-end design. It
also includes physical design and failure simulation.

Theéompletf: design process is organized in a step-by-step manner, including the follow-
ing front-end design steps:

Problem Specification: This is a system’s high-level interpretation. We look at design
methodologies, functionality, performance, manufacturing technology, and physical di-
mensions, among other things. The VLSI system’s final requirements include its power,
functionality, speed, and size.

Architecture Definition: This comprises basic characteristics like floating-point units,
which system to use, and the cache size of the ALU.

Functio&al Design: This identifies a system’s critical functional components and allows
for the identification of each unit’s physical and electrical specifications, as well as con-
necting needs. .

Logic Design: Control flow, Boolean expressions, word width, and register allocation are
all part of this stage.

ircuit Design: This step completes the circuit realization in the form of a netlist. Be-
cause this is a software stage, the output is checked using simulation.

Physical Design: By transforming the netlist into a geometrical representation, weéan
now design the layout. This stage also adheres to some predetermined static criteria, such
as the lambda rules, which provide precise ratio, component spacing, and size informa-
tion.

The following are the back-end design steps for hardware development:

Wafer Processing: In this stage, pure silicon is melted in a saucepan at 1400 degrees

2
Celsius. A tiny seed containing the necessary crystal orientation is then introduced into
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liquid silicon and slowly drawn out at Imm per minute. Before polishing and crystal
alignment, we make e silicon crystal as a cylindrical ingot and cut it into discs or
waters.
Lithography: Masking with photo etching and a photographic mask are used in this pro-
cedure (photolithography). The wafer is then covered in a photoresist coatiné The wafer
is then aligned to a mask using a photo aligner. Finally, the wafer is exposed to ultraviolet
light to highlight the tracks visible through the mask.
Etching: To make patterns, we remove material from the wafer’s surface selectively. We
utilize more plasma or chemicals to remove the leftover photoresist after protecting the
vital areas of the material with an etching mask.
lon Implantation: In this case, we use a procedure of Btrodu{:ing dopants to obtain a
desired electrical characteristic in the semiconductor. A beam of high-energy dopant
ions is used to target specific portions of the wafer in this procedure. The depth of wafer
penetration is determined by the energy level of the beam.
Metallization: e apply a thin coating of aluminum to the whole water in this phase.
Assembly and Packaging: Hundreds of chips are packed inside each wafer. As a result,
we cut the wafers into single chips with a diamond saw. They are then electrically tested,
and any failures are discarded. Those who pass, on the other hand, are subjected to a full
visual examination under a microscope. Finally, we package and review the chips that
ss the visual examination.
VLSI technology is ideally suited to the demands of today’s electronic devices and sys-
tems. With the ever-increasing demand for shrinking, movability, performance, depend-
ableness, and practicality, VLSI technology can still drive natural electronics advance-

ment.

2.3.1 Static Logic

Static logic is consists of PMOS and NMOS. If we want to observe any logical operation,
we need to design PUN and PDN which are consist of PMOS and NMOS respectively.
It increases the overhead area of CMOS, propagation delay, leakage power. But there
are some benefits in static CMOS also. It offers no lead-lag issue or RACE problem in
circuits. Moreover static CMOS has no fault state or invalid state at output which often
occurs in dynamic CMOS. Static CMOS is a logic circuit design type in which the output

is always aggressively pushed since it is always connected to either Ve or GND (except
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when switching) [16].

2.3.2 Dynamic Logic

The ynamic logic circuit has earned an attraction in the field of electronics. Once the
static logic circuit was used.aBut it requires a large umbcr of transistors, resulting in a
large overhead area and high power consumption. So it is replaced by dynamic logic,
which haﬁimprcssivc performance compared to static logic [17].

