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Abstract: In digital CMOS design, power consumption has been a major concern for several years advanced IC fabrication technology 

allows the use of nano-scale devices so inability to get power to circuits, power leakage or to remove the heat they generate. By 

optimizing the transistor size in each stage power and delay can be minimized. This paper presents the analysis of full adders having 

efficient parameters like PDP, power, delay by mean of power consumption and speed. These full adders were designed by various 

designs. Although these full adders were more efficient and better than the standard full adder but these adders are stimulated using 

90nm, 180nm CMOS technologies by using various tools like TSPICE tool, cadence virtuoso, and synopsis. This purposed circuit reports 

with better performance parameters like low delay (213.78 ps), high speed better PDP (0.642fj) with lesser power consumption(3.007μW) 

at 180nm CMOS technology using TPL(transmission pass logic) and CMOS(complementary metal oxide semiconductor) logic designs. 

The circuit is first implemented at 1bit full adder and then extended to 32 bit ripple carry adder also on tanner EDA tool. 
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1. Introduction 
 

Today demand and popularity of portable devices is 

increasing that depends on high speed, small size, high 

reliability, low power consumption and longer battery life 

that demand for VLSI. Number of transistor is the primary 

concern in the complex devices as it affects the area and 

speed directly. 

Full adder is a basic building block for every arithmetic 

circuit and is essential in digital signal processing, 

microprocessors or ALUs. Almost every complex 

computational circuit requires full adder circuit 

 

1.1 Classification of full adder 

 

Designs classified may be static and dynamic full adders. 

Static full adders are reliable, require less power but on the 

cost of area. Where dynamic full adders have high driving 

capability, low power, low input capacitance and high speed 

operation but power dissipation due to higher switching 

activities [27] they require N+2 transistors for N input logic 

function instead of 2N transistors required by  

standard adder as they engage only NMOS transistors and 

due to absence of PMOS input capacitance is lower but 

dynamic full adder suffer from charge sharing ,complexity 

and high power[4],[5] requirement due to high switching so 

a hybrid style will embed the both static and dynamic full 

adder to get better results. 

 

1.2 Standard 1 bit full adder 

 

Two binary inputs A,B taken to get their sum as output by 

using XOR gate and carry is taken out by using AND,OR 

gates. This block diagram can be represented in circuitry 

form as given in fig 2. 

 
 

Fig1: block diagram of full adder 

 

Formulas for the calculation of sum and carry for full adder 

can be defined as: [28] 

 

Where A, B, Cin are the inputs and Sum and Carry are the 

outputs of the full adder 

Sum=A⊕B⊕Cin, (1) 

Cout=A⋅B+Cin⋅(A⊕B). (2) 

 

Standard CMOS based 28transistor full adder have a ability 

to work against voltage scaling and transistor sizing but its 

demerits are requirement of buffers and high input 

capacitance to overcome this with less number of transistor a 

new design is required to be proposed.[4] 
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Figure 2: Standard CMOS adder with 28 transistors 

 

1.3 Existing designs: 

 

Different technologies are used those have their own merits 

and demerits. There is always a trade of between 

performance parameters to improve overall performance as 

standard static CMOS [4], dynamic CMOS [5], CPL 

complementary pass transistor logic [6] [7], transistor gate 

full adder [8] [9], hybrid logic design [10]. standard CMOS 

based adder with 28 transistor is capable of rousting against 

voltage scaling and transistor sizing while its high input 

capacitance require buffer [4] so to overcome smart design 

is mirror adder[5] with the approximately same power 

consumption and transistor count as of [4] but the advantage 

over [4] is low delay . On the other hand CPL with 32 

transistors shows good voltage swing resonation but it have 

more transistors, slow speed and it could not be used for low 

power application[6][7] because of overloading of its input 

and voltage degradation that was overtaken by TGA, with 20 

transistors but still high power consumption and area 

requirement are the major concern to be overcome so it was 

done by hybrid full adder that was based on merging the two 

existing technologies to improve the performance led to 

evolution of hybrid pass logic with static CMOS output 

drive full adder circuit (HPSC) [12] where XOR and XNOR 

functions were simultaneously generated by PTL module by 

the use of 6 transistors and passed to CMOS module to get 

voltage swing on the trade off with increased number of 

transistors and decreased speed. 

