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Abstract: The emphasis in VLSI design has shifted from high speed to low power due to the rapid increase in 

number of portable electronic systems. Power consumption is very critical for portable video applications such 

as portable videophone and digital camcorder Motion estimation (ME) in the video encoder requires a huge 

amount of computation, and hence consumes the largest portion of power. Many of the techniques have already 

been used in low power design with additional techniques emerging continuously at all levels. The aim of this 

work is to provide a comprehensive study of low-power circuit and design techniques using CMOS 

(complementary metal-oxide-semiconductor) technology. This consist of circuit design; transistor size, number 

of transistors used in design, layout technique, cell topology, and circuit design for low power operation while 

paying particularly attention on the methodology of logic style. This paper presents, high-speed and high-

performance multiplexer based 1 bit adders/subtractors for low-power applications such as ASIC (Application 

Specific Integrated Circuits), ALU (Arithmetic logic Unit). Simulations were performed by EWB (Electronic 

Work Bench, unisim, Xilinx) for analysis of various feature sizes. The simulation results demonstrate clearly the 

improvement of the proposed design in terms of lower power dissipation, less propagation delay, less occupying 

area compared to other widely used existing adder/ subtractor circuits on the basis of multiplexer. 
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I. INTRODUCTION 
With the rapid growth in laptops, portable personal communication systems and the evolution of 

shrinking technology, the research effort in low-power microelectronics has been intensified and low-power 

Very Large Scale Integration (VLSI) systems have emerged to be high in demand [1, 2]. There are an 

increasing number of portable applications requiring small-area, low-power and high-speed circuitry in recent 

trends. Therefore, circuits with low power consumption have become the major identities for design of 

microprocessors and system components [3-5]. However, the battery technology does not advance at the same 

rate as the microelectronics technology, and there is a limited amount of power available for the mobile systems. 

The goal of extending the battery life span of portable electronics is to reduce the energy consumed per 

arithmetic operation. To execute an arithmetic operation, a circuit can consume very low power by clocking at 

an extremely low frequency but it may take a very long time to complete the operation. Therefore, designers 

have been facing many constraints in terms of high speed, low power, and small layout area [6]. Addition is one 

of the fundamental arithmetic operations and is used mostly in many VLSI systems. The main objective of 

addition is adding two binary numbers; it is the base of many other useful operations such as subtraction, 

multiplication, division, and ALU circuits [3, 7]. The adder plays an important role in most of these systems, to 

estimate the critical path, which determines the overall performance of the system, and the full adder is the 

fundamental element of complex arithmetic circuits. The main aim of this work is to enhance the performance 

of 1-bit full-adder cell [8]. Designed with certain logic styles [9], the proposed adder/subtractor and other six 

types of logic gates are mainly designed and simulated by CMOS technology. Reducing the supply voltage and 

increasing the transistor count are the major constraints for the design of the full adder cell. The proposed full 

adder circuit has a very short critical two level paths and reduced transition activity [10, 11]. We know that the 

universal gates are NAND and NOR, they are called as the universal gates because they can create any of the 

logic gates, any other digital circuit. There is a concept called “Universal Logic”, Universal logic can also be 

used to create any of the logic gates and digital circuits. MUX and Decoders are called “Universal Logic” In this 

paper, we presented how a 2:1 MUX can be used to create different logic gates, half adder and half subtractor 

and how a 4:1 MUX can be used to create full adder and full subtractor and all other circuits design also. 
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II. EXPERIMENTAL DETAILS 
The designed circuits are implemented, simulated and tested the results with ISE software from Xilinx, 

and Electronic work bench (Unisim). ISE software is chosen as the standard to synthesize the designs and 

compare the results.   

 

III. THEORY 
Logic gates: 

The reason for which the computers are capable of performing complex operation is due to the 

interconnection of these logic gates. Logic gates are implemented by using transistors, diodes, relays, optics and 

molecules or even by several mechanical elements. Due to this reason logic gates can also be considered as 

electronic circuits. The logic gates can be build up in a wide variety forms such as large-scale integrated circuits 

(LSI), very large-scale integrated circuits (VLSI) and also in small-scale integrated circuits (SSI). Here the 

inputs and output of all the gates of integrated devices can be accessible and also the external connections are 

made available to them just like discreet logic gates. 

Inputs and outputs of logic gates are in two levels termed as HIGH and LOW, or TRUE and FALSE, or 

ON and OFF, or simply 1 and 0. A table which list out the combination of input variables and the corresponding 

output variables is termed as “TRUTH TABLE”. It explains how the logic circuit output responds to various 

combinations of logic levels at the inputs. Here we are following level logic, in which the voltage levels are 

represented as logic 1 and logic 0. Level logic is of two types such as positive logic or negative logic. In the 

positive logic system, higher of the two voltage levels are represented as 1 and lower of the two voltage levels 

are represented as 0. But in the negative logic system, higher of the two voltage levels are represented as 0 and 

lower of the two voltage levels are represented as 1. While considering the transistor-transistor logic (TTL), the 

lower state is assumed to be zero volts (0V) and the higher state is considered as five volts positive (+5V). 

