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Abstract- 

 

In this paper, a hybrid 1-bit full adder design using both complementary metal oxide–semiconductor (CMOS) logic 

and transmission gate logic is reported. The design was first carried out for 1 bit after which extended for 4 bit also. 

The circuit was carried out using Tanner tool instruments in 250 and 45 nm. Performance parameters such as power, 

delay and area were compared with the existing designs such as complementary pass-transistor logic, transmission 

gate adder, transmission function adder with static CMOS output drive full adder. A novel design method of a low 

power digital circuit is also discussed in this paper, where the GATE DIFFUSION INPUT (GDI) technique has been 

used for the simultaneous generation of digital logic functions. Simulation results are performed by Tanner tool  

based on 250 nm and 45 nmCMOS technology, shows GDI technique of low power digital circuit design.This 

method is suitable for designing of fast, low power circuits, using reduced number of transistor (as compared to 

CMOS techniques), while improving power characteristics. 

Index Terms: High speed, Hybrid design, Low power, Full adder, PMOS, NMOS,and Gate Diffusion Input 

(GDI). 

 

INTRODUCTION 

 

Most of the VLSI applications, such as digital signal processing, image and video processing, and microprocessors, 

extensively use arithmetic operations. Addition, subtraction, multiplication, and multiply and accumulate (MAC) are 

the most commonly used operations. The 1-bit full-adder cell is the building block of all these modules. Thus, 

enhancing its performance is critical for enhancing the overall module performance. The design criterion of a full 
adder cell is usually multi-fold. Transistor count is, of course, a primary concern which largely affects the design 

complexity of larger circuit.Full adders, is one of the most fundamental building block of all the digital 

circuitimplementations, remain a key focus domain of the researchers over the years [1],[2].Different logic styles, 

each having its own merits and bottlenecks, was investigated to implement 1-bit full adder cells [3]. The designs, 

reported so far, may be broadly classified into two categories: 1) static style and 2) dynamic style. Static full adders 

are generally more reliable, simpler with less power requirement but the on chip area requirement is usually larger 

compared with its dynamic counterpart [3], [4]. 

 

The Complementary pass-transistor (CPL) circuit has better characteristics than static CMOS[3]. Standard static 

complementary metal–oxide–semiconductor (CMOS) [3], dynamic CMOS logic [4], complementary pass-transistor 

logic (CPL) [5], [6], and transmission gate full adder (TGA) [7], [8] are the most important logic design styles in the 
conventional domain. The other adder designs use more than one logic style, known as hybrid-logic design style, for 

their implementation [9]. These designs exploit the features of different logic styles to improve the overall 

performance of the full adder. 

 

CPL shows good voltage swing restoration employing 32 transistors [5], [6].The prime disadvantage of CPL, that is, 

the voltage degradation was successfully addressed in TGA, which uses only 20 transistors for full adder 

implementation [7], [8].However, the other drawbacks of CPL like slow-speed and high-power consumption remain 

an area of concern for the researchers. Later, researchers focused on the hybrid logic approach which exploited the 

features of different logic styles in order to improve the overall performance.The hybrid pass logic with static 

CMOS output drive full adder (HPSC) was proposed by Zhang et al. [10]. AND gate and XOR gates used for the 

full adder circuit. These circuits are shown in Fig1 and Fig2. In such HPSC circuit, XOR, and XNOR functions were 

simultaneously generated by pass transistor logic module by using only six transistors, and employed in CMOS 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 1 (2017) 
                                          © Research India Publications.  http://www.ripublication.com 

217



module to produce full swing outputs of the full adder but at the cost of increased transistorCount and decreased 

speed.  