 

2. Design Approach for the Proposed Circuit 
 

 
Figure 3: block diagram of full adder 

 

The proposed full adder circuit is represented by three 

blocks as shown in Fig.3. Module 1 is complementary 

CMOS logic for the XOR gate functioning and module 2 is 

the TPL logic for XNOR functioning that generate the sum 

signal (SUM) and module 3 generates the output carry signal 

(Cout) by using TPL logic. Each module is designed and 

stimulated individually such that the entire adder circuit is 

optimized in terms of power, delay, and PDP.[25]. Now this 

new purposed circuit is configured with a complementary 

CMOS logic for XOR gate functioning that is been followed 

by inverter again followed by TPL design logic. 

 

The design implementation for the modified 1bit hybrid full 

adder at 180 nm CMOS technology for the average power 

and delay reduction at Tanner EDA tool and then further 

extending this work to 32 bit hybrid full adder at 180 nm 

CMOS technology. For this results are shown by bar graph 

in table 1-3 and figures 4, 5 are shown for the modified 

circuit. Table 5 shows the comparison of modified design 

with respect to other different designs technologies of 

CMOS for performance factors like number of transistor 

used, PDP, average power consumption and delay.  

 
Figure 4: Modified full adder at 180nm CMOS technology 

 

Delay had been reduced to (213.78 ps) by modified new 

circuit a graph has been shown to represent the delay with 

different designs and our design 

  

Table 1: Representing delay for different designs at 180nm 

technologies of full adder 
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Figure 5: Implementation of modified 1bit full adder to 32 

bit RCA full adder at 180nm CMOS technology 

 

 2.1. Reducing Power Consumption  

 

The power consumption can be reduced by implementing 

low power techniques on full adder circuit with less 

transistor logic have widely used to reduce power 

consumption [1-2].such design suffer with output signal 

degradation and cannot sustain low voltage operations[3].At 

device level, reducing the supply voltage and threshold 

voltage accordingly would reduce the power consumption 

but low supply voltage increase the circuit delay and 

degrades the drivability of circuit whereas by selecting 

proper W/L ratio we can minimize the power dissipation 

without decreasing supply voltage. Power dissipation could 

be static dissipation or dynamic dissipation. Static 

dissipation occurs due to the leakage current or current 

drawn continuously from power supply and dynamic 

dissipation that occurs due to charging and discharging of 

load capacitance. So we calculated the average of both the 

powers static and dynamic too by changing W/L ratio. 

Average power consumption for the circuit at 180nm 

technology is 3.007μW.  

 

 

 

 

 

 

 

 

 

 

Table 2: Representing the comparison of average power of 

different designs 

 
 

 Tables have been shown to represent the average power 

reduction and PDP reduction of different technologies 

 

Table 4: Representing the comparison of performance 

parameters of different designs for full adder 
Technologies Delay 

(ps) 

Avg Power 

(μW) 

PDP (fj) Tran. 

used 

Standard CMOS 292.1 6.2199 1.816 28 

CPL 183.97 7.7198 1.42 32 

TGA 293.9 8.4719 2.8989 20 

HPSC 273.7 6.378 1.746 22 

FA_hybrid 252.3 5.978 1.508 24 

14T 381.7 12.72 4.855 14 

10T 132 14.344 1.902 10 

Hybrid full adder 241.25 4.6 0.931 16 

32 bit RCA modified 765.33 0.17 0.13 448 

Modified full adder 180nm 213.78 3.007 0.642 14 

 

 
Table 3: Representing the comparison of PDP of different 

designs 

  

3. Performance of Modified Hybrid Full Adder 
 

Delay improvement of 11.16% for modified 1 bit full adder 

as compared to best design for hybrid full adder [25] and 

average power consumption reduction to 34.63% due to 

removal of ground . as a ground always waste the power .A 
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32-bit carry propagation adder is implemented as an 

extension of the proposed 1-bit full adder. It is a non carry 

look-ahead adder structure where the carry propagation 

takes place every time till the last adder block. 

