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Abstract
This research proposes a novel approach to designing a 1-bit full adder circuit using 18
transistors, integrating Carbon Nanotube Field-Effect Transistor (CNFET) technology,
complementary metal oxide semiconductor (CMOS), pass transistor logic (PTL), and
transmission gate logic (TGL). The critical route delay, a key metric for assessing circuit speed
and efficiency, is optimized by strategically combining these logic types. The experimental
setup, simulated using 32 nm CNFET technology in the Cadence Virtuoso CAD tool,
demonstrates superior performance compared to traditional circuits in terms of power, delay,
and power-delay product. The proposed circuit outperforms the farthest and nearest candidates
by 68.5%, 70%, and 68.3%, and 19.4%, 2.06%, and 22.3%, respectively. Analysis of transistor
count, leakage current, static power, dynamic power, and total power consumption further
validates the efficiency of the proposed 18T-FA circuit.
Introduction
The continuous evolution of portable electronic gadgets is closely tied to the increased
integration of diverse multimedia hardware. As these devices become more sophisticated, their
demand for power grows, necessitating the development of energy-efficient and area-efficient
digital integrated systems. Among the critical components in these systems are full adders
(FAs), particularly in advanced communication systems like Digital Signal Processors (DSPs).
In state-of-the-art communication systems, FAs play a crucial role in various applications, such
as the final carry propagate paths in multiplication and division circuits. Additionally, FAs find
specific use in building blocks of communication systems, such as "direct-digital-frequency
synthesizers" (DDFS). Figure 1 illustrates the power distribution among different functional
blocks in a high-frequency DDFS circuit commonly required in Long-Term-Evolutionary
(LTE) communication systems.
In the context of this figure, the "phase accumulator and complementary" block, which involves
arithmetic circuits, stands out as a power-hungry element, demanding special attention. This
observation underscores the need for optimization of a 1-bit FA for context-based applications,
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making it an ongoing and essential process. Specifically, the focus is on enhancing the
efficiency of FAs for applications like DDFS in LTE communication systems, where power
consumption is a critical concern.

The classification of Full Adder (FA) architectures into two main types: "carry-independent-
sum-adders" (CISAs) and "carry-dependent-sum-adders" (CDSAs). The focus then shifts to the
further classification of FAs into static, dynamic, and hybrid FAs based on the type of logic
style employed.

Static CMOS and its variant, the static CMOS mirror adder, are highlighted as examples of
CDSAs. These adders are recognized for their full swing outputs and reliability even at low
supply voltages. However, they suffer from drawbacks, notably speed degradation due to the
substantial gate capacitance at each input. Each input has to drive a gate capacitance of both a
pMOS and an nMOS device. The presence of pMOS pull-up circuitry further contributes to
speed issues because pMOS devices are slower than nMOS devices. To compensate for this
speed difference, pMOS devices need to be sized up, leading to increased area and higher
power dissipation. Additionally, the static CMOS FAs consume more transistors, resulting in
a larger area due to increased total capacitance (TC).
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Figure 1. Power distribution among different functional blocks in a high-frequency
DDFS circuit

The "transmission-gate-adder" (TGA), 14T, 8T, and "transmission-function-adder" (TFA) are
all low-power adders due to their low total capacitance (TC). The 14T adder is based on Pass-
Transistor Logic (PTL) and Transmission Gate (TG) logics, while the 8T adder is derived
solely from PTL logic. Both TFA and TGA are based on TG logic. However, a drawback of
these adders is their lack of driving capability, which is crucial in long chain adders.

Another category of adders discussed is the "hybrid-pass-transistor-with-static-CMOS logic"
(HPSC-1) and its improved version, HPSC-2. These adders aim to balance different logic styles
to trade-off between different dynamic metrics (DMs) and achieve low TC. However, they
suffer from layout complexity due to the different sizing of pMOS and nMOS devices. The
Hybrid-1 FA, a subtype of HPSC-1, offers good driving capability and better noise margin due
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to the combination of pass transistor and static CMOS design. Nevertheless, it exhibits
relatively higher power dissipation attributed to glitches associated with internal node
capacitances and increased silicon area due to different sizes of pMOS and nMOS transistors.
Two other types of adders mentioned are the "double-pass-logic" (DPL) and "swing-restoring-
complementary-pass-transistor-logic" (SRCPL), which combine low power and high speed.
However, they suffer from large silicon area requirements due to higher TC. The Hybrid-2
adder, also known as the 1-bit FA, is reported to have low power, high speed, and low TC. It
is based on the Complementary Inverter Structure (CIS), achieving the desired performance
through transistor sizing, albeit at the cost of extra area.

Proposed Methodology

A digital logic circuit called a complete adder performs mathematical addition. Adders are a
fundamental component of on-chip libraries and are used to compute operations like table
indices, addresses, and other related tasks. The two input operands (A, B) and previous stage
carry are added to produce the resultant sum and carry output of a complete adder (Cin). Figure
2 displays a block diagram of a 1-bit complete adder.
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Figure 2: Block diagram of 1-bit Full Adder
The relationship between input and output bits can be expressed with expressions given
in equation (1) and (2). The truth table of a 1-bit full adder is shown in Table 1.