 

Half adder: 
The half adder adds two single binary digits A and B. It has two outputs, sum (S) and carry (C). The 

carry signal represents an overflow into the next digit of a multi-digit addition. The simplest half-adder design, 

pictured on the right, incorporates an XOR gate for S and an AND gate for C. With the addition of an OR gate to 

combine their carry outputs, two half adders can be combined to make a full adder. The half adder adds two 

input bits and generates a carry and sum, which are the two outputs of a half adder. The input variables of a half 

adder are called the augends and addend bits. The output variables are the sum and carry. The truth table for the 

half adder is given in the next section 

The value of the sum is 2C + S. 

The dataflow Boolean logic for half adder is given by 

Sum(S) = A XOR B.  

Carry(C) = A AND B. 

Where A and B are the 1-bit binary inputs to the half adder.  

Full adder: 
A full adder adds binary numbers and accounts for values carried in as well as out. A one-bit full adder adds 

three one-bit binary numbers, often written as A, B, and Cin; A and B are the operands, and Cin is a bit carried in 

from the previous less significant stage. The full adder is usually a component in a cascade of adders, which add 

8, 16, 32, etc. bit binary numbers. The circuit produces a two-bit output, output carry and sum typically 

represented by the signals Cout and Sum, The one-bit full adder's truth table is given in the next section 

The value of sum is given by Sum = 2 x Cout + S.  

The dataflow Boolean logic for full adder is given by 

Sum(S) = A XOR B XOR Cin.  

Carry(C) = (A AND B) OR (Cin AND (A XOR B)). 

Where A and B are the 1-bit binary inputs to the full adder.  

Half subtractor: 

The half-subtractor is a combinational circuit which is used to 

perform subtraction of two bits. It has two inputs, A (minuend) and B (subtrahend) and two outputs D 

(difference) and B(borrow). An important point difference should be noticed is that the half substractor diagram 

aside implements (b-a) and not (a-b) as borrow is calculated from equation. 

The dataflow Boolean logic for half subtractor is given by 

D (difference) = A XOR B.  

B (borrow) = A AND (NOT B). 

Where A and B are the 1-bit binary inputs to the half subtractor.  

 

https://en.wikipedia.org/wiki/XOR_gate
https://en.wikipedia.org/wiki/AND_gate
https://en.wikipedia.org/wiki/Variable_(computer_science)
https://en.wikipedia.org/wiki/Truth_table
https://en.wikipedia.org/wiki/Truth_table
https://en.wikipedia.org/wiki/Logic_circuit
https://en.wikipedia.org/wiki/Minuend
https://en.wikipedia.org/wiki/Subtrahend
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Full subtractor: 

The full-subtractor is a combinational circuit which is used to perform subtraction of three bits. It has three 

inputs, A (minuend) and B (subtrahend) and Bi (borrow in) and two 

outputs D (difference) and Bo (borrow out). 

The dataflow Boolean logic for full subtractor is given by 

D (difference) = A XOR B XOR Bin.  

Bo (borrow out) = NOT A AND (B XOR Bin) OR (B AND Bin). 

Where A and B are the 1-bit binary inputs to the full subtractor. 

  

IV. RESULTS AND DISCUSSION 
1. Designing an OR Gate using 2:1 MUX 

To design an OR using 2:1 mux, we need to tie the “First” input to “Logic 1” and the “Zeroth” input to 

the one of the input of the OR Gate. The other input of OR gate would be connected with the select line of the 

MUX. Now, the output of the MUX would be “A” when any of the two inputs on B would be “0” otherwise it 

would be “1” for all conditions. The truth table is solved and it is simplified that the two inputs of the MUX are 

‘A’ and “1”, in CMOS technology the logic “1” can fixed as 5V (volts) which indicates logic high. In this 

design logic “1” is assigned to 5Volts. And the simulated wave form is given in the figure below.  

 

Fig 1: MUX to OR Gate: 

 

 

 

2. Designing an AND Gate using 2:1 MUX 

To design an AND using 2:1 mux, we need to tie the “zeroth” input to “Logic 0” and the “First” input 

to the one of the input (A) of the AND Gate. The other input of AND gate would be connected with the select 

line of the MUX. Now, the output of the MUX would be “0” on low on the select line otherwise it would be “A” 

for all conditions. The truth table is solved and it is simplified that the two inputs of the MUX are “0” and “A”, 

in CMOS technology the logic “0” can fixed as GROUND which indicates logic low. In this design logic “0” is 

assigned to GROUND. And the simulated wave form is given in the figure below for AND gate. 

