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Abstract 

Hybrid-logic implementation is highly suitable in the design of a full adder circuit to attain high-speed low-power consumption, which helps to 

design n any high speed ALUs that can be used in varies processors and applicable for high speed IoT- Application. XOR/XNOR-cell, Hybrid 

Full Adder (HFA) are the fundamental building block to perform any arithmetic operation. In this paper, different types of high-speed, low-

power 6T-XOR/XNOR-cell designs are being proposed and simulated results are presented. The proposed HFA is simulated using a cadence 

virtuoso environment in a 45nm technology with supply voltage as 0.8V at 1GHz. The proposed HFA consumes a power of 1.555uw, and the 

delay is 36.692ns.  Layout designs are drawn for both 6T-XOR/XNOR-cell, and 1- bit HFA designs. XOR/XNOR-cells are designed based on 

the combination of normal CMOS-inverter and Pass Transistor Logic (PTL). Which is used in the design of high end device processors such as 

ALU that can be implemented for the IoT- design applications? 

 

Keywords: Hybrid Full Adder(HFA);Low-Power high Speed;PassTransistor Logic (PTL);Transmission Gate(TG);Transmission Function Adder 

(TFA); Complementary-pass transistor logic(CPTL); Process-Voltage-Temperature(PVT);Power-delay Product (PDP); Energy-delay 

product(EDP);Dynamic Power. 

 
1 Introduction 

Current trends in innovation and creativity in 

designing equipment or devices need an emphasis on certain 

qualitative acknowledgment by designing processors such as 

high end Computers and Portable design applications 

(PDAs) occupy a key factor for the development of modern 

electronic Technology [1]. The usage of these electronic 

gadgets is increasing day by day and has also become every 

household part and parcel of life becoming an integral part 

of every human life[2],[3],[9]. Research in the field has been 

a continues and Designers are busy and striving hard for 

developing new devices that have a feature of low-power 

consumption, are  of small in size, high speed, energy-

efficient[1],[8] 15]. Mostly, every electronic system 

comprises arithmetic circuits; an adder is the fundamental 

building element of these for any ALU- operations such as 

addition, subtraction, and multiplication processes [10], 

[14]. Therefore, power and delay are the two key 

performance parameters in any given electronic circuit. 

Nevertheless, improving the speed adder design enhancing 

the performance of the adders would significantly improve 

the entire system operation1-3],[13],[22]. 

 

2 Literature Review 

2.1   HFA-Design 

 'Hybrid' is defined as the combination of more than 

one logic is used to implement a FA design [1],[10].HFA-

design comprising  of three modules. Module-I represents 

the XOR/XNOR-cell design, and Module-II depicts the 

design of TG and implementation of the 'SUM'. and 

Module-III depicts the design and implementation of ‘Cout'. 

The advantage of HFA design when compared to CMOS 

and PTL logic is that it achieves higher speed and displays 

full swing output voltage [1]. Hence, the usage of this HFA 

design demand is rapidly growing in modern electronic 

devices as mensioned in Fig.1.[1][10],[15]. 

 
Fig.1:Module level HFA-design  [1],[3] 
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2.2 Hybrid full  Adder  design -18T:  The 

logic used in the design of HFA are, i)Conventional CMOS-

logical, and ii)C-PTL-logic. The feature of 18T-HFA is to 

produce a full swing output and maintain high speed [12].  

The performance parameters such as power and speed are 

improved [15] [19]. The bottleneck in the implementation of 

PTL-logic is mainly due to Module-I, which consists of 

positive feedback connections in the output, and also affects 

efficiency in terms of speed [15]. Thus, increasing the delay 

due to the presence of an internal node occurs. Generally, 

usage of NOT (PMOS) gates in any design, increases the 

delay in the circuit. Thus, it reduces the speed of the 

operation. To overcome these limitations, a new hybrid 

adder design is considered [17]. Which is depicted in the 

below figure-2. 

 
Fig.2:18T- HFA-Schematic [33] 

 

2 .3  Hybrid Full  Adder design 18T -

Transistors: HFA-design uses the implementation of CMOS, 

and TG-logics [1],[2]. XOR-cell is the major power-

consuming section in any of the given FA designs [4-7], 

[13]. The speed of the operation is more due to the use of 

TG [6]. The major advantage of HFA is that it enables full 

swing output voltage and yields a high speed of operation. 

However, this design consumes more power due to the high 

transistor count mentioned in the Fig.3 shown below.  

