IJARST

Electronics and Communication Engineering
Ramachandra College of Engineering Eluru

International Journal For Advanced Research
In Science & Technology

ISSIN: 2457-0362

Reconfigurable Full Adder Circuits Using Floating Gate Field-
Effect Transistor Logic"

M Suma

Abstract—High data throughputs with low power computing
pose challenges toward overcoming the von Neumann bottleneck
significantly. As such, logic in-memory technology that encom-
passes both the processing and the memory component altogether
emerged to be considered as a potential candidate that has been
touted so far. In this paper, circuits for full adders using FGFET
in logic-in-memory technology are discussed extensively.

Based on the analogy drawn from the structural standpoint,
from widely applied floating gate memory cell transistors, this
work estimated the possibility of using a combination of FGFETs
in large- scale circuits.

Successful experiments on FGFET models at 32nm technology
are performed. An extensive comparison has been done among
three different designs of full adders and their corresponding
classical CMOS-based counterparts in light of the chosen
performance criteria like operational speed and power
consumption. The results show that the FGFET-based designs
outperform the conventional counterparts both in energy
efficiency and operation speed.

The results are very insightful and reflect that the FGFET-
based design is pretty workable and efficient to handle the needs
for requirements in applications of computing through artificial
intelligence and intensive data.

Index Terms—Logic in Memory (LiM), Floating Gate Field
Effect Transistor (FGFET), Full Adder Circuit, Technology
Computer-Aided Design (TCAD), High Data Throughput.

[. INTRODUCTION

With the growing necessity for more complex technologies
involving Al, big data analytics, and cloud-based services,
computing systems must necessarily become faster while
consuming power. However, traditional models of computing
that distinguish a processor from a memory unit have
significant drawbacks. In fact, these are so-called "Memory
Barrier” and the "Processing Bottleneck,” created by
inefficient data movement between the two components; this
results in poor performance and high power consumption.

In a manner to overcome these limitations, new directions
like Memory-integrated Computing (MiC) are being
investigated into which the computational and memory
functions are integrated into one unit. The data transfer count
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is reduced so the processing speed is enhanced with the
reduction in energy use. The promising technologies towards
such directions are FGTs with application prospects for
integration into mainstream silicon technologies having an
inherent non-volatile storage capacity.

This paper explores the use of FGTs in designing full
adder circuits at the heart of digital arithmetic operations. It
compares, based on extensive simulation at a 32nm technology
scale, the performance of FGT-based adders with that of
conventional CMOS designs in terms of energy efficiency,
processing speed, and area efficiency. The motivation is to
bring out how FGTs can help in the development of more
energy-conscious computing architectures for the future.

[I. FUNCTIONALITY AND SIMPLIFIED MODELING
OF MEMORY-INTEGRATED TRANSISTORS

In this section, Memory-Integrated Transistors (MITs) are
discussed, which consist of a Vertical Field-Effect Transistor
(V-FET) and a Sense Field-Effect Transistor (S-FET) that
share a common memory node. The S-FET is referred to a
32nm planar MOSFET as a reference device for traditional
technology. The channel length of the V-FET was determined
by earlier research.

Using the Sentaurus Device, which is an advanced
multidimensional simulator that models electrical, thermal,
and optical semiconductor device characteristics, the electrical
properties of the MIT have been simulated. It could predict
the important characteristics in terms of I-V and C-V curves.

In the simplified MIT model, voltage-dependent coupling
capacitance is incorporated. Charge distribution within the
MIT depends upon the operating modes and this affects
capacitance and other properties.

MIT Operational Modes:

The MIT operates in different modes depending on the
applied voltages, which determines its functionality.
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Start Address Mode It applies 3V to word line and no
voltage to both data line as well to sense line and this
processes initializes the VMN to an initial value, which shall
be 0V preceding any write command on the storage node.

In Write Mode, 3V is given to the word line and 0V is set
for the sense line. In writing a '1’, the voltage of 1V is given
to the data line and the voltage of 0.05V is used to write a
'0’. The voltage in the data line controls the data that has been
stored in

III. FERROELECTRIC GATE FIELD-EFFECT
TRANSISTORS FULL ADDER DESIGN

A. Conventional 28-Transistor Full Adder

Conventional 28-Transistor Full Adder

The full adder is the digital circuit that calculates the sum
of two binary digits and a carry-in bit, giving a sum and a
carry-out bit. In its conventional form, it takes 28 transistors.
This configuration was simulated at 32nm CMOS technology
that possesses electrical features similar to that of Sense FET
in FGFETs.

