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Abstract— Hybrid logic style is widely used to implement full 
adder (FA) circuits. Performance of hybrid FA in terms of 
delay, power, and driving capability is largely dependent on 
the performance of XOR–XNOR circuit. In this article, a high- 
speed, low-power 10-T XOR–XNOR circuit is proposed, which 
provides full swing outputs simultaneously with improved delay 
performance. The performance of the proposed circuit is mea- 
sured by simulating it in cadence virtuoso environment using 90-
nm CMOS technology. The proposed circuit reduces the power 
delay product (PDP) at least by 7.5% than that of the available 
XOR–XNOR modules. Four different designs of FAs are also 
proposed in this article utilizing the proposed XOR–XNOR circuit 
and available sum and carry modules. The proposed FAs provide 
2%–28.13% improvement in terms of PDP than that of other 
architectures. To measure the driving capabilities, the proposed 
FAs are embedded in 2-, 4-, and 8-bit cascaded full adder (CFA) 
structures. Results show that two of the proposed FAs provide 
the best performance for a   higher number   of   bits among 
all the FAs. 

Index Terms— Cascaded full adder (CFA), full voltage swing, 
hybrid full adder (FA), XOR–XNOR circuit. 

 

I. INTRODUCTION 

OWADAYS, portable electronic gadgets, such as cellular 

phones, personal digital assistants (PDAs), and notebook, 

form the integral part of life. For harnessing best out of 

these electronic systems, designers strive for small size, high 

speed, and energy-efficient circuits. These electronic systems 

mostly comprise arithmetic circuits. An adder is a fundamental 

component of most of the arithmetic circuits such as multi- 

pliers. These arithmetic circuits are extensively used in the 

data paths consuming almost one-third of power in the high-

performance microprocessors. Therefore, enhancing the 

performance of the adders improves the performance of the 

whole system significantly. 

To realize a full adder (FA) circuit, several static CMOS 

logic styles have been presented. These logic styles can be 

broadly classified into two categories: classical design style 

and hybrid design style. In classical design style, 
 

 

 
 

 
 

Fig. 1. Block diagram of hybrid logic FA circuit [6]. 

 

 
the FA is designed in a single module using MOS transistors. 

The complementary CMOS (C-CMOS) FA is an example of 

this approach. This design uses 28-transistors to realize pull-

up and pull-down networks of a FA. It provides full swing 

outputs and robustness against voltage scaling and transistor 

sizing. The main drawback of this circuit is high input capac- 

itance as each of the input is connected to the gates having 

at least a pMOS and an nMOS transistor which degrades the 

speed of the adder. Another example of the classical approach 

is complementary pass-transistor logic (CPL) FA. This 

structure provides high speed, full swing output, and good 

driving capability because of the high-speed differential stage, 

cross-coupled pMOS structure, and static inverter at the output. 

However, the power dissipation of this circuit is high due to a 

large number of internal nodes in the circuit. Also, the layout 

of this circuit is not symmetrical because of irregular transistor 

arrangement. 

In the classical approach, FA can also be designed using 

pass transistors. However, the pass transistors have an 

inherent threshold voltage drop problem. When logic “1” and 

logic “0” are passed through nMOS and pMOS, respectively, 

full swing logic “1” and logic “0” are not obtained at the 

output. To resolve this issue, a transmission gate (TG)-based 

approach has been developed. In this style, an nMOS transistor 

and a pMOS transistor are connected in parallel and controlled 

by complementary control signals. These pMOS and nMOS 

are turned on simultaneously and provide paths to both the 

logic (logic “1” and logic “0”) to provide full swing outputs. 

TG-based adder consumes low power; however, it has weak 

driving capability. Performance of this circuit can be enhanced 

by using the buffer at the output. 

In hybrid design style, FA structure is divided into three 

modules as shown in Fig. 1. Module I generates full swing 

XOR   and   XNOR   outputs of two input signals (A and B) 

simultaneously. These XOR–XNOR signals must 
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have good driving capabilities as these signals have to drive

other two modules. Module II and Module III

and carry circuits which produce the sum and carry outputs

(COUT), respectively, using the outputs of Module I and third

input signal (CIN). The main advantage of hybrid style is that

all the modules can be optimized at the individual level, and

the number of transistors can be reduced, which reduces the

internal power dissipating nodes. The performance of hybrid

style FAs is as good as a single unit or small chains; however,

they lack driving capability in higher bit adders implemented

through cascading stages. 

Various researchers have presented FA designs

logic style which provide optimum performance

degrading the output. Vastrabacka et al. 

