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Abstract: Adders are used in processors in the arithmetic logic units, to calculate addresses, table indices, and other similar operations. Half 

Adders are frequently required in VLSI (Very Large Scale Integration) from processors to application specific integrated circuits (ASICs). 

The speed and power dissipation are the important parameters which should be taken into consideration in digital circuits. In this paper, 

proposed 1 bit half adder is implemented in 180nm technology at 1.8V using GDI (Gate Diffusion Input) technique which shows better 

results in comparison to previous half adders. The proposed half adder is also simulated in 130nm and 90nm technology using GDI 

technology at 1.2V and 0.9V respectively. Power consumption, propagation delay, Power Delay Product and Energy Delay Product are 

compared and analyzed. 

 

Index Terms: Very large scale integration, Adders, Power dissipation     

 

 

I. INTRODUCTION  

Adder circuit is a combinational digital circuit that is used for adding two numbers. A half adder is a type of adder, an electronic circuit that 

performs the addition of numbers. The half adder is able to add two single binary digits and provide the output plus a carry value. It has two 

inputs, called A and B, and two outputs S (sum) and C (carry). The common representation uses a XOR logic gate and an AND logic gate shown 

in Fig.1. [2] The truth table of half adder is shown in Table I. Besides addition, adder circuits can be used for a lot of other applications in digital 

electronics like address decoding, table index calculation etc. A fast and energy efficient adder plays a vital role in electronics industry. Adder 

contributes substantially to the total power consumption of system. With the technology scaling to deep submicron, the speed of the circuit 

increases rapidly. At the same time, the power consumption per chip also increases significantly due to the increasing density of the chip [3]. 

Therefore, in realizing Modern VLSI (Very Large Scale Integration) circuits, low power and high speed are the two predominant factors which 

need to be considered. Today, there are an increasing number of portable applications requiring small areas low power high throughput circuitry 

[4]. Since number of integrated transistors becomes double in once in 18 months, there is a much need to fabricate low power VLSI chips. 

Portable consumer electronic products powered by batteries are another factor for low power VLSI Design, since the battery technology alone 

cannot solve the low power problem [5]. In order to achieve energy efficient and low power VLSI circuits, a novel low power half adder using 

GDI (Gate Diffusion Input) technology which is in turn designed with less number of transistors is implemented.[7]  

 
Fig. 1 Half Adder [2] 

 

Table I. Truth Table of Half Adder [2] 

          Input           Output  

A B SUM CARRY 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

II. PREVIOUS WORKS 

(1.) CMOS Logic 

Complementary metal oxide semiconductor (CMOS) is a technology for constructing integrated circuits shown in Fig.2. 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 
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low. PDN (Pull down network) network application is used to create low state in output and PUN (Pull up network) network application is used 

to create high state in output. CMOS design technique has relatively simple fabrication process but in order to drive wires quickly, large width 

transistors are needed [6]   

 
Fig. 2 CMOS Logic [6] 

 

(2.) TG Logic 

A transmission gate (TG), or analog switch, is defined as electronic elements that will selectively stop or pass a signal level from the input to 

the output shown in Fig.3. When the voltage on node A is a Logic 1, the complementary Logic 0 is applied to node Abar, allowing both 

transistors to conduct and pass the signal at IN to OUT. When the voltage on node A is a Logic 0, the complementary Logic 1 is applied to node 

Abar, turning both transistors off and forcing a high impedance condition on both the IN and OUT nodes.[6]  

 

 
Fig. 3 TG Logic [6] 

(3.) GDI technique 

The GDI (Gate Diffusion Input) method is based on the use of a simple cell as shown in Fig. 4. GDI cell contains three inputs G (the common 

gate input of the nMOS and pMOS transistors), P (input to the outer diffusion node of the pMOS transistor) and N (input to the outer diffusion 

node of the nMOS transistor).The out node (the common diffusion of both transistors) may be used as input or output port, depending on the 

circuit. The source of the PMOS in a GDI cell is not connected to VDD while the source of the NMOS in a GDI cell is not connected to GND. 

