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Abstract: In this paper a 1 bit full subtractor is designed. In 

VLSI a digital circuit is designed with distinct techniques and most 

used techniques are CMOS technique and GDI technique. We opt 

a circuit which has less delay and low power consumption. In this 

paper a 1-bit full subtractors are designed using different XOR 

gates and GDI technique. The transient analysis is performed in 

180nm, 130nm, 90nm, 45nm. In this analysis we found that XOR 

based subtractor gives less delay and GDI based subtractor gives 

low power consumption as compared to other circuits respectively. 

 

Keywords: 1-bit full subtractor, GDI technique, XOR gate. 

1. Introduction 

A subtractor is a combinational digital circuit. Which 

performs subtraction among binary bits. The output is 

difference and borrow. 

Subtractor is one of the basic arithmetic operator. In day to 

day life we came across many electronic components like 

computers, mobile phones, digital calculators, digital watches 

and gaming console etc., has subtractor as an important 

component. The subtractor is used to perform subtraction 

operation between 1bit, 2bits etc. 

Subtractors are of two types 

1. Half subtractor 

2. Full subtractor 

1) Half subtractor 

Half subtractor is a combinational digital circuit which is 

used to subtract one single binary number from another single 

binary number. A half subtractor is one which has two inputs 

and two outputs. 

2) Full subtractor 

Full subtractor is a combinational digital circuit which is used 

to subtract three binary numbers. A full subtractor has three 

inputs and two outputs. 

In this paper a 1-bit full subtractor is designed using different 

XOR gates using “PYXIS” design suite is a software suite 

produced by “MENTOR GRAPHICS” for schematic design. A 

six different XOR gates are designed among these five are 

CMOS based XOR gates and other one is GDI based XOR gate. 

All these XOR gates differ in their design perspective.  

 

2. Review of XOR gates 

Different XOR gate circuits are presented to implement 1-bit 

full subtractor. The important characteristics are to minimize 

glitches and power consumption. 

A. XOR GATE type-1 

Type-1 XOR gate is shown in below figure(a) which is 

designed using double pass transistor logic(DPL). This 

structure has 6 transistors with four inverters this leads to 

inverse in power consumption of the circuit. Due to inverters 

intermediate node have high capacitance. Hence size of 

transistors in not gate should increase to get lower delay. This 

in turn increases power consumption of the circuit. 

 

 
Fig. 1.  Circuit diagram of XNOR gate type-1 
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B. XOR GATE type-2 

The XOR gate of type 2 is shown in below figure(b) which 

is designed using transmission gate and pass transistor logic. 

This structure has 4 number of transistors with two inverters to 

invert the input signal. Due to this inverter delay and power 

consumption are increased. 

 
Fig. 2.  Circuit diagram of XNOR gate type-2 

C. XOR GATE type-3 

Type-3 XOR gate is shown in below figure 3, which is 

designed using CPL and inverters. In this the output is driven 

by NMOS transistors and two PMOS transistors are connected 

to output as shown in below figure. Here delay is decreased by 

increasing size of the transistors. 

 
Fig. 3.  Circuit diagram of XNOR gate type-3 

D. XOR GATE type-4 

Type-4 is the modified version of the type-3. This structure 

has 6 transistors with 2 inverters this circuit consumes less 

power but at the cost of delay and short circuit dominate in the 

circuit. Hence proper sizing is necessary. Type-4 XOR gate is 

shown in below figure 4. 

 
Fig. 4.  Circuit diagram of XNOR gate type-4 

E. XOR GATE type-5 

Type-5 XOR gate has shown in below fig. 5, which has 4 no 

of transistors. The circuit is implemented with CPL and 2 

inverters. 

 
Fig. 5.  Circuit diagram of XNOR gate type-5 

F. GDI based XOR GATE 

A 6t based GDI XOR gate is shown in below figure 6. 

 
Fig. 6.  Circuit diagram of GDI based XOR gate 

 

At A=0, B=0 the NMOS transistor is switched off and PMOS 
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transistor is switched on, now the output is 0. 

At A=0, B=1 NMOS is cut off Vin< Vth, the PMOS in the 

linear region Vin–Vth < Vout < VDD, then the output of XOR 

equal to VDD passes through PMOS. 

At A=1, B=0 the PMOS transistor is switched off and NMOS 

transistor is switched on, where PMOS is cut off Vin<Vtp and 

NMOS in the linear region Vin–Vtn < Vout < VDD then the 

output of the XOR gate is equal to VDD-Vtn, (Vtn) threshold 

voltage of NMOS transistor. 

At A=1, B=1 PMOS is cut off and NMOS in the linear 

region, then the output equal to ground passes through NMOS. 

3. Implementation of full subtractor 

A 1-bit full subtractor is designed using CMOS technology 

and GDI technology. 

A CMOS subtractor is designed using CMOS based AND, 

OR, XOR gates. 

A GDI subtractor is designed using GDI based AND, OR, 

XOR gates. 

The schematic of 1-bit full subtractor is shown in below 

figure 7. 

 

 
Fig. 7.  Schematic of 1-bit full subtractor 

4. Results 

A. Simulation results of 180nm technology 

 
Fig. 8.  Waveforms of XOR gate 

A two input XOR gate gives output true when either of input 

is true and false when both the inputs are equal. 

 
Table 1 

Truth of XOR gate 

Input A Input B output 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

 

 
Fig. 9.  Power waveform of XOR gate 

 

 
Fig. 10.  Power waveform of subtractor 

 

 
Fig. 11.  Waveforms of subtractor 
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The table 2 shows three inputs namely A, B, bin and the two 

outputs are Diff, bout. Here the inputs indicate minuend, 

subtrahend and previous barrow.  

From the subtractor circuit we can see that the two XOR 

gates combines to form three input XOR gate and gives output 

as difference of three input binary numbers. 

Again from the subtractor circuit the output of three and gates 

is applied as an input to OR gates. Therefore, the output of OR 

gates is difference of three binary numbers. 

Power and delay comparison of XOR gates and subtractor is 

show in table 3 and table 4. 

 
Table 2 

Truth of subtractor 

A B Bin Diff bout 

0 0 0 0 0 

0 0 1 1 1 

0 1 0 1 1 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 0 

1 1 0 0 0 

1 1 1 1 1 

 
Table 3 

Power and Delay comparison of XOR gates 

 
 

Table 4 

Power and Delay comparison of Subtractor 

 

5. Conclusion 

In analysis, a 1-bit full subtractor can be designed using 

different techniques. In this paper, we performed transient 

analysis for XOR based and GDI based 1-bit full subtractor it is 

found that XOR based subtractor gives less delay when 

compared to GDI technique. The GDI based full subtractor 

gives low power consumption compared to CMOS technology. 

XOR based full subtractor has delay of 138.33ps and GDI based 

subtractor has power consumption of 211.75nw in 180nm 

technology. It is found that 180nm technology gives less delay 

and low power consumption when compared to remaining three 

techniques respectively. 
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