XOR–XNOR module using pass transistors 

which sum and carry modules have been

2 to 1 multiplexer circuit. Zhang et al. [10] presented a hybrid

FA cell in which PTL is used to generate XOR

simultaneously, and C-CMOS style is used to implement carry

module. In another design, New low-power

(LPHS) adder, XOR–XNOR circuit has been

using feedback transistor, while sum and carry

implemented using PTL and 2 to 1 multiplexer,

Performance of XOR-XNOR circuit plays 

the performance of hybrid FA design. Various

designing XOR–XNOR circuit are presented

These approaches can be broadly classified

gories. In the first approach, the XOR circuit

initially, and then XNOR output is generated 

[e.g., transmission gate adder (TGA)]. This

drawback that XOR and XNOR outputs are

simultaneously, which increases the chance

false switching and glitches in the outputs

II and III. In another approach, the XOR

designed such that XOR and XNOR outputs

simultaneously. In this approach, the delay difference

XOR and XNOR signals is tried to be minimized.

XNOR circuit using CPL is presented in

simultaneous generation of XOR–XNOR outputs.

voltage levels in this circuit are recovered

feedback transistors. However, the delay and

circuit remain higher due to feedback transistor. Goel 

eliminated the NOT gate from the critical

the circuit delay remains higher due to the cross

structure. 

Radhakrishnan  had presented a design of XOR

with only six transistors. In this design, two comple

feedback transistors are used to restore the

complementary output nodes (XOR and XNOR

inputs have same values (either “00” or “11”). This

suffers from the high worst case delay for the inputs

“00” as in these cases; outputs reach their final

in two steps. This issue of slow response is resolved by Chang 

et al.  who used two additional nMOS and pMOS transistors 

at the XOR and XNOR output nodes, respectiv

provides good driving capability and ful
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have good driving capabilities as these signals have to drive 

Module III are the sum 

and carry circuits which produce the sum and carry outputs 

), respectively, using the outputs of Module I and third 

). The main advantage of hybrid style is that 

all the modules can be optimized at the individual level, and 

umber of transistors can be reduced, which reduces the 

internal power dissipating nodes. The performance of hybrid 

style FAs is as good as a single unit or small chains; however, 

they lack driving capability in higher bit adders implemented 

designs using hybrid 

performance without 

 [9] presented an 

 logic (PTL) in 

been realized using 

[10] presented a hybrid 

XOR–XNOR outputs 

CMOS style is used to implement carry 

power and high-speed 

been implemented 

carry modules are 

multiplexer, respectively. 

 a vital role in 

Various approaches to 

presented in recent years. 

classified into two cate- 

circuit is synthesized 

 using an inverter 

This approach has a 

are not generated 

chance of generating 

outputs of the modules 

XOR–XNOR circuit is 

outputs are gener- ated 

difference between 

minimized. An XOR–

in that gives the 

outputs. The output 

recovered using the 

and power of this 

circuit remain higher due to feedback transistor. Goel et al. 

critical path, however, 

cross-coupled 

XOR–XNOR circuit 

with only six transistors. In this design, two comple- mentary 

the weak logic in 

XNOR) when both the 

inputs have same values (either “00” or “11”). This circuit 

suffers from the high worst case delay for the inputs “11” or 

final voltage levels 

resolved by Chang 

and pMOS transistors 

ctively. This circuit 

full output swing. 

 

 
 

 

 
Fig. 2.   XOR–XNOR circuits given in (a) [13]

 
The structure of a XOR–XNOR circuit is further 

Valashani and Mirzakuchaki  who used an inverter. This

structure provides lower critical path delay, however, power

dissipation remains higher. 

Naseri and Timarchi presented an improved design of

XOR–XNOR circuit, which is implemented using

sistors. This circuit consumes low power and provides better

delay performance than those of 

this circuit requires an external inverter.

of this circuit can be improved further by eliminating this

external inverter. In this article, a new 

proposed, which provides good driving capabilities and full

swing XOR–XNOR outputs without using any external inverter.

In this design, a feedback circuitry and internal NOT gate help

in getting full swing output for all the transitions. By proper

sizing of different transistors, not 

the power consumption of the proposed circuit is reduced.

Using the proposed XOR–XNOR circuit, four different designs

of FAs are also presented in this article. The proposed FAs

show improvement in terms of power delay product (PDP)

and driving capability than those of

The remainder of this article is

In Section II, a new two input XOR

posed. In Section III, different types of modules

and module III—are presented. After that, four different FA

designs using the proposed XOR–XNOR

posed in the same section. In Section

of the proposed XOR–XNOR circuit

power, speed, and PDP is compared with those of available

XOR–XNOR circuits and FAs. Finally, this article is concluded

in Section V. 

 
II. PROPOSED XOR–XNOR

In recent years, various approaches to design 

circuit are presented which are discussed

An XOR–XNOR circuit which provides full swing outputs

only six transistors is shown in Fig. 2(a). This config

is realized using the CPL logic and feedback restorer

transistors. It provides good delay performance for the inputs

AB: “01” and “10.” However, a switching delay arises at the

output for the inputs AB: “11” and 

delay for these inputs is resolved by th
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[13] (b) [15]. 

circuit is further improved by 

who used an inverter. This 

structure provides lower critical path delay, however, power 

presented an improved design of the 

circuit, which is implemented using 12 tran- 

sistors. This circuit consumes low power and provides better 

 other circuits. However, 

inverter. The performance 

of this circuit can be improved further by eliminating this 

external inverter. In this article, a new XOR–XNOR circuit is 

proposed, which provides good driving capabilities and full 

outputs without using any external inverter. 