Fig. 2.4 depicts a basic dynamic logic. It depicts a footless domino logic circuit with
a 4-bit OR logic gate. At the source of the precharge device PMOS transistor Mp, a
power supply (Vdd) is applied. To observe the real circuit operation, a clock is applied
to Mp’s gate. The Mp and pull-down transistors’ drains are connected to the dynamic
node (NMOS). Inputs in all gates of the pull-down network (PDN) are labeled IN1, IN2,
IN3, and IN4 as it is a 4-bit OR logic gate. At the dynamic node, an inverter is added,
resulting in domino logic. The precharge phase occurs when the clock is low, after which
Mp switches on and the dynamic node becomes logic high. It is now called the evalu-
ation phase when the clock is logic high. If any input of the PDN is logic high during
the evaluation phase, the PDN is turned on, and the dynamic node is fairly discharged
through the network. Furthermore, the dynamic node should preserve the logic high sta-
tus identified during the precharge phase if the PDN is switched off during the evaluation
phase. However, this isn’t always the case. There is always a sub-threshold leakage
current through the OFF PDN throughout the evaluation period. The dynamic node is
discharged improperly as a result of the leaking current, also causing propagation delay.
Dynamic logic circuits, on the other hand, are employed in a variety of fields, including
microprocessors and dynamic memory, because they are faster and have fewer transis-
tors than static logic circuits. However, it has a leakage current and propagation delay
issue, which means it won’t be able to demonstrate the necessary performance during the
evaluation phase [18].

The ynamic logic circuit has earned an attraction in the field of electronics. Once the
static logic circuit was used.aBut it requires a large umber of transistors, resulting in a
large overhead area and high power consumption. So it is replace&by dynamic logic,
which has impressive performance compared to static logic [19]. As a result, it is re-
placed with dynamic logic, which outperforms static logic. Sizes of CMOS features

For VLSI circuit designers, leakage power dissipation has become a top priority. Power
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Fig. 2.4 Basic Domino Logic

dissipatiohfrom leakage may develop to dominate total power use. CMOS power con-
sumption is made up of both dynamic and static components. When transistors switch,
dynamic power is consumed, and static power is consumed regardless of transisﬁr flip-
ping. Dynamic power consumption was historically (at 180nmitechnology and higher)
the single most important worry for low-power chip designers since it accounted for 90%
or more of total chip power. As a result, several previously proposed approaches, such as
voltage and frequency scaling, were designed to reduce dynamic power. Static power, on
the other hand, has become a%niﬁcant barrier for existing and future technologies as
feature size lowers. lnﬁased sub-threshold leakage power is one of the primary causes
of leakage power rise. Sub-threshold conduction, leakage, or drain current is the current
that flows between the source and drain of a MOSFET when the transistor is in the sub-
threshold region, or weak-inversion region, that is, for gate-to-source voltages less than
the threshold voltage. The weak inversion region is another term for the sub-threshold
region. When the size of a technia feature is reduced, the supply voltage and threshold
voltage are reduced as well. As the threold voltage drops, the sub-threshold leakage

current grows exponentially, increasing the sub-threshold leakage power. Next, in or-
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der to improve channel conductivity and performance, the gate oxide, which acts as an
insulator between the gate and the channel, should be made as thin as feasible.

When E gate oxide becomes thinner, the oxide’s barrier voltage changes. As a result
of the positive gate voltage, some positive charges become trapped in the oxide. As
a result, currca passes through the oxide. Tunneling current is another name for this
phenomenon. The propagation delay represents the delay encountered by a signal when
traveling through a gate and is defined as how oon it responds to a change at its inputs.
The propagation delay is determined as the time between the 50% transition sites of the
input and output waveﬁ‘)rms. An external clock is used in dynamic logic to examine
the circuit operation. The evaluation phase occurs when the clock is logic high. The
evaluation step can be divided into two types. The first is that the PDN’s inputs are
logic low, indicating that the PDN is turned off. Second, the PDN inputs are logic high,
indicating that the PDN is active. When the PDN is turned on during the evaluation phase,
the dynamic node is discharged fairly through the PDN. When the PDN is turned off
during the evaluation phase, however, the dynamic node should maintain the logic high
state discovered during the precharge phase. But it doesn’t always work out like this.
There is always a sub-threshold leakage current through the OFF PDN throughout the
evaluation period. The dynamic node is discharged improperly as a result of the leaking
current, also causing propagation delay. Wide fan-in domino gates are more compact,
resulting in more sub-threshold leakage current channels. When PDN is OFF, noise from
any source comes at gates and develops a gate to source voltage. It also increases leakage
current and propagation delay. This phenomenon is known as crosstalk. As a result,
reducing leakage current and propagation delay while designing a dynamic logic circuit

is a major issue.

