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Abstract : The optimization of power consumed in digital blocks of an Integrated Circuit while preserving the 

functionality is performed by Electronic Design Automation (EDA) tools. There is a significant increase in the 

power consumption of Very Large Scale Integration (VLSI) chips due to the increasing speed and complexity of 

today’s designs. Reduction of power is a great challenge. With today’s world of advancement in the IC 

technology there are over 100 million transistors, clocked at over 1 GHz which means manual power 

optimization would be very slow and a great certainty of errors, hence Cadence tools are necessary. 

Performance improved for 10T Full Adder,14T Full Adder and 28T Full Adder Circuit in terms of power and 

area reduced in 45nm technology Cadence SPECTRE simulator. 
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I. Introduction 
With every generation of VLSI technology scaling, the researchers are improving the performance of 

computer systems. Unfortunately, they consume a lot of power; in fact their power densities and accompanying 

heat generation are rapidly approaching levels that are comparable to nuclear reactors . These high power 

densities reduce chip reliability and life expectancy, increase cooling costs and even cause environmental issues 

for large data centers. At the other end of the performance spectrum, power issues pose problems for smaller 

mobile devices with limited battery capacities. In these devices, the use of larger memories and faster processors 

further reduce the battery life. Hence, improvements in microprocessor technology will reach a standstill, if cost 

effective solutions to power problems are not provided. Power management is a integrative field that involves 

many conditions like temperature, energy, high speed work stations and reliability, each of which is complex.  

This paper provides a survey of various power reduction techniques that are used to reduce the total 

power consumed by a microprocessor system at circuit level. Full adders have been use as a digital circuit in 

various estimation circuits to carry out arithmetic operations like addition, subtraction, multiplication, address 

calculation and MAC unit etc.  Apart from arithmetic operations, adders are utilized to generate memory 

locations in different architectures of microprocessors and cache memories. Thus improvement in the full adder 

would prove more beneficial for all the circuits where its application has a significant effect in the performance 

of the circuit where it has been employed. The most important parameters to be kept in consideration are 

compactness and power which affects the performance and usefulness of any VLSI circuit. The system   

specifications are processor Intel (R) core (TM) i5-4570 CPU@3.20GHz.,3.20GHz.Installed memory (RAM) 4 

GB (usable memory is 3.43GB) and system type: 32-bit operating system (OS). This paper is formed as follows 

Section II presents the literature review on 10Tfull adder, 14Tfull adder and 28Tfull adder Section III presents 

the methodology for 10Tfull adder, 14Tfull adder and 28Tfull adder and  also discussed the low power analysis, 

High speed and low area. Section IV shows the simulation results and they are discussed clearly, finally the 

paper is concluded with Section V.  

 

II. Literature Review 
Adders are basic building block of estimation Very-large-scale integration (VLSI) circuits found in 

processor and microcontroller inner Arithmetic and Logic units. Upgrading the performance of the adder thus 

becomes imperative which would certainly result in the improvement of digital electronic circuits where adder is 

employed [1]. In this digital world due to increase in demand of portal electronic components low power design 

of VLSI playing major role. Power consumption in a circuit is mainly static power and dynamic power [2]. Full 

adders have been use as a base circuit in various estimation circuits to carry out arithmetic operations like 

addition, subtraction [3].  

https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Electronic_design_automation
https://en.wikipedia.org/wiki/Very-large-scale_integration
https://en.wikipedia.org/wiki/Integrated_circuit
mailto:CPU@3.20GHz.,3.20GHz.Installed
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Apart from arithmetic operations, adders are utilized to generate memory locations in different 

architectures of microprocessors and cache memories. Thus improvement in the full adder would prove more 

beneficial for all the circuits where its application has a significant effect in the performance of the circuit in 

which it has been employed. The most important parameters to be kept in consideration are compactness and 

power which affects the performance and usefulness of any VLSI circuit [4-5]. 

     

III. Design Methodology 
1. 14T FULL ADDER 

 
Figure 1: 14T Full Adder 

 

Need of Reduction in number of transistors in the conventional full adders, led to the application of 

pass transistor based XOR and XNOR circuits which resulted in the development of 14T full adder [11] as 

shown in figure l. Application of 14T full adder ensured improved delay performance and reduced power 

consumption over previous works in the full adders. The adder was also employed to work well with high 

performance multipliers with reduced power consumption. However the adder did not showed improvement in 

threshold power loss. More over the 14T adder consumed significant power which is yet to be reduced much 

lower level. The power waveform of 14T full adder signifies the power consumed by the circuit over the period 

of simulation, obtained using Cadence SPECTRE simulator. The average power [9] [10] over this simulation 

has been indicated on the waveform which needs to be improved. The leakage current contributes the amount of 

leakage power in the CMOS circuit. More is the leakage current more will be the leakage power which must be 

lowered in order to make the circuit more power efficient. The amount of leakage current here is result of 

integration of leakages due to individual transistors. Hence it may be concluded that if number of transistors is 

reduced the leakage would be less. Further, as described in equation 1, it may be noted that on reducing the 

supply voltage, which results in reduction of leakage current as well, would reduce the power consumption to a 

significant level. 
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2. 10T FULL ADDER 
  

 
Figure 2: 10T Full Adder 

 

Full adder presented in this paper employs 10 MOSFETs as shown in figure 5. In comparison the 10T full adder 

Fig [1] showing better performance than earlier full adders that use more number of transistors. The Boolean 

expressions showing the full adder operation are defined below: 

 

 

 

 

 

The full adder shown here has been analyzed for different parameters later in this paper. The l0T full adder 

presented in this paper, shows optimized results in power and area. 

This paper provides a survey of various power reduction techniques that are used to reduce the total 

power consumed by a microprocessor system at circuit level. Full adders have been use as a Conventional 

circuit in various arithmetic circuits to carry out arithmetic operations like addition, subtraction, multiplication, 

address calculation and MAC unit etc. Apart from arithmetic operations, adders are utilized to generate memory 

locations in different architectures of microprocessors and cache memories. Thus improvement in the full adder 

would prove more beneficial for all the circuits where its application has a significant effect in the performance 

of the circuit where it has been employed. The most important parameters to be kept in consideration are 

compactness and power which affects the performance and usefulness of any VLSI circuit. 

 

3.  28T Conventional Full Adder Circuit 

The 1-bit full adder cell has 28 transistors. For complex gates with large fan-ins the CMOS design style 

is not area efficient technique. Thus, care must be taken when a static logic style is selected to realize a logic 

function. The pseudo NMOS technique is straight forward. A classical design of stand  of normal  static 

complementary metal-oxide semiconductor (CMOS) full adder is based on regular CMOS structure with 

conventional pull-up and pull-down transistor providing full -swing output and good driving capabilities. 
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Figure 3:  28T Full Adder Circuit. 

The full adder consists of three inputs A, B, and Cin one bit each it calculates the two outputs Sum and carry 

both of them are one bit each this is the operation of the full adder. 

 

IV. Synthesis And Simulation Results 

 

 
Figure 4: 10T Full Adder Schematic diagram 

 

 It is observed from the Figure 4, The PMOS and NMOS transistors schematic diagram consist of width are 

240nm and 120nm at supply voltage 1 V. Both rise time and fall time (100f)sec and the simulation of the 

proposed 10T Full Adder schematic diagram was carried out using 45nm technology.  
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Figure 5: 10T Full Adder Layout diagram in 45nm technology 

 

It is observed from the Figure 5, 10T Full Adder  Layout diagram is combination of PMOS and NMOS 

transistors consist of  width are 240nm and 120nm ,Green color is poly silicon and blue color is Metal1,where 

A, B, Cin, Sum, Cout, Vdd and ground  are connected to Metal1, 10T Full Adder  Layout diagram  at 1 Volts in 

45nm Technology.   