In this design, a feedback circuitry and internal NOT gate help 

full swing output for all the transitions. By proper 

 only the delay but also 

the power consumption of the proposed circuit is reduced. 

circuit, four different designs 

presented in this article. The proposed FAs 

power delay product (PDP) 

of other structures. 

is organized as follows. 

XOR–XNOR structure is pro- 

posed. In Section III, different types of modules—module II 

are presented. After that, four different FA 

XNOR circuit are also pro- 

Section IV, the performance 

circuit and FAs in terms of 

power, speed, and PDP is compared with those of available 

circuits and FAs. Finally, this article is concluded 

XNOR CIRCUIT 

In recent years, various approaches to design XOR–XNOR 

discussed in Section 1. 

which provides full swing outputs using 

only six transistors is shown in Fig. 2(a). This config- uration 

the CPL logic and feedback restorer 

transistors. It provides good delay performance for the inputs 

AB: “01” and “10.” However, a switching delay arises at the 

d “00.” The issue of higher 

the method used by Naseri  
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Fig. 3.   Proposed XOR–XNOR circuit. 

 
 

TABLE I 

CHARGING  AND  DISCHARGING  PATHS  FOR  THE  D

COMBINATIONS  IN  THE   PROPOSED  XOR-XNOR 

 
 

 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

  
 

 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 

 

 

 

only resolves the problem of slow response but also reduces

the power consumption of the circuit. However, it uses

an input which needs an extra inverter. A new

circuit is proposed in this section, which generates

input internally without using any external

arrangement not only reduces the number of transistors in the

circuit but also the number of internal nodes which

the overall delay and power consumption of the 

circuit. 

The proposed XOR–XNOR circuit using ten

T) is shown in Fig. 3. The proposed XOR

based on CPL and cross-coupled structure. It uses two pMOS

(P1 and P2) and three nMOS (N3, N4, and N5)

the XOR output side and two nMOS (N1 and

pMOS (P3, P4, and P5) at the XNOR output 
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DIFFERENT  INPUT 

XNOR  CIRCUIT 

 

 

 
 

 
  

 

 

 
 

 

 

 

only resolves the problem of slow response but also reduces 

the power consumption of the circuit. However, it uses A as 

an input which needs an extra inverter. A new XOR–XNOR 

generates the inverted 

 

Transistors P1 and N2 pass logic “1”

and XNOR outputs, respectively, and transistor N4 turns on the

transistor N3 which passes the weak

at the XOR output. For these inputs (AB:

the weak logic outputs will not affect the

paths are available for full swing outputs.

For the input AB: “00,” the transistors P1,

P5 turn on. P1 and P2 pass weak logic “0” (

XOR output, while P5 and P4 pass full logic “1” at

output and the internal node X. Logic

on the transistor N3 and a strong logic

XOR output to make it full swing. Similarly, for input AB:

“11,” transistors N1, N2, N4, and N5 turn on. The 

N1 and N2 pass weak logic “1” (VDD

output, while the XOR node discharges completely

N4 and N5. Logic “0” also passes to the internal node X,

which causes transistor P3 to be turned on and passes the full

logic “1” at the XNOR output. 

 

A. Transistor Sizing 

The proposed XOR–XNOR gate is

logic has been incorporated into it

NOT gate. Due to this incorporated NOT gate, the capacitance

equivalent to one inverter at the input node is

reduces the overall delay. The output nodes of this circuit are

charged or discharged through different full swing and partial

swing paths for different input combinations. Therefore, it has

different delay for different input combinations. 

an input combination can be decreased by reducing the

of the transistors along its path. However,

external inverter. This 

number of transistors in the 

internal nodes which reduces 

the overall delay and power consumption of the XOR–XNOR 

of a transistor increases the capacitive load at the node, which

increases the delay for other input 

the size of the transistor cannot be increased indefinitely. The

capacitances across internal node 

(CXOR) can be calculated as given, respectively,

ten transistors (10-

XOR–XNOR circuit is 

coupled structure. It uses two pMOS 

N5) transistors at 

CX = CdN5 + CgP3 + 

CdN4 

2 
+

CdN4 
and N2) and three 

 side. At the XOR 

CXOR = CdP1 + CdP2 + 
2 

+
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“1” and logic “0” at XOR 

outputs, respectively, and transistor N4 turns on the 

weak logic “1” (VDD–Vthn) 

inputs (AB: “01” and “10”), 

logic outputs will not affect the output swing as 

outputs. 

transistors P1, P2, P4, and 

weak logic “0” (-Vthp) at the 

pass full logic “1” at XNOR 

Logic “1” at node X turns 

logic “0” is passed at the 

output to make it full swing. Similarly, for input AB: 

“11,” transistors N1, N2, N4, and N5 turn on. The transistors 

N1 and N2 pass weak logic “1” (VDD-Vthn) for the XNOR 

node discharges completely through 

N4 and N5. Logic “0” also passes to the internal node X, 

which causes transistor P3 to be turned on and passes the full 

is symmetrical and NOT 

it without using external 

NOT gate. Due to this incorporated NOT gate, the capacitance 

equivalent to one inverter at the input node is reduced which 

reduces the overall delay. The output nodes of this circuit are 

charged or discharged through different full swing and partial 

swing paths for different input combinations. Therefore, it has 

different delay for different input combinations. The delay for 

be decreased by reducing the sizes 

However, increasing the size 

of a transistor increases the capacitive load at the node, which 

delay for other input combinations. Therefore, 

the size of the transistor cannot be increased indefinitely. The 

 X (CX ) and XOR output 

respectively, in 

+ CdP5 + CgN3 + 
CdP4 

2 
(1) 

+ CdN3 (2) 
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side, P1 and P2 are connected in parallel as PTL, 

N4, and N5 as a restorer to provide a full swing output and 

N3 as feedback transistor. Similarly, at the XNOR output 

side N1 and N2 transistors are connected in parallel as 

PTL, P4, and P5 as a restorer to provide a full swing output 

and the P3 as a feedback transistor. This circuit provides 

full swing XOR–XNOR outputs simultaneously. 

For understanding the operation of the proposed design, 

charging and discharging paths for XOR and XNOR outputs 

are shown in Table I. It includes all the paths which provide 

partial swing and full swing at the output nodes. For the 

input AB: “01,” the transistors P2, N1, and P4 turn on. 

Transistors P2 and N1 pass logic “1” and logic “0” at XOR 

and XNOR outputs, respectively, while transistor P4 turns 

on the transistor P3 to pass the weak logic “0” (-Vthp) at 

the XNOR output. Similarly, for the input AB: “10,” 

transistors P1, N2, and N4 turn on. 
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where Cd and Cg represent the diffusion and gate capaci

4 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4.   RC delay model of the proposed XOR-XNOR circuit for (a) AB: “00,”
(b) AB: “01,” (c) AB: “10,” and (d) AB: “11.” 

 

AB: “00,” the delay TXOR00 in terms of R and 

as in 

TXOR00   = RP5CX + (RP1 ǁ RP2 ǁ R

In (3), RN3 may be considered as a variable resistor depending

upon the charge dumped on node X . For input AB: “01,” only

one charging path is available through transistor

in Fig. 4(b). The delay TXOR01   for this input combination can

be given as 
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circuit for (a) AB: “00,” 

and C can be given 

RN3)CXOR. (3) 

may be considered as a variable resistor depending 

. For input AB: “01,” only 

transistor P2, as shown 

for this input combination can 

is also available through transistor N4

The other charging paths through transistor

available for this input combination. The

input can be given as 

TXOR10  = (RP5 ǁ (RP1 + RN

+ (RP1 ǁ (RP5 + 

Similarly, the delay TXOR11 for the input

can be given as 

TXOR11   = RN5CX + (RN

The overall delay of the circuit is optimized by selecting

proper sizes of all the transistors.

transistor, capacitances of all the transistors

of nMOS transistors is considered

resistances of pMOS transistors is consider

Initially, a minimum size for all the transistors is selected, and

all the delays are calculated using (1)

transistors which are responsible for higher delay is increased

and its impact on all the delay is observed.

the size of a transistor with k is considered as increment in

the capacitance by k unit and decrement in resistance by 1

unit. Now, the sizes of all the transistors

are calculated using a simple MATLAB program.

of the transistors for optimal delay are given in the Fig. 3. The

sizes of the transistors can also be optimized by using power

dissipation equation for getting optimal

 
III. FA CELL

In hybrid logic design style, the FA

XNOR circuit, sum circuit, and carry circuit as discussed

Section I. The performance of the FA

modules. An efficient XOR–XNOR

Section II. In this section, different strategies of designing

circuit (Module II) and carry circuit (Module III) are

and using four different sum and

proposed XOR–XNOR circuits, four FA designs are

 
A. Module II 

Module II (SUM circuit) can be implemented using (7) by

considering CIN and the outputs of XOR

signals. The most important prerequisite of this module is to

provide enough driving power to the

SUM = ( A ⊕ B) ⊕ CI
r
N + (

There are four different designs of Module II 

in Fig. 5. The SUM circuit, shown in Fig. 5(a), is implemented

using TG as 2 to 1 multiplexer and

transistors. In this circuit, XOR and 

the inputs to the gate and CIN and 

to the sources of two TGs. This circuit
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N4 as shown in Fig. 4(c). 

transistor P5 and N3 are also 

combination. The delay TXOR10 for this 

N4))CX 

 RN4) ǁ RN3)CXOR. (5) 

input combination AB: “11” 

N5 + RN4)CXOR. (6) 

circuit is optimized by selecting 

transistors. For the minimum size 

transistors and resistances 

considered as 1 unit, whereas the 

resistances of pMOS transistors is considered as 2.5 units. 

Initially, a minimum size for all the transistors is selected, and 

(1)–(6). Then, the size of the 

transistors which are responsible for higher delay is increased 

observed. An increment in 

considered as increment in 

unit and decrement in resistance by 1/k 

transistors for optimal delay 

simple MATLAB program. The sizes 

of the transistors for optimal delay are given in the Fig. 3. The 

sizes of the transistors can also be optimized by using power 

optimal PDP. 

ELL 

FA is designed using XOR–

circuit, sum circuit, and carry circuit as discussed in 

FA depends upon all three 

XNOR circuit is proposed in 

Section II. In this section, different strategies of designing sum 

and carry circuit (Module III) are discussed 

and carry circuits, and the 

circuits, four FA designs are proposed. 

Module II (SUM circuit) can be implemented using (7) by 

XOR–XNOR circuit as input 

signals. The most important prerequisite of this module is to 

the following gates: 

( A ⊕ B)r ⊕ CIN. (7) 

There are four different designs of Module II that are shown 

in Fig. 5. The SUM circuit, shown in Fig. 5(a), is implemented 

and employed using four 

and XNOR signals are used as 

 CIN are used as the input 

circuit provides low power 
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TXOR01 = RP2 CXOR . (4) 
consumption and high speed with full output swing. However, 

this circuit has a driving capability problem due to the creation 

For input AB: “10,” the output can be charged through 

transistor P1, however, there is a charging path for node X that 

of parasitic capacitance and resistance during fabrication [15] 

and provide the worst performance in the cascading systems. 
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Fig. 5.   Module II circuit using (a) TG [15], (b)
design 1 [15], (c) TG with inverter design 2 [15], and 

 

 

The problem of driving capability can be overcome by using

an inverter at the output, as shown in Fig. 5(b). However,

usage of an extra inverter causes higher power consumption

and delay is also increased. 

In another type of implementation of SUM circuit, a buffer

(CIN followed by an inverter) is used at

as shown in Fig. 5(c). By using the buffer

the driving capability of the circuit is increased in the cas

cading systems. The buffer at the input restores

of degraded output of the previous stage.

style-based SUM circuit [8] is shown in Fig. 5(d). This circuit

uses six transistors and provides good driving capability and

high robustness. 

 

B. Module III 

The third module of the FA is a carry circuit (

carry of the FA can be calculated using XOR and

of module I and previous carry CIN using (8). In cascading

systems, delay of this module affects the overall delay

as the output of this module depends upon the output carry of

the previous FA 

COUT = ( A ⊕ B)r A + ( A ⊕ B)C

There are various designs of this module presented by the

researchers. The four designs of module III are discussed here.

In most of the adders, this module is implemented using the

multiplexer, as shown in Fig. 6(a). In this circuit, 

generated by passing the value of either A (or B) or 

output based on intermediate signals (XOR and 

of module I). For better driving capability, 

at the output or input side, as shown in Fig. 6(
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(b) TG with inverter 
 (d) CMOS [8]. 

capability can be overcome by using 

an inverter at the output, as shown in Fig. 5(b). However, 

usage of an extra inverter causes higher power consumption 

In another type of implementation of SUM circuit, a buffer 

at the input side 

buffer at the inputs, 

the driving capability of the circuit is increased in the cas- 

restores the level 

stage. A CMOS logic 

based SUM circuit [8] is shown in Fig. 5(d). This circuit 

uses six transistors and provides good driving capability and 

The third module of the FA is a carry circuit (COUT). Output 

and XNOR outputs 

using (8). In cascading 

this module affects the overall delay most 

as the output of this module depends upon the output carry of 

CIN. (8) 

There are various designs of this module presented by the 

researchers. The four designs of module III are discussed here. 

In most of the adders, this module is implemented using the 

multiplexer, as shown in Fig. 6(a). In this circuit, COUT is 

generated by passing the value of either A (or B) or CIN at the 

and XNOR outputs 

 a buffer is added 

. 6(b) and 6(c),  

 

 

 

 

 

 

 

 
Fig. 6. Module III circuit using (a) TG [15],
design 1 [15], (c) TG with inverter design 2

 

shown in Fig 6(d). It uses four transistors

power while providing better delay 

 
C. Proposed FA Cell 

A hybrid-logic FA can be designed by

modules (XOR–XNOR circuit as module

module II and carry circuit as module III) as discussed in

Section-I. A novel XOR–XNOR circuit is proposed in Section

and some module II and module 

in previous sections. In this section, four designs of hybrid

logic style-based FAs are presented by

XOR–XNOR circuit and four different module II and module III

circuits as illustrated in Fig. 7. 

Fig. 7(a) shows the hybrid FA cell design

using the proposed XOR–XNOR circuit

based module II and module III circuits.   It   consists

transistors. This circuit gives the full output swing and

robustness; however, it has driving 

cascaded stages such as ripple carry adder. The design 2 of

cell (FA2) is implemented using 26

Fig. 7(b). In this design, the driving

reduced by using buffers at the output of module II and

module III. However, usage of the buffer increases the power

consumption and delay of the circuit. The design

(FA3), in which module II and module III use an inverter on

the input side is shown in Fig. 7(c). This structure is also

implemented using 26 transistors. 

In the design-4 of FA cell (FA4), module II and module III

are implemented using the CMOS 

in Fig. 7(d). This circuit gives the best performance in terms

of PDP among all the FA cells. This

for generating the sum and carry (

FA cell is realized using the design sh
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[15], (b) TG with inverter 
2 [15], and (d) CMOS [8]. 

transistors and consumes lesser 

 performance. 

designed by combining three 

module I, sum circuit as 

module II and carry circuit as module III) as discussed in 

circuit is proposed in Section-II 

 III circuits are discussed 

sections. In this section, four designs of hybrid 

by combining the proposed 

circuit and four different module II and module III 

Fig. 7(a) shows the hybrid FA cell design-1 (FA1) designed 

circuit as module I and TG-

circuits.   It   consists of 20 

transistors. This circuit gives the full output swing and high 

 capability problems in the 

cascaded stages such as ripple carry adder. The design 2 of FA 

26 transistors, as shown in 

driving capability problem is 

reduced by using buffers at the output of module II and 

However, usage of the buffer increases the power 

consumption and delay of the circuit. The design-3 of FA cell 

(FA3), in which module II and module III use an inverter on 

the input side is shown in Fig. 7(c). This structure is also 

4 of FA cell (FA4), module II and module III 

 logic style [8], as shown 

Fig. 7(d). This circuit gives the best performance in terms 

This FA uses 20 transistors, 

COUT). Module II of this 

n shown in Fig. 5(d). In this  
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Fig. 7. Proposed FA cell. (a) Design-1. (b) Design-2. 

 

 

Fig. 8. Test bench for the simulation of the circuits. 

 

drain terminals of these transistors (P8 and N8) are connected

with CIN and the output node (SUM), respectively. When 

is at logic “0” and XNOR is at logic “1,” transistors

N8 are in “ON” state and the output is connected to 

other hand, when XOR and XNOR are at logic “1” and logic

“0,” respectively, the output is connected to ground through

N6 and N7 for high logic at CIN. Logic “0” at 

condition will connect sum output to VDD through P6 and P7.

Module III of this FA cell is realized using 

in Fig. 6(d). In this circuit, CIN is passed through TG for 

input to be at logic “1.” For XNOR input to be at logic “1,”

load to the inputs is distributed by passing A and B from

different transistors of TG in place of passing A

the transistors as for XNOR to be at logic “1,” 

will be the same. 

 
IV. SIMULATION RESULTS AND DISCUSSION

A. Simulation Environment 

All the circuits are simulated using cadence

nm generic process design kit (GPDK) 

technology. The supply voltage and maximum operating 

quencies are taken as 1.2 V, 1 GHz, respectively. For the

estimation of power and delay of the circuits

environment, a test bench as shown in Fig. 8 is used. It passes

the input to the circuits through two inverters

capacitive load equivalent to fan-out of four

at the output. The size of these inverters is chosen such that

there is a sufficient distortion in the input signals

 
B. Simulation Results 
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 (c) Design-3. (d) Design-4. 

drain terminals of these transistors (P8 and N8) are connected 

and the output node (SUM), respectively. When XOR 

transistors P8 and 

” state and the output is connected to CIN. On the 

are at logic “1” and logic 

output is connected to ground through 

. Logic “0” at CIN, in this 

through P6 and P7. 

 the design shown 

passed through TG for XOR 

input to be at logic “1,” 

load to the inputs is distributed by passing A and B from 

place of passing A from both 

to be at logic “1,” both the inputs 

ISCUSSION 

cadence virtuoso in 90-

 CMOS process 

technology. The supply voltage and maximum operating fre- 

GHz, respectively. For the 

circuits in the real 

environment, a test bench as shown in Fig. 8 is used. It passes 

inverters and uses a 

four inverters (FO4) 

at the output. The size of these inverters is chosen such that 

signals [3]. 

 

 

 

 

 

 
Fig. 9.   Input–output waveforms for the proposed

 

TABLE II 

PERFORMANCE  COMPARISON  OF   XOR-XNOR 

POWER DISSIPATION, DELAY, AND PDP
OF 1.2 V AND OPERATING FREQUENCY

 
 

 

 

 
 

   

   

 

 

 
 

 
 

   

 

 

 
 

 
 

   

   

 

outputs. After passing the inputs through two inverters in the

test bench, inputs (A1 and B1) have glitches

feed-through effect. Due to this effect when the gate is turned

off, charge under the gate moves toward either drain or source

sides and distorted output finds out. However,

not affect the XOR–XNOR outputs, and we get full swing at the

outputs, as shown in Fig. 9. Also, we obtain the 

outputs simultaneously, which is a prime

FA design. 