2.3.2.1 Leakage Power

The main reason for the widespread use of CMOS technology is to save energy. However,
when the size of the technological feature shrinks, the sub-threshold leakage current in-
creases as the threshold voltage decreases. This design criteria emphasizes sub-threshold
leakage power consumption, as well as body biasing and stacking effects. Finally, we go
gough the general CMOS circuit’s switching power and propagation delay.

There are three types of power dissipation in CMOS:

1. Dynamic power is dissipated only when switching.
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Fig. 2.5 Leakage Power of Dynamic Logic Circuit
2. Leakage current is permanent and results in a continuous loss.

3. Short circuit current loss.

Total power diSSiPation in CMOS, Pmm!‘ = Psu'irching + Psh(m—rir'mir + PLmkage

VoY) —Via

Sub-threshold leakage current, Iz cqtage = pnC(,_\-(WXLE.ff)Vge"Se oo (l—e Vo)
Where,

Psnort-circuit = tsc ¥ Vpp * Isc

Pwitching = CLoad * (Vé ) =S

Preakage = VDD * eakage

ty = CMOS short circuit time

Vpp = Supply Voltage

Croad = Load capacitance

Vp = Thermal Voltage

E sub-threshold coetficient

I = short circuit current from PMOS to NMOS

Vo and Vg0 are the the zero-bias threshold voltage, the drain to source voltage respec-
tively. y is the body bias effect coefficient, and 5 is the drain induced barrier lowering
coefficient. u is zero bias mobility, C,, is the gate oxide capacitance, W is the transistor
width, and L, ¢ is the effective channel length. we assume p, = 2y, s hole mobility is

almost 2 times slower than electron mobility.

16




P gitching denotes the power consumed by logic gates as a result of charging and disc&gg-
ing circuit capacitances. During output voltage changes, Pori—circuir represents the short
circuit current flowing from Vpp to ground. Scaling down technology and increasing
temperature substantially affect leakage power Pr.akage, Which is extremely important

for reducing leakage power in dynamic logic circuits.

Threshold Voltage, Vg, = Vo +v( V)
Vo= Threshold Voltage at zero temperature
y= body bias effect coefficient

Vb= body to source voltage

The body bias effect can be used to adjust the threshold voltage. The threshold voltage
changes as the substrate voltage changes. Asa r@lt, numerous types of effects emerge
when the substrate voltage is changed, such as zero body bias, reverse body bias, and
forward-body bias. The threshold voltage is routinely controlled using this phenomenon.
v constant is determined by the transistor parameter and the size of the technological
feature. We can simply adjust the leakage power by managing the body biasing effect by

modifying the constant term.

(61
2.3.2.2 Propagation Delay
The propagation delay of a logic-circ%family’s fundamental inverter defines the dy-
namic performance of the family. The average of the low-to-high tpr g anﬁigh-to-low

tpy1. propagation delays is used to calculate the inverter propagation delay tp :

lpLH IpHL
2

The propagation delays tpry and tpyy are defined as the time it takes for the output
voltage to reach the midpoint of the low and high logic levels, which in our instance is

50% of Vpp in CMOS logic. Fig. 2.6 shows how the propagation delay is defined.
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Fig. 2.6 Propagation Delay

24 ﬁroblem Statement

The propagation delay represats the delay encountered by a signal when traveling through
a gate and is defined as how soon it responds to a change at its inputs. The propagation
delay is determined as the time between the 50-percent transition sites of the input and
output waveforms. An external clock is used in dynamic logic to examine the circuit
operation, as shown in Fig. 2.4. The evaluation phase occurs when the clock is logic
high. The evaluation step can be divided into two types. The first is that the PDN’s inputs
are logic low, indicating that the PDN is turned off. Second, the PDN inputs are logic
high, indicating that the PDN is active. When the PDN is turned on during the evaluation
phase, the dynamic node is discharged fairly through the PDN. When the PDN is turned
off during the evaluation phase, however, the dynamic node should maintain the logic
high state discovered during the precharge phase. But it doesn’t always work out like
this. There is always a sub-threshold leakage current through the OFF PDN through-
out the evaluation period. The dynamic node is discharged improperly as a result of the
leaking current, also causing propagation delay.