 

Fig 2: MUX to AND Gate: 

 

 

 

 

3. Designing an Inverter using 2:1 MUX 
To design an inverter using 2:1 mux, we have to use the input as the select line of the MUX and the 

“zeroth” select line would be tied with “Logic 1 ” and “First” select line would be tired with “Logic 0”, Now 

when the select line (Input) goes to “1” the output will be “0” ( inverted). Now, the output of the MUX would be 

“0” on high on the select line otherwise it would be “1” condition. The truth table is solved and it is simplified 

that the two inputs of the MUX are “0” and “1”, in CMOS technology the logic “0” can fixed as GROUND 

which indicates logic low, the logic “1” can be fixed to 5V which indicates logic high. In this design logic “0” is 

assigned to GROUND, logic “1” is assigned to 5V. And the simulated wave form is given in the figure below 

for NOT gate. 

 

 

https://en.wikipedia.org/wiki/Logic_circuit
https://en.wikipedia.org/wiki/Bit
https://en.wikipedia.org/wiki/Minuend
https://en.wikipedia.org/wiki/Subtrahend
https://en.wikipedia.org/w/index.php?title=Borrow_in&action=edit&redlink=1
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Fig 3: MUX to inverter 

 

 

 

4. Designing an NOR Gate using 2:1 MUX 
To design the NOR using 2:1 mux, we need to tie the “Zeroth” input of mux to one of the input of 

NOR and another input of MUX is tied to “0”. Another input of the NOR gate would be applied to the select 

line of the MUX. Now, the output of the MUX would be A’B’ = (A+B)’, which is same as the output of the 

‘NOR’ Gate. Now, the output of the MUX would be “0” on high on the select line otherwise it would be “not 

A” for all conditions. The truth table is solved and it is simplified that the two inputs of the MUX are “0” and 

“not A”, in CMOS technology the logic “0” can be fixed as GROUND which indicates logic low. In this design 

logic “0” is assigned to GROUND, and the “not A” input is provided through CMOS inverter. And the 

simulated wave form is given in the figure below for AND. 

 

Fig 4: MUX to NOR Gate: 

 

 

 

5. Designing an NAND Gate using 2:1 MUX. 

To design the NAND using 2:1 mux, we need to combine the AND Gate and inverter implementation. 

To design an NAND using 2:1 mux, we need to tie the “zeroth” input to “Logic 1” and the “First” input to the 

one of the input of the NAND Gate. The other input of NAND gate would be connected with the select line of 

the MUX. Now, the output of the MUX would be “1” if there is low on the select line otherwise it would be “not 

A” for all conditions. Truth table is solved and it is simplified that the two inputs of the MUX are “0” and “not 

A”, in CMOS technology the logic “1” can be fixed as 5V which indicates logic high. In this design logic “1” is 

assigned to 5V, and the not A input is provided through CMOS inverter. And the simulated wave form is given 

in the figure below for NAND. 

 

Fig 5: MUX to AND Gate: 

 

 

 

 

6. Designing an XOR Gate using 2:1 MUX 

To design the XOR using 2:1 mux, we need to tie the “Zeroth” input of mux to one of the input of 

XOR and another input of MUX to the inverted of first input. Another input of XOR gate would be applied to 

the select line of the MUX. Now, the output of the MUX would be AB’ + A’B which is same as the output of 
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XOR Gate. Now, the output of the MUX would be “A” if there is low on the select line otherwise it would be 

“not A” for all conditions. Truth table is solved and it is simplified that the two inputs of the MUX are “A” and 

“not A”, in CMOS technology the “not A” input is provided through CMOS inverter. And the simulated wave 

form is given in the figure below for XOR gate. 

 

Fig 6: MUX to XOR Gate: 

 

 

 

7. Designing an XNOR Gate using 2:1 MUX 

To design the XNOR using 2:1 mux, we need to tie the “First” input of mux to one of the input of 

XNOR and another input of MUX to the inverted of first input. The other input of XOR gate would be applied 

to the select line of the MUX. Now, the output of the MUX would be A’B’ + AB which is same as the output of 

XNOR Gate. Now, the output of the MUX would be “notA” if there is low on the select line otherwise it would 

be “A” for all conditions. Truth table is solved and it is simplified that the two inputs of the MUX are “not A” 

and “A”, in CMOS technology, the not A input is provided through CMOS inverter. And the simulated wave 

form is given in the figure below for XNOR gate. 