 

 
Figure 6: 10T Full Adder Output waveform. 

From shown in figure 6  10T Full Adder simulation result of output waveform at 1Volts  in 45nm technology. 
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Figure 7:  Leakage current waveform of 10T full adder in 45nm technology 

 

As shown in figure 7, 10T Full Adder simulation result of Leakage current waveform at 1Volts  in 45nm 

technology 

 

 
Figure 8: 10T full adder Power waveform 

 

From shown in Figure 8,  10T Full Adder simulation result of DC power waveform at 1Volts  in 45nm 

technology. 
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Figure 9 14T Full Adder Schematic in 45nm Technology 

 

It is observed from the Figure 9, The PMOS and NMOS transistors schematic diagram consist of  width are 

240nm and 120nm at supply voltage 1 V. Both  rise time and fall time (100f)sec and the simulation of the 

proposed 14T Full Adder schematic diagram was carried out using 45nm technology.  

 

 
Figure 10 14T Full Adder Layout diagram in 45nm Technology 

 

It is observed from the Figure 10 14T Full Adder  Layout diagram is combination of PMOS and 

NMOS transistors consist of  width are 240nm and 120nm ,Green color is poly silicon and blue color is 

Metal1,where A, B, Cin, Sum, Cout, Vdd and ground  are connected to Metal1, 14T Full Adder  Layout diagram  

at 1 Volts in 45nm Technology.    
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Figure 11 14T Full Adder output waveform 

 

As shown in Figure 11  14T Full Adder simulation result of output waveform at the frequency 100MHz and 

1Volts  in 45nm technology. 

 

 
Figure 12: 14T full adder Leakage current waveform. 

 

As shown in figure 12,  14T Full Adder simulation result of Leakage current waveform at 1Volts  in 45nm 

technology 
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Figure 13: 14T full adder Power waveform 

 

As shown in figure 13, 14T Full Adder simulation result of DC power waveform at 1Volts  in 45nm technology. 

 

 
Figure 14: Schematic diagram  of  28T Full Adder in 45nm technology 

 

It is observed from the Figure 14, The PMOS and NMOS transistors schematic diagram consist of  

width are 240nm and 120nm, Load capacitance  is 10fF, at supply voltage from [0.7-1.5] V. Both  Rise time and 

fall time (100f)sec and the simulation of the proposed 28T Full Adder schematic diagram was carried out using 

45nm technology. 
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Figure 15:  Layout diagram  of 28T Full Adder in 45nm Technology 

 

It is observed from the Figure 15, 28T Full Adder Layout diagram is combination of  PMOS and 

NMOS transistors consist of  width are 240nm and 120nm ,Green color is poly silicon and blue color is 

Metal1,where A, B, Cin, Sum, Cout, Vdd and ground  are connected to Metal1, 28T Full Adder Layout diagram  

at 1 Volts in 45nm Technology.   

 

Table 1: Specification of 28T Full Adder  in 45nm technology 

Specification NMOS PMOS 

Library name Gpdk 45 Gpdk 45 

Length 45 nm 45 nm 

Total width 120 nm 240 nm 

Finger width 120nm 240 nm 

Rise/fall time 100f s/100f s 

 

 
Figure 16: Output Waveform of  28T Full Adder in 45nm Technology at 50MHz frequency & 1V 

  

It is observed from the Figure 16, The PMOS and NMOS transistors simulation result of  output 

waveform consist of  width are 240nm and 120nm, Load capacitance  is 10fF, at supply voltage 1 V. Both  Rise 

time and fall time (100f) in 45nm technology. 
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Table 2: Comparison of power and area 10T Full adder, 14T Full adder and 28T full adder in 45nm Technology 

Parameter Power(nW) 

