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Abstract: In this work, a logical 1-bit full adder design 

employing complementary metal–oxide–semiconductor 

(CMOS) logic is described. The schematic plan was 

implemented using Microwind 9.1 version. In this full 

adder, numbers of transistors are reduced by logicism. 

Consequently average power and layout area also 

reduced. The proposed full adder is compared with hybrid 

full adder utilizing CMOS logic and transmission gate 

logic. The simulation results of proposed circuit for 1.2-V 

supply at cmos 0.12µm technology, the average power 

consumption is 9.079 μW and layout area 213.8µm
2
 both 

performance parameters are reduced when compared to 

hybrid full adder. Hybrid full adder has 14.005 μW power 

consumption and 299.4 µm
2
 layout area. Further reducing 

power the proposed full adder was implemented along 

with some low power techniques and their results are 

tabulated. 

Keywords: Logical design, Power gating, LECTOR, 

ULLC, LPSR, low power. 

 

1. Introduction 

Enhanced usage of the portable devices which is 

operated by batteries, like mobile phones, personal 

digital assistants (PDAs), and laptop necessitate 

VLSI [2]. Full adders, substantiating for all the 

aforenamed circuit applications as a main functional 

block [3], this persist researchers to focus on this 

domain over the years. Lots of logic styles [4] are 

present but each experiencing its own vantage and 

weakness. To implement 1-bit full adder cells many 

logics are studied and investigated. The designs, 

presented as yet are classified into two assorts: 1) 

static and 2) dynamic. Typically Static full adders are 

more authentic, uncomplicated with low power 

prerequisite but unremarkably the  demand of layout 

area is larger compared to dynamic similitude. The 

hybrid logic styles [1] provide anticipating processing 

performance, most them are affected by  poor driving 

capability effect. This effect is overcome by using 

suitably designed buffers otherwise drastic degrade 

in their performance during cascaded mode of 

operation [3]. The main objective of this paper is to 

improve the power by reducing transistor count. The 

circuit was implemented using Microwind 9.1. The 

average power consumption (9.079 μW) of the 

proposed circuit was reduced compared with hybrid 

full adder. Layout size Width: 27.0µm (450 lambda), 

Height: 7.9µm (132 lambda), Surf: 213.8µm2 (0.0 

mm2).  

2. Related Work 

Robustness against voltage scaling and transistor 

sizing are the merits of standard complementary 

(CMOS) style- based adders (with 28 transistors) [4]; 

while the high input capacitance and requirement of 

buffers are the bottlenecks of this logic style. Mirror 

adder is another complementary type smart design 

[5] with intimately same utilization power and 

transistor count but inside the adder the maximum 

carry propagation path/delay is comparatively 

smaller than that of the standard CMOS full adder 

[6]. On the other hand, good voltage swing 

restoration is offered by CPL employing 32 

transistors  [7]. Nevertheless, for low-power 

applications CPL is not a right choice. Since its high 

switching activity of intermediate nodes (increased 

switching power), high transistor count, static 

inverters, and overloading of its inputs are tuned into 

bottlenecks of this approach. However, the other 

retreats of CPL like slow-speed and high-power 

consumption remain an area of pertain for the 

researchers. The voltage degradation was 

successfully addressed in TGA, which uses only 20 

transistors for full adder implementation [8], [9].   

 

2.1. Hybrid Logic   

Afterwards, research workers concentrated on 



the hybrid logic approach which tapped the 

characteristics of different logic styles in order to 

amend the overall performance. Vesterbacka [11] 

proposed a 14-transistor full adder applying more 

than one logic style for their execution set up. 

Likewise, Zhang et al proposed the hybrid pass 

logic with static CMOS output drive full adder 

(HPSC) [12]. In that HPSC circuit, XNOR, and 

XOR functions were rendered by pass transistor 

logic module simultaneously by using only six 

transistors, and utilized in CMOS module to obtain 

full outputs swing of the full adder results increase 

in transistor count and decrease in speed. While 

promising performance were provided by the 

hybrid logic styles, majority of these hybrid logic 

adders affected by poor driving capability issue. 

Bhattacharyya reported a Hybrid 1- bit Full 

Adder employing both complementary metal–oxide–

semiconductor (CMOS) logic and transmission gate 

logic (TGL) [1]. In existing full adder, 6T for XNOR 

+ 2T for XOR, 4T for sum and 4T for carry out 

totally 16 transistors are used. For XNOR and carry 

out, CMOS logic is used. For output sum, 

transmission gate logic is applied shown in Fig 1. 

Hybrid full adder has    14.005μW    power    

consumption and 299.4 µm
2
 layout area. In this 

hybrid full adder, logic is used for carry out, the same 

logic is used in proposed logical adder but 

implementation is different. But proposed full adder 

is simulated in Microwind 9.1 version, for the 

comparison the existing hybrid full adder is 

simulated in Microwind 9.1 also. 

 
Fig 1: Detail circuit diagram of existing full adder. 

 

2.2. Motivation 

Early days gates such as XOR, AND and OR 

gates are used to implement full adders. Each gate 

require 6 transistors to implement totally 30 

transistors are used. Due to large number of 

transistors the full adder requires high power 

consumption, larger area and also comparatively low 

speed. For that reason the researchers go for 

transistor implementation full adder without gate 

usage. For past 20 years there are many different full 

adders are arrived. Standard static complementary 

metal–oxide– semiconductor (CMOS), dynamic 

CMOS logic, complementary pass-transistor logic 

(CPL), and transmission gate full adder (TGA) are 

the most important logic design styles in the 

conventional domain [8],[21]. The other adder 

designs use more than one logic style, known as 

hybrid-logic design style, for their implementation. 

These designs exploit the features of different logic 

styles to improve the overall performance of the full 

adder. 

 

3. Design Contrive of the Proposed Full Adder 

The proposed full adder circuit is represented by 

three blocks as shown in Fig. 2(a). Module 1 is 

XNOR module its output act as a select line for other 

two modules and module 2 generates the sum signal 

(SUM) and module 3 generates the output carry 

signal (Cout). Each module is designed separately 

such that the entire adder circuit is optimized in 

terms of power, delay, and area. These modules are 

discussed below in detail. 

 

(a) 

 
(b) 

(c) 

 

 



(d) 

 

Fig. 2 (a) Schematic structure of proposed full adder. 

(b) XNOR module. (c) Sum generation module. (d) 

Carry generation module. 

 

3.1. XNOR Module 
 In the proposed full adder circuit, XNOR 

module is responsible for most of the power 

consumption of the entire adder circuit. Therefore, 

this module is designed to minimize the power to the 

best possible extend with avoiding the voltage 

degradation possibility. Fig. 2(b) shows the modified 

XNOR circuit where the power consumption is 

reduced significantly by deliberate use of weak 

inverter (channel width of transistors being small) 

formed by transistors Mp1 and Mn1 [Fig. 2(b)]. Full 

swing of the levels of output signals is guaranteed by 

level restoring transistors Mp3 and Mn3 [Fig. 2(b)]. 

Various XOR/XNOR topologies have already been 

reported [8] and [13]–[15]. The XOR/XNOR uses 

four transistors but at the cost of low logic swing. To 

the contrary, the XOR/XNOR reported uses six 

transistors to get better logic swing compared with 

that of 4 T XOR/XNOR. In this paper also, the 

XNOR module employed 6 T, but having different 

transistor arrangement than previous 6 T 

XOR/XNOR [8]. The modified XNOR presented in 

this paper offers low- power and high-speed (with 

acceptable logic swing) compared with previous 6 T 

XOR/XNOR. 

 

3.2. Sum Generation Module     

In the proposed circuit, the output sum signal is 

implemented by the transistors Mp5, Mn5, as shown 

in Fig. 2(c). For this module Cin and inverse of Cin 

are the input. According to the XNOR output the sum 

be either Cin or inverse of Cin, so the output of 

XNOR act as a select line for sum generation. Only 

two transistors are required for this module. 