Fig 7: MUX to XNOR Gate: 

 

 

 

8. Designing a HALF ADDER using two 2:1 MUX 

To design the half adder using two 2:1 MUX, we need to tie the “First” input of “First”mux to one of 

the input of SUM block and another input of MUX to the inverted of first input. The other input of half adder 

would be applied to the select line of both MUX of SUM and CARRY block. Now, the output of the “First” 

MUX would be A’B + A B’ which is same as the SUM output of half adder. Now, the output of the “first” 

MUX would be “A” if there is low on the select line otherwise it would be “not A” for all conditions and the 

output of the “second” MUX would be “0” if there is low on the select line otherwise it would be “not A” for all 

conditions. Truth table is solved and it is simplified that the two inputs of the half adder are “not A” and “A”, in 

CMOS technology, the not A input is provided through CMOS inverter and logic “0” is fixed to 0V i.e. to 

GROUND. And the simulated wave form is given in the figure below for half adder. 
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Fig 8: MUX to Half adder: 

 
 

9. Designing a HALF SUBTRACTOR using two 2:1 MUX 

To design the half subtractor using two 2:1 MUX, we need to tie the “First” input of “First”mux to one 

of the input of DIFFERENCE block and another input of MUX to the inverted of first input. The other input of 

half subtractor would be applied to the select line of both MUX of DIFFERENCE and BARROW block. Now, 

the output of the “First” MUX would be A’B + A B’ which is same as the DIFFERENCE output of half 

subtractor. Now, the output of the “first” MUX would be “A” if there is low on the select line otherwise it would 

be “not A” for all conditions and the output of the “second” MUX would be “A” if there is low on the select line 

otherwise it would be “0” for all conditions. Truth table is solved and it is simplified that the two inputs of the 

half adder are “not A” and “A”, in CMOS technology, the not A input is provided through CMOS inverter and 

logic “0” is fixed to 0V i.e. to GROUND. And the simulated wave form is given in the figure below for half 

subtractor. 

 

Fig 9: MUX to Half subtractor: 

 
10. Designing 1-bit full adder using 4:1 MUX 

The 1-bit full adder is one of the most critical components of a processor that determines its 

throughput, as it is used in the ALU, the floating-point unit, and address generation for cache or memory 

accesses [12]. It is therefore inherent that full-adders have great impact on the systems that use these adders. A 

variety of full adders using static and dynamic logic styles have been reported in literature [12]-[19]. Including 

the most well known static complementary CMOS adders using 28 transistors and 40 transistors [12] and [15]. 

In the present work a 1-bit full adder that utilizes a novel multiplexer-based architecture, built upon two 4:1 

identical multiplexers are used, which requires a total of 28 transistors to realize the function of a full adder (Fig. 

10). This new adder has low response time, low power utilization and reduced transition activity than previously 
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proposed low-power adders, because it utilizes only two levels of circuit [16]. There are three major sources of 

power dissipation in a digital CMOS circuit: logic transition, short-circuit current and leakage current [17], [18]. 

The following, is the low power consumption circuit adder due to reduction in short circuit current and 

switching activity. The short-circuit current is defined to be the direct current passing through the supply and the 

ground, when both the NOMS and PMOS transistors are simultaneously active [13][17], in the two level adder, 

both the NOMS and PMOS transistors does not takes place simultaneously hence low transition time can be 

observed. All adders suffer the same short-circuit current problem as they have some internal nodes driven by 

signals with slow raise and/or fall times. This leads to significant (20%) short circuit power dissipation for 

loaded inverters [17]. Such problem was partially solved in this design. 

 

Fig 10: MUX to full adder: 

 
 

11. Designing 1-bit full subtractor using 4:1 MUX 

Subtraction is executed by two’s components, so we need to use one XOR gate to invert one 

bit and add one into carry. The DIFFERENCE output is same as that of SUM output of full adder 

circuit but the BARROW output is not same as that of carry output of full adder but it is inverted and 

complimented, i.e.  A-B = A+ (-B) = A+ 2’s compliment of B. 

 

Fig 11: MUX to full subtractor: 
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V. CONCLUSIONS 
This paper aims to propose the new architecture of ADDER/SUBTRACTOR platform with two 

optimization goals. The first one is to optimize the ADDER/SUBTRACTOR in order to decrease power 

consumption and increase the speed. The second one is to develop new circuit for ADDER/SUBTRACTOR to 

enable a production with fewer gates. As a result, the proposed design is based on the multiplexer, and it has 

only two kinds of components: NOT gate and multiplexer and important noticeable thing is it is designed as 

only two level circuit which takes less delay and fast performance, which makes the design easily implemented 

on FPGA/CPLD chip. A design and simulation is carried on FPGA/CPLD chip. 
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