14T Full adder [1] 78.21 

Proposed of 14T Full adder 

 
29.67 

% of 14T Full adder Power Reduced 62.06% 

% of 14T Full Area Reduced [nm2] 37.93% 

10TFull adder [1] 21.04 

Proposed of 10T Full adder 8.561 

% of 10T Full adder Power Reduced 59.31% 

% of 10T Full Area Reduced [nm2] 40.68% 

28T Full adder  [2] 351.1 

Proposed of 28T Full adder 

 
205.4 

% of 28T Full adder Power Reduced 41.49% 

% of 28T Full Area Reduced [nm2] 58.50% 

 

It is observed that the table 2, power is reduced by 59.31%% for 10T Full Adder , 62.06% for 14T Full 

Adder and 41.49% for  28T  Full Adder. area is reduced by 40.68 % for 10T Full Adder , 37.93%  for 14T Full 

Adder and 58.50%  for  28T  Full Adder. The proposed results are compared with the previous existing designs in 

terms of power and area. It is observed that the figure 17 , power is reduced by 59.31%% for 10T Full Adder , 

62.06% for 14T Full Adder and 41.49% for  28T  Full Adder. The proposed results are compared with the 

previous existing designs in terms of power and area.  

 

 

 

 
 

Figure 17: Comparison of Power analysis in 45nm technology. 

 

V. Conclusion 
 It is observed that the table 2, power is reduced by 59.31%% for 10T Full Adder, 62.06% for 14T Full 

Adder and 41.49% for 28T Full Adder, Area is reduced by 40.68 % for 10T Full Adder, 37.93%  for 14T Full 

Adder and 58.50%  for  28T  Full Adder. The proposed results are compared with the previous existing designs 

in terms of power and area in 45nm technology Cadence SPECTRE simulator. 

  

Acknowledgement 
We acknowledge the University Grants Commission for its economic support in the form of Rajiv 

Gandhi National Fellowship (RGNF) for the year 2015-16. We thank all the faculties in the Department of (ECE) 

Electronics and Communications Engineering and the lab staff for their support. 

14T Full 

adder 1]

Proposed 

of 14T 

Full adder

10TFull 

adder [1]

Proposed 

of 10T 

Full adder

28T Full 

adder  [2]

Proposed 

of 28T 

Full adder

78.21
29.67 21.04 8.561

351.1

205.4

Comparison of  Power analysis in 45nm Technology

Power(nW)



Performance Analysis of VLSI Circuits In 45nm Technology 

www.ijesi.org                                                                50 | Page 

References 
[1]. Raj Johri, Raghvendra Singh, Satya Prakash Pandey, Shyam  Akashe,"Comparative Analysis of l0T and 14 T Full Adder at 45nm  

Technology", 2012 2nd IEEE International Conference on Parallel, Distributed and Grid Computing,978-1-4673-2925-5/12/$31.00 

©2012 IEEE. 

[2]. MD.Masood Ahmad, K.Manjunathachari,"Design and Analysis of Low Run-time Leakage in a 10 Transistors Full adder in 45nm 
Technology ",2016 IEEE   Conference  ( 978-1-5090-2597-8/16/$31.00c 2016 IEEE. 

[3]. Mohammad Hossein Moaiyeri and Reza Faghih Mirzaee, Keivan Navi, 'Two New Low-Power and High-Performance Full Adders", 

Journal Of Computers,V ol. 4,N o. 2,F ebruary 2009. 
[4]. Mariano Aguirre-Hernandez and Monico Linares-Aranda, "CMOS FullAdders for Energy-Efficient Arithmetic Applications", IEEE 

Transactions On Very Large Scale Integration (Vlsi) Systems, Vol. 19, No. 4, April 2011. 

[5]. Deepa Sinha, Tripti Sharma, K.G.sharma, Prof.B.p.singh, "Design and Analysis of Low Power I-bit Full Adder Cell", IEEE, 2011. 
[6]. Tripti Sharma, K.G.Sharma, Prof.B.P.Singh, "High Performance Full Adder Cell: A Comparative Analysis", Proceedings of 2010 

IEEE Students' Technology Symposium, TIT Kharagpur, 3-4 April 2010. 

