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Abstract- Advancements in technology have led to an increase in the transistor density on chip which in turn leads to creation of a complete System on
Chip (SoC). In addition to which, shifting the focus towards the existing low-level design modifications, leads to further improvement in chip density, resulting
in more than one system on a chip, called systems on chip. In this paper, author focuses on the design and analysis of various low level subtractor design
modifications and suggests the most feasible design technique. These low level subtractor designs, when used in the top-level hierarchical design of an
ALU unit, leads to an enhanced performance of a system which reduces the power, timing and number of transistors occupied on the chip. The various
methods of a full subtractor (FS) design have been implemented using Electric tool which utilizes 180nm CMOS technology. After analysing the results
obtained from these different methods, using two XOR gates and a 2:1 Multiplexer (MUX) to design a Full Subtractor circuit has proven to be the most
feasible design for a full subtractor as it utilizes 44 transistors with a propagation delay of 0.0465 ns and power consumption of 0.117uW which makes it

the most optimized design compared to all other methods.

Index Terms- Full subtractor, System on Chip, Power Optimization, Timing Analysis, Efficiency, CMOS Technology, Electric tool.

1. Introduction

Technology has been evolving for many decades, which is
compelling the Semiconductor industry to deviate from Moore’s
law. Such an enhancement in technology leads to a reduction in the
transistor size to the lowest nano meter scale, which ultimately
increases transistor density on a single die.

As the result of high transistor density, designers are able to
accommodate a greater number of functional blocks on a single
chip to develop a complete System on Chip (SoC). The feature size
of the device is moving towards a lower nano meter scale i.e., less
than 7nm, which ultimately meets the energy and power
consumption demand of portable battery-operated devices such as
laptop, mobile, wrist watches, 10T devices and so forth.

When the transistor length is shrunk below 7 or 4 nm, the
second order effects like sub-threshold conduction, hot carrier
effects and velocity saturation are observed, that would lead to
static power dissipation or a leakage power. To address this issue,
the other way of functional block/transistor density can be
increased by modifying the original design structure of the
combinational or sequential circuits like adder, subtractor,
multiplier and counter design in processors or a system. Such
modifications allow us to reduce the number of transistors in the
basic circuit design. Ultimately the low-level design modification
gives a space to develop a multiple system on chip rather than a
single system on a chip. Hence there is a research scope to modify
the basic digital functional blocks in the future.

In this paper, the authors aim to modify the basic structure of
the existing subtractor circuit [1],[2] to obtain maximum efficiency
with respect to number of transistors, timing and power
consumption using various methods and arriving at a conclusion
about the best method among the stated methods.

Organization of this paper is as follows: Section Il provides a
background on the basic structure of a full subtractor. Section 11l
presents the various other modified full subtractor designs which
helps to suggest the best optimized full subtractor design. Section
1V shows the comparative result analysis of various design
properties of all the full subtractor methods discussed in the paper.
Subsequently, section V gives the conclusion of the result.

2. Conventional Method
2.1 Description

A full subtractor is a combinational circuit which performs the
subtraction of the three input variables. It is designed using the
logic gates AND, NOT, OR and XOR. It has three inputs A, B and
C which represent the minuend, subtrahend and the previous
borrow. The two outputs D and Bo represent the difference and
borrow. Figure 1 represents the logical structure of the
conventional Full Subtractor. Based on the Full subtractor truth

Table 1 the equations Eq.1 and Eq.2 have been derived.
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Figure 1: Conventional FS Circuit Diagram
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2.2 Truth Table

Table 1: Conventional FS Truth Table
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From Table 1 the difference and borrow bits of the output can be
obtained as Difference.

D=ABC+ABC +ABC+ABC............. Q)
and Borrow as
Br=ABC+ABC +ABC+ABC................. 2

Using Karnaugh map the reduced expression for the output bits can
be obtained as
Br=A®BC + AB............. 3)

This proper choice of a logic strategy is significant because all
important constraints governing power dissipation- switching
capacitance, transition activity, and short circuit currents are
powerfully prejudiced by the chosen logic design constructed on
the basis of logic expression using basic gates as shown above.
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Figure 2: Input and Output waveform of FS

Figure 2 indicates input and output waveform of a conventional FS
where A, B and C are the inputs and D and Bo are the outputs.
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Figure 3: Timing Analysis of Conventional FS

Figure 3 shows the calculation of propagation delay for the
conventional method of a full subtractor. This propagation delay is
calculated at 50% of the input and 50% of the output. The
difference between the input and output helps us to obtain the
propagation delay.

Table 2: Shows the Conventional FS Properties

Power(pW) | Number of Time(us) Propagation
| Tonsistors| | Delay(ns) |
0.271 46 Tri(Input Rise 0.042
time)=1.00102
Tro (Output
rise

time)=1.00144

Table 2 shows the number of transistors, power and timing analysis
of the conventional full subtractor using basic gates. With respect
to the timing analysis, the rise time is calculated in order to
determine the propagation delay of the circuit.

3. Other modified Full Subtractor Techniques

In this section the authors have tried various other techniques by
modifying the conventional FS design.

3.1 Method-1 Using two XOR gates and a 2:1 MUX
3.1.1 Description

In the borrow stage of this method, the AND and OR gates are
replaced by a Multiplexer (MUX). For the difference stage, the
design of the conventional FS i.e.two XOR gates have been
retained, as shown in Figure 4.
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Figure 4: Shows Modified Method-1 FS
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Figure 5: Timing Analysis of Method-1

Figure 5 shows the waveform used for calculation of propagation
delay for a full subtractor using 2 XOR gates and 2:1 MUX.