Wide fan-in domino gates are more compact, resulting in more sub-threshold leakage
current channels. When the PDN is OFF noise from any source comes at gates and

develops a gate to source voltage. It also increases the leakage current and propagation
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delay. This phenomenon is known as crosstalk. As a result, reducing the leakage power

and propagation delay while designing a dynamic logic circuit is a major issue.

2.5 Previous works

idc fan-in domino gates are more compact, resulting in more sub-threshold leakage
power channels. When the PDN is OFF, noise from any source comes at gates&,nd
develops a gate to source voltage. It also causes sub-threshold leakage power. This
phenomenﬁn is known as crosstalk. So, reducing leakage power and delay is a great
challenge while designing a dynamic logic circuit.

Now, we will examine some previously developed models that tried to improve the circuit

performance by means of keeper circuits, footer device, stacking effect circuitry, scaling

of technology, and weaker keeper device circuitry.

Supply Voltage (V4d)

Mp M

Dynamic Node|l> ~ 1
Out

Clk

1

il

Fig. 2.7 Footer Domino

When the PDN is turned off in the evaluation phase, the fundamental difficulty of a simple
dynamic logic circuit is leakage power. A footer NMOS M is laccd below the PDN,
as shown in Fig. 2.7. This slightly reduces the leakage power. When the PDN is turned
off in the evaluation phase, a keeper device Mk is introduced to hold the stored charge

at the dynamic node. However, during the precharge phase, a precharge device is used to
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charge the dynamic node up to Vpp.
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Fig. 2.8 Proposed model of Shiksha et el.

gq. 2.8 depicts the suggested domino logic architecture of Shikhsa et al. In thiséesign,
current mirror circuits are utilized in place of footer transistors in the stack.Current
mirror circuits are designed such that any noise signal generated at M1 leaks to ground
via M4 and M5. Transistors M3 and M4 also form a current mirror, and the gate to source
voltage of the NMOS pull down network lowers fast as a regult of both current mirror

circuits. The stacking effect is the name for this phenomena. M4 and M5 are used in the

proposed circuit to provide a stacking effect, which minimizes the voltage drop across
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M2. In the proposed circuit, the cxistelac of current mirrors produces an increase in
latency. To address this issue, the PDN’s size (W/L ratio) should be raised. The stacking
effect causes the circuitéo lose power and become less noise resistant. Because of the
stacked current mirrors in this proposed circuit, there will be a voltage drop during the
assessment phaseaThc circuit’s sub-threshold current will be reduced exponentially due
to negative Vgs. In order to enhance the power-delay product even further, the size of the
PMOS transistor in the inverter circuit at the output node should be four times that of the
NMOS trangjstor. Because PMOS transistors are utilized to supply strong one logic to

circuits, the purpose of transistor Mp3 is to deliver strong Vdd to the lower PMOS Mp2.

Clk |M4M_,Z||___|[M5
v, A%

Fig. 2.9 Proposed model of Meher et el.

Fig. 2.9 depicts the suggested domino logic architecture of Meher et al. A diode-footed
domino in series with the PDN__a current mirror circuit parallel to the diode foot, and a

semidynamic buffer in which the domino logic’s buffer is not grounded and is linked to
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the PDN foot have all been added to the circuit. The drain and gate terminals of the three
transistors are shorted to create the diode footer. Sub-threshold leakagw reduced as a
result of the diode footer’s stacking effect. Duringéc assessment phase, there is a voltage
drop across the diode footer. Vg turns negative as a result of the voltage decrease. The
threshold voltage is reduced cxponcntialﬁs a result of this. The drawback of the diode
footer, according to H Mahmoodi et al, is that it raises the switching threshold voltage
of the gate by the NMOS threshold, and the new threshold value is roughly 2V of the
original. As a result, the circuit’s peﬁormance will suffer. After then, the performance
deterioration is reduced by using a current mirror that reflects the current. The stream

may now be simply drained to the ground.
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Fig. 2.10 Proposed model of Mahbubul et al.

Fig. 2.10 depicts the suggested domino logic architecture of Mahlélbul et al. The keeper

gate is connected to the nMOS-based resistive gate in this study. This gate is essentially
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made up of two NMOS transistors. Both are linked in a parallel manner, but neither
is in an ON state at the same moment. ghen one NMOS is active, the other is turned
off. Bah are the same size in terms of length and width. It acts as a resistor in front
of the keeper gate. Traditional domino logic has a longer time delay and a lower noise
margin, whereas this resistive gate has a shorter time delay and a higher noise margin.
The domino node’s resistive gate input will alter its value during the precharge and eval-
uation phases. It shows the entire topology of the NMOS-based resistive gate domino
logic, which includes 0 PMOS Mp and Mk as precharge and heeper devices. Parallel
connections are made between two NMOS devices. When the clock is zero during the
precharge phase, the dynﬁic node is in high state and the output is 0. As biased by 0,
M1 is on and M2 is off. In the evaluation phase, the clock is set to 1, the dynam'ﬁ gate
is discharged from the PDN, and the ouaut changes from 0 to 1. M2 is currently biased
by a high voltage from the output. A NMOS-based resistive gate and a 0 to 1 clock
transition generate differential waveforms at the keeper transistor gate at the start of the
evaluation phase. s a result, the keeper network is less effective than the pull-down
network. Because the keeper device requires a minimum voltage, Vg, is required. The
driving deterioration of the keeper device can be solved by lowering or raising the thresh-
old voltage of the keeper device. The keeper gate will be able to attain zero voltage with
this circuit. NI is included in the design to actéls a sub-threshold condition, assisting
the resistive gate in completely discharging the keeper gate (if the input combination is
"0") and i[ﬁreasing the driving capability of the precharge and keeper transistors. As&
result, the noise margin and time delay in domino logic will grow. The wave patterns of
resistive gate feedback during the precharge and evaluation phases.

However, the mentioned models tried to improve the circuit performance by means of
keeper circuits, footer device, stacking effect circuitry, scaling of technology, and weaker
keeper device circuitry. They have improved the noise margin and overhead af:a param-
eters of domino CMOS. But, we can observe that the leakage power and propagation

delay problems are still significant in these mentioned models.
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1 Introduction

CHAPTER 3
PROPOSED METHOD

In this thesis, delay elements have been added, and stacking effect circuitry has been

modified to reduce leakage current and propagation delay. Here, the operation of the

proposed model is briefly defined.

3.2 precharge phase

The proposed dynamic logic design is shown in Fig. 3.1. Firstly, the PDN is turned off,

and then the OR logic gate operation is performed. The precharge and keeper devices turn

on when the clock is low. During the precharge phase, the dynamic node will obtain logic

high up to V4. The NMOS (MS5) will not be turned on. The stacking effect circuitry will

stay inactive as long as the clock is low. As a result, the logic high state at the dynamic

node is preserved.
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Fig. 3.1 Proposed Dynamic Model
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33 gvaluation Phase

The dynamic node will attempt to discharge itself through the PDN even if the PDN is
turned off at the beginning of the evaluation phase. The delay element was used imme-
diately after the clock. These delay elements, as well as NMOS (MS5), are used to limit
sub-threshold leakage current across the PDN. The gate of NMOS (M1) is connected to
the footer diode NMOS (M1), which has a short gate and drain (M2). A current mirror
circuit is created as a result of this. The sub-threshold leakage current through the mir-
ror circuit is limited by the NMOS (M3) below it (M2). The footer transistor (Mf) is
mployed as usually. A stacking effect is created by the circuitry below the PDN. Even
if some leakage current tries to pass through the PDN, the circuitry’s stacking effect re-
duces leakage current. When the PDN is turned off, the suggested model maintains the
logic high state at the dynamic node in the evaluation phase.

Now, if any gate of the PDN is set to logic high, the PDN will be turned on. The dynamic
node will be fairly discharged to the ground during the evaluation period using the active
PDN which is done using the LTSpice tool and 45nm PTM technology. Aside from
that, noise at the gate of the PDN causes the gate to source voltages of NMOS in the
PDN to rapidly decrease due to the stacking effect. The OR logic gate operation is
considered in the PDN. In the proposed model, the width-to-length ratio of NMOS is
set at 0.5. The width of PMOS is taken 2 times greater than that of NMOS, as hole
mobility is almost 2 times slower than electron mobility. The propagation delay and the
leakage power is reduced significantly, which is discussed in the result section. Scaling
the threshold voltage of transistors used in the proposed model can reduce the leakage

power and propagation delay even more.
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CHAPTER 4

RESULT AND DISCUSSION

ﬁl Introduction

The proposed model for 8-bit OR logic gate operation with a supply voltage of 1V has
been simulated in Fig. 4.1, which illustrates the dynamic node versus clock waveform in
the evaluation phase while the PDN is active, using the LTSpice tool and 45nm PTM [20]

technology.
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Fig. 4.1 Simulated waveform of proposed scheme in evaluation phase when the PDN is
ON with supply voltage 1V (8-bit OR logic gate)

4.2 Simulation results for wide fan-in OR logic gate operation
Table 4.1 Comparison of propagation delay between proposed model and other models
for 8-bit OR logic gate with supply voltage 1V

Compared Models | Propagation Delay (ps)
Basic Domino 136.5
Footer Domino [3] 90
Mahbubul et al. [13] 65.5
Meher et al. [7] 55.5
Shiksha et al. [16] 76
Proposed Domino 34.72
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Table 4.2 Comparison of leakage power between proposed model and other models for
8-bit OR logic gate with supply voltage 1V

Compared Models | Leakage Power (tW)
Basic Domino 16.87
Footer Domino [3] 11.32
Islam et al. [2] 9.76
Mahbubul et al. [13] 8.59
Meher et al. [7] 6.35
Shiksha et al. [16] 5.28
Proposed Domino 4.31

In table I, the propagation delay of the proposed model has been compared with different

models for the 8-bit OR logic gate operation with supply voltage 1V. In comparison to
several domino logic models, the suggested model has the lowest propagation delay. In
table II, comparison of leakage power between proposed model and other models for
8-bit OR logic gate with supply voltage 1V is shown. In comparison to several domino

logic models, the suggested model has the lowest leakage power.
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Fig. 4.2 Variation in propagation delay of the proposed model for 8-bit OR logic gate
with supply voltage 1V at different threshold voltages
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Fig. 4.2 shows the variation in propagation delay of the proposed model for a 8-bit OR

logic gate with a supply voltage of 1V at different threshold voltages. The delay increases
as the threshold voltage is increased. We have corﬁmared our proposed model with some
traditional domino logic and recent domino logic. In comparison to several domino logic

models, the suggested model has the lowest propagation delay.
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Fig. 4.3 Variation in the leakage power of the proposed model at different threshold
voltages for 8-bit OR logic gate operation with supply voltage 1V

Fig. 4.3 shows the variation in leakage power of the proposed model for a 8-bit OR logic
gate with a supply voltage of 1V at different threshold voltages. The leakage power
decreases as the threshold voltage is increased. We have compaed our proposed model
with some traditional domino logic and recent domino logic. In comparison to several
domino logic models, the suggested model has the lowest leakage power.
The ropagation delay of the proposed model with different width to length ratio for 8-bit
OR logic gate with supply voltage 1V is shown in Fig. 4.4. The delay here is increasing
as the W/L ratio rises. Furthermore, the width to length ratio of PDN can be reduced to
prevent ﬁb-threshold leakage current.

ig. 4.5 shows the variation in leakage power of the proposed model for various fan-in
OR logic gate with varied supply voltages. The leakage power decreases as the supply

voltage is decreased. We have compared between some traditional domino logic and
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Fig. 4.4 Variation in delay of proposed model at different W/L ratio with supply voltage
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Fig. 4.5 Variation in the leakage power of the proposed model for various fan-in OR logic
gate operation with different supply voltages

recent domino logic. In comparison to several domino logic models, the suggested model

has the lowest leakage power.

4.3 Siulation results for wide fan-in AND logic gate operation
1
Fig. 4.6 shows the variation in leakage power of the proposed model for various fan-

in AND logic gate with varied supply voltages. The leakage power decreases as the
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Fig. 49 Variation in the leakage power of the proposed model for various fan-in AND
logic gate operation with different supply voltages

supply voltage is decreased, We have compared between some traditional domino logic
and recent domino logic. In comparison to several domino logic models, the suggested

model has the lowest leakage power.
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CHAPTER 5
CONCLUSION

1 Introduction
Wide fan-in domino gates are more compact, resulting in more sub-threshold leakage cur-
rent channels. When the PDN is OFF, noise from any source comes at gates and develops
a gate to source voltage. It also causes sub-threshold leakage power causing crosstalk.
So, reducing the leakage power is a great challenge while designing a dynamic logic
circuit. A new design technique for the dynamic logic circuit is described in this thesis,
which significantly minimizes the leakage power and propagation delay. By adding de-
lay components and adjusting the stacking effect circuitry below the PDN, the leakage
power Hd delay is decreased. It may be made even better by scaling the size of the tran-
sistors utilized in the proposed model. The OR-AND logic gate operation is taken into
account in the PDN. An alternative version of the suggested model may be built using
any complex logic gate operation. On LTSpice, the proposed model is simulated using
45nm PTM technology. The proposed model outperforms mentioned models in terms of
leakage power reduction of at least 18% and propagation delay reduction of at least 37%
for wide fan-in gates. As aresult, the proposed model is suitable for both low-power and

high-speed applications.

az Application of this work

A new design technique for the dynamic logic circuit is described in this thesis, which
significantly minimizes lcaka& power and propagation delay. The proposed model out-
performs mentioned models in terms of leakage power reduction of at least 18% and
propagation delay reduction of at least 37% for wide fan-in gates. The proposed model

is suitable for both low-power and high-speed applications.

5.3 Limitation

In this thesis, leakage power and propagation delay are mainly focused on. Dynamic logic
circuits have other important improvement parameters, like noise margin and overhead
area. This model significantly improves leakage power and propagation delay compared
to several existing models. Issues are still left as this model doesn’t improve the noise

margin and overhead area. Study is being continued on dynamic logic circuits so that the
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mentioned parameters can be improved.

5.4 Suggestion for future work

This model ay be made even better by scaling the size of the transistors utilized in the
proposed model. Latest Predictive Technology Model (PTM) may be used to get bet-
ter performance. These approaches may be used to calculate the relationship between
static power dissipation and propagation delay and threshold voltage scaling and temper-
ature fluctuation. For further development, this model’s noise margin and overhead area

determination may be done.
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Fig. 5.1 Layout design of basic domino logic circuit for 8-bit OR logic gate with supply
voltage 1V

Fig. 5.2 Layout design of footer domino logic circuit for 8-bit OR logic gate with supply
voltage 1V

1
Fig. 5.3 Layout design of Islam et al. domino logic for 8-bit OR logic gate with supply
voltage 1V
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Fig. 5.4 Layout design of mahbubul et al. domino logic circuit for 8-bit OR logic gate
with supply voltage 1V
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Fig. 5.5 Layout design of Meher et al. domino logic circuit for 8-bit OR logic gate with
supply voltage 1V
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Fig. 5.6 Layout design of shiksha et al. domino logic circuit for 8-bit OR logic gate with
supply voltage 1V
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Fig. 5.7 Layout design of Proposed domino logic circuit for 8-bit OR logic gate with
supply voltage 1V

Table 5.1 Comparison of propagation delay between proposed model and other models
for 8-bit OR logic gate with supply voltage 1V when Vth=Vth0-0.04

Compared Models | Propagation Delay (ps)
Basic Domino 129.14
Footer Domino 82.64
Mahbubul et al. 58.14
Meher et al. 48.14
Shiksha et al. 68.64
Proposed Domino 27.36

Table 5.2 Comparison of propagation delay between proposed model and other models
for 8-bit OR logic gate with supply voltage 1V when Vth =Vth0+0.04

Compared Models | Propagation Delay (ps)
Basic Domino 151.22
Footer Domino 104.72
Mahbubul et al. 80.22
Meher et al. 70.22
Shiksha et al. 90.72
Proposed Domino 49.44
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Table 5.3 Comparison of leakage power between proposed model and other models for
8-bit OR logic gate with supply voltage 1V when Vth= Vth0-0.04

Compared Models | Leakage Power (tW)
Basic Domino 23.52
Footer Domino 11.97
Islam et al. 8.69
Mahbubul et al. 9.88
Meher et al. 6.45
Shiksha et al. 5.82
Proposed Domino 5.6

Table 5.4 Comparison of leakage power between proposed model and other models for
8-bit OR logic gate with supply voltage 1V when Vth = Vth0+0.04

Compared Models | Leakage Power (tW)
Basic Domino 11.72
Footer Domino 10.86
Islam et al. 9.74
Mahbubul et al. 6.75
Meher et al. 6.27
Shiksha et al. 4.86
Proposed Domino 2.58

Table 5.5 Leakage power of proposed model for 16-bit OR logic gate with different
threshold voltages with supply voltage 1V

Compared Models | Leakage Power (tW)
Basic Domino 23.735
Footer Domino 15.712
Mahbubul et al. 0.9895
Meher et al. 6.0729
Shiksha et al. 7.9308
Proposed Domino 5.2
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Table 5.6 Leakage power of proposed model for 16-bit OR logic gate with Vth=Vth0-

0.04 for supply voltage 1V

Compared Models | Leakage Power (tW)
Basic Domino 30.034
Footer Domino 16.415
Mahbubul et al. 11.409
Meher et al. 6.2478
Shiksha et al. 7.9439
Proposed Domino 7.64

Table 5.7 Leakage power of proposed model for 16-bit OR logic gate with
Vth=Vth0+0.04 for supply voltage 1V

Compared Models | Leakage Power (tW)
Basic Domino 16.962
Footer Domino 15.053
Mahbubul et al. 7.3857
Meher et al. 6.0093
Shiksha et al. 6.8953
Proposed Domino 3.23

Table 5.8 Leakage power of proposed model for 16-bit OR logic gate with different
supply voltages

Supply Voltage (Vdd) | Leakage Power (tW)
1V 5.2008
0.9V 4.9542
0.8V 4.652
0.7V 4.3068
0

Table 5.9 Leakage power of proposed model for 32-bit OR logic gate with different
threshold voltages at supply voltage 1V

Threshold Voltage (V) | Leakage Power (tW)
VthO 6.09
Vth0-0.04 8.72
Vth0+0.04 391
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Table 5.10 Leakage power of proposed model for 8-bit OR logic gate with different
supply voltages

Supply Voltage (Vdd) | Leakage Power (tW)
1Y 4.3555
0.9V 3.7185
0.8V 3.0893
0.7V 2.4936

Table 5.11 Leakage power of proposed model for 32-bit OR logic gate with different
supply voltages

Supply Veltage (Vdd) | Leakage Power (tW)
1V 6.0898
0.9V 5.2391
0.8V 4.3909
0.7V 3.5651

Table 5.12 Leakage power of proposed model for 8-bit AND logic gate with different
threshold voltages at supply voltage 1V

Threshold Voltage (V) | Leakage Power (pW)
Vth0O 45.967

Vth0-0.04 57.814

Vth0+0.04 506.6

Table 5.13 Leakage power of proposed model for 8-bit AND logic gate with different
supply voltages

Supply Voltage (Vdd) | Leakage Power (pW)
1Y 45.967
0.9V 52.854
0.8V 68.602
0.7V 61.213

Table 5.14 Leakage power of proposed model for 16-bit AND logic gate with different
threshold voltages at supply voltage 1V

Threshold Voltage (V)

Leakage Power (pW)

VthO 43.398
Vth0-0.04 51.864
Vth0+0.04 504.83
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Table 5.15 Leakage power of proposed model for 16-bit AND logic gate with different
supply voltages

Supply Voltage (Vdd) | Leakage Power (pW)
1V 43.398
0.9V 45.252
0.8V 52.836
0.7V 40.8653

Table 5.16 Leakage power of proposed model for 32-bit AND logic gate with different
supply voltages

Supply Voltage (Vdd) | Leakage Power (pW)
1V 43.025
0.9V 427.356
0.8V 375.04
0.7V 322.651

Table 5.17 Leakage power of proposed model for 32-bit AND logic gate with different
threshold voltages at supply voltage 1V

Threshold Voltage (V)

Leakage Power (pW)

VthO 43.025
Vth0-0.04 49.882
Vth0+0.04 504.77
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