 

 
Fig.3: Schematic diagram-16T-HFA [9] 

  2 .4  Hybrid Full  Adder design -13T:  The 

existing HFA-design needs 13T- transistors that are used for 

generating the output for all input combinations. XOR-cell 

is designed based on  PTL-logic with 3T- transistors 

[21][27]. However, reducing the transistor count affects 

power consumption and enhances energy efficiency levels 

[34]. Typically, to attain the full swing output voltage at 

XOR-cell, it needs 6T-transistors [5][9][18]. The limitation 

and the bottleneck are due to the non-presence of supply rail 

(Vdd) at the pull-up of a network. As shown in Fig.4. [1-

3],[7]. 

 
Fig.4:  Schematic diagram-13T-HFA-design [34 ]  

 

2.5 XOR-Gate -3T: This XOR-cell is 

developed by modified version of conventional CMOS- 

inverter. It behaves like a normal inverter, when input 

terminals A=0, B=1. Hence, the resulting output at C is 

logic-high. When, input B is at Logic-low, output at the 

CMOS inverter is at logic- high stage. However, when 

transistor T3 is in the 'ON'– state the output resembles input 

A  while, input A is at logic-low, and input B is at Logic-

high, the voltage degradation problem occurs due to a drop 

in the threshold voltage at the transistor M3. Therefore, the 

output at C, i.e., degraded voltage. This voltage degradation 

problem mainly exists due to PTL logic implementation. as 

shown in Fig.5 [14-15]. 

 
Fig.5:  XOR-3T- Gate- Schematic [33] 
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3 Design Methodology 

3.1   Proposed 4T-XOR Design:  

The proposed design consists of 4T- transistors, which are 

parallelly arranged with each other.A, B,and  C are the input 

and output terminals respectively.This design is simple and 

symmetrical. 

 

3.1.1 Proposed XOR-design operation: T1, T2transistors of 

PMOS and NMOS respectively are used for its 

implementation as an inverter. Transistors T3 and T4 are 

PMOS and NMOS transistors are arranged in a parallel 

manner. Gate terminals of T3 and T4 transistors are sorted 

and attached to the input as shown in Fig-6. When the input 

A =0, B=0, transistors T1 and T3 are in ON-state (i.e., closed 

switch), and T2, T4 transistors are in 'OFF'-state (i.e., open 

switch). Hence, output ‘C’, remains at a logical low. A=1, 

B=1, transistor T2, T4 are in 'ON'-state (i.e., closed switch), 

and T1, T3transistors are in OFF-state (i.e., open switch), the 

output C is at logic-low. If inputs A=0, B=1, transistor T1, 

T4 are in ON-state. The transistors T2 and T3 are in OFF-

state, therefore, the conducting path happens by T1, T4. The 

output ‘C’ is at Logic-High. Likewise, input A=1, B=0 

iteration, transistor T2, T3 is ON -state, and transistors of T1, 

T4 is OFF-state. Hence, transistor T3 only provides the 

conduction path through the critical path. The output ‘C’ is 

at logic  high. shown inFig.6.[1013]. 

 
Fig.6:    XOR-4T- Gate- Schematic 

 
Fig.7 :  XOR-4T- Gate- Timing diagram 

3.2   Proposed 6T-Xor-Design:  

a) The proposed 4T-XOR design suffers due to full 

swing output voltage which is evident from fig.7 that occurs 

due to PTL -Logic. To overcome these limitations a 

modified design is created as shown in fig.-8(a), Which has 

an additional transistor of PMOS (T5) and NMOS transistor 

(T6) are used as a 'restorer'. T5, T6  gate terminals are 

connected to input A. This 'restoration' process of transistors 

produces the full swing voltage [13]. 

b)To enhance the limitations presented in the 

fig.8(a) the design is changed as per the requisite 

norms as shown in fig.8(b). Here, transistors T5, and T6 of 

the gate terminals are connected in cross-coupled to improve 

full swing output voltage. However, it fails to produce full 

swing output voltage when compared to fig  8(a) 

 

(a) 

 
(b) 

Fig.8  (a), (b) :  XOR-6T- Gate- Schematic 

 

3.3 Output waveform  

(a) 

 
 (b) 

Fig.9 (a), (b):    Timing diagram 
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3.3   Proposed 4T-Hybrid Adder Design:  

The proposed HFA-design is implemented using 

three logical modules as shown in Fig-10. The 4T-XOR 

module is used to generate 'XOR' output, and TG- the logic 

module is used to achieve full swing voltage and high-speed 

operation [12]. The TG logic has the advantage of low-short 

circuit power and high speed, and Module-3 is a 'Level 

Restorer' for the generation of the 'SUM. As shown in 

Fig.10.[13]. 

