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Abstract— In this paper an area and power efficient 14T 1-

bit Full Subtractor design has been presented by using GDI 

techniques. The 1-bit Subtractor design consist of 7 NMOS 

and 7 PMOS. For difference output of 1-bit full Subtractor 

GDI XOR-XNOR module outputs has been used with GDI 

2x1 MUX. A GDI XOR- XNOR module has been used 

which consume less area at 180 nm as compared with the 

CMOS modules. To improve delay and power efficiency a 

cascade implementation of XOR module has been avoided 

in the used 1-bit GDI Full Subtractor module. Power 

dissipation and propagation delay are the contradicting 

factors in the design of VLSI CMOS devices .This paper 

aims at reducing power and energy dissipation using Gate 

Diffusion Input (GDI) 1-Bit Full Subtractor  circuits and 

CMOS Circuits comprise of reducing the power supply 

voltages  to investigates the performance parameters i.e. 

delay, power  for  the combinational circuit using  power 

reduction techniques and compare them to find out the best 

one. These techniques can be used further for various 

applications in the field of VLSI design. A competitive 

approach is applied to the 1-Bit Full Subtractor circuit 

emphasizing on the minimum Power-Delay trade-off and 

minimum Transistor count. The PMOS and NMOS 

transistors are connected together for strong output level. 

GDI technique achieves 80% reduction of leakage current 

and 80% reduction of leakage power in active mode as 

compared to the conventional CMOS design.  SPICE 

Simulations are performed with 0.18µm CMOS technology. 

Key words: Gate Diffusion Input (GDI), Low Power, Delay, 

PMOS, NMOS, Very Large Scale Integrated Circuit          

I. INTRODUCTION 

Arithmetic circuits are important part of Digital circuits. In 

the digital circuits, Subtractor is one of the most critical 

components used in the processor of portable devices [1]. 

Hence the area and power efficient design of 1-bit 

Subtractor is necessary for design of small size portable 

devices. There are various possible logic styles that can give 

better performance as compared to the basic CMOS logic 

style. The performance estimation of 1- Bit full Subtractor is 

based on delay and power consumption. The purpose of this 

work is: 

1) To perform the design, full custom implementation 

and simulation of a 1-bit subtractor at the transistor 

level by means of CMOS180nm technology [2].  

2) To verify if the circuit can perform with all the 

possible combinations of the inputs along with the 

logic function which it is designed for [3].  

3) To evaluate the quality of the output signals in terms 

of voltage levels.  

 

4) To assess the performance of the circuit in terms of 

speed, area and power consumption. 

In the recent years various approaches of CMOS 1- Bit full 

Subtractor design using various different logic styles have 

been presented and unified into an integrated design 

methodology. The Conventional 1 bit full subtractor circuit 

diagram is shown  in fig 1 and its truth table in Table 1.  

Power dissipation in any 1-Bit Subtractor circuit 

depends on both static and dynamic power dissipation. The 

static power dissipation is the product of the leakage current 

and supply voltage. The leakage current is described by the 

equation [1]: 

I0 = Is(℮
qv/KT

-1)                                                                   (1) 

Where Is = reverse saturation current  

V= diode voltage  

q= electronic charge  

k= Boltzmann‟s constant  

T= temperature 

The static power dissipation is the product of the 

leakage current and supply voltage. The total static power 

dissipation is given by Ps: 

   ∑                                
                (2) 

Where n= no of devices  

The majority of the power dissipated in CMOS 

VLSI circuits is due to dynamic power. Thus for 

performance estimation of 1-bit Subtractor only dynamic 

power is of interest. During a transition from either „0‟ to „1‟ 

and vice versa both NMOS and PMOS transistors are ON 

for a short period of time. This results in short current pulse 

from to VSS. Current is also required to charge and 

discharge the output capacitive load. With no load 

capacitance, the “short circuit” current is noticeable. As the 

capacitive load is increased, the discharge or charge current 

starts to dominate the current drawn from the power 

supplies. The dynamic dissipation can be modeled with the 

assumption that the rise and fall time of the step input is 

much less than the repetition period. The average dynamic 

power (Pd), dissipated during switching for a square-wave 

input (Vin), having a repetition frequency fp=1/tp  , is given 

by  

   
 

   
∫   ( )       

    

 
∫   ( )(        )  

  

    
   

(3)                                                                                                               

Where in = Transient current of n-devices and ip = transient 

current of p- devices. For a step input and within (t) 

= 
        

  
                                                                         (4)                                                                                                             

Where L C =load capacitance we obtain the 

following expression for the Pd : 

Pd =
   

   
∫           ∫ (        ) (    

 

   

   

 

    )                           (5) 

Substituting fp =1/tp in equation (5) we get 
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 Pd = 
      

  
 

  Hence equation (5) shows that for repetitive step 

input the average dissipated power is proportional to energy 

required to charge and discharge the circuit capacitance and 

switching frequency. Short circuit power occurs due to 

signal rise and fall time. During these periods PMOS and 

NMOS are ON for short period, so there will be a path from  

Vdd to Vss .Short circuit power is part of dynamic power 

consumption due to its dependency on signal transition and 

it may presents differently in static and dynamic logic digital 

logic structure. Basically, CMOS cells have a minimal 

period of short circuit current flow, but this period increases 

due to the slower operation in low voltage circuits. Thereby, 

the short circuit power is a factor of the supply voltage and 

as voltage decreases shot circuit power consumption will be 

less due to its direct relation with Vdd. Note that tr and tf  

parameters will increase because of  Vdd reduction. 

