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Abstract— CCMOS, transmission gates, and pass 

transistor reasoning are the bases of the hybrid new FA 

design. Existing CCMOS is compared with this hybrid FA. 

For this purpose, the circuit analysis is done using the 

Cadence toolkit. There are twenty different FA circuits that 

are used in different applications. The two designs' 

performances are compared. To demonstrate scalability, the 

designed FA has also been scaled up to a word length of 64 

bits. With the word size increased to 64 bits, only five of the 

ten designs other than the designed FA are able to work 

without a buffer in the intermediate stages. Simulation 

results reveal that the proposed topology performs 

remarkably in terms of power consumption and delay, which 

essentially confirms the low power delay product. 

Key Words— 1-bit full adder, CMOS technology, PDP, 

ALU, Scalable Architecture. 

I. INTRODUCTION 

Improvement in scaling has rapidly improved transistors 

that have led to greater interest in the design of 

microelectronic circuits using less power. The nature will 

enhance the need for circuit design with more performance 

microelectronic circuit. Large arithmetic scale in most 

applications such as DSP chips, image, video processing, 

and other computations can use a microprocessor. Of 

these, addition is among the simplest operations performed 

mostly. It is therefore critical to binary addition to use the 

1-bit Full Adder (FA), which forms the fundamental 

building block for wide word-length adders. Hence, the 

need to raise microprocessors' ALU efficiency requires 

optimization of the FA's performance. The present paper 

suggests a novel hybrid FA based on PTs, TGs, and static 

CMOS logic. The designed FA is implemented using 45 

nm technology based on Cadence tools. To check the 

validation of the designed design, the performance metrics 

have been compared against twenty existing FA designs 

providing supply voltages ranging between 0.4 V and 1.2 

V. The architecture emphasizes scalability, low power 

consumption, and minimal propagation delay. It is thus 

ideal for high-frequency and power-sensitive applications. 

Simulation results indicate that the proposed hybrid full 

adder is superior to conventional designs in terms of PDP 

and computing speed, suggesting it could be used in 

modern digital systems. 

II. RELATED WORK 

One logic style used by 12- Transistor, Complementary 

Pass Transistor Logic, and traditional CMOS (CCMOS) 

logic based FA [7]. Therefore, buffers are necessary to 

achieve the supply voltage level of the signal when the 

degradation of voltage will occur in CPL logic style. 

Voltage issue does not affect the CCMOS FA. 

Nevertheless, the major weak point of the CCMOS FA is 

its high input impedance. 

Recently, the best features of several logic models have 

been merged into one FA cell by a hybrid design approach 

combining several logic models. The Transmission 

Function Adder (TFA) of the study uses TGs [10]. The TG 

Adder (TGA) of [8], [9] uses TGs. Although TGA and TFA 

FA do not have this problem, these two adders are a serious 

problem when these have limited capacities. 

Other methods that have been researched to address 

these limitations include pass-transistor logic (PTL) and 

transmission gate logic. Rather than connecting two 

independent two-input XOR gates in cascade, the 24-T FA 

directly computes sums by an XOR gate of three inputs. 

Before that, the input bits of a 14-T and 10-T FA are 

processed using an XOR gate. In contrast, transmission 

gate logic increases the area and complexity of the circuit 

but provides efficient signal transfer. The very low count 

of transistors makes up very little of the surface area. Still, 

their ability to drive remains a concern; their use is still 

quite restricted in crowds. 
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III. FULL ADDER DESIGN APPROACH 

 

The design process used for the generated FA is shown 

in Fig. 1. The proposed FA consists of four major modules, 

two of which are for sum and the other two for carry 

generation. The designed schematic is displayed in Fig. 2. 

 

 

 
Fig. 1. Block diagram of designed full adder. 

 

Fig. 2 Schematic of the designed FA. 

 

The hybrid full adder with a single-bit implementation 
in the current architecture was due to the derivation. The 
hybrid design offers outstanding speed, power, and 
efficiency compared to any other conventional adders. 
The most of the techniques which have been used in the 
system are based on nm technology. 