 
Fig.10: Schematic diagram4T-XOR-based 1-bit HFA 

3.5 Output waveforms:  

 
Fig.11:    4T- based Hybrid Full Adder  Timing diagram 

 

3 .6  XOR Gate-6T- based Full  Adder:  The 

proposed HFA- design fails to produce full swing voltage 

for the input combination A=0, B=1, C=0. as shown in 

fig.12 This limitation arises due to Pass Transistor Logic 

(PTL). To overcome this issue, the proposed circuit is 

further modified by introducing an additional Transistor T5, 

T6which acts as a 'restorer ' to produce full swing output 

voltage for all the input combinations as shown  in fig.12 

 
Fig.12 :Schematic diagram 6T-XOR-based 1- bit HFA 

 

4 .0  Proposed Hybrid Adder 16T- 

Design:  To overcome the limitation in 6T-XOR-based 1- 

bit HFA as shown in fig.12, 16T- HFA is newly proposed, 

that generates full swing output voltage. It is achieved by 

connecting the source terminal of PMOS (T1)- transistor to 

the supply rail (Vdd) as shown in fig 13. T1 and T2 

transistors combination behave like a normal CMOS 

inverter.  T2, T3pass transistors are arranged parallelly, 

where both the gate terminals are sorted and thereby 

connected to input B. Transistors T5, T6 are used as 

'restorers'. Hence, the output of the XOR gate produces full 

swing voltage. The output waveform depicts the ‘Sum’ and 

‘Carry’ outputs for all input combinations, which revealed 

full swing output voltage and maintained high speed. As 

shown in Fig.13 and layout designs for XOR/XNOR designs 

are presented in Fig.15 and Fig.16. [15],[40].  

 

 
Fig.13:  Proposed Schematic diagram6T-XOR-based HFA 
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4.1 Output waveform: 

 

Fig.14: Output waveform -6T-XOR-based HF 

 

 
Fig.15: Layout Diagram for Proposed 6T-XOR gate in 

45nm Technology at  1GHz 

 

 
Fig.16 : Layout Diagram for Proposed 16T-Hybrid-

Full Adder (HFA)  in 45nm Technology at 1GHz 

 

4 Result and Discussion 

The proposed XOR/XNOR design simulation results 

are observed in the supply voltage 1.0 at a frequency 

of 1GHz.as shown in the Table.1 and Table.2 as shown 

below.   

Table -1: Explains the 6T-XOR,1- bit HFA Layouts 

and its analyzed reports for the amount of are 

occupying. 

Design  Units  Technology  Supply 

voltage(

V)  

Area  

Proposed XOR-

CELL-6T 

nm 45 1.0 3.439 

Hybrid Full 

Adder-(HFA) 

nm 45 1.0 9.641 

 

Table.-2:The efficiency of 1- bit hybrid full adder 

design in terms of Power,Delay,PDP,EDP can be 

calculated in  both 45nm node and 90nm node at a 

frequency of 1GHz [13].  

S.No Performance 

Parameters 

Units  Technology 

45nm  

Technology 

90nm   

1 Voltage  V 1.0 1.2 

2 Frequency  GHz 1.0 1.0 

3 Power  uW 1.555 5.623 

4 Delay  ps 36.692 40.495 

5 PDP(Power 

x Delay) 

  e-18  

Joules  

0.05705 0.2276 

6 EDP(Delay 

x PDP) 

  e-27  

joules 

2.093 9.218 

 

 The Fig.17 a), b), c),d).shows the power, delay, 

PDP, EDP of a proposed  HFA in cadence virtuoso tool of 

45nm, 90nm respectively with a source voltage of 1.0V with 

1GHz. it is observed that the Power is 1.555uW,delay is 

36.692 ps, PDP 0.0577A(fJ), EDP(2.093)  respectively, 

which gives the better performance results compared to the 

existing design  

 

(a) Power consumption 

 

(b) Delay of HFA 
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Pictorial Representation of (c) PDP, (D) Analysis of 

Performance Parameters in 45nm,90nm Technology. 

 

5 Conclusion 

The proposed HFA design has been developed 

based on the Inverter, pass transistor, Level Restore logics, 

which can be used in high speed and low power 

consumption designs. A total of 16T- transistors are needed 

to complete the design for the proposed 1- bit HFA. It is 

simple and symmetrical, also the best suitable design for 

low-power consumption applications. The major advantage 

of this proposed design is to overcome the existing design 

problems because it did not include or have any cross-

coupled connections that resulted in reducing delay, short-

circuit power, and leakage power in the design. Performance 

parameters of the proposed 1-bit HFA-Power, Delay, PDP, 

and EDP are simulated in 45nm, and 90nm technology 

nodes and the results area accordingly tabulated. The area 

occupied by XOR-cell,1-bit HFA in 45nm node with a 

supply voltage rail (Vdd) at 1.0 volts is 3.439 nm2,9.641 nm2 

respectively presented. This proposed design overcomes all 

those limitations and bottlenecks with sophisticated results. 

Hence, the proposed design achieves high speed with full 

swing. This design is  best-suited one for high-speed low-

power consumption devices.  
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