  

3.3. Carry generation module 

In this module, B and Cin are the inputs. The 

carry out is generated using two transistors such as 

Mp6, Mn6 as shown in Fig. 2(d). The output carry be 

input B or input Cin according to XNOR select line.  

 

Fig. 3: Detail circuit diagram of proposed Full adder. 

 

4. Operation of the Proposed Full Adder 

Analyzing the truth table of a full adder, 

the condition for sum and Cout generation has 

been deducted as follows: 

 

If, A=B, then sum =Cin; else, 

sum = ~ Cin. If, A=B, then 

Cout = B; else, Cout = Cin. 

Fig. 3 shows the detail diagram of the proposed 

full adder. The select line is implemented by 

XNOR module. In which, the inverter comprised 

of transistors Mp1 and Mn1 generate B‟, which is 

effectively used to design the controlled inverter 

using the transistor pair Mp2 and Mn2. Output of 

this controlled inverter is basically the XNOR of A 

and B. But it has some voltage degradation 

problem, which has been removed using two pass 

transistors Mp3 and Mn3. The parity between 

inputs A and B is checked by A xnor B function. 

Because of this function A xnor B act as a select 

line for both sum and carry out generation. If they 

are same, then sum is same as Cin and Cout is 

same as B, which is implemented using the CMOS 

logic realized by transistors Mn5 and 

Mn6.Otherwise, the input carry signal (Cin) is 

reflected as Cout and inverse of Cin is reflected as 

sum which is implemented by another CMOS logic 

consisting of transistors Mp5 and Mp6. 

 

4.1 Operation of Module 1 (XNOR) 

In which, the inverter comprised of 



transistors Mp1 and Mn1 generate B‟, which is 

effectively used to design the controlled inverter 

using the transistor pair Mp2 and Mn2 shown in 

Fig.2(b). Output of this controlled inverter is 

basically the XNOR of A and B. But it has some 

voltage degradation problem, which has been 

removed using two pass transistors Mp3 and Mn3. 

The parity between inputs A and B is checked by A 

XNOR B function. 

 

4.2 Operation of Module 2 (sum generation) 

 

Fig.2(c) shown if the inputs A and B are same, 

then XNOR output will be logic “1‟, the XNOR 

output is connected to gate terminal of nmos Mn5 

and pmos Mp5, so it turn ON the transistor Mn5, 

the input Cin is given to the source terminal of 

nmos the active nmos pull down the Cin to the 

drain terminal which is output sum, results the 

output sum is same as Cin. Otherwise the inputs A 

and B are different, the XNOR output will be logic 

„0‟, it turns ON the pmos Mp5. In which, inverse 

of Cin is given to the source terminal so the pmos 

pull up the inverse of Cin to the drain terminal as 

output sum. Consequently the sum will be either 

Cin or inverse of Cin according the inputs A and B. 

 

4.3 Operation of Module 3 (Cout generation) 

 

In the Fig.2 (d) two transistors are connected back 

to back that is both gate terminals are connected. 

The inputs A and B are same, then XNOR output 

will be logic 

„1‟, the XNOR output is connected to gate terminal 

of nmos Mn6 and pmos Mp6, so it turn ON the 

transistor Mn6, the input B is given to the source 

terminal of nmos the active nmos pull down the B 

to the drain terminal which is output Cout, results 

the output Cout is same as B. Otherwise the inputs 

A and B are different, the XNOR output will be 

logic „0‟, it turns ON the pmos Mp6. In which, the 

input Cin is given to the source terminal so the 

pmos pull up the Cin to the drain terminal as output 

Cout. Consequently the Cout will be either input 

Cin or input B according the inputs A and B. 

 

5. Implementation of Low Power Techniques 

The proposed full adder is implemented with some 

low power techniques and results are obtained and 

tabulated for comparison.   