Table 3: Properties of Modified FS Design using method-1

Power(uW) | Number of Time(us) Propagation
Transistors Delay(ns)
0.117 44 Tr=7.00100 0,0465

Tro=7.001465

Table 3 shows the result analysis of modified method-1 which
shows that the number of transistors and the power have decreased
significantly. This implies that method-1 is better than the
conventional full subtractor design, with respect to the number
of transistors and power utilization for the circuit.

3.2 Method-2 Using XNOR Gate and two MUX
3.2.1 Description

In this method both difference and borrow stages are modified. The
Difference stage is obtained using a 2:1 MUX and logic gates. The
borrow stage is realised using a 2:1 MUX is as shown in figure®6.

Figure 6: Circuit Diagram of FS using XNOR Gate, NOT
Gate and 2:1 MUX
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Figure 7: Timing Analysis of Method-2

Figure 7. shows the calculation of propagation delay for a full
subtractor using XNOR gates and 2:1 MUX.

Table 4: Properties of FS Design using Method-2
Power(yW) | Number of
Transistors

0.250uW | 54

Propagation
Delay(ns)
Tr=7.001008 0.0654
Tro=7,001662

Time(ps)

Table 4 shows the result analysis of Method 2, after analysis it can
be observed that all the parameters have increased. Therefore, this
design cannot be considered as one of the optimized methods.
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3.3 Method-3 Using two 4:1 MUX
3.3.1 Description

In this method, both the difference and the borrow stages have been
modified to further optimize the design. In method-2, a
combination of logic gates and 4:1MUX was used to implement
the difference stage, which has been replaced by a 4:1 MUX in this
method. To implement the borrow stage, a 4:1 MUX is used. The
realization of this design is done using VEM technique as shown
in table 5, and figure 8 which shows the logical structure of this
method.
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Figure 8: Circuit Diagram for FS using two 4:1 MUX

3.3.2 VEM Table
Table 5: VEM Table for Method-3

A B C §] Bo Inpaat to maltiplexers
M1 12

o o o L1} o C C

0 0 1 I 1

[ 1 il 1 1 [ 1

[ 1 1 0 1

1 0 il 1 0 c 0

1 o 1 Li} i

1 1 il [V 0 C C

1 1 1 1 1

Variable Entrant Mapping (VEM), is used to increase the effective
size of a k-map, thereby allowing a smaller map to handle a larger
number of variables. Therefore, VEM is used to realise the output
equations required for the method 3. As per table 5, M1 output
variable are the inputs for the first MUX and M2 output variables
are the inputs for the second MUX, as shown in Figure 8.
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Figure 9: Timing Analysis of Method-3

Figure 9 shows the calculation of propagation delay for a full
subtractor using two 4:1 MUXs.

Table 6: Properties of FS Design using Method-3

Power(pW) | Number of Time(ps) Propagation
Transistors Delay(ns)
0.112uW 122 Tri=7.001004 0.0712

Tro=7.001716

With reference Table 6 we notice that the power consumed by a4:1
MUX is comparatively lesser than the previous methods. However,
the number of transistors significantly increases on using a 4:1
MUX to obtain Difference and Borrow.

4. Result Analysis

Table 7: Comparison Table for all the methods

| Paramoiers Usng Method 1 Method 2 Methed 3
Con K Using 2 X0OR Using 1 XNOR 9318 Vang wo 41
Suteractor gades and 3 221 and two 21 MUX mubiploners
MLUX

Power (UW) ozn ony 02%0 o2

Progagation Ly, 00405 00654 nor2

Sobayire)

Nimber of 7 B2 M 122

ranssion

This section [5] describes the result analysis of various Full
Subtractor methods and it is simulated on Electric software using
180nm technology with a supply voltage of 5V. From Comparison
Table 7, it can be inferred that the Conventional method has the least
propagation delay (0.042 ns) but the power consumed is the most
amongst all the methods (0.271 pW). Method 1 is the most optimised
design as it utilises a lesser number of transistors (44) compared to
other methods thereby significantly reducing the power consumption
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(0.117 uW). The following can be inferred about the other methods:
Method 2 has the highest amount of power consumed (0.250 pWw).
The propagation delay (0.0654 ns) and number of transistors used
(54) are higher than that of the conventional method and method 1.
Method 3 utilizes the greatest number of transistors (122) and has a
higher propagation delay (0.0712 ns) compared to all other methods
therefore making it much slower and less efficient. However, the
power consumed (0.112 pW) is the least in this method as it uses two
4:1 MUX. Figure 10 shows the graphical representation of
comparative analysis of all the method with respect to number of
transistors, power consumption, and the propagation delay

Power (uW)

Propagation delay(ns)

oesy

T oden

o Mot 1 W thod 2 (SO

Number of transistors
S0 ’—c——"/
(M Methed 1 Muthod 2 Method 3

Figure 10: Shows the Graphical Comparison Analysis of all
methods

5. Conclusion

Due to advancements in technology, the need for minimum power
consumption, minimum transistor count and less propagation delay
has driven the need for optimized low-level designs to further
enhance the density of the SoC design. This research work
proposes various full subtractor designs and analyses the various
design parameters to suggest the best method. From the analysis, it
can be inferred that using two XOR gates and a 2:1 MUX in the
modified FS leads to lower power consumption due to a smaller
number of transistors used in this method compared to all other

methods. Hence, it can be concluded that using two XOR gates and
a 2:1 MUX is the most optimized way to design a FS, which can
be incorporated in the ALU of a system. The suggested design also
makes it possible for the system to be portable and be applied in
energy efficient applications.
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