 

Complementary CMOS 

A static CMOS gate is a blend of two networks, called the pull-up network (PUN) and the pull-down network 

(PDN)[3], [5]. The gate of theall inputs are allotted to both the pull-up and pull-down networks.The PUN is to 

provide a connection between the output and VDD. Every time the output of the gate to be 1 (established on the 

inputs). In a similar fashion, the perform of the PDN is to connect the output to VSS when the output of the gate is  

to be zero. The PUN and PDN networks are constructed in a together effective fashion such that one and most 

effective one of the vital crucial networks is conducting in typical state. In this approach, as quickly because the 

transients have settled, a path continually exists between VDD and the output F, realizing a excessive output 

(“one”), or, on the other hand, between VSS and F for a low output (“zero”). This is an identical to stating that the 

output node is without end a low-impedance node in typical state. 

 

Basic gates 

 

1. AND gate and EX-OR gate 

 

 
                      Fig1:And gate                                                                         Fig2:EX-OR gate 

The AND gate and EX-OR gates are used for the implementing half adder circuit.The AND gate and EX-OR gates 

circuits are shown in above Fig1 and Fig2.In AND gate it has two inputs (A and B) and one output(out).In this if 

two inputs are equal to „1‟ then output is „1‟,otherwise output is „0‟.In the EX-OR gate it has also Two inputs (A 

andB) and one output (out).IN the EX-OR gate if both inputs are equal ,then output is „0‟,otherwise output is „1‟. 

 

2. HALF ADDER BY USING CMOS  

In DSP the significant-bit addition is valuable in lots of functions equivalent to ALUs, multiply-and accumulates 

(MAC) units. The half adder adds two single binary digits A and B shown in Fig3. It has two outputs, sum (S) and 

carry (C) [8],[9]. The raise sign represents an overflow into the following digit of a multi-digit addition. The worth 

of the sum is A+B. The simplest halfadder design contains an XOR gate for S and an AND gate for C. With the 

addition of an OR gate to combine their raise outputs, two 1/2 adders can also be mixed to make a full adder. The 

half of adder supplies two enter bits and generates carry and sum, that are the two outputs of a half adder. The input 

variables of a half of adder are known as the augends and addend bits. The output variables are the sum and carry as 

validated in figure3. The Half adder by using CMOS is 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 1 (2017) 
                                          © Research India Publications.  http://www.ripublication.com 

218



 
Fig3:   Half Adder by Using CMOS  

 

3.DESIGN PROCEDURE OF THE PROPOSED FULL ADDER 

 

The proposed full adder circuit is represented by means of utilizing three blocks as shown in Fig4.The XOR 

modules that generate the sum sign (SUM) and module generates the output elevate signal (Cout) [1],[5]. Each 

module is designed for my part such that the whole adder circuit is optimized in phrases of power, delay, and area. 

These modules are discussed below in detail. 

 

MODIFIED XOR MODULE 

In the proposed full adder circuit, XNOR module is liable for lots of the power consumption of the entire adder 

circuit. For that reason, this module is designed to curb the energy to the excellent attainable extend with warding 

off the voltage degradation likelihood. Fig4 Suggests the modified XNOR circuit the place the power consumption 

is reduced enormously by means of deliberate use of vulnerable inverter (channel width of transistors being small) 

original by means of transistors Mp1 and Mn1 .To the opposite, the XOR/XNOR prompt in uses six transistors to 

get better normal sense swing in comparison with that of four transistor XOR/XNOR. On this paper also, the XNOR 

module employed 6 T, nonetheless having detailed transistor association than that of 6 transistor XOR/XNOR 

[7],[9]. The modified XNOR offered on this paper presents low-power and excessive-speed (with correct common 

feel swing) when put next with 6 transistor XOR/XNOR [7]. 

 

 
Fig4:  Full Adder using CMOS  

4.GDI TECHNIQUE 
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Boolean functionsGate Diffusion Input (GDI CELL) method is based on the use of a simple cell as shown in Figure5. At a 

first glance the basic cell reminds the standard CMOS inverter, but there are some important differences: 

(1) Gate Diffusion Input (GDI CELL) contains three inputs – G (common gate input of NMOS and PMOS), P (input to the 

source/drain of PMOS), and N (input to the source/drain of NMOS). 

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

CMOS inverter. 

