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Abstract
A full subtractor using Multi Threshold (MT)CMOS technique 
design is proposed in this paper. Combinational logic has extensive 
applications in quantum computing, low power VLSI design and 
optical computing. Reducing power dissipation is one of the most 
principle subjects in VLSI design today. But Scaling causes sub 
threshold leakage currents to become a large component of total 
power dissipation. Low-power design techniques proposed to 
minimize the active leakage power in nanoscale CMOS very large 
scale integration (VLSI) systems. Using MTCMOS approach, 
compare Power consumption of full subtractor in active mode, 
Power consumption in conventional full subtractor is milli-watts 
and proposed full subtractor is in microwatts. Reduction in power 
is 15.63%.Simulation Results are done using DSCH, MICRO-
WIND Tools in 50nm Technology.

Keywords
MTCMOS; Full Subtractor; CMOS Circuit; Leakage Current; 
Low Power Design

I. Introduction 
The rapid increase in the number of transistors on chips has enabled 
a dramatic increase in the performance of computing systems. 
However, the performance improvement has been accompanied 
by an increase in power dissipation; thus, requiring more 
expensive packaging and cooling technology. Power dissipation 
in CMOS circuits has been the charging and discharging of load 
capacitances, often referred to as the dynamic power dissipation. 
Dynamic power is consume when transistors are switching As 
the technology continue to scale down a significance portion of 
the total power consumption in high performance digital circuits 
is due to leakage current because of reduced threshold voltage . 
MOSFETs are fabricated with high overall doping concentration, 
lowered source/drain junction depths, halo doping, high-mobility 
channel materials, etc. Furthermore, the reduction of the gate oxide 
thickness (tox) causes a drastic increase in the gate tunnelling 
leakage current due to carriers tunnelling through the gate oxide, 
which is strong exponential function of the voltage magnitude 
across the gate oxide [1-2]. Consequently, to minimize the leakage 
power in active mode. In current CMOS technologies, the sub 
threshold leakage current is much larger than the other leakage 
current components. This current can be calculated by using the 
following equation.
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Where K and are functions of the technology, and is the drain-
induced barrier lowering coefficient. Even in current-generation 
technology, sub threshold leakage power dissipation is comparable 
to the dynamic power dissipation, and the fraction of the leakage 
power will increase significantly in the near future. Today s 
microprocessor designs devote a large fraction of the chip area 
[4] to the memory structures. High-performance onchipcaches 
are a crucial component in the memory hierarchy of modern 
computing systems. In this technique each NMOS and PMOS 
transistors in the logic gates is split into two transistors. Leakage 
current flowing through the NMOS transistor stack reduces due 

to the increase in the source to substrate voltage in the topNMOS 
transistor and also due to an increase in the drain to source voltage 
in the bottom NMOS transistor. This reduces the power dissipation 
in logic circuits. This technique is implemented to BASIC gates 
such as AND,OR,XOR etc, COMBINATIONAL circuits such as 
FULLADDER,SEQUENTIAL circuits such as D-Flip-flop and 
also for memory cells such as 6TSRAM CELL.

II. Conventional Full Subtractor Circuit
A full subtractor is a combinational circuit that performs a 
subtraction between two bits taking into account that a 1 may 
have been borrowed by a lower significant stage. This circuit has 
three inputs and two outputs. The three inputs A, B and C denote 
the minuend, subtrahend and previous borrow respectively.

Fig. 1: Gate Level Diagram of Full-subtractor

The two outputs D and BORROW represent the difference and 
borrow, respectively. The logic circuit for full subtractor is shown 
in fig. 1. The waveforms for the full subtractor shown in fig. 2 
reflect the logic outlined in truth table.

Table  1: Truth Table of Full-Subtrctor
   A    B    C Diff Borrow
   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

The simplified boolean functions for the outputs can be obtained 
directly from the truth table. The simplified logic equations are:
Diff = A’B’C+A’BC’+AB’C’+ABC.
BORROW = C(A’B’+AB)+A,B.
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Where A, B, C, are the inputs. D is output or difference and B is 
the borrow. The waveform of full subtractor is shown in figure.

Fig. 2: Waveform of Full-subtractor

III. Leakage Reduction using MTCMOS Technique
The low-power and high performance design requirements of 
modern VLSI technology can be achieved by using MTCMOS 
technology. This technique uses low, normal and high threshold 
voltage transistors in designing a CMOS circuit. Supply and 
threshold voltages are reduced with the scaling of CMOS 
technologies. Lowering of threshold voltages leads to an 
exponential increase in the sub threshold leakage current [6]. The 
low-threshold voltage transistors which have high performance 
are used to reduce the propagation delay time in the critical path. 
The high-threshold voltage transistors which have less power 
consumption are used to reduce the power consumption in the 
shortest path [9-10]. The multi threshold CMOS technology has 
two main parts. First, “active” and “sleep” operational modes 
are associated with MTCMOS technology, for efficient power 
management. Second, two different threshold voltages are used for 
N channel and P channel MOSFET in a single chip [7]. These apply 
on between the low threshold voltage (low-Vt) gates from the 
power supply and the ground line via cut-off high threshold voltage 
(high-Vt) sleep transistors is also known as “power gating”.
The schematic of power gating technique using MTCMOS on 
full subtractor is shown in fig. 3.

Fig. 3: MTCMOS Technique on Full- Subtractor

Fig. 4: Waveform of Proposed Full-Subtractor

IV. Simulation Result
A full subtractor subtracts 3input bits and gives the output in the 
form of difference and borrows. We design the transistor level full 
subtractor using DSCH, Micro-Wind tool in 50 nm technology 
and simulate it giving the inputs and get output. By applying the 
MTCMOS technique in 50nm technology reduction in current 
and power is shown.

Fig. 5: Power Calculation of  Full Sustactor

Fig. 6: Power Calculation of Proposed Subtractor
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Fig. 7: Leakage Power Calculation of Full Subtractor

Fig. 8: Leakage Power Calculation Of Proposed Subtractor.

V. Conclusion 
Simulation result show reduction in power consumption using 
DSCH, Micro-Wind Tool Using 50nm technology, for designing 
of full subtractor reduces in power consumption as well as leakage 
power calculation compared to conventional full subtractor. 
Reduction in power is in micro-watt compare to the conventional 
full subtractor. Reduction in leakage power is 15.63%.
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