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Abstract: Subtractors form one of the important 

components of every contemporary integrated 

circuit. The basic requirement of the subtractor is 

that it should be fast and efficient in terms of power 

consumption and chip area. Optimization of several 

devices for speed and power is a significant issue in 

low-voltage and low-power applications. These 

issues can be resolved by incorporating Modified 

Gated Diffusion Input (MGDI) technique. The 

current work proposes the design of a full subtractor 

using Modified Gate Diffusion Input (MGDI) 

procedure which is proposed to consume low power 

in conjunction with lesser delay time and fewer 

transistors while maintaining proper output-voltage 

swing. Here four design of full subtractor has been 

designed using MGDI technique. All these design 

are based on 65nm CMOS foundry. The software 

used to design schematic circuit is DSCH tool and 

for layout generation Microwind has been used.   
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I-INTRODUCTION 

A subtractor is one of the significant building blocks 

in the construction of a binary divider [1], [2]. In 

recent times, applications are aimed at battery 

operated devices so that power dissipation becomes 

one of the primary design constraints [3]–[10].    

In the past processor speed, circuit speed, area, 

performance, cost and reliability were of prime 

importance. Power consumption was of secondary 

concern. However, in recent years power 

consumption is being given equal importance. The 

reason for such a changing trend is attributed 

probably due to the rapid increase in portable 

computing devices and wireless communication 

systems which demand high speed computations and 

complex functionality with low power consumption. 

In addition to this high performance processors 

consume severe power which in turn increases the 

cost associated with packaging and cooling. 

Subsequently there is a rise in the power density of 

VLSI chips thereby disturbing the reliability. It has 

been found that every 10o rise in operating 

temperature roughly  doubles the failure rate of 

components made up of Silicon due to several 

Silicon failure mechanisms such as thermal 

runaway, junction diffusion, electro migration 

diffusion, electrical parameter shift; package related 

failure and Silicon interconnect failure [11]. From 

the environment point of view, the lesser the power 

dissipation of electronic components, lesser will be 

the heat dissipated in rooms which in turn will have 

a positive impact on the global environment. Also, 

lesser electricity will be consumed. 

Therefore, for further optimization of performance 

of a full subtractor in terms of switching delay, area, 

transistor count, a new low power, high speed 

energy efficient  

full subtractor is being proposed using Modified 

Gate Diffusion Input (MGDI) technique. 

Modified gate diffusion input MGDI:- The basic 

primitive of GDI cell consists of NMOS and PMOS 

containing four terminals G is common gate input of 

NMOS and PMOS transistors, P is the outer 

diffusion node of PMOS transistor, N is the outer 

diffusion node of MOS transistor, and D is common 

diffusion node of both transistors. In this work a 

modified primitive GDI logic gates have been 

implemented in 65nm technology and it is compared 

with existing GDI and CMOS logic. Fig 1 shows the 

construction of modified GDI basic gates of AND, 

OR, NOR, NAND, XOR, XNOR and MUX. 
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Figure 1 basic gates implementation by MGDI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different subtractor designs: Conventional design 

of full subtractor:- The conventional design for full 

subtractor is shown as figure 4 and the equations are 

present in equation 1-4. The conventional one-bit 

full subtractor is a combinational circuit that based 

on the subtractor design by logic gates made by 

CMOS, performs a subtraction between two binary 

bits and one of the signals may be borrowed by a 

lower significant bit. This circuit has three inputs 

and two outputs. Here we considering the three 

inputs are A, B and Bin and the output are Diff for 

difference and Bout for borrow output. [14]      

 

 

 

 

Figure2 Block diagram, circuit diagram & truth table 

of Half Subtractor 
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Full subtractor using half subtractor:- By using two 

half subtractors a full subtractor can also be design. 

This method is very easy and convenient for 

designing a full subtractor. As we know half 

subtractor can easily be design by one XOR, one 

inverter and by one AND gate. 

So by using two half subtractors and one  OR gate 

full subtractor circuit can be design or can be easily 

obtained by the designers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: diagram of Conventional Full Subtractor 

 

 

 

Figure 3 block diagram of full subtractor using half 

subtractor 

 

 

XOR BASED SUBTRACTOR 

IMPLEMENTATION: Based on conventional 

design, new design for full subtractor was designed 

using XOR or XNOR gate. Figure 4.1, 4.2 display 

the XOR based design, which is derived from 

equation 3 and 4 and it include XOR gate and 

multiplexer. Firstly XOR gate was designed, which 

include four transistors instead of 16 transistors as 

observed in CMOS technology.  Figure display the 

XOR gate design using GDI technique. 

. 

 

 

 

Layouts & result analysis 

Following layouts are generated by Microwind 

Figure 4: diagram of Conventional Full Subtractor 

software full subtractor designs by conventional 

method and half subtractor. 

 

 

 

 

Figure 5: diagram of Conventional Full Subtractor 
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Figure 6 MGDI CMOS half Subtractor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 MGDI half subtractor 

 

 

 

 

 

 

 

Figure 8 MGDI Full Subtractor using half subtractor 

And by using XOR gates and multiplexers following 

two designs are done. 

 

 

 

 

 

 

 

 

 

 

 

Figure9 XOR BASED SUBTACTOR 1USING 

MGDI TECHNIQUE 
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Results 

The table 1 showing the result of all four subtractor 

designs measurements of switching delay, transistor 

count and area for both CMOS & MGDI techniques. 

And table 2 shows the comparative results of GDI & 

MGDI techniques. 

 

  

 

Table 1 result of different subtractor design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 comparison between GDI & MGDI 

technique 

Conclusion 

An extensive performance analysis of modified 

primitive cells of AND, OR, NAND, NOR, XOR 

and XNOR has been presented. The performance of 

these MGDI was analyzed in terms of transistor 

count, switching delay area, and power dissipation 

using Design Schematic DSCH and Microwind 

using 65 nm technology and it is compared with 

conventional GDI and CMOS logic. Subsequently 

different 1-bit full-subtractor cells have been 

presented.  

The significant change occurs due to the design of 

XOR and XNOR gate. In GDI the number of 

transistor to implement XOR will take 4 transistors 

whereas in modified GDI it is implemented with 3 

transistors. In case of CMOS the transistor count is 

approximately double that of MGDI subtractors. 
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