[7]. V. Vijay, J. Prathiba, S. Niranjan Reddy and P. Praveen Kumar, "A Review Of The 0.09 urn Standard Full Adders", International 
Journal of VLSI design & Communication Systems (VLSICS) Vol.3, No.3, June 2012. 

[8]. Walid Ibrahim, Azam Beg, and Valeriu Beiu, "Highly Reliable and Low-Power Full Adder Cell", 2011 II th IEEE International 

Conference on Nanotechnology Portland Marriott August 15-18,2011. 
[9]. Farshad Moradi, Dag.T. Wisland, Hamid Mahmoodi, Snorre Aunet,Tuan Vu Cao, Ali Peiravi, "Ultra Low Power Full Adder 

Topologies", 2009 IEEE. 

[10]. T. Vigneswaran, B. Mukundhan, and P. Subbarami Reddy, "A Novel Low Power, High Speed 14 Transistor CMOS Full Adder Cell 
with 50% Improvement in Threshold Loss Problem", World Academy of Science, Engineering and Technology 13,2008. 

[11]. Phuong Thi Yen, Noor Faizah Zainul Abidin, Azrul Bin Ghazali, "Performance Analysis Of, Full Adder (Fa) Cells", IEEE 

Symposium on Computers & Informatics, 2011. 
[12]. G.Shyam Kishore,  Karimnagar, "A Novel Full Adder with High Speed Low Area", Proceedings published in International Journal of 

Computer Applications® (UCA), 2nd National Conference on Information and Communication Technology (NCICT) 2011. 

[13]. Tripti Sharma, Prof.B.p.singh, K.G.Sharma, Neha Arora Electronics & Communication Deptt. MITS Deemed University, Rajasthan 
INDIA, "High Speed, Low Power 8T Full Adder Cell with 45% Improvement in Threshold Loss Problem", Recent Advances in 

Networking, VLSI and Signal Processing. 

[14]. Koichi Nose and Takayasu Sakurai, "Optimization of VDD and VTH for Low-Power and High-Speed Applications", IEEE ISBN, 
2000.er2006. 

[15]. Shiv Shankar Mishra, Adarsh Kumar Agrawal and R.K.Nagaria ”A comparative performance analysis of various CMOS design 

techniques for XOR and XNOR circuits”,International Journal on Emerging Technologies, ISSN : 0975-8364. 
[16]. Saradindu Panda, A.Banerjee,B.Maji,Dr.A.K.Mukhopadhyay, ”Power and Delay Comparison in between Different types of Full 

Adder Circuits ”,International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering,ISSN: 2278 - 

8875. 
[17]. Fengbo Ren,and Dejan Markovi,,” True Energy-Performance Analysis of the MTJ-Based Logic-in-Memory Architecture ”,IEEE 

TRANSACTIONS ON ELECTRON DEVICES,VOL:57,NO:5, MAY 2010. 

[18]. Shivshankar Mishra,V. Narendar,Dr. R. A. Mishra, ” On the Design of High-Performance CMOS 1-Bit Full Adder 
Circuits”,International Conference on VLSI, Communication and Instrumentation,2011. 

[19]. Walid Ibrahim1,Azam Beg1 and Valeriu Beiu ,” Highly Reliable and Low-Power Full Adder Cell”, IEEE International Conference on 

Nanotechnology, August 15-18, 2011. 
[20]. Jan M.Rabaey,Anantha Chadrakasan,Borivoje Nikolic;”Digital Integrated Circuits:Design approach”, of IEEE International 

Conference on Power, Control and Embedded System (ICPCES), 28 Nov.-1Dec. 2010. 

 

 

 

1Sudhakar Alluri " Performance Analysis of VLSI Circuits In 45nm Technology 

"International Journal of Engineering Science Invention (IJESI), vol. 07, no. 05, 2018, pp 

39-51 

 

 

 

 