 

 

5.1. NORMAL SLEEP 

Traditionally sub threshold leakage current is 

controlled by NMOS sleep transistor introducing in 

the pull down path and PMOS sleep transistor in the 

pull up path of a CMOS circuit. In sleep transistor 

technique [16], an NMOS sleep transistor is 

connected in the pull down path and PMOS 

transistor is connected in the pull-up path. 

 

 

Fig. 4 Proposed full adder with normal sleep. 

 

During normal operation the sleep signal S is at 

logic 0 voltage level and complementary sleep signal 

Sb is at logic 1 voltage level. The circuit composed 

of transistors Mp2 and Mn1 functions as a traditional 

inverter. During normal operation the transistors 

Mp1 and Mn2 are also on and hence the node VG is 

at ground potential and node VP is at VDD. Thus the 

inverted output is obtained from the inverter. When 

inverter has ideal in stand-by or sleep mode the 

signal S is at logic 1 and signal Sb is at logic 0. This 

makes the two transistors Mp1 and Mn2 into cut-off 

state. Thus the node VG is at a virtual ground 

potential and node VP is at a virtual power potential. 

Thus the inverter enters in to sleep mode. Due to the 

cut off transistors Mp1 and Mn2 the potential VG 

increases; the potential VP drops. The source to body 

potential of transistor M1 increases and causes rise in 

threshold voltage of transistor Mp2. Thus sub 

threshold current of transistor Mp2 reduces. This 

sleep method is applied to proposed circuit shown in 

Fig 4 and their output are observed and tabulated 

below. 

 

 



5.2. POWER GATING 

In the Fig 5, the proposed full adder is 

implemented with power gating technique. In which, 

two complementary transistors are connected to pull 

down transistor of XNOR structure and cmos 

inverter. For this power gating structure nmos Mn2 

and pmos Mp2 are connected cascaded [20]. This 

structure will be present between both XNOR 

inverter and cmos inverter nmos and the Gnd. For 

power gating structure gate of the pmos is connected 

to Gnd and S input is given to the nmos Mn2. Logic 

1 is set to the S input for normal operation. This 

technique provides low leakage and state retention at 

large total power consumption. 

 

 
 

Fig 5: Proposed full adder with power gating 

technique. 

 

5.3. LECTOR TECHNIQUE 

 

Fig 6: proposed full adder with LECTOR technique. 

 

The topology of a LECTOR CMOS gate with 

proposed full adder is shown in Figure 6. Two LCTs 

(Mp2 and Mn1) are introduced between nodes Mp1 

and Mn2. The gate terminal of each LCT is 

controlled by the source of the other, therefore they 

termed as self-controlled stacked transistors [19]. As 

LCTs are self-controlled, no need of external circuit; 

thereby the limitation with the sleep transistor 

technique has been overcome. Increase in resistance 

of the path from Vdd to Gnd by the introduction of 

LCTs, thus reducing the leakage current. 

 

5.4. NOVAL TECHNIQUE 

In sleep transistor technique, pull-up and/or 

pull-down or both networks are cut off from 

supply voltage or ground using sleep transistors. 

This approach offers very good reduction in 

leakage power but introduce the state information 

loses during sleep mode. To retain the state of the  

circuit, Sleepy Keeper method introduces 

additional keeper transistors to the sleep transistor 

technique. This circuit methodology has resulted in 

large dynamic power dissipation. Power gating 

method provides state retention with large 

associated power consumption. The novel 

techniques are used to reduce leakage power in 

inverters with ultra-low leak operation and state 

retention. Two novel low leak circuit techniques 

for logic gates are. 

 

1. An ultra-low leakage power reduction 

(ULLC) technique with lowest leakage 

power. 

 

2. State retention low leakage 

technique (LPSR) 

 

In Fig 7 the proposed full adder with ULLC 

technique is shown. This model is just a vice versa of 

normal sleep transistor set up. In which pull down 

transistor nmos is connected to XNOR pmos and pull 

up transistor is connected to XNOR nmos transistor. 