This feature gives the GDI cell two extra input pins to use which makes the GDI design more flexible in comparison to usual CMOS design. [7] 

In this paper half adder has been implemented using GDI technology.[8] 

 

 
Fig. 4 GDI basic cell [7] 

Table II. Various functions of GDI basic cell [8] 

N P G OUT FUNCTIO

N 

0 B A AbarB F1 

B 1 A Abar + B F2 

1 B A A+B OR 

B 0 A AB AND 

C B A AbarB + AC MUX 

0 1 A Abar NOT 

Bbar B A AbarB + ABbar XOR 

B Bbar A AB + AbarBbar XNOR 
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PREVIOUS HALF HDDERS: 

(1) 18T Half Adder 

 It is shown in Fig.5.The drawback of this adder is that it has higher delay. [1]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 18T Half Adder [1] 

 

 

(2) MUH Half Adder 

It is shown in Fig.6.The drawback of this adder is that its power dissipation is higher. [1] 

 

 

 

 

Fig. 6 MUH Half Adder [1] 

III. PROPOSED CIRCUIT 

A low power half adder is implemented using GDI technology which uses 6 transistors. It has been compared with 18T half adder and MUH 

half adder presented in paper [1] and shows better results. Proposed half adder has been implemented in 180nm, 130nm and 90nm technologies 

at 1.8 V, 1.2 V and 0.9 V respectively. Schematics have been prepared using Tanner tool shown in Fig7, Fig.9 and Fig.11. All the simulation 

results have been carried out using TSPICE program simulator and waveforms are shown in Fig.8, Fig.10 and Fig.12. Comparison of power 

dissipation, propagation delay, Power Delay Product and Energy Delay Product[9] has been analyzed in Table III and Table IV. 

 

Significant parameters used in this paper: 

Power Dissipation: It is the sum of static power, dynamic power and short circuit power dissipated[10] and is calculated by using equation (1).   

Ptotal = Pdynamic + Pshort circuit + Pstatic               (1) 

 

Propagation Delay: It is an average of amount of output delay for changing the state from low to high and amount of output delay            for 

changing the state from high to low as shown in equation (2).  

Delay = (tpLH + tpHL)/2                                      (2) 

 

Power Delay Product: It is the product of average power consumption and propagation delay as shown in equation (3).  
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PDP = Pavg * tp                                                     (3)   

 

Energy Delay Product: It is the product of PDP and propagation delay as shown in equation (4). 

EDP = PDP * tp                                                     (4)           

 

Schematic and waveforms of Proposed Half Adders: 

 
Fig. 7 Schematic of proposed 180nm half adder 

 

 
Fig. 8 Output waveform of proposed 180nm half adder at 1.8V 

 

 
 

Fig. 9 Schematic of proposed 130nm half adder 
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Fig. 10 Output waveform of proposed 130nm half adder at 1.2V 

 

 
 

Fig. 11 Schematic of proposed 90nm half adder 

 

 

Fig.12 Output waveform of proposed 90nm half adder at 0.9V 
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IV. SIMULATION RESULTS 

Comparison of previous and proposed half adder in 180nm technologies files at 1.8 V is shown in the Table III. Whereas 130 nm half adder is 

simulated at 1.2V and 90nm half adder is simulated at 0.9 V and simulation results is shown in Table IV.  

 

Table III. Comparison of 18T half adder, MUH half adder and Proposed Half Adder in 180nm technology at 1.8V 

Parameters 
18T Half Adder 

(180nm) 

MUH Half Adder 

(180nm) 

Proposed 

 Half Adder (180nm) 

Power (uW) 4.34 10.4 3.2016 

Delay (ps) 136.95 34.9 5.2070 

PDP (*10^-17) 59.4 36.2 1.6671 

EDP (*10^-27) 81.398 12.6 0.086806 

 

Table IV. Simulation result of proposed half adders in 130 nm and 90 nm technologies at1.2V and 0.9V respectively 

 