SUM = ABC;, + ABCi, + ABCiy + ABCiy

CARRY = AB + BC;, + AC;,

Where A and B are the inputs and the outputs are SUM and CARRY while Cin
represents the carry input if any.
Table 1: Truth Table of Full Adder

A B Cin SUM CARRY
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

There are various methods to build a circuit that is efficient with power, but the optimal one is
to minimize the number of transistors and the latency on the critical information line leading

1680



PERFORMANCE ANALYSIS OF A 1-BIT FULL ADDER CIRCUIT USING 18 TRANSISTORS AND CNFET TECHNOLOGY

to the output. Each of the resulting circuits has its own set of benefits and drawbacks. We have
considered power, delay, and power-delay product as the parameters to compare in order to get
a firm conclusion on the relative merits of different systems. The aforementioned parameter
was selected on the basis that it would provide the greatest breadth of coverage across all of
the necessary qualities, including but not limited to type problem, power consumption,
responsiveness, suitability for purpose, etc. Multiple implementations of the designed circuits
are carried out using Pass semiconductor unit Logic (PTL) and Transmission Gate Logic
(TGL). Pass-transistor logic's simplified design, signal re-use, and negligible impact on static
power are all pluses, while transmission logic's adaptability in reducing both transistor count
and parasitic effects is a major selling point.

Full Adder with 18 Transistor (18T-FA)

The utilization of CNFET (Carbon Nanotube Field-Effect Transistor) technology in
realizing a specific circuit employing 18 transistors, as depicted in Figure 2. This circuit
represents a 1-bit full-adder and is ingeniously crafted by integrating complementary metal
oxide semiconductor (CMOS), pass transistor logic (PTL), and transmission gate logic (TGL).

The core of the proposed 18T full-adder circuit involves the incorporation of CMOS
logic in the intermediate stages, utilizing C1-C10 transistors. Furthermore, the circuit employs
PTL logic, comprised of C11-C14 transistors, to generate the SUM output, while the CARRY
output is produced through TGL logic, involving C15-C18 transistors.
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Figure 3: Schematic diagram of 18T-FA
Proposed feature of this circuit is its critical route delay, which is determined by the delay
introduced by 4 transistors. This critical route delay metric is crucial in assessing the speed and
efficiency of the circuit, with lower values generally indicating better performance.
In essence, the integration of CNFET technology along with a strategic combination of CMOS,
PTL, and TGL logics allows for the creation of a compact 1-bit full-adder circuit with a total
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of 18 transistors. This demonstrates a sophisticated approach to circuit design, optimizing the
strengths of each logic type for specific stages within the circuit to achieve the desired
functionality and performance.

Result and Discussion

32 nm CNFET technology was used in the experimental setup for the simulation of the
suggested designs using the Cadence Virtuoso CAD tool, with the supply voltage being +0.9V,
the threshold voltage being 0.289V, and the chirality vector (19, 0). Simulation waveform of
the proposed (18T-FA) full adder circuits consists of inputs (A, B, Cin) and outputs (Sum and
Carry) are shown in Figure 4.
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Figure 4: Waveform of 18T-FA
The projected 18T-FA circuit is compared with the traditional circuits and located to be 68.5
%, 70 %, and 68.3 the best than the farthest candidate and 19.4 %, 2.06 %, 22.3 the best than
the nearest candidate in terms of power, delay and power-delay product, severally. These full
adders circuit styles are compared in terms of semiconductor count, power, delay, and power-
delay product. The subsequent points are inferred from the Table 2.
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Table 2: Comparison between proposed and other full adders in terms of transistor
count, delay, power and power delay product (PDP).

Full Adder Transistor | Power | Delay PDP
Designs Count (r W) | (ps) (aJ)
C-CMOS [82], 1988 28 0.124 | 12.355 1.532
TGA [82]. 1988 20 0.135 10.104 1.364
TFA [83], 1992 16 0.109 | 11.701 | 1.275
CPL-TG [84], 1996 36 0.139 14.26 1.982
Mirror [85], 1997 28 0.126 | 12.321 1.552
SERF [86], 1999 10 3.326 | 9852.7 | 32770.08
13A [ST]. 2002 10 5.819 | 9507.8 | 55325.88
HPSC [SS]. 2005 26 0.095 | 30.654 2.912
NEW-HPSC [89], 2006 24 0.123 | 30.232 3.718
CLRCL [90], 2007 10 5.903 | 231.18 | 1364.65
Oursl [91], 2011 28 0.163 | 10.866 1.771
HCTG [92], 2015 16 0.124 | 12.116 1.502
RSD-FA [93]. 2016 26 0.091 9.427 0.857
18T-FA [94], 2017 18 0.088 | 8.93 0.785
HMTFA [95], 2018 23 0.121 | 16.909 2.056
16T-FA 16 0.073 | 8.122 0.592
14T-FA 14 0.052 | 6.469 0.336
12T-FA 12 0.039 | 6.876 0.268

Further analysis of leakage current, static power, dynamic power, and total power consumption
is done for the proposed (18T-FA, 16T- FA, 14T-FA and 12TFA) 1-bit full adder designs
shown in table 3.
Table 3: Analysis of leakage current, static power, dynamic power and total
power consumption.

Proposed | Leakage | Leