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ABSTRACT 



 

 Full adders constructed using 11T, 10T, 9T and 8T were studied and two novel full 

adders using 8T are being analyzed and proposed. They are being constructed by 

concentrating on reducing the area, increasing the speed and also on getting a strong 

signal at the output using  

1) two 3T XOR gates, one NMOS and one PMOS transistors  

2)  two 3T XNOR gates, one NMOS and one PMOS transistors.  

The behavior is analyzed using 180nm CMOS technology at a supply voltage of 1.8V. 

Power, area and delay are also calculated and compared with the already available full 

adders. The proposed circuits do not have direct connection to power and ground, 

thereby making the short circuit power dissipation as negligible. Like all other new 

full adders, these novel full adders also have a maximum of one threshold voltage (Vt) 

loss at the output. All the simulations and comparisons are done using Cadence 

Virtuoso tool. 
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CHAPTER 1 

     INTRODUCTION 



 

1.1 OVERVIEW OF OUR PROJECT: 

Design of Digital VLSI circuits is being challenged by three major requirements     

1)  low power 

2) reduced area and 

3) high speed  

Circuit performance in terms of all the above three factors, namely power, area and 

speed, can be improved by minimizing the transistor count. Hence more emphasis is 

given on reducing the transistor count thereby enhancing the circuit performance. 

 

Full adders form the basic building component of any adder, multiplier, processor etc. 

Literature survey on full adder implementation gives a wide variety of full adders 

constructed starting with the conventional 28T  coming down till 8T . When the goal 

was focused on reducing the transistor count, the output suffered voltage degradation 

in terms of multiples of threshold voltage . The new adders with less transistor count 

suffer a maximum of one threshold voltage loss at the output  but achieve a significant 

improvement in speed and reduction in area. The new full adders were realized using 

4T and 3T XOR gates. 

 

In this project, for the first proposed full adder, a 3T XOR gate is used. Sum output is 

obtained by cascading two XOR gates. Carry output is obtained by using a PMOS and 

an NMOS transistor in conjunction with the 3T XOR gate. For the second proposed 

full adder, 3T XNOR gate  is used. Sum output is obtained by cascading two XNOR 

gates. Carry output is obtained by using a PMOS and an NMOS transistor in 

conjunction with the 3T XNOR gate. 

1.2 ASIC DESIGN 

An application-specific integrated circuit (ASIC) is an integrated circuit (IC) 

customized for a particular use, rather than intended for general-purpose use. ASIC’s 

http://en.wikipedia.org/wiki/Integrated_circuit


provide the path to creating miniature devices that can do a lot of diverse funcions. 

The initial ASICs used gate array technology around 1980. 

By the late 1990s, logic synthesis tools became available. Such tools could compile 

HDL descriptions into a gate-level netlist. Standard-cell Integrated Circuits (ICs) are 

designed in the following conceptual stages, although these stages overlap 

significantly in practice. 

1. A team of design engineers starts with a non-formal understanding of the 

required functions for a new ASIC, usually derived from Requirements 

analysis. 

2. The design team constructs a description of an ASIC to achieve these goals 

using an HDL. This process is analogous to writing a computer program in a 

high-level language. This is usually called the RTL (Register transfer level) 

design. 

3. Suitability for purpose is verified by functional verification. This may include 

such techniques aslogic simulation, formal verification, emulation, or creating 

an equivalent pure software model (see Simics, for example). Each technique 

has advantages and disadvantages, and often several methods are used. 

4. Logic synthesis transforms the RTL design into a large collection of lower-level 

constructs called standard cells. These constructs are taken from a standard-cell 

library consisting of pre-characterized collections of gates (such as 2 input nor, 

2 input nand, inverters, etc.). The standard cells are typically specific to the 

planned manufacturer of the ASIC.  

5. The resulting collection of standard cells, plus the needed electrical connections 

between them, is called a gate-level netlist. 

6. The gate-level netlist is next processed by a placement tool which places the 

standard cells onto a region representing the final ASIC. It attempts to find a 

placement of the standard cells, subject to a variety of specified constraints. 

http://en.wikipedia.org/wiki/Logic_synthesis
http://en.wikipedia.org/wiki/Netlist
http://en.wikipedia.org/wiki/Integrated_Circuit
http://en.wikipedia.org/wiki/Requirements_analysis
http://en.wikipedia.org/wiki/Requirements_analysis
http://en.wikipedia.org/wiki/Requirements_analysis
http://en.wikipedia.org/wiki/Register_transfer_level
http://en.wikipedia.org/wiki/Functional_verification
http://en.wikipedia.org/wiki/Logic_simulation
http://en.wikipedia.org/wiki/Formal_verification
http://en.wikipedia.org/wiki/Hardware_emulation
http://en.wikipedia.org/wiki/Simics
http://en.wikipedia.org/wiki/Logic_synthesis
http://en.wikipedia.org/wiki/Netlist
http://en.wikipedia.org/wiki/Placement_(EDA)


7. The routing tool takes the physical placement of the standard cells and uses the 

netlist to create the electrical connections between them. Since the search space 

is large, this process will produce a “sufficient” rather than “globally optimal” 

solution. The output is a file which can be used to create a set of  photomasks  

enabling a semiconductor fabrication facility  (commonly called a 'fab') to 

produce physical ICs. 

8. Given the final layout, circuit extraction computes the parasitic resistances and 

capacitances. In the case of a digital circuit, this will then be further mapped 

into delay information, from which the circuit performance can be estimated, 

usually by static timing analysis. This, and other final tests such as design rule 

checking and power analysis (collectively called signoff) are intended to ensure 

that the device will function correctly over all extremes of the process, voltage 

and temperature. When this testing is complete the photomask information is 

released for chip fabrication.  

 

1.3 ANALOG ASIC DESIGN 

Analog IC design also has specializations in power IC design and RF IC design. 

Analog IC design is used in the design of op-amps, linear regulators, phase locked 

loops, oscillators and active filters. Analog design is more concerned with the physics 

of the semiconductor devices such as gain, matching, power dissipation, and 

resistance.  

Fidelity of analog signal amplification and filtering is usually critical and as a result, 

analog ICs use larger area active devices than digital designs and are usually less 

dense in circuitry. 

A challenge most critical to analog IC design involves the variability of the individual 

devices built on the semiconductor chip. Unlike board-level circuit design which 

permits the designer to select devices that have each been tested and binned according 

http://en.wikipedia.org/wiki/Routing_(EDA)
http://en.wikipedia.org/wiki/Photomask
http://en.wikipedia.org/wiki/Fabrication_(semiconductor)
http://en.wikipedia.org/wiki/Static_timing_analysis
http://en.wikipedia.org/wiki/Design_rule_checking
http://en.wikipedia.org/wiki/Design_rule_checking
http://en.wikipedia.org/wiki/Design_rule_checking
http://en.wikipedia.org/wiki/Photomask
http://en.wikipedia.org/wiki/Radio_frequency
http://en.wikipedia.org/wiki/Op-amp
http://en.wikipedia.org/wiki/Linear_regulator
http://en.wikipedia.org/wiki/Phase_locked_loop
http://en.wikipedia.org/wiki/Phase_locked_loop
http://en.wikipedia.org/wiki/Phase_locked_loop
http://en.wikipedia.org/wiki/Oscillator
http://en.wikipedia.org/wiki/Active_filter
http://en.wikipedia.org/wiki/Bin


to value, the device values on an IC can vary widely which are uncontrollable by the 

designer. For example, some IC resistors can vary ±20% and β of an 

integrated BJT can vary from 20 to 100. To add to the design challenge, device 

properties often vary between each processed semiconductor wafer. 

Device properties can even vary significantly across each individual IC due to 

doping gradients. The underlying cause of this variability is that many semiconductor 

devices are highly sensitive to uncontrollable random variances in the process. Slight 

changes to the amount of diffusion time, uneven doping levels, etc. can have large 

effects on device properties. 

 

1.4  ADDER CIRCUITS 

In electronics, an adder or summer is a digital circuit that performs addition of 

numbers. In many computers and other kinds of processors, adders are used not only 

in the arithmetic logic unit(s), but also in other parts of the processor, where they are 

used to calculate addresses, table indices, and similar. 

 

 

 

1.4.1 HALF ADDER: 

The half adder adds two one-bit binary numbers A and B. It has two 

outputs, S and C .The final sum is 2C + S. The simplest half-adder design, pictured on 

the bottom, incorporates an XOR gate for S and an AND gate for C. 

 

Figure 1. Logic diagram of HalfAdder 

http://en.wikipedia.org/wiki/Bipolar_junction_transistor
http://en.wikipedia.org/wiki/Gradients
http://en.wikipedia.org/wiki/Digital_circuit
http://en.wikipedia.org/wiki/Addition
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Arithmetic_logic_unit
http://en.wikipedia.org/wiki/XOR_gate
http://en.wikipedia.org/wiki/AND_gate
http://en.wikipedia.org/wiki/File:Half_Adder.svg


With the addition of an OR gate to combine their carry outputs, two half adders can be 

combined to make a full adder. 

1.4.2 FULL ADDER 

A full adder adds binary numbers and accounts for values carried in as well as out. A 

one-bit full adder adds three one-bit numbers, often written as A, B, and Cin; A and B 

are the operands, and Cin is a bit carried in from the next less significant stage.  

 

Figure 2. Block diagram of FullAdder 

The full-adder is usually a component in a cascade of adders, which add 8, 16, 32, etc. 

binary numbers. The one-bit full adder's truth table is: 

 

Inputs Outputs 

A B Cin Cout S 

0 0 0 0 0 

1 0 0 0 1 

0 1 0 0 1 

http://en.wikipedia.org/wiki/Truth_table
http://en.wikipedia.org/wiki/File:1-bit_full-adder.svg


1 1 0 1 0 

0 0 1 0 1 

1 0 1 1 0 

0 1 1 1 0 

1 1 1 1 1 

 

Table 1. Truth table of 1bit FullAdder 

A full adder can be implemented in many different ways such as with a 

custom transistor-level circuit or composed of other gates. One example 

implementation is with  

   

. 

A full adder can be constructed from two half adders by connecting A and B to the 

input of one half adder, connecting the sum from that to an input to the second adder, 

connecting Ci to the other input and OR the two carry outputs. Equivalently, S could 

be made the three-bit XOR of A, B, and Ci, andCout could be made the three-

bit majority function of A, B, and Ci. 

 

http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/Majority_function


 

Figure 3. Logic diagram of Fulladder using 2 Halfadders 

  

 

 

 

                                                       CHAPTER 2 

                                            CMOS TECHNOLOGY 

Complementary metal–oxide–semiconductor (CMOS) is a technology for constructing 

integrated circuits  . 

CMOS technology is  used in microprocessors, microcontrollers, static RAM, and 

other digital logic circuits. CMOS technology is also used for several analog circuits 

such as image sensors (CMOS sensor), data converters, and highly 

integrated transceivers for many types of communication. 

Two important characteristics of CMOS devices are high noise immunity and low 

static power consumption. Significant power is only drawn when the transistors in the 

CMOS device are switching between on and off states. Consequently, CMOS devices 

do not produce as much waste heat as other forms of logic, for example transistor-

transistor logic (TTL) or NMOS logic. CMOS also allows a high density of logic 

functions on a chip. It was primarily for this reason that CMOS became the most used 

technology to be implemented in VLSI chips. 

http://en.wikipedia.org/wiki/Microprocessor
http://en.wikipedia.org/wiki/Microcontroller
http://en.wikipedia.org/wiki/Static_Random_Access_Memory
http://en.wikipedia.org/wiki/Digital_logic
http://en.wikipedia.org/wiki/Image_sensor
http://en.wikipedia.org/wiki/CMOS_sensor
http://en.wikipedia.org/wiki/Data_conversion
http://en.wikipedia.org/wiki/Transceiver
http://en.wikipedia.org/wiki/Electronic_noise
http://en.wikipedia.org/wiki/Power_consumption
http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/Waste_heat
http://en.wikipedia.org/wiki/Transistor-transistor_logic
http://en.wikipedia.org/wiki/Transistor-transistor_logic
http://en.wikipedia.org/wiki/NMOS_logic
http://en.wikipedia.org/wiki/VLSI
http://en.wikipedia.org/wiki/File:Full_Adder.svg


CMOS circuits use a combination of p-type and n-type metal–oxide–semiconductor 

field-effect transistors (MOSFETs) to implement logic gates and other digital 

circuits found in computers, telecommunications equipment, and signal 

processing equipment. Although CMOS logic can be implemented with discrete 

devices (e.g., for instructional purposes in an introductory circuits class), typical 

commercial CMOS products are integrated circuits composed of millions of 

transistors of both types on a rectangular piece of silicon of between 10 and 

400mm
.
These devices are commonly called "chips", although within the industry they 

are also referred to as a "die" 

"CMOS" refers to both a particular style of digital circuitry design, and the family of 

processes used to implement that circuitry on integrated circuits (chips). CMOS 

circuitry dissipates less power than logic families with resistive loads. Since this 

advantage has increased and grown more important, CMOS processes and variants 

have come to dominate, thus the vast majority of modern integrated circuit 

manufacturing is on CMOS processes. 

2.1 COMPOSITION: 

The main principle behind CMOS circuits that allows them to implement logic 

gates is the use of p-type and n-type metal–oxide–semiconductor field-effect 

transistors to create paths to the output from either the voltage source or ground. 

When a path to output is created from the voltage source, the circuit is said to be 

pulled up. The other circuit state occurs when a path to output is created from ground 

and the output pulled down to the ground potential.  

The N device is manufactured on a P-type substrate while the P device is 

manufactured in an N-type well (n-well). A P-type substrate "tap" is connected to 

VSS and an N-type n-well tap is connected to VDD to prevent latch up. 

http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Digital_circuit
http://en.wikipedia.org/wiki/Digital_circuit
http://en.wikipedia.org/wiki/Digital_circuit
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Signal_processing
http://en.wikipedia.org/wiki/Signal_processing
http://en.wikipedia.org/wiki/Signal_processing
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Die_(integrated_circuit)
http://en.wikipedia.org/wiki/Low-power_electronics
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/Latchup


 

Figure 4. Well diagram of CMOS transistor pair  

 

 

2.1.1 INVERSION OPERATION USING CMOS LOGIC: 

CMOS circuits are constructed in such a way that all PMOS transistors must have 

either an input from the voltage source or from another PMOS transistor. Similarly, all 

NMOS transistors must have either an input from ground or from another NMOS 

transistor. The composition of a PMOS transistor creates low resistance between its 

source and drain contacts when a low gate voltage is applied and high resistance when 

a high gate voltage is applied. On the other hand, the composition of an NMOS 

transistor creates high resistance between source and drain when a low gate voltage is 

applied and low resistance when a high gate voltage is applied. 

 

Figure 5. Transistor level diagram of CMOS  inverter  

http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Gate
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/File:Cmos_impurity_profile.PNG
http://en.wikipedia.org/wiki/File:CMOS_Inverter.svg


CMOS accomplishes current reduction by complementing every nMOSFET with a 

pMOSFET and connecting both gates and both drains together. A high voltage on the 

gates will cause the nMOSFET to conduct and the pMOSFET not to conduct while a 

low voltage on the gates causes the reverse.  

This arrangement greatly reduces power consumption and heat generation. However, 

during the switching time both MOSFETs conduct briefly as the voltage goes from 

one state to another. This induces a brief spike in power consumption and becomes a 

serious issue at high frequencies. 

When the voltage of input A is low, the NMOS transistor's channel is in a high 

resistance state. This limits the current that can flow from Q to ground. The PMOS 

transistor's channel is in a low resistance state and much more current can flow from 

the supply to the output. Because the resistance between the supply voltage and Q is 

low, the voltage drop between the supply voltage and Q due to a current drawn from 

Q is small. The output therefore registers a high voltage.  

On the other hand, when the voltage of input A is high, the PMOS transistor is in an 

OFF (high resistance) state so it would limit the current flowing from the positive 

supply to the output, while the NMOS transistor is in an ON (low resistance) state, 

allowing the output to drain to ground. Because the resistance between Q and ground 

is low, the voltage drop due to a current drawn into Q placing Q above ground is 

small. This low drop results in the output registering a low voltage.  

In short, the outputs of the PMOS and NMOS transistors are complementary such that 

when the input is low, the output is high, and when the input is high, the output is low. 

Because of  this behaviour of input and output, the CMOS circuits output is the 

inverse of the input. 

2.2 DUALITY: 

An important characteristic of a CMOS circuit is the duality that exists between its 

PMOS transistors and NMOS transistors. A CMOS circuit is created to allow a path 



always to exist from the output to either the power source or ground. To accomplish 

this, the set of all paths to the voltage source must be the complement of the set of all 

paths to ground. This can be easily accomplished by defining one in terms of the NOT 

of the other.  

Due to the De Morgan's laws based logic, the PMOS transistors in parallel have 

corresponding NMOS transistors in series while the PMOS transistors in series have 

corresponding NMOS transistors in parallel. 

2.3 POWER SWITCHING AND LEAKAGE: 

CMOS logic dissipates less power than NMOS logic circuits because CMOS 

dissipates power only when switching ("dynamic power"). NMOS logic dissipates 

power whenever the transistor is on, because there is a current path from Vdd to 

Vss through the load resistor and the n-type network. 

Static CMOS gates are very power efficient because they dissipate nearly zero power 

when idle. Earlier, the power consumption of CMOS devices was not the major 

concern while designing chips. Factors like speed and area dominated the design 

parameters. As the CMOS technology moved below sub-micron levels the power 

consumption per unit area of the chip has risen tremendously. 

Broadly classifying, power dissipation in CMOS circuits occurs because of two 

components: 

2.4 STATIC DISSIPATION: 

2.4.1 SUB THRESHOLD CONDITIONS WHEN THE TRANSISTORS ARE 

OFF: 

Both NMOS and PMOS transistors have a gate–source threshold voltage, below 

which the current (called sub threshold current) through the device drops 

exponentially. Historically, CMOS designs operated at supply voltages much larger 

than their threshold voltages (Vdd might have been 5 V, and Vth for both NMOS and 

http://en.wikipedia.org/wiki/Complement_(set_theory)#Logical_complement
http://en.wikipedia.org/wiki/De_Morgan%27s_laws
http://en.wikipedia.org/wiki/Threshold_voltage


PMOS might have been 700 mV). A special type of the CMOS transistor with near 

zero threshold voltage is the native transistor. 

2.4.2 TUNNELING CURRENT THROUGH GATE OXIDE: 

SiO2 is a very good insulator, but at very small thickness levels electrons can tunnel 

across the very thin insulation; the probability drops off exponentially with oxide 

thickness. Tunnelling current becomes very important for transistors below 130 nm 

technology with gate oxides of 20 Å or thinner. 

 

2.4.3 LEAKAGE CURRENT THROUGH REVERSE BIASED DIODE: 

Small reverse leakage currents are formed due to formation of reverse bias between 

diffusion regions and wells (for e.g., p-type diffusion vs. n-well),  and substrate (for 

e.g., n-well vs. p-substrate). In modern process diode leakage is very small compared 

to sub threshold and tunnelling currents, so these may be neglected during power 

calculations. 

 

2.5  DYNAMIC DISSIPPATION: 

2.5.1 CHARGING AND DISCHARGING OF LOAD CAPACITANCES: 

CMOS circuits dissipate power by charging the various load capacitances (mostly gate 

and wire capacitance, but also drain and some source capacitances) whenever they are 

switched. In one complete cycle of CMOS logic, current flows from VDD to the load 

capacitance to charge it and then flows from the charged load capacitance to ground 

during discharge. Therefore in one complete charge/discharge cycle, a total of 

Q=CLVDD is thus transferred from VDD to ground. Multiply by the switching 

frequency on the load capacitances to get the current used, and multiply by voltage 

again to get the characteristic switching power dissipated by a CMOS device:  

 

http://en.wikipedia.org/wiki/Threshold_voltage
http://en.wikipedia.org/wiki/Native_transistor


Since most gates do not operate/switch at every clock cycle, they are often 

accompanied by a factor , called the activity factor. Now, the dynamic power 

dissipation may be re-written as 

 . 

A clock in a system has an activity factor α=1, since it rises and falls every cycle. 

Most data has an activity factor of 0.5. If correct load capacitance is estimated on a 

node together with its activity factor, the dynamic power dissipation at that node can 

be calculated effectively. 

2.5.2 SHORT CIRCUIT POWER DISSIPATION: 

 Since there is a finite rise/fall time for both pMOS and nMOS, during transition, for 

example, from off to on, both the transistors will be on for a small period of time in 

which current will find a path directly from VDD to ground, hence creating a short 

circuit current. Short circuit power dissipation increases with the rise and fall time of 

the transistors.  

 

 

 

 

 

 

 

                                                      CHAPTER 3: 



                                        PASS TRANSISTOR LOGIC: 

 

In electronics, pass transistor logic (PTL) describes several logic families used in the 

design of integrated circuits. It reduces the count of transistors used to make 

different logic gates, by eliminating redundant transistors.  

Transistors are used as switches to pass logic levels between nodes of a circuit, instead 

of as switches connected directly to supply voltages. This reduces the number of 

active devices, but has the disadvantage that output levels can be no higher than the  

input level. 

 Each transistor in series has a lower voltage at its output than at its input. If several 

devices are chained in series in a logic path, a conventionally-constructed gate may be 

required to restore the signal voltage to the full value. By contrast, conventional 

CMOS logic always switches transistors to the power supply rails, so logic voltage 

levels in a sequential chain do not decrease. Since there is less isolation between input 

signals and outputs, designers must take care to assess the effects of unintentional 

paths within the circuit. 

 For proper operation, design rules restrict the arrangement of circuits, so that sneak 

paths, charge sharing, and slow switching can be avoided. Simulation of circuits may 

be required to ensure adequate performance. 

 

 

 

 

3.1 Complementary pass-transistor logic: 

http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/Logic_family
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Logic_gate
http://en.wikipedia.org/wiki/Logic_level


Complementary pass-transistor logic or "Differential pass transistor logic" refers to 

a logic family which is designed for certain advantages. It is common to use this logic 

family for multiplexers and latches. 

CPL uses series transistors to select between possible inverted output values of the 

logic, the output of which drives an inverter to generate the non-inverted output 

signal. Inverted and non-inverted inputs are needed to drive the gates of the pass-

transistors. 

3.2 Double-pass transistor logic: 

Double-pass transistor logic eliminates some of the inverter stages required for 

complementary pass transistor logic by using both N and P channel transistors, with 

dual logic paths for every function. While it has high speed due to low input 

capacitance, it has only limited capacity to drive a load. 

 

 

 

 

 

 

 

 

 

                                               CHAPTER 4 

                                  DESIGN SPECIFICATIONS 

http://en.wikipedia.org/wiki/Logic_families
http://en.wikipedia.org/wiki/Multiplexer#Digital_multiplexers
http://en.wikipedia.org/wiki/Latch_(electronics)
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In a VLSI,design should be well defined. The algorithmic specification determines the 

complexity of the design and gives an idea of a number of gates required for the 

design. The number of inputs and outputs in the design and number of bits in each of 

them is also taken into account for the type of interfacing to be used with the chip, e.g 

for interfacing an analog to digital converter,all data lines and control lines inputs and 

outputs are provided in the chip. It also determines the number of pins to be used in 

the chip. 

The number of bits used in the internal arithmetic operation  is generally kept higher 

than the input bus size in order to avoid chances of overflow and also to reduce the 

effect of accumalation of round off errors to maintain the requiired accuracy. The 

number of clock signals to be used in the circuit and  the maximum clock frequency to 

be used also defines the speed of operation of the chip. 

For portable type and miniature type of systems, chip size should be as small as 

possible. Since million or more number of gates are incorporated on a single chip, so 

main optimization goal is area of the chip in IC design. 

The demand for portable semiconducter devices has raised the demand for more 

power efficient devices ,due to short battery life of these portable devices. Thus VLSI  

design has also an objective of circuit level power saving by modifyin circuit design 

such as reduction of switchin activity.  



 

 

Figure 6. Analog ASIC design flow 

 

 

4.1 Design Specifications: 



The bottom-up design flow for a transistor-level circuit layout always starts with a set 

of design specifications. The "specs" typically describe the expected functionality 

(Boolean operations) of the designed block, as well as the maximum allowable delay 

times, the silicon area and other properties such as power dissipation. Usually, the 

design specifications allow considerable freedom to the circuit designer on issues 

concerning the choice of a specific circuit topology, individual placement of the 

devices, the locations of input and output pins, and the overall aspect ratio (width-to-

height ratio) of the final design. Note that the limitations spelled out in the initial 

design specs typically require certain design trade-offs, such as increasing the 

dimensions of the transistors in order to reduce the delay times. 

In a large-scale design, the initial design specifications may also evolve during the 

design process to accomodate other specs or limitations. 

This implies that the designer of individual blocks or modules must communicate 

clearly and frequently about the spec updates, in order to avoid later inconsistencies.  

4.2  SCHEMATIC CAPTURE: 

The traditional method for capturing (i.e. describing) your transistor-level or gate-

level design is via the schematic editor. Schematic editors provide simple, intuitive 

means to draw, to place and to connect individual components that make up your 

design. The resulting schematic drawing must accurately describe the main electrical 

properties of all components and their interconnections. Also included in the 

schematic are the power supply and ground connections, as well as all "pins" for the 

input and output signals of your circuit. This information is crucial for generating the 

corresponding netlist, which is used in later stages of the design. The generation of a 

complete circuit schematic is therefore the first important step of the transistor-level 

design flow. Usually, some properties of the components (e.g. transistor dimensions) 

and/or the interconnections between the devices are subsequently modified as a result 



of iterative optimization steps. These later modifications and improvements on the 

circuit structure must also be accurately reflected in the most current version of the 

corresponding schematic. 

 

Figure 7. Schematic Capture Diagram 

 

4.3 Symbol Creation 

If a certain circuit design consists of smaller hierarchical components (or modules), it 

is usually very beneficial to identify such modules early in the design process and to 

assign each such module a corresponding symbol (or icon) to represent that circuit 

module. This step largely simplifies the schematic representation of the overall 

system. The "symbol" view of a circuit module is an icon that stands for the collection 

of all components within the module.A symbol view of the circuit is also required for 

some of the subsequent simulation steps, thus, the schematic capture of the circuit 



topology is usually followed by the creation of a symbol to represent the entire circuit. 

The shape of the icon to be used for the symbol may suggest the function of the 

module (e.g. logic gates - AND, OR, NAND, NOR), but the default symbol icon is a 

simple rectangular box with input and output pins. Note that this icon can now be used 

as the building block of another module, and so on, allowing the circuit designer to 

create a system-level design consisting of multiple hierarchy levels. 

 

Figure 8. Symbol Creation Diagram 

4.4 Simulation 

After the transistor-level description of a circuit is completed using the Schematic 

Editor, the electrical performance and the functionality of the circuit must be verified 

using a Simulation tool. The detailed transistor-level simulation of your design will be 

the first in-depth validation of its operation, hence, it is extremely important to 

complete this step before proceeding with the subsequent design optimization steps. 

Based on simulation results, the designer usually modifies some of the device 

properties (such as transistor width-to-length ratio) in order to optimize the 

performance. 



The initial simulation phase also serves to detect some of the design errors that may 

have been created during the schematic entry step. It is quite common to discover 

errors such as a missing connection or an unintended crossing of two signals in the 

schematic. 

 

Figure 9. Simulation output example 

4.5 Mask Layout 

The creation of the mask layout is one of the most important steps in the full-custom 

(bottom-up) design flow, where the designer describes the detailed geometries and the 

relative positioning of each mask layer to be used in actual fabrication, using a Layout 

Editor.  

Physical layout design is very tightly linked to overall circuit performance (area, 

speed and power dissipation) since the physical structure determines the 

transconductances of the transistors, the parasitic capacitances and resistances, and 

obviously, the silicon area which is used to realize a certain function. On the other 



hand, the detailed mask layout of logic gates requires a very intensive and time-

consuming design effort. 

The physical (mask layout) design of CMOS logic gates is an iterative process which 

starts with the circuit topology and the initial sizing of the transistors. It is extremely 

imporant that the layout design must not violate any of the Layout Design Rules, in 

order to ensure a high probability of defect-free fabrication of all features described in 

the mask layout. 

 

 

Figure 10. Layout creation example 

4.6 Design Rule Check (DRC): 

The created mask layout must conform to a complex set of design rules, in order to 

ensure a lower probability of fabrication defects. A tool built into the Layout Editor, 

http://www.vlsi.wpi.edu/cds/misc/drc.html


called Design Rule Checker, is used to detect any design rule violations during and 

after the mask layout design. The detected errors are displayed on the layout editor 

window as error markers, and the corresponding rule is also displayed in a separate 

window. The designer must perform DRC (in a large design, DRC is usually 

performed frequently - before the entire design is completed), and make sure that all 

layout errors are eventually removed from the mask layout, before the final design is 

saved. 

 

 

 

 

Figure 11. Design Rule Check Example 

 

4.7 Circuit Extraction: 



Circuit extraction is performed after the mask layout design is completed, in order to 

create a detailed net-list (or circuit description) for the simulation tool. The circuit 

extractor is capable of identifying the individual transistors and their interconnections 

(on various layers), as well as the parasitic resistances and capacitances that are 

inevitably present between these layers. Thus, the "extracted net-list" can provide a 

very accurate estimation of the actual device dimensions and device parasitics that 

ultimately determine the circuit performance. The extracted net-list file and 

parameters are subsequently used in Layout-versus-Schematic comparison and in 

detailed transistor-level simulations (post-layout simulation). 

 

 

 

Figure 12. Circuit Extraction Diagram 

 



 

 

 

4.8 Layout versus Schematic Check: 

After the mask layout design of the circuit is completed, the design should be checked 

against the schematic circuit description created earlier. The design called "Layout-

versus-Schematic (LVS) Check" will compare the original network with the one 

extracted from the mask layout, and prove that the two networks are indeed 

equivalent. The LVS step provides an additional level of confidence for the integrity 

of the design, and ensures that the mask layout is a correct realization of the intended 

circuit topology. Note that the LVS check only guarantees topological match: A 

successful LVS will not guarantee that the extracted circuit will actually satisfy the 

performance requirements. Any errors that may show up during LVS (such as 

unintended connections between transistors, or missing connections/devices, etc.) 

should be corrected in the mask layout - before proceeding to post-layout simulation. 

4.9 Post-layout Simulation: 

The electrical performance of a full-custom design can be best analyzed by 

performing a post-layout simulation on the extracted circuit net-list. At this point, the 

designer should have a complete mask layout of the intended circuit/system, and 

should have passed the DRC and LVS steps with no violations. The detailed 

(transistor-level) simulation performed using the extracted net-list will provide a clear 

assessment of the circuit speed, the influence of circuit parasitics (such as parasitic 

capacitances and resistances), and any glitches that may occur due to signal delay 

mismatches. 

 



If the results of post-layout simulation are not satisfactory, the designer should modify 

some of the transistor dimensions and/or the circuit topology, in order to achieve the 

desired circuit performance under "realistic" conditions, i.e., taking into account all of 

the circuit parasitics. This may require multiple iterations on the design, until the post-

layout simulation results satisfy the original design requirements. 

Finally, note that a satisfactory result in post-layout simulation is still no guarantee for 

a completely successful product; the actual performance of the chip can only be 

verified by testing the fabricated prototype. Even though the parasitic extraction step 

is used to identify the realistic circuit conditions to a large degree from the actual 

mask layout, most of the extraction routines and the simulation models used in 

modern design tools have inevitable numerical limitations. This should always be one 

of the main design considerations, from the very beginning.  

 

 

 

 

 

 

 

 

 

 

                                                   CHAPTER 5 

                            PREVIOUS FULL ADDER CIRCUITS: 

5.1  28 CMOS TRANSISTOR FULL ADDER CIRCUIT: 

The first designed full adder cell used 28 transistors and is based on the CMOS 

logic.The  addition of  2 bits A and D with CIN yields a SUM  bit and a COUT bit. 

The integer equivalent of this relation  is shown by 



A +B + CIN = 2 * COUT +SUM (1) 

The output values can be determined by the following equations. 

COUT = (AAB)v (AvB) ACIN  (2) 

SUM = (AAB A CIN) v (AV B v GIN) ACOUT 

 A 28-transistor adder shown in Figure 13 implements  equations (2) and (3) using 

complementary CMOS design.Adders can also be implemented by XOR or XNOR 

functions with equations shown below. 

SUM = A XOR B XOR CIN (4) 

SUM = AB XOR B XOR CIN (5) 

COUT = A XOR (A B) XOR CIN  (A XOR B) (6) 

 

                         Figure 13. Conventional 28-T Fulladder 

 

 

 

5.2 THE TRANSMISSION GATE FULL ADDER: 

Standard implementations of the 1-bit full-adder cells that are the transmission gates 

full-adder cell (TGA),  which is based on the CMOS transmission gates and has 20 

transistors . This cell generate the XOR function (H = A XOR B),followed by an 

inverter to generate the XNOR function (H0). Both H and H0 are used to control the 

transmission gates generating the Sum and Cout outputs. The inverter introduces 



unwanted delay between H and H0 leading to a 0–0 or 1–1 overlap. This overlap will 

cause the transmission gates to act as pass transistors, which may cause glitches 

(spurious transitions) in the output signals. These glitches will increase the power 

consumption of these cells. In addition, TGA uses three inverters. The presence of 

inverters will introduce short-circuit power due to the current flowing from the power 

supply to ground (when both P and N transistors are instantaneously ON).  

 

 

Figure 14.Transmission Gate Fulladder  

 

5.3 TWO CONVENTIONAL 20T FULL ADDERS: 

 Since the full adder in Fig 14 does not have driving outputs, the number of the serial 

connections among these full adders is limited. The full adder in Fig 15. has driving 

outputs. 

However, both of the above CMOS full adders have the following characteristics: 

1) the function relation of the output of a CMOS transmission gate over its input 

cannot be represented with AND, OR, and NOT operations in Boolean algebra, 

since the high-impedance state is not defined in Boolean algebra; 

2) since the circuits of the CMOS full adders are designed not at the switching level of 

a MOS transistor but at gate levels of Boolean algebra, they have not  



been mostly simplified. 

By using the transmission function theory , the logic expressions of the CMOS full 

adders can be explained satisfactorily and their CMOS circuits can be 

mostly simplified. 

 

 

Figure 15. Fulladders without driving inputs 

 



 

Figure 16. Fulladders with driving inputs 

 

5.4 TRANSMISSION FUNCTION FULL ADDER: 

The transmission function full-adder cell (TFA), is based on the transmission function 

theory and has 16 transistors. The TFA also generate the XOR function (H = A XOR 

B), followed by an inverter to generate the XNOR function (H0). Both H and H0 are 

used to control the transmission gates generating the Sum and Cout outputs. The 

inverter introduces unwanted delay between H and H0 leading to a 0–0 or 1–1 

overlap. This overlap will cause the transmission gates to act as pass transistors, which 

may cause glitches (spurious transitions) in the output signals. These glitches will 

increase the power consumption of these cells. In addition, TGA uses three inverters, 

while TFA uses two. 

 The presence of inverters will introduce short-circuit power due to the current 

flowing from the power supply to ground .TFA has been proved to outperform TGA 

in its performance.  



 

 

Figure 17. Transmission Function Fulladders 

 

 

5.5 14-T  LOW POWER 1 BIT FULL ADDER: 

The 1-bit full-adder functionality can be summarized by the following equations, 

given the three 1-bit inputs A, B, and Cin, it is desired to generate the two 1-bit 

outputs Sum and Cout , where 

Sum =(A XOR B) XOR Cin (1) 

Cout =A B + Cin (A XOR Bj (2) 

These two equations can be arranged as follows: 

Sum=(A XOR B) ’ Cin + (A XOR Bj Cin ’ 

Cour=(A XOR B) Cin + (A XOR B) ’ A 

 

The 14-transistor low-power 1-bit full adder. TFA has been proved to outperform 

TGA in. One of the recent enhancements is the 14transistors  full adder (14T) . Power 

consumption has been reduced by using the 4-transistor XOR implementation 

presented in, which decreases the overall cell transistor count to 14. 14T uses only one 

inverter, but it still has the same problem of glitches in the outputs. Also, it has the 



drawback of introducing a static power component at the inverter output. Due to the 

incomplete voltage swing of the XOR gate when      

A =B=0, both the N and P transistors will be ON (N is weakly ON), which will lead to 

drawing current from the power supply although the circuit is in steady state. This 

drawback increases the power consumed by this cell, but still it remains a good 

candidate for low power applications due to having only 14 transistors.  

 

 

Figure 18. 14-T Low Power Fulladder 

 

5.6 THE STATIC ENERGY RECOVERY FULL (SERF) ADDER: 

As an initial step toward designing low power arithmetic circuit modules, the design 

of a Static Energy Recovery Full adder (SERF) cell module is studied. The cell uses 

only 10 transistors and it does not need inverted inputs. The design was inspired by 

the XNOR gate full adder design. In non-energy recovery design the charge applied to 

the load capacitance during logic level high is drained to ground during the logic level 

low. It should be noted that the new SERF adder has no direct path to the ground.  

 



The elimination of a path to the ground reduces power consumption, removing the Psc 

variable (product of Isc and voltage) from the total power equation. The charge 

stored at the load capacitance is reapplied to the control gates. The combination of not 

having a direct path to ground and the re-application of the load charge to the control 

gate makes the energy recovering full adder an energy efficient design. To 

the best of our knowledge this new design has the lowest transistor count for the 

complete realization of a full adder. 

 The performance of the SERF full adder cell is compared for power consumption, 

delay and silicon area against the transmission function adder (TFA) , and the fourteen 

transistor (14T) adder .  

While transistor count is an inaccurate method for area analysis, transistor count does 

provide a guideline as to possible die area consumption for the differing design 

structures.A careful examination of the results shows that this SERF adder design 

takes approximately 26% to 55% less energy than the other  designs that are illustrated 

above  for error free operation. Compared to the 14T adder design, 

which is the fastest among the illustrated adder designs selected for comparison, the 

SERF design is shown to be 19% faster. Since the new SERF design needs only 10 

transistors for the adder circuit realization obviously it is the most area 

efficient design. 



 

Figure 19. Transistor level diagram of SERF adder 

5.7 THE NEW 10 TRANSISTORS 1BIT FULLADDER: 

  

The new 10 transistors full adder cell results in less rise and fall time for the output 

signals. The novel adder cell (NEW) has 10 transistors. In the proposed adder cell, the 

implementation of the XOR and XNOR of A and B ( H = A XOR B,  

H’=A XNOR B ) is based on using pass transistors and an inverter to invert the input 

signal A. This implementation results in the fast XOR and XNOR.  NEW 

simultaneously generates H and H’ . 

  

This new design has several advantages; fnst, it balances the The four 1-bit adder cells 

(lOT, 14T. 16T and NEW) delays of generating H and H'. 

The number of the MOS transistors mainly determines the area of the gates. Therefore 

the cell size of the NEW cell is smaller than 14T and 16T.  

Due to the usage of pass transistor logic-style, the output at the Sum and Cout nodes 

of the NEW suffers from signal degradation. So a driver at the Sum and Cout node is 

required to ensure proper signal at the output node. This enhances the rise-time and 



fall-time delays of the output signal. This results in better performance regarding the 

speed, low power dissipation and driving capabilities.  Also, it operating frequency is 

100 MHz and the voltage supply is 3.3v 

 

 

 

Figure 20. Logic diagram of ExOR 

 

 

                                                                          

 

Figure 21. Logic diagram of ExNOR 



 

 

Figure 22. New 10-T 1 bit Fulladder 

 

 

 

 

                                             CHAPTER 6 

                                EXISTING FULL ADDERS: 

6.1  LOW POWER NBIT ADERS AND MULTIPLIERS USING LOWEST                                          

NUMBER OF TRANSISTORS 1 BIT CELL 

The designed full adders consist of 10 Transistors and were used for n-bit adders with 

output voltage levels having a maximum of one threshold voltage (VT) degradation. 

The 10 Transistors adder achieved a 43.68% reduction in the 

power dissipation compared to the standard CMOS-28T Adder. Power consumption 

can be further reduced by using an extra stack transistor. A 12-Transistor Adder was 

also designed for low area Array Multipliers. 



 

 

Figure 23. Transistor level of N 10T Fulladder 

 

 

Figure 24. Transistor level of P 10T Fulladder 



6.1.1 Two 10-T Full-bit adder with minimum degradation of its output voltage 

level: 

Two designs of 10-T full adder, with only one VT loss of the output voltage levels, 

are described and simulated . The critical part of the design is having a full swing 

XOR or XNOR gate in the first module to design the rest of the 1-bit adder with 

multiplexers to generate the COUT and SUM outputs with improved voltage levels. 

To generate a full swing XOR gate signal in n-10T adder, an inverter is used. The 

XOR-gate output and CIN input signals, both with full voltage swing, will be used as 

control signals in the following multiplexer stages to generate COUT and SUM 

outputs with a maximum of one VT loss. 

Similarly, an inverter is used in the second design. The Power dissipation of the two 

10-T adders may further be reduced if the leakage current of the inverter is suppressed 

or decreased. The output signal of XOR gate, for the P-10T 

adder, is |VTP| for a specific input signals set (A=B=0). This causes the NMOS 

transistor of the inverter not to be completely turned off, giving rise to an unwanted 

leakage current and higher power dissipation. This also applies to the N-10T transistor 

when the input signals A and B are high.  

 

Figure 25. Inverter Leakage for specific inputs  



 

Figure 26. Addtion of a stack transistor to decrease leakage current in inverter 

Sizing the transistors to have a skewed inverter, such that the switching voltage (VS) 

of the inverter in the P-10T adder is higher than 0.5 VDD, while it is lower in the N-

10T adder. Furthermore, adding a narrow series-connected transistor to the 

inverter decreases the leakage current. (This technique is targeting the 0.13μm and 

subsequent CMOS technologies to reduce static power dissipation). This transistor is 

an NMOS for P-10T adder and a PMOS for N-10T adder. Figure 26 shows 

adding the series-connected transistor to the inverter. The inverter, used in the P-10T 

adder, may have an input of TP V in the worst case. This makes the n-MOS transistor 

not completely off. With sizing (WN =300nm, WP = 900nm) of the 

inverter transistors, the switching voltage is changed to VS=0.86V. Adding an n-MOS 

stack transistor, the switching voltage further increases to Vs=0.97V. For the N-10T 

adder, the input of its inverter degrades to VDD- VTN in the worse case. 

This makes the p-MOS transistor not completely off. With sizing (WN=600nm, WP = 

300nm), the switching voltage decreases to Vs= 0.67V. Adding a p-MOS stack 

transistor, Vs further decreases to 0.63V. 

 

6.2  A Proposed 10-T Full Adder Cell for Low Power Consumption: 

 



This work presents an improved circuit design of low power 1-bit full adder circuit. 

The circuit is designed and implemented based on top-down approach using total 

number of 10 transistors, thereby, known as 10-T cell. After simulation of the circuit, 

a clear view of the circuit performance, in terms of power, delay, area was studied. 

The performance of the proposed circuit was compared 

with other reported circuits in various literatures and observed approximately more 

than 60% reduction in power consumption. The proposed cell gives faster response for 

the carry output and can be used at higher temperature with minimal power loss. The 

drawback of the circuit is that it occupies larger area on the chip. 

 

6.2.1 DESIGN OF PROPOSED CIRCUIT 

 

The proposed circuit is designed based on following SUM and Carry mathematical 

expressions; 

 

 

 

Where, A and B are two inputs. The proposed circuit is implemented using three main 

components, namely XOR, inverter, and MUX.The proposed adder circuit diagram is 

constructed by combining all the designed components. 

 

When the inputs A=B=0, the XOR gate will introduce 1-VT loss and this loss causes 

the Nmos transistor (N1) of the inverter not to be completely turned off (weak 

inversion) and results in subthreshold leakage current. The subthreshold leakage 

current causes higher power dissipation in the circuit. 

 



To avoid this leakage current problem, we have introduced a pMOS (Pstack) transistor 

in series with the pull up transistor of the inverter as shown in Fig 28. This extra 

transistor gives lower leakage as well as ensures that pull up pMOS is completely off 

when either inputs (A or B) are high. The added transistor will increase the overall 

area on chip and slightly degrades the response of carry-out because pMOS is slower 

device. 

 

Figure 27. Components of 10T Fulladder cell 

 

 

Figure 28. A 10T Fulladder for Low Power Consumption  

 



This  1 bit adder cell consumes lower power compared to other reported circuits and 

also gives faster response for carry out but occupies larger space on the chip and 

degrades sum output response when compared. Sum delay reduces to approximately 

50% as power supply increased from 1.2V to 2.5V whereas this 

increase is less than 1% for carry-out. Although the circuit response improved at 

higher power supply but the power consumption increase about 81%. 

The proposed cell includes a stacking pMOS transistor to reduce the leakage current 

of the circuit. Due to reduction of leakage current the power consumption is reduced 

drastically compared to other reported adder circuits . The proposed circuit occupies 

larger chip area and degrades the response of carry out of the circuit which can be 

improved after removing the stacked transistor. 

 

6.3 8T FULL ADDDER CELL: 

 

Here a proposed  design of a novel eight transistor full adder using novel three 

transistor XOR gates. The design of the three transistor XOR gate has already been 

described in the preceding section. The Boolean equations for the design of the eight 

transistor full adder are as follows: 

 

Sum = A� B � Cin (1) 

Cout = Cin(A � B) � AB (2) 

 

The OR gate can be realized using a wired OR logic .The sum output is basically 

obtained by a cascading  the three inputs in accordance wih equation 1. The carry 

output is obtained in accordance with equation (2). The final sum of the products is 

obtained using a wired OR logic.  



 

Figure 29. Diagram of previous 8T Fulladder Cell 

 

The W/L ratios of transistors M1-M6 are same as the corresponding ones in figure 29. 

The W/L ratios of transistors M7 and M8 are taken as 5/1. It is quite evident from 

figure 29  that two stage delays are required to obtain the sum output and at most two 

stage delays are required to obtain the carry output which obviously stands out to be 

smaller than the circuit.The voltage drop due to the threshold drop in transistors M3 

and M6  can be minimized by suitably increasing the aspect ratios of the two 

transistors. 

However, the threshold voltage drop of | VT,p|  provided by the pMOS pass transistor 

M3 when a=0 and b=0 is used to turn on the nMOS pass transistor M8 and therefore 

we get an output voltage equal to |VT,p|-VT,n , where VT,p is the threshold voltage of 

the pMOS transistor and VT,n is the threshold voltage of the nMOS transistor. The 

difference value is very close to 0V. Similarly, the threshold drop of the transistors 

M7 and M8 can be minimized by suitably increasing the aspect ratios of transistors 

M7 and M8. 