Parameters 
Proposed Half adder 

(130nm) 

Proposed Half adder 

(90nm) 

Power (uW) 2.5322  0.52305 

Delay (ps) 18.120 23.142  

PDP (*10^-17) 4.5882 1.2104 

EDP (*10^-27) 0.83136    0.28012 

 

 

V. CONCLUSION 

In this paper half adders are proposed in different foundries. 180nm half adder has lowest power consumption, propagation delay, power 

delay product and energy delay product in comparison to previous 18T half adder and MUH half adder. Proposed half adders have been 

implemented using six transistors which makes them area efficient. On comparing 180nm, 130nm and 90nm proposed half adders we conclude 

180nm half adder has lowest delay whereas 90nm has lowest power consumption. Depending on the focus of designer different designs can be 

used. 

 

VI. ACKNOWLEDGMENT 

I would like to express my gratitude to my thesis guide Assistant Prof. Mr. Rajesh Parihar for his guidance, advice and support throughout 

my thesis work. I would like to thank him for being my advisor, for teaching me and also helping me how to learn. I thank the staff of the 

Department of Electronics and Communication Engineering for their generous help for the completion of this thesis. Above all I render my 

gratitude to the Almighty who bestowed selfconfidence, ability and strength in me to complete the work. I am especially indebted to my parents 

for their love, sacrifice, and support. 

 

VII. REFERENCES 

[1] Mohsen Sadeghi, Abbas Golmakani, „Two new topologies for low-power Half-Adder in 180nm CMOS technology‟, World Applied Sciences 

Journal· June 2014 DOI: 10.5829/idosi.wasj.2014.31.12.651 

[2] Shital Baghel, Pranay Kumar Rahi, Nishant Yadav ,‟ CMOS Half Adder Design &  Simulation Using Different Foundry‟ International 

Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 3, March 2015.
 

 

[3] A Sharma, R Singh, R Mehra, ”Low power TG full adder design using CMOS nanotechnology”, parallel distributed and grid computing 

(PDGC), 2nd IEEE, pp.210-213,2012 

[4]Ranjeeta Verma and Rajesh Mehra, “CMOS Based Design Simulation of Adder /Subtractor Using Different Foundries”, International Journal 

of Science and Engineering, Volume 2, Number 1 – 2013, pp. 28-34 

[5] Y.Tau, D.A.Buchanan, W.Chen, D.Frank, K.Ismail, S.Lo, G. Sai Halasz, R.Viswanathan, H.Wann, S.Wind, and H.Wong, “CMOS Scaling 

into the Nanometer Regime,” Proceeding of the IEEE, vol.85, pp. 486–504, 1997. 

[6] Laxmi Kumre, Ajay Somkuwar, Ganga Agnihotri, ‟Analysis of GDI Technique for Digital Circuit Design‟ International Journal of Computer 

Applications (0975 – 8887) Volume 76– No.16, August 2013 

[7] Sudeshna Sarkar, Monika Jain, Arpita Saha, Amit Rathi,‟ Gate Diffusion Input: A technique for fast digital circuits (implemented on 180 nm 

technology) „IOSR Journal of VLSI and Signal Processing (IOSR-JVSP) Volume 4, Issue 2, Ver. IV (Mar-Apr. 2014)  

[8] Kunal, Nidhi Kedia,‟ GDI Technique: A Power Efficient Method for Digital Circuits‟, ISSN (Print): 2278-8948, Volume-1, Issue-3, 2012 

[9] R. Uma, Vidya Vijayan, M. Mohanapriya, Sharon Paul, „Area, Delay and Power Comparison of Adder Topologies‟ International Journal of 

VLSI and Communication Systems, 2012 

[10] Mohsen Sa 1 deghi, 2Maaruf Ali and 1Abbas Golmakani,‟ Binovel Low-Power and High Performance Full-Adder Cell In 180nm Cmos 

Technology‟ DOI: 10.5829/idosi.wasj.2014.31.02.5 

 

 

 

 

  

http://www.jetir.org/