It must be remarked, that not all the functions are possible in standard P-Well CMOS process, but can be successfully 

implemented in Twin-Well CMOS technologies. A simple change of the input configuration of the simple Gate Diffusion 

Input (GDI) CELL as shown in figure -1 corresponds to six different. 

 
Fig5: GDI basic cell. 

 

5.FULL ADDER USING GDI TECHNIQUE 

 
Fig6:Full adder  

The 1-bit full adder circuit requires two XOR gate and one MUX. Gate Diffusion Input (GDI CELL) XOR gate is shown 

in figure 2, which can be implemented by 4-transistor and MUX function, which can be implemented by 2-transistor. So 

according to figure6 Gate Diffusion Input (GDI CELL) 1-bit full adder requires only 10-transistor. Hence attempt to create 

10-transistor based full adder is achieved. 10-transistor full adder is shown in figure6. Simulation result and power-delay 

comparison is given by figure 11 and Fig12 respectively.Gate Diffusion Input (GDI CELL) 1-bit full adder requires less 

number of transistors than its conventional CMOS counterpart. 

6. Ripple carry adder using GDI 
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Fig7: Ripple carry adder using GDI 

A 4-bit carry propagation adder [Fig7] is utilizedas an extension of the proposed 1-bit full adder[10] show in Fig7. 

It's a non-increase look-forward adder constitution where the carry propagation takes region all of the choice to the 

final adder block. The efficiency analysis of this four-bit adder used to be also applied in 250-nm technological 

know-how with and with no utilizing intermediate buffers at correct stages. The incorporation of suitable adder 

stages used to be finished from the concluding outcome drawn from each power consumption and elevate 

propagation lengthen used to be accelerated after utilizing buffer [3], nevertheless, the extenddevelopment was extra 

gigantic. The efficiency of this four-bit full adder at 100 MHz and supply voltage of 1.8V (250-nm technology) and 

1.2 V (250-nm technology) is confirmed in Fig7. The difference in static and dynamic power consumption is big in 

250-nm technological know-how. Nevertheless, this change was once as a substitute in Fig4.  Suggests the behavior 

of the carry propagation delay when improved from 1 to four bits. ItIs found that the carry propagation extend 

improved close to linearly with appreciate to the proposed 1-bit full adder. 

 

 

7. EXPERIMENTAL RESULTS 

The experimental results for the proposed system and existing system are shown in below figures. The results of the 

existing systems can be shown below figures.In this Experimental results full adder and ripple carry adder using 

GDI logic was implemented by using Tanner tool of 250 nm and 45 nm.The schematic diagrams of AND gate, EX-

OR gate, Half Adder, Full Adder,Ripple carry adder using Tanner tool was shown in Fig8, Fig9, Fig10, Fig11 and 
Fig13.The simulation results of the Full Adder and Ripple carry adder was shown in Fig12 and Fig14. 
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 Fig8: AND gate 

 
 Fig9:EX-OR gate 

 

 

  Fig10:Half Adder 
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 Fig11.Full Adder 

 

SIMULATION RESULTS OF FULL ADDER 

 

 

                                                                            Fig12:Full adder  
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Delay  

 

Number of transistor  

 

Power  
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                           Fig13:Ripple carry adder using GDI 

SIMULATION RESULTS OF RIPPLE CARRY ADDER USING GDI 

 

                                                                              Fig14:Ripple carry adder 
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DELAY 

 

NUMBER OF TRANSISTOR 

 
POWER 

 

CONCLUSION 

In this paper, a low-power hybrid 1-bit full adder has been proposed the design has been extended for 4-bits 

casealso. The simulation was carried out using standard Tanner tools with 250/45-nm technology and compared 

with other standard design approaches like CMOS, CPL, TFA, TGA, and other hybrid designs.The simulation 

results established that the proposed adder offered improved PDP compared with the earlier reports.The proposed 

full adder was further used to implement a 4-bit carry propagation adder having buffers at appropriate adder stages 

(after three stages). 
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