     Psc=V 
     

 
 

     

 
                                                      (6)    

Where  Ipr : Pick current during the rise-time. 

Ipf : Pick current during the fall-time. 

tr : Rise-time period. 

tf : Fall-time period. 

f : Circuit switching frequency. 

Total power dissipation is given by the sum of 

these three power dissipation i.e. static power dissipation, 

dynamic power dissipation and short circuit dissipation.     

P total = Ps + Pd + Psc                                                       (7) 

A. One Bit Full Subtractor: 

A 1- Bit full Subtractor is a combinational circuit that 

performs a subtraction between two binary bits and „1‟ may 

have been borrowed by a lower significant stage. This 

circuit has three inputs and two outputs. Let the three inputs 

be A, B and Bin and Borrow and Difference are two outputs 

of the 1-bit Subtractor and denoted by Bout and Diff 

respectively. Circuit diagram of 1-bit full Subtractor is 

shown in Fig.1. 

 
Fig.1: Circuit Diagram of conventional 1 bit Full Subtractor 

In subtraction process on two bits, a minuend and a 

subtrahend are taken into consideration. There may be a “1‟ 

borrowed from the previous adjacent lower minuend bit. As 

a result, there are three bits to be handled at the input of a 

Full-Subtractor, namely the two bits to be subtracted and a 

borrow bit designated as Bin. There are two outputs, namely 

the Difference output Diff and the Borrow output Bout. The 

Borrow output bit tells whether the minuend bit needs to 

borrow a “1‟ from the next possible higher minuend bit. 

The Truth table and Boolean expression for the two 

output variables are given below. 

 
Table 1: Truth Table of 1 Bit Full Subtractor. 

The Boolean Expression for two output variables are given 

by 

DOUT=A‟B‟C+A‟BC‟+AB‟C‟+ABC                                  (8) 

BOUT=A‟B‟C+A‟BC‟+A‟BC+ABC                                    (9) 

B. GDI One Bit Full Subtractor Design: 

1-bit GDI Full Subtractor has been implemented by using 

only 14 transistors i.e. difference output has been obtained 

by 6T XOR-XNOR module and 2T 2x1 MUX and Borrow 

is obtained by cascading the output of 6T XOR-XNOR 

module with 6 more transistors.Two intermediate signals are 

XOR and XNOR which acts as two inputs to the 2x1 MUX. 

Third input acts as select line for 2x1 MUX. Output of 2x1 

MUX is difference of three inputs A, B and C. borrow is 

implemented by two AND gates and one OR gate. 

 

Fig.2: Logic Diagram of 1-Bit GDI Subtractor 

Difference is realized by as per equation 10 and Borrow is 

realized as per equation 11. 

DOUT=C(AΘB)+C‟(AΘB)                            (10) 

BOUT=A‟B‟C+A‟BC‟+A‟BC+ABC             (11) 

 
          Fig. 3: GDI 1-Bit GDI Subtractor Design 

As shown in Fig.3 1-bit GDI Subtractor comparator 

consist XOR-XNOR modules designed by GDI logic which 

is area and power efficient as compared to CMOS module. 

AND gate and OR gate have been implemented by using 
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two transistors each which is lest as compared to designed 

by CMOS logic. 

In the Gate Diffusion Input Technique here one of 

the inputs are directly diffused into the gates of the 

transistors of N-type and P-type devices so it is called as 

gate diffused input technique. Gate Diffusion Input 

technique reduces power dissipation, propagation delay, and 

area of digital circuits [4-8]. This method is based on the 

simple cell. A basic GDI cell contains four terminals they 

are G (common gate input of NMOS and PMOS transistors), 

P (the outer diffusion node[9] of PMOS transistor), N (the 

outer diffusion node of NMOS transistor), and D (common 

diffusion node of both transistors).  

 
    Fig 4: Basic GDI Cell 

II. SIMULATION RESULT 

The Simulation result is measured by Tanner EDA tool. 

Here the result of CMOS Subtractor & GDI Subtractor has 

been calculated. 

 
Fig. 5: Simulated Waveforms of GDI Subtractor 

A. Comparison Results: 

Parameters GDI CMOS 

Power(µW) 10.9 146.8 

Delay(n.sec) 179.8 286.4 

Transistor                                                                                  

Count 
110 34 

Table 2: Comparison b/w Parameters 

 

Fig. 6: Comparion b/w Power & Delay 

III. CONCLUSION 

This paper designs GDI Subtractor Logic for reduction of 

leakage power and leakage current. The GDI 

SUBTRACTOR using 14 transistors while cmos uses 42 

transistors. Power dissipation and Delay of GDI Technique 

is less as compared to (CMOS). The result calculates with a 

fixed 3.1VDD. The Subtractor was designed using 180nm 

technology [10] on Tanner EDA tool. Using this tool the 

results have been calculated. Power of Subtractor  using 

GDI is 10.9µW and  CMOS technique is146.8 µW. The 

Delay of GDI Technique is 179.8ns and GDI Technique is 

286.4ns. 
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