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Abstract-Traditional full adder design consists of XOR, AND 

and OR gates. Model of full adder using multiplexers is 

proposed in literature. This model consists of XOR, XNOR, 

AND and OR gates along with multiplexers to realize the full 

adder. This paper proposes full adder model using XOR and 

multiplexers. The proposed model is synthesized using 

Quartus2 tool. The power consumed at gate, multiplexer level 

shows an improvement of  50% in the proposed model. 
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Introduction 
Full adders add three bits producing sum and carryout. The 

inputs are usually designated as a,b,c. The outputs are 

designated as sum, carryout. Full adders are found in the 

ALU of the processor. Usually subtraction is done using 

two’s complement addition which again uses full adders. 

Many applications involve addition/subtraction. Full adders 

play important role in computer power consumption. The 

truth table for the full adder is shown in TABLE.1.[1]. The 

expression for sum and carry out is given below 

sum = cba                                        (1) 

carryout = ab + bc + ca                                (2) 

 

To design full adder two XOR gates , three AND gates and 

two OR gates are required from (1) and (2). The authors in 

[2] suggest the CMOS technology to be used in full adder 

design. The authors in [3], [4] propose full adder model that 

uses multiplexers. This model gives the c input of full adder 

with inputs a, b, c as select line to multiplexer. The equations 

for the sum and carryout are defined as below. 

If c=0, sum = ba  carryout = ab               (3) 

If c=1, sum = ba  carryout = a+b             (4) 

 
TABLE. 1. Full Adder Truth Table 

 

 
 

 

 

 
 

 

 

 
 
The c input drives the multiplexers to realize the circuits for 

sum and carryout. This model calculates the XOR and XNOR 

values, AND and OR values for inputs a,b.  This model is 

shown in  Fig. 1. Two 2:1 multiplexers are used in this 

model. The input c drives the multiplexers. Full adder circuit 

based on majority function is proposed in [5]. It is known fact 

that the power consumption of digital circuit depends on the 

number of active components. The number of enabled gates 

contributes to the power consumption of the full adder in this 

regard.  To save the power consumption it would be ideal to 

have minimum number of gates active during full adder 

operation.  Designs of  low power full adders with structured 

approach is presented in [6]. 

 
Fig.1. Full adder as proposed in [4] 

 
This paper proposes full adder design based on the 

comparison of the input values a and b. Expressions for sum 

and carryout are derived for the various conditions. One XOR 

gate and  two 2:1 multiplexers are required to realize the 

circuit using Quartus 2 at the schematic level. The total 

power consumed is calculated as the sum of the power 

consumed by the active components. The power consumed 

shows improvement of 50% over the model presented in [3]. 

There is reduction in number of active gates in the proposed 

model. 

 

The rest of the paper is organized as follows. The proposed 

model, simulation, conclusion are given next followed by 

references. 
 

Proposed Model 
 
From TABLE.1 and equations (1), (2) the following is 

observed. 

1. If a = b, sum = c , carryout = a                (5) 

2. If a !=b, sum = !c, carryout = c               (6) 

 

From (5), (6) above the values of inputs a and b has to be 

compared. Two 2:1 multiplexers can be used to realize the 

sum and carryout. The comparison of a and b can be done 

using comparator or XOR gate. The XOR gate 

implementation is valid only for two inputs to compare their 

equality. It cannot be generalized for any n-input circuit as 

XOR gives one if there are odd number of ones in the input.  

Based on the implementation, there is reduction in number of 
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gates and active components in the full adder circuit for the 

proposed model. The block diagram of the  proposed model 

is shown in Fig. 2 

 

 
 

Fig.2. Block diagram of proposed full adder 

 

 
Simulation 
The proposed full adder model is simulated using Quartus 2 
tool. Code in Verilog is written for the proposed logic. The 

code is compiled, synthesized using Quartus 2 tool. The 

schematic for the proposed model is shown in Fig. 3. The 

schematic for the model proposed in [4] is shown in Fig. 4. 

The schematic for the traditional full adder circuit is shown in 

Fig. 5. The power calculations are shown next. 

 

For Fig. 3, the proposed design has one  XOR gate and two 

2:1 multiplexers. The power consumed   is calculated  below. 

1. power for  XOR gate : 66.99mW 

2. power for two  2:1  MUX       :  67.14+0.41 mW = 

67.55mW 

3. Total power   : 134.54mW 

For Fig. 4 the  model proposed in [4] has one XOR, one 

AND, one OR gates, four 2:1 multiplexers. The power 

consumed  is  as below 

1. power for  XOR gate : 66.99mW 

2. power for OR gate : 66.99mW 

3. power for AND gate : 66.99mW 

4. power for four 2:1  MUX : 67.14 + 3*0.41mW = 

68.37mW 

5. Total power  : 269.34mW 

 
Power savings : 67.81/289.34 = 0.50048 m= 50.048% 

 

 

 

 
 

The traditional full adder  model proposed in [1] is shown in 
Fig. 5. The model was simulated using Verilog code in 

Quartus 2. The power consumed is shown as below. 

1. power for AND gate: (66.99 + 2*0.4 )mW =  

67.79mW 

2. power for OR gate: 67.14mW 

3. power for XOR gate: 67.14mW 

4. Total: 202.07 mW 

The power saving with proposed model =  67.53/202.07 =  

33.42% . 

 

The power calculated in this method shows that the power 

consumed in [1] is less than the power consumed in [4]. The 

power saving discussed in [4] is based on the CMOS 

technology. In this paper the simulations presented are at the 

logic gate level power consumption using Quartus2 tool for 

the proposed model and models proposed in [1] and [4]. As 

can be seen from Fig. 4 there are three distinct gates. In Fig. 5 

though there are five gates there are only three distinct gates. 

 
Conclusion 
 

A full adder design with improved power consumption is 

proposed in this paper. The sum and carryout of the full adder 

are obtained based on the equivalence of  two inputs a and b. 

The expressions for sum and carry are derived based on this 

condition. The proposed design is simulated with Quartus 2 
tool. The schematic shows decrease in  number of logic gates. 

The power consumed is calculated from power consumed by 

the active components in the circuit.  There is 50% 

improvement in power savings over the model proposed in 

[4] and about 30% power saving over the traditional full 

adder circuit proposed in [1] for the chosen parameters. 
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