Performance of the proposed XOR

pared with the existing circuits in terms

ISSN (ONLINE): 2454-9762 

ISSN (PRINT): 2454-9762                     
Available online at www.ijarmate.com  

ournal of Advanced Research in Management, Architecture, Technology and Engineering     

 

proposed XOR–XNOR circuit. 

 

XNOR  CIRCUITS  IN   TERMS  OF 

PDP AT THE  POWER  SUPPLY 

REQUENCY OF 1 GHz 

 

 

 
 

 

 

  

   

   

 
 

 
 

 

   

 
 

 
 

 

   

   

outputs. After passing the inputs through two inverters in the 

glitches because of current 

through effect. Due to this effect when the gate is turned 

moves toward either drain or source 

However, these glitches do 

outputs, and we get full swing at the 

outputs, as shown in Fig. 9. Also, we obtain the XOR–XNOR 

prime requirement of hybrid 

XOR–XNOR circuit is com- 

terms of worst case delay, 
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Fig. 10. Input–output waveforms for the proposed FA 

TABLE III 

PERFORMANCE  COMPARISON  OF   DIFFERENT  FA  CIRCUITS 

POWER  DISSIPATION,  PDP  AT   THE   POWER   SUPPLY 

OPERATING FREQUENCY  OF  1 GH
 

   

 

 

   

   

   

   

   

   

   

   

 

PDP, the worst case delay of XOR and XNOR

taken. The XOR–XNOR circuit, presented in

number of transistors. However, it has a 

delay. In , two XOR–XNOR circuits are presented in

design which has least PDP is included 

comparison. The proposed XOR–XNOR circuit has

worst case delay among all the designs. In

consumption, the design presented in 

performance. However, the PDP of the proposed circuit is

among all the circuits. The proposed XOR–XNOR 

improvement in terms of delay and PDP up to 65.16%

70.13%, respectively, than those of other designs.

1) FA: An input wave pattern as shown in Fig. 10 of 

inputs A, B, and C is applied to the inputs

FA (design-4) through test bench. A1, B1, and C1 show the

outputs of the inverter chain used in the test bench. The circuit

provides full swing outputs with small glitches,

in Fig. 10. 

A comparison of the proposed FA designs with other FA

designs in terms of the number of transistors, delay, power

consumption, and PDP is given in Table III. For

of the delay, CIN to Cout delay is considered as this delay is

crucial for most of the high-level designs. In

FAs are presented. Among these designs, the FA design

has least PDP is included in the table. The proposed

provides best delay performance among all

The delay of the proposed FA design-2 and de
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 design-4 circuit. 

IRCUITS  IN   TERMS  OF 

UPPLY  OF   1.2  V  AND 

GHZ 

 

  
  

  

  

  

  

  

  

  

XNOR outputs is 

in  uses the least 

 high worst case 

circuits are presented in which the 

 in the table for 

circuit has the least 

In terms of power 

 gives the best 

the PDP of the proposed circuit is least 

XNOR circuit shows 

improvement in terms of delay and PDP up to 65.16% and 

designs. 

An input wave pattern as shown in Fig. 10 of three 

inputs of the proposed 

4) through test bench. A1, B1, and C1 show the 

outputs of the inverter chain used in the test bench. The circuit 

glitches, as shown 

A comparison of the proposed FA designs with other FA 

designs in terms of the number of transistors, delay, power 

For the calculation 

delay is considered as this delay is 

level designs. In, six designs of 

FAs are presented. Among these designs, the FA design which 

has least PDP is included in the table. The proposed FA-4 

all the FA designs. 

 design-3 is bit  

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. (a) Delay, (b) power, and (c) PDP comparison of different FAs for
supply voltages 0.6–1.8 V. 

 
 

the FA chain. In terms of power consumption, the FA design

given by Bhattacharyya et al. gives the best performance.

However, the proposed FA design-4 has the least PDP among

all the designs. 

The robustness of the proposed

supply voltage variation is also tested and compared with the

existing architectures by changing 

0.6 to 1.5 V, as shown in Fig. 11. The delay of the proposed

FA cells is compared with that of existing FAs in Fig. 11(a).

The proposed FA design-1 and FA

FA presented by Naseri and Timarchi [15] show best per

formance at different supply voltages. Fig. 11(b) shows the

power consumption of different FA c
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(a) Delay, (b) power, and (c) PDP comparison of different FAs for 

the FA chain. In terms of power consumption, the FA design 

gives the best performance. 

4 has the least PDP among 

proposed FA cells against power 

supply voltage variation is also tested and compared with the 

 the supply voltage from 

0.6 to 1.5 V, as shown in Fig. 11. The delay of the proposed 

FA cells is compared with that of existing FAs in Fig. 11(a). 