 



The results of the comparative study show that the performance of the 8T full adder is 

somewhat poorer than the 10T full adder proposed in , in regard to its average power 

dissipation. However, the delay of the proposed adder is much less compared to any 

other adder. The net effect is that our proposed 8T full adder shows a much better 

power-delay product (PDP) compared to any other adders mentioned earlier.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                              CHAPTER 7 

                   OUR PROPOSED FULLADDER CIRCUIT 



7.1 ASIC DESIGN AND IMPLEMENTATION OF TWO NOVEL 8T  

FULLADDERS: 

Full adders constructed using 11T, 10T, 9T and 8T were studied and two novel full 

adders using 8T are being analyzed and proposed. They are being constructed by 

concentrating on reducing the area, increasing the speed and also on getting a strong 

signal at the output using – 1) two 3T XOR gates, one NMOS and one PMOS 

transistors 2)  two 3T XNOR gates, one NMOS and one PMOS transistors. The 

behavior is analyzed using 180nm CMOS technology at a supply voltage of 1.8V. 

Power, area and delay are also calculated and compared with the already available full 

adders. The proposed circuits do not have direct connection to power and ground, 

thereby making the short circuit power dissipation as negligible. Like all other new 

full adders, these novel full adders also have a maximum of one threshold voltage (Vt) 

loss at the output. All the simulations and comparisons are done using Cadence 

Virtuoso tool. 

 

7.1.1 8T Full adder using 3T XOR gate 

In the already available 8T full adder, carry output was calculated by the following 

expression as . 

 

Carry = AÅB( )C+AB 

 

 

Two NMOS transistors were used to realize the expression for carry using wired OR 

logic.  BA   was given to the gate of one NMOS transistor and A was given as the 

gate signal for the second NMOS transistor. When A=1, B=0 and C=1, both NMOS 

were ON, but one NMOS tried to drive the value of C=1 at the output, whereas the 

second NMOS tried to drive the value of B = 0 at the output. The wired OR logic 

resulted in a very weak 1. To improve the strength of carry output signal, width of the 



1st transistor had to be increased so much that the total area of the full adder grew 

double that of a 10T full adder. 

The proposed 8T full adder is constructed using two 3T XOR gates and 1 PMOS and 

1 NMOS transistors as shown in Figure 30. The sum and carry outputs are calculated 

as follows: 

Sum = AÅB( )ÅC  

Carry = AÅB( )C + AÅB( )A  

 

Instead of using two pass transistors to get carry output, we use a multiplexer 

constructed using 1 PMOS and 1 NMOS transistors. The gate of both the transistors is 

connected to the output of the XOR gate. So for any given input combination, only 

one of the transistors is ON and a strong signal is obtained at the output. 

 

 

Figure 30. Proposed 8T full adder using 3T XOR gate. 

 



 

Figure 31. Proposed 8T full adder using 3T XNOR gate. 

 

7.1.2 8T Full adder using 3T XNOR gate: 

The proposed 8T full adder shown in Figure 31 is based on a 3T XNOR gate. The 3T 

XNOR gate consists of a CMOS inverter and an NMOS pass transistor. When the 

input B is at logic low, the circuit behaves like a normal CMOS inverter and hence the 

output is the complement of input A. 

 

When the input B is at logic high, inverter output is at high impedance and the NMOS 

is turned ON. Hence the output is same as input A. Thus the functionality of an 

XNOR gate is realized.This full adder is constructed using two 3T XNOR gates and 1 

PMOS and 1 NMOS transistors. The sum and carry outputs are calculated as follows: 

Sum = AÅB( )ÅC 

Carry = AÅB( )C + AÅB( )A 

 



In this full adder we use a multiplexer constructed using 1 NMOS and 1 PMOS 

transistor. The gates of both the transistors are connected to the output of the XNOR 

gate. So for any given input combination, only one of the transistors is ON and a 

strong signal is obtained at the output. The widths of PMOS and NMOS transistors 

used in realizing carry output are maintained at a minimum of 400nm. Hence the area 

of the full adder is being reduced. 

 

 

7.1.3 Comparative studies and results: 

The performance of the two proposed full adders are analyzed and compared against 

the already available full adders starting with 11T. All the circuits are simulated using 

180nm CMOS technology, 1.8V supply voltage and the maximum frequency of input 

signals is 50MHz. 

From the simulation results shown in Table I, it has been observed that the full adders 

using XOR or XNOR gate along with inverter configuration have consumed less 

power than those constructed using two stages of XOR or XNOR gate. While the 

delays are more in the full adders using XOR or XNOR gate along with inverter 

configuration than those constructed using two stages of XOR or XNOR gate. It has 

also been observed that the existing 8T full adder occupies more area than any other 

full adder starting with 11T. When the proposed full adders are compared with the 

existing 8T full adder, our full adders consume around the same power, but the area is 

being reduced to half and a high speed is also achieved. 

 

 

 

 

 

 



 

 

 

 

TABLE 2 :COMPARISON OF AREA, POWER, DELAY OF  FULL ADDERS 

Full adder Description 
Area 
(µm

2
) 

Power (W) 

Sum 

delay 
(ps) 

Carry 

delay 
(ps) 

11T adder using 4T XOR, 3T 
inverter, 2 muxes each of 2T   3.312 8.69 x 10

-7
 850 970 

11T adder using 4T XNOR, 3T 
inverter, 2 muxes each of 2T 3.312 8.69 x 10

-7
 850 870 

10T adder using 4T XOR, 2T 
inverter, 2 muxes each of 2T 2.52 2.3 x 10

-7
 770 880 

10T adder using 4T XNOR, 2T 
inverter, 2 muxes each of 2T 2.52 7.6 x 10

-7
 750 860 

10T adder using 3T XOR, 3T 
inverter, 2 muxes each of 2T 2.7 2.1 x 10

-6
 660 2085 

9T adder using 3T XOR, 2T inverter, 

2 muxes each of 2T 2.448 8.69 x 10
-7

 455 464 

8T adder using two 3T XOR, 2 
NMOS T 5.544 3.7 x 10

-4
 220 300 

8T adder using two 3T XOR, 1 mux 
(proposed FA1) 2.016 3.69 x 10

-4
 150 70 



Full adder Description 
Area 

(µm
2
) 

Power (W) 

Sum 

delay 
(ps) 

Carry 

delay 
(ps) 

11T adder using 4T XOR, 3T 
inverter, 2 muxes each of 2T   3.312 8.69 x 10

-7
 850 970 

11T adder using 4T XNOR, 3T 
inverter, 2 muxes each of 2T 3.312 8.69 x 10

-7
 850 870 

8T adder using two 3T XNOR, 1 
mux (proposed FA2) 

2.016 8.36 x 10
-4

 36 90 

 

 

 

 CHAPTER 8 

CONCLUSION 

It has been observed that the full adders using XOR or XNOR gate along with inverter 

configuration have consumed less power and more delays than those constructed 

using two stages of XOR or XNOR . 

It has also been observed that the existing 8T full adder occupies more area than any 

other full adder. When the proposed full adders are compared with the existing 8T full 

adder, our full adders consume around the same power, but the area is being reduced 

to half and a high speed is also achieved in terms of sum and carry delay. 

These full adders are found to give better performance in terms of power, delay and 

silicon area when compared to the previous 8T full adder. Also the strength of the 

carry output signal is being improved.  

 

 

 

 

 



 

 

 

 

 