The two pull up Mp2 and pull down transistor Mn2 

have the inputs S=1 and Sb=0 respectively. This 

ULLC is used for only XNOR module. For normal 

operation both transistors will be ON state and 

normal cmos inverter is present between these two 

ULLC transistors. This provides very low power 

consumption [2] but slightly low output swing. 

To overcome this, use LPSR technique. In the 

proposed full adder LPSR is used in both invertors in 

the proposed circuit. Similarly ULLC also can be 

used for both inverters it will produce very low 

power consumption but its output swing will be 



comparatively worst. This LPSR technique will be 

vice versa of power gating technique. Use pmos 

instead of nmos and nmos instead of pmos in LPSR 

technique compared to power gating. This mode 

provides full output swing at cost of little high power 

[2] when compared to all the techniques. 

 

Fig 7: Proposed full adder with ULLC technique. 

 

From Fig 7 MP2 and Mn2 forms the LPSR 

model and this is connected to both the inverters in 

the circuit. Mp2 is directly connected to Gnd because 

it provides logic 0 to pmos which turn ON the pull up 

transistor. For nmos Mn2 Sb =1 input is given to it 

and this will turn ON the nmos transistor. For normal 

operation both transistor in LPSR model will be in 

ON state. This will provides full output swing. 

6 Performance Analysis of the Proposed Full 

Adder And Simulation Results 

The simulation of the proposed full was carried 

out using CMOS 0.12µm technology Microwind 9.1. 

The simulation results are compared with hybrid full 

adder in terms of power and area. The existing hybrid 

full adder was carried out in Cadence Virtuoso 

software, for the comparison the existing full adder is 

simulate also in Microwind 9.1.From the simulation 

results, the performance parameters power and area 

are compared and the proposed system has reduced 

area and power than hybrid full adder. Along with 

this, a comparison of proposed full adder with some 

low power techniques also observed and tabulated. In 

this comparison, power consumption, layout area and 

output swing status are the parameters. According 

this the following full adder may be used for the 

users convenient. This report provides some new and 

clear perspective to the designers of VLSI products. 

Table 1 Comparison between proposed and 

existing full adder. 

 

Table 2 Comparison between proposed full adder 

(PFA) with some low power techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: Power Consumption % 



7. Conclusion  

The simulation was carried out using Microwind 

9.1 and compared with hybrid 1- bit full adder. The 

simulation results established that the proposed adder 

offered improved power and area compared with the 

earlier reports. The proposed full adder offered 

35.17% improvement with respect to the recent 

existing design in terms of power and 28.59% 

improvement in layout area. To reduce power some 

low power techniques are used. The simulation will 

be carried for the proposed full adder with some low 

power techniques and their results are tabulated. In 

which, some model has obtained very high power 

improvement such as 95.68% and some model has 

increased layout area like 7.9%. This work will give 

the new perspective to the designers. Future work 

will be tried to reduce area and also make a view 

about delay parameter.  

 

References 
[1]  Wang, L., Truong, D.: Stability Enhancement of a 

Power System With a PMSG-Based and a DFIG-

Based Offshore Wind Farm Using a SVC With an 

Adaptive-Network-Based Fuzzy Inference System. 

IEEE Transactions on Industrial Electronics, vol. 60, 

no. 7, 2013, pp. 2799-2807.  

[2]  Wang, L., Truong, D.: Stability Enhancement of 

DFIG-Based Offshore Wind Farm Fed to a Multi-

Machine System Using a STATCOM. IEEE 

Transactions on Power Systems, vol. 28, no. 3, 2013, 

pp. 2882-2889.  

[3]  Kailasa Gounder, Y., Boominathan, V., 

Nanjundappan, D.: Enhancement of transient 

stability of distribution system with SCIG and DFIG 

based wind farms using STATCOM. IET Renewable 

Power Generation, vol. 10, no. 8, 2016, pp. 1171-

1180.  

[4]  Mehta, B., Bhatt, P.,  Pandya, V.: Small signal 

stability enhancement of DFIG based wind power 

system using optimized controllers parameters. 