The dynamic power consumed is 1.14 uW while the static
power is 16.51 nW. The propagation delay was 44.55 ps,
thereby achieving a Power-Delay Product of 50.79 aW's. The
layout area occupied by this configuration was 3.75 um?,
utilizing two metal layers.

B. FGFET-Based Full Adder Type A

The FGFET-based Full Adder Type A, also known as
A-type, uses a total of 16 FETs and 3 FGFETs amounting to
19 transistors. The design of this full adder shows a
substantial decrease in transistor count compared to the
traditional 28-transistor full adder.

The layout area is 2.46 um? and utilizes four metal layers
with an area reduction of 34.4%. On the other hand, based
on performance, dynamic power consumption was
1.14 pW with static power 16.51 nW, and a propagation delay
of 44.55 ps leading to PDP of 50.79 aW's.

C. FGFET-Based Full Adder Type B

The B-type or Full Adder Type B uses 13 FETs and 7
FGFETs, with a total of 20 transistors. It has two pull-up
clock transistors and four inverter transistors for Sum and
Carry-out outputs; the design is an 8-transistor reduction
compared to the original one. Its layout area is 2.24 pm?
using four metal layers and provides an area reduction of
40.3%.

Performance Metrics of B-Type Full Adder
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Dynamic Power 1.08 uW Static power 5.40 nW Propagation delay:
41.25 ps PDP: 44.55 aW - s D. FGFET-Based Full Adder Type C
The full adder on the basis of FGFET with Type C has been
labeled as C-type, consisting of all 21

transistors thatis 15 FETs and 6 FGFETs.

This circuit includes two pull-up clock transistors and four
inverter transistors for Sum and Carry-out outputs. It realizes
7-transistor reduction in comparison to the traditional structure.
It has a layout area of 2.53 um? using four layers of metal. That
would reduce the area by about 32.8% as compared to the
conventional case.

The performance parameters include dynamic power dis-
sipation equal to 0.93 pW, static dissipation equal to 5.55 nW and
time taken for propagation equals to 16.44 ps while resulting in
PDP about 15.29 aW -s.

D. E. Comparison

The A-type, B-type, and C-type FGFET-based full adders have
shown vast improvements over the conventional 28- transistor
full adder in terms of transistors count, layout area, and performance
such as dynamic power consumption, static power, propagation
delay, and PDP. These benefits are due to the replacement of FGFET
devices, which provide nonvolatile memory capabilities, thus
showing more efficient and compact implementations of full
adders.

IV. RESULTS AND DISCUSSIONS
E. Performance Metrics

FET-based designs against a 28-FET conventional full adder
using some performance metrics, which included: dynamic
power, static power, delay, and PDP. Important take-away
findings are as follows:

Dynamic Power. At up to 18.42% for C-Type.

Static Power. Decline by more than 67.47% for all types
compared to the 28 FET full adder. Due to the lower GIDL leakage
effect.

Delay. Noted improvement in C-Type compared with others,
having cut this down by up to 63.1%.

PDP: It was bettered in all designs of FGFET. In that regard, C-
Type attained 30.10 percent saving.

F. Area Efficiency

FFG-FET’s compact size helped save the area heavily with saving
ranging between 32.5 to 40.3 percent.
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Figure 1A: A full adder configuration in the form of an A- type configuration that displays the output characteristics o f FGFET
technology.

Figure 1C: C-type full adder design, which is implemented to show the output behavior with FGFET technology.
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V. CONCLUSION

In this work, we have explored the potential of the FGFET as a game-changer for next-generation Logic-in- Memory (LiM)
applications.

We have successfully designed and tested
a full adder circuit specifically for LiM systems by implement-ing it at the 32nm planar MOSFET technology node.

In the process, we have analyzed the unique structure and working principles of the FGFET and confirmed its capabilities
through compact modeling applied to three different full adder designs.
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