The following names are used to describe the carry and 
sum generating components, hybrid FA architecture. So 
far, two major achievements of VLSI design circuits are 
in increasing speed while reducing power consumptions 
and transistor size. In its small size, the designed solution 
made use of CMOS technology to be powered. 

IV. 

SIMULATION DISCUSSION AND RESULTS 

The performance metrics have been analyzed using 

simulation on the GPDK 45 nm technology node. This 

was done using Cadence simulation tools. Buffers have 

been added to the input and output sides of the simulation 

test bench. On the output side, there was also a 6 fF load 

capacitance. This causes major signal distortion in the 

circuit compared to a realistic setting. Consequently, 

under this configuration signal distortion seen in the 

circuit would be pretty severe compared with the actual 

world. FAs have been applied for sizing transistor using 

particle swarm optimization method [23]–[24]. If we 

apply the swarm algorithm for sizing the transistors, then 

the problem statement will be represented by the vector 

W̅̅̅̅̅̅̅̅̅ 𝑚̅̅̅̅̅̅×̅̅̅̅̅̅𝑛→ , where n is the number of particles and m is the 

number of transistors. Each particle has three different 

inclinations in the search space: (a) the natural tendency 

toward inertia, (b) the highest value that any particle can 

have, and (c) the best value that a team has achieved. The 

transistor width is randomly changed from the smallest 

to the largest size that can be utilized in order to replicate 

that circuit. A low Power Delay Product, or PDP, is the 

aim here. 

A. Performance of FA cells for various supply voltage 

 

Table I reports the post-layout simulation results for 

the suggested full adder (FA) design. These are PDP, 

delay, and power consumption. As can be seen from the 

above results, the proposed FA has a higher latency and 

PDP value than the others. Though its power 

consumption is not the least in all of the designs under 

comparison, still, the power performance is reasonably 

low to be used practically in modern CPUs. The inability 

of these designs to work at low voltages highlights the 

robustness and efficiency of the proposed FA, which has 

achieved reliable operation at 0.4 V while maintaining 

competitive performance metrics. This makes the 

proposed FA suitable for low-power, high-performance 

applications in advanced digital systems.Another 

simulation has also been carried out with the applied voltage 

ranging from 0.45 V to 0.75 V to find out their minimum 

operating voltages of these FAs. Delay for FA cells also was 

found to increase sharply when they start operating at supply 

voltages less than 0.8 V. In order to obtain the desired 

performance for more aggressive technologies, the 

connection width should be an optimization target 

parameter. 
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B. Performance of FAs operating in cascade 

To verify scalability, FAs are expanded to 4, 8, 16, 32, 

and 64 bits in the manner of the Ripple Carry Adder, as 

depicted in Fig. 4 [18]. FA cascades do not contain any 

buffer between them. The simulation results for the 

performance parameter are presented in Table II. It has been 

seen that only five of the twenty FAs in use at present will 

be available upon the 64-bit extension. GDI D1 [22], Hybrid 

2 [18], and Hybrid 6 [21] all showed excellent FA 

performance at the single-cell level. They can only be 

expanded by eight bits, though. This occurs due to the 

degradation of the signal (voltage) over several stages of 

propagation. 

Vdd and Gnd are used to create output signals for CCMOS 

FAs due to the logic structure at the output terminals, which is 

based on CCMOS. This prevents voltage degradation in long 

carry chains for 24-T [11] and CCMOS [7] FAs by 

rejuvenating the voltage at each stage. 

 

 

 

Fig. 3. Implementation of n-bit adder using 1-bit FA. 

New-HPSC [16] and HPSC [14] Since the output terminals 

of the proposed design employ the CCMOS logic, FAs could 

not work in 64-bit. This is because they took a long time to 

reach the input frequency (100 MHz). The output terminals of 

Hybrid , GDI, and GDI D3 FAs are not using the CCMOS 

logic. However, in their inherent design characteristics, they 

allowed the 64-bit operation. The word level involves adding 

additional inputs with words An and Bn as shown in Fig. 3. 

 

Fig. 4. Performance of FA under various loads with 0.8 V supply 
voltage. 
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To evaluate driving capability, the entire range of 

output loads was simulated from the fan-out of four unit- 

size inverters, known as FO-4, to FO-64. In this case, the 

supply voltage is 0.8 V. Figure 4 shows the results of the 

simulation. Figure 4 shows the very high AP, PDP, and 

latency of FO-32 and FO-64. Therefore, it has to be the 

best fan-out load scenario for the proposed design if it is 

FO-16. 

 

 

Fig 5: Simulation results for the one bit Hybrid full adder 
 

 

 
Fig 6: Analog Simulation example 

 

 
 

 
Fig 7: Simulation Layout of Hybrid Full Adder 

 

Fig 8: Ids vs Vds Characteristics 

 

Fig 9: Ids vs Vgs Characteristics 
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V. CONCLUSION 

This paper presented a hybrid full adder design 

optimized for 1-bit calculations that is both fast and energy 

efficient. The proposed architecture was evaluated using 

post-layout simulations, and the results demonstrated that 

it outperformed earlier designs in terms of delay and 

Power Delay Product (PDP). Simulation tests reveal that 

the developed FA performs better when used as a single 

cell in terms of PDP and speed. To demonstrate scalability, 

the FAs have also been extended to a 64-bit word length. 

On extensions up to 64-bit, only the designed FA—of 

which there are currently five—operates without a buffer 

in the interim. The performance characteristics for cascade 

mode indicate that the proposed architecture is slightly 

better for building larger wordlength adders. which happen 

in today's computer systems focusing both low power and 

high speed, compute processes. 

REFERENCES 

[1] F. Frustaci, M. Lanuzza, P. Zicari, S. Perri and P. Corsonello, “High- 
speed adder designs in power-constrained environments-dominated circuits”, 
IEEE Transactions on Circuits and Systems II: Express Briefs, Volume 56, 
Number 2, pp. 172 – 176, February, 2009. 

[2] A. Pal, Embedded VLSI Systems Design, New Delhi, India: Springer 
India, 2015. 

[3] B. K. Mohanty, “Efficient Fixed Width Adder-Tree Implementation,” 
2019 IEEE Transactions on Circuits and Systems II: Express Briefs 66, No. 2, p. 
292296, Published in February 2019. 

[4] S. Purohit and M. Margala, “Full adder performance – Adder 
implementation effects: a reduction in haptic electronics design”, IEEE 
Transactions on Very Large Scale integration Systems, vol. 20, number 7, pp. 
1327-1331, 2012. 

[5] R. Zimmermann and W. Fichtner, “Low power design styles: Pass 
transistor based logic versus complementory metal oxide. IEEE J. Of Solid State 
Circuits 32(7): 1079 – 1090. July 1997. 

[6] Yingtao Jiang, A. Al-Sheraidah, Yuke Wang, E. Sha and Jin-Gyun 
Chung, “Design of Multiplexer and CMOS Low Power Full Adder”, IEEE 
Transactions on Circuits and Systems II: Express Briefs, Vol. 51, No. 7, pp. 
345348. 1 July 2004. 

[7] N.H.E. Weste and D.M. Harris, CMOS VLSI Design: A Circuits 
and Systems Perspective, 4th ed. Boston MA: Addison-Wesley, 2010. – William 
W. Awwad 

[8] 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.1:20-29.Feb. 2002. 

[9] 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. 

[10] M. Alioto, G. Di Cataldo, G. Palumbo, ‘Mixed full adder topologies for 
high performance low power arithmetic circuits,’ Microelectron. J. 37 (5) (2006) 
130–139 

[11] C.-K. Tung, Y.-C. Hung, S.-H. Shieh G.-S. Huang, A low Power High 
Speed Hybrid CMOS full adder for Embedded system, Proc. 2007 IEEE Conf. 
Design Diagnostics Electron. Circuits Syst. 13 (2007) 1–4. 

[12] M. Vesterbacka: A 14-transistor CMOS full adder with full voltage 
swing nodes17-22, in IEEE Workshop Signal Process. Syst. This particular 
standard was presented at the Taipei meeting, which was held in Taiwan in 
October 1999. 

 
[13] H. T. Bui, Y. Wang, and Y. Jiang, “Design and analysis of low-power 

10-transistor full adders using novel XOR-XNOR gates,” IEEE Transaction on 
Circuits Systems II: Express Briefs, Math. Vol. 49 No. 1. 

 

 

[14] In the line of doing research work, M. Zhang, J. Gu, and C.-H. Chang 

consider a ‘A novel hybrid pass logic with static CMOS output drive full-adder 

cell’ as a concept and presented during the Proc. Int. Symp. Circuits Syst in May 

2003, on pages beginning with 317. 

 

[15] To achieve the concept of energy efficiency, Aguirre-Hernandez, M. 

Linares-Aranda and their colleagues came together as ‘CMOS full adders for 

energy efficient arithmetic applications’ and published their findings include 

pages 718 to 721 in volume19 of IEEE Transactions on Very Large Scale Integr 

VLSI Syst in April 2011. 

 

[16] In the case of efficiency and energy consumption, S. Goel, A. Kumar, 

and M. A. Bayoumi noted that ‘given hybrid-CMOS logic style, the design of 

robust, energy-efficient full adders for deep-submicrometer design could be 

possible’ and published these important findings in the December 2006 issue of 

the same journal volume 14, issue 12, pages – 1309 to 1321 

 

[17] In order to save power, I. Hassoune, D. Flandre, I. O’Connor and J. 

Legat patented a new structure which they called “ULPFA: A New Efficient 

Design Of A Power Aware Full Adder.’ They were published in IEEE 

Transactions On Circuits And Systems I, volume 57 (2010), pages 2066 to 2074. 

 

[18] A Low Power High Speed Hybrid One Bit Full Adder Circuit was also 

discussed by P. Bhattacharyya et al. and its findings were published in the IEEE 

Transactions On Very Large Scale Integration Systems, volume 23 issue 10 

pages 2001 to 2008, October 2015. 

 

[19] A new robust and hybrid high-performance adder cell – Authors: R. F. 

Mirzaie, M. H. Moaiyeri, H. Khorsand And K. Navi – Published in Journal of 

Circuits, Systems and Computers vol.20, no. 4, 641-655, 2011 

 
[20] M. C. Parameshwara and H. C. Srinivasaiah, “Ultra Low-Power Hybrid 

1-Bit Full Adder Circuit for Energy Efficient Arithmetic Applications”, 

Transactions of the Institute of Measurement and Control, Vol. 26, No. 1, Pp. 1- 

15, 2017. 

 

[21] P. Kumar and R. K. Sharma, "A Novel Logic Design Engaging CMOS 

in the Direct Realization of Efficient Power Adders Using Full Adder," 

Transactions of the Institute of Measurement and Control, Vol. 26, No. 5, P. 1- 

20, 2017. 

 
[22] M. Shoba and R. Nakkeeran, "GDI technology for a Full Adder that is 

low power for the application of arithmetic energy efficiency," Engineering 

Science and Technology, an International Journal Vol. 19 No. 1, 485-496, 2016. 

 
[23] Liang, J. J., Qin, A. K., Suganthan, P. N., & Baskar, S. (2006). A study 

of a particle swarm optimizer that learns in a comprehensive way for global 

optimization of multimodal functions. IEEE Transactions on Evolutionary 

Computation, 10(3), 281-295. 

 
[24] C. Pan and A. Naeemi, "Revolving in the Local Interconnect 

Technology Development Corner While the Age of Nanoscale Multigate and 

Gate-All-Around Devices Is In," Vol. 36, No. 3, P. 274-276. 

13 