International Journal of Electrical Power & Energy 

Systems, vol. 70, 2015, pp. 70-82.  

[5]  Hossain, M., Ali, M.: Transient stability 

improvement of doubly fed induction generator based 

variable speed wind generator using DC resistive 

fault current limiter. IET Renewable Power 

Generation, vol. 10, no. 2, 2016, pp. 150-157.  

[6]  Tang, Y., He, H., Wen, J., Liu, J.: Power System 

Stability Control for a Wind Farm Based on Adaptive 

Dynamic Programming. IEEE Transactions on Smart 

Grid, vol. 6, no. 1, 2015, pp. 166-177.  

[7]  Meegahapola, L., Littler, T., Perera, S.: Capability 

curve based enhanced reactive power control 

strategy for stability enhancement and network 

voltage management. International Journal of 

Electrical Power & Energy Systems, vol. 52, 2013, 

pp. 96-106.  

[8]  Hussein, A., Hasan Ali, M.: Comparison among 

series compensators for transient stability 

enhancement of doubly fed induction generator 

based variable speed wind turbines. IET Renewable 

Power Generation, vol. 10, no. 1, 2016, pp. 116-126.  

[9] Taj, T., Alolah, A., Hasanien, H., Muyeen, S.: 

Transient stability enhancement of a grid-connected 

wind farm using an adaptive neuro-fuzzy controlled-

flywheel energy storage system. IET Renewable 

Power Generation, vol. 9, no. 7, 2015, pp. 792-800.  

[10]  Hossain, M.: A non-linear controller based new 

bridge type fault current limiter for transient stability 

enhancement of DFIG based Wind Farm. Electric 

Power Systems Research, vol. 152, 2017, pp. 466-

484.  

[11] M. Vesterbacka, “A 14-transistor CMOS full adder 

with full voltage swing nodes,” in Proc. IEEE 

Workshop Signal Process. Syst. (SiPS), Taipei, 

Taiwan, Oct. 1999, pp. 713–722. 

[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]  S. Wairya, G. Singh, R. K. Nagaria, and S. Tiwari, 

“Design analysis of XOR (4T) based low voltage 

CMOS full adder circuit,” in Proc. IEEE Nirma 

Univ. Int. Conf. Eng. (NUiCONE), Dec. 2011, pp. 1–

7. 

[14]  S. Goel, M. Elgamel, and M. A. Bayoumi, “Novel 

design methodology for high-performance XOR-

XNOR circuit design,” in Proc. 16th Symp. Integr. 

Circuits Syst. Design (SBCCI), Sep. 2003, pp. 71–76.  

[15]  J.-M. Wang, S.-C. Fang, and W.-S. Feng, “New 

efficient designs for XOR and XNOR functions on 

the transistor level,” IEEE J. Solid-State Circuits, vol. 

29, no. 7, pp. 780–786, Jul. 1994. 

[16] Novel Low Power Logic Gates using Sleepy 

Techniques Vijaylaxmi C Kalal, Ravikumar K. , 

Chaitrali V. Pawar. International Journal of 

Advanced Research in Electrical,Electronics and 

Instrumentation Engineering (An ISO 3297: 2007 

Certified Organization) Vol. 4, Issue 1, January 2015. 

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

full adder,” IEE Proc.- Circuits Devices Syst., vol. 

148, no. 1, pp. 19–24, Feb. 2001. 

[18] 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. 

[19]  Leakage Power Reduction in Cmos Circuits Using 

Leakage Control Transistor Technique in Nano scale 

Technology B. Dilip, P. Surya Prasad & R. S. G. 

Bhavani.  

[20]  Power Reduction in CMOS Sub- threshold Dual 

Mode logic circuits by Power Gating Celine Elsa 



Jose1, B Kousalya IOSR Journal of VLSI and Signal 

Processing (IOSR-JVSP) Volume 5, Issue 2, Ver. I 

(Mar. - Apr. 2015), PP 60-67 e-ISSN: 2319 – 4200, 

p-ISSN No.: 2319 – 4197.  

 