FA design-4 along with the 

FA presented by Naseri and Timarchi [15] show best per- 

formance at different supply voltages. Fig. 11(b) shows the 

 cells at different supply  
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Fig. 12. (a) Delay, (b) power, and (c) PDP comparison

under process corners variations. 
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Fig. 13. Block diagram of the n-bit CFA. 

 
all the FA cells. However, in terms of PDP, the proposed FA

voltages, as shown in Fig. 11(c). 

The performance of the FA cell is also tested in different
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all the FA cells. However, in terms of PDP, the proposed FA design-1 and FA design-4 show best performance at all the

the FA cell is also tested in different process corners by simulating the circuits
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Fig. 14. (a) Delay, (b) power, and (c) PDP comparison of 2-, 4-, and 8-bit CFAs. 

 

 

 9 



 

                                                                                                            
                                                     
    International Journal of Advanced Research in Management, Architecture, Technology and Engineering
    (IJARMATE) 
   Vol. 7, Issue 4, April 2021  

 

 

 

 

 

 

 

 

 
Fig. 15. Layouts of the proposed (a) XOR-XNOR circuit

 

 
Bhattacharyya et al.  and Naseri and Timarchi 

the same. 

2) Cascaded FA: In most of the applications, the FA 

cells are used in the cascaded form. In this

driving capability of the FA plays a vital

performance of the proposed FA circuits is also 

investigated in a cascading structure. Fig. 

block diagram of the n-bit cascaded full 

structure. 

The comparison results in terms of delay, power, and 

PDP for 2-, 4-, and 8-bit CFA structures of different FAs 

are shown in Fig. 14. The comparison resu
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circuit and (b) FA design-4 cell. 

and Naseri and Timarchi  are almost 

In most of the applications, the FA 

this form, the 

vital role. The 

the proposed FA circuits is also 

 13 shows the 

 adder (CFA) 

The comparison results in terms of delay, power, and 

bit CFA structures of different FAs 

sults show that 

as the number of bit changes,

random delay and power consumption

the adders show better performance

CFAs but average performance

some of the adders show average

4-bit CFAs while good performance

14(a) Shows the comparison results

COUT delay for 2-, 4-, and 8-bit CFAs. In 2

CFAs, the proposed design-1 and design

design presented by Valashani 

mance. However, for the 8 bit CFA,

and design-3 start dominating o
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changes, different adders show 

consumption patterns. Some of 

performance in 2- and 4-bit 

performance in 8-bit CFA. Similarly, 

some of the adders show average performance in 2- and 

performance in 8-bit CFA. Fig. 

results of worst case CIN to 

bit CFAs. In 2- and 4-bit 

1 and design-4 along with the 

design presented by Valashani et al.  show best perfor- 

CFA, the proposed design-2 

over the proposed design-1 
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and design-4, while the design presented by Valashani 

et al. [17] shows the best performance. 

The power consumptions of different FA circuits for 2-, 

4-, and 8-bit CFAs are shown in Fig. 14(b). For 2- and 4-

bit CFAs, the proposed design-4, along with the design 

presented by Bhattacharya et al., shows the best 

performance. How- ever, for 8-bit CFA, the proposed 

design-3 along with the design presented by Zavarei et al. 

[18] dominates all other adders. The comparison graph 

of PDP of different circuits is shown in Fig. 14(c). In 2- 

and 4-bit CFAs, the proposed design-4 has the least PDP. 

In 8-bit CFA, the proposed design-3 has minimum PDP 

than that of all other circuits. From the above discussion, 

it can be concluded that for the lower bit adders, the 

proposed design-1/design-4 shows better performance, 

however, for the higher bit adders, the proposed design-

3/design-2 shows better performance among all the 

designs. 

3) Layouts: The proposed XOR–XNOR module is imple- 

mented with ten transistors, and it has a symmetrical 

structure which makes the layout of the proposed XOR–

XNOR circuit less complex. A layout of the proposed 

XOR–XNOR circuit is shown in Fig. 15(a). In the proposed 

FA cells, design-4 shows the best performance among 

all the FAs; therefore, a layout of the proposed FA 

design-4 is designed only and shown in Fig. 15(b). 

 
V. CONCLUSION 

In this article, a new 10-T XOR–XNOR circuit was 

proposed which provided full swing outputs 

simultaneously. Using the proposed XOR–XNOR circuit, 

four new FA cells based on hybrid logic design style were 

also proposed. The performance of the proposed XOR–

XNOR circuit and the FA cells was tested by simulating 

them in virtuoso tool of cadence using GPDK 90 nm 

CMOS technology. The proposed XOR–XNOR circuit 

showed a reduction in terms of delay and PDP up to 

65.16% and 70.13%, respectively, than those of other 

designs. The pro- posed FA design-4 showed 28%–45% 

improvement in terms of PDP than that of available FAs. 

The performance of the proposed FA cells was also tested 

in the cascaded connections. For 2-bit and 4-bit cascading 

chain, the proposed FA design-4 showed the best 

performance, while for 8-bit cascading chain the proposed 

FA-3 showed the best performance among the available 

FA cells. 
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