 

4. Conclusion 
 

In this paper, a low-power high speed modified hybrid 1-bit 

full adder has been proposed the design has been extended 

for 32-bit ripple carry adder also. The simulation was carried 

out using Tanner EDA tool with 180nm technology and has 

been compared with other standard design approaches like 

CMOS, CPL, 14T, TGA, and other hybrid designs. The 

simulation results established that the proposed modified 

adder offered improved PDP, delay, power consumption 

compared with the earlier reports. The efficient coupling of 

strong transmission gates driven by TPL complementary 

CMOS logic and removal of ground lead to fast switching 

speeds (213 ps at 1.8-V supply) in 180 nm technology) 

excluding buffer. The proposed full adder offered 24.14% 

improvement with respect to the best reported design [25] in 

terms of PDP (180-nm technology at 1.8 V). The proposed 

full adder was further used to implement a 32-bit ripple 

carry propagation adder at 180nm technology at 1.8V.  

 

5. Acknowledgement 
 

The author would like to thank the Om institute of 

technology, Hisar, India for providing guidance. 

 

References 
 

[1] H. T. Bui, Y. Wang, and Y. Jiang, “Design and analysis 

of low-power 10-transistor full adders using XOR 

XNOR gates,” IEEE Trans. Circuits Syst. II, Analog 

and Digital Signal Processing., vol.49, no. 1, pp. 25–30, 

Jan. 2002. 

[2] J.-F. Lin, Y.-T. Hwang, M.-H. Sheu and C.-C. Ho, “A 

novel high speed and energy efficient 10- transistor full 

adder design,” IEEE Trans. Circuits Syst. I, vol. 54, no. 

5, pp. 1050–1059, May 2007. 

[3] Dan Wang, Maofeng Yang, Wu Cheng XUguang Guan, 

Zhangming Zhu, Yintang Yang “ Novel Low power 

Full Adder Cells in 180nm CMOS Technology”, 4th 

IEEE conference on Industrial Electronics and 

Applications, pp. 430-433,2009. 

[4] N. H. E. Weste, D. Harris, and A. Banerjee, CMOS 

VLSI Design: A Circuits and Systems Perspective, 3rd 

ed. Delhi, India: Pearson Education, 2006. 

[5] J. M. Rabaey, A. Chandrakasan, and B. Nikolic, Digital 

Integrated Circuits: A Design Perspective, 2nd ed. 

Delhi, India: Pearson Education, 2003. 

[6] D. Radhakrishnan, “Low-voltage low-power CMOS full 

adder,” IEE Proc.-Circuits Devices Syst., vol. 148, no. 

1, pp. 19–24, Feb. 2001. 

[7] R. Zimmermann and W. Fichtner, “Low-power logic 

styles: CMOS versus pass-transistor logic,” IEEE J. 

Solid-State Circuits, vol. 32, no. 7, pp. 1079–1090, Jul. 

1997. 

[8] C. H. Chang, J. M. Gu, and M. Zhang, “A review of 

0.18-μm full adder performances for tree structured 

arithmetic circuits,” IEEE Trans. Very Large Scale 

Integr. (VLSI) Syst., vol. 13, no. 6, pp. 686–695, Jun. 

2005. 

[9] A. M. Shams, T. K. Darwish, and M. A. Bayoumi, 

“Performance analysis of low-power 1-bit CMOS full 

adder cells,” IEEE Trans. Very Large Scale Integr. 

(VLSI) Syst., vol. 10, no. 1, pp. 20–29, Feb. 2002. 

[10] M. L. Aranda, R. Báez, and O. G. Diaz, “Hybrid adders 

for high-speed arithmetic circuits: A comparison,” in 

Proc. 7th IEEE Int. Conf. Elect. Eng. Comput. Sci. 

Autom. Control (CCE), Tuxtla Gutierrez, NM, USA, 

Sep. 2010, pp. 546–549 

[11] anjali Sharma, richa singh,pankaj kajra “ Area Efficient 

1-Bit Comparator Design by using Hybridized Full 

Adder Module based on PTL and GDI Logic” 

International Journal of Computer Applications (0975 – 

8887) Volume 82 – No.10, November 2013 

[12] M. Zhang, J. Gu, and C.-H. Chang, “A novel hybrid 

pass logic with static CMOS output drive full-adder 

cell,” in Proc. Int. Symp. Circuits Syst., May 2003, pp. 

317–320. 

[13] K. Navi, M. Maeen, V. Foroutan, S. Timarchi, and O. 

Kavehei, “A novel low-power full-adder cell for low 

voltage,” VLSI J. Integr., vol. 42, no. 4, pp. 457–467, 

Sep. 2009. 

[14] M. Alioto, G. Di Cataldo, and G. Palumbo, “Mixed full 

adder topologies for high-performance low-power 

arithmetic circuits,” Microelectronic. vol. 38, no. 1, pp. 

130–139, Jan. 2007. 

[15] S. Goel, A. Kumar, and M. A. Bayoumi, “Design of 

robust, energy efficient full adders for deep-sub 

micrometer design using hybrid-CMOS logic style,” 

IEEE Trans. Very Large Scale Integr. (VLSI) Syst., vol. 

14, no. 12, pp. 1309–1321, Dec. 2006. 

[16] K. Navi, M. H. Moaiyeri, R. F. Mirzaee, O. 

Hashemipour, and B. M. Nezhad, “Two new low-power 

full adders based on majority-not gates,” Microelectron. 

J., vol. 40, no. 1, pp. 126–130, Jan. 2009. 

[17] M. J. Zavarei, M. R. Baghbanmanesh, E. Kargaran, H. 

Nabovati, and A. Golmakani, “Design of new full adder 

cell using hybrid-CMOS logic style,” in Proc. 18th 

IEEE Int. Conf. Electron., Circuits Syst. (ICECS), Dec. 

2011, pp. 451–454. 

[18] Vahid Foroutan, Keivan Navi and Majid Haghparast “A 

New Low Power Dynamic Full Adder Cell Based on 

Majority Function” World Applied Sciences Journal 4 

(1): 133-141, 2008 ISSN 1818-4952 © IDOSI 

Publications, 2008 

[19] Mariano Aguirre-Hernandez and Monico Linares-

Aranda “CMOS Full-Adders for Energy-Efficient 

Arithmetic Applications” IEEE transactions on very 

large scale integration (VLSI) system, VOL. 19, NO. 4, 

APRIL 2011 

[20] V. Vijay, J. Prathiba, S. Niranjan Reddy and P. Praveen 

kumar “A REVIEW OF THE 0.09 _m STANDARD 

FULL ADDERS” International Journal of VLSI design 

& Communication Systems (VLSICS) Vol.3, No.3, 

June 2012 

[21] T. Divya Bharathi, B.N. Srinivasa Rao “Design and 

Implementation of Low-Power High- Speed Full Adder 

cell using GDI Technique” International Journal of 

Engineering Science and Innovative Technology 

(IJESIT) Volume 2, Issue 2, March 2013 

Paper ID: SUB155939 2830



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 6, June 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[22] Karthik Reddy. G “low power-area design of 1bit full 

adder in cadence virtuoso platform” International 

Journal of VLSI design & Communication Systems 

(VLSICS) Vol.4, No.4, August 2013 

[23] Anjali Sharma, Richa Singh, Pankaj Kajla “Area 

Efficient 1-Bit Comparator Design by using Hybridized 

Full Adder Module based on PTL and GDI Logic” 

International Journal of Computer Applications (0975 – 

8887) Volume 82 – No.10, November 2013 

[24] M.Geetha Priya, K.Baskaran “Low Power Full Adder 

With Reduced Transistor Count” International Journal 

of Engineering Trends and Technology (IJETT) – 

Volume 4 Issue 5- May 2013 

[25] Partha Bhattacharyya, Bijoy Kundu, Sovan Ghosh, 

Vinay Kumar and Anup Dandapat, “Performance 

Analysis of a Low-Power High-Speed Hybrid 1-bit Full 

Adder Circuit” IEEE transations on very large scale 

integration (VLSI) system 1 

[26] Anjali Sharma, Pranshu Sharma “Area and Power 

Efficient 4 – Bit Comparator Design by Using 1- Bit 

Full Adder Module” 2014 International Conference on 

Parallel, Distributed and Grid Com  

[27] Subodh Wairya, Rajendra Kumar Nagaria, Sudarshan 

Tiwari “new design methodologies for highspeed 

mixed-mode CMOS full adder circuits” International 

Journal of VLSI design & Communication Systems 

(VLSICS) Vol.2, No.2, June 2011 

[28] Yi WEI, Ji-zhong SHEN "Design of a novel low power 

8-transistor 1-bit full adder cell" Wei et al. / J Zhejiang 

Univ-Sci C (Computer & Electron) 2011 12(7):604-607 

Paper ID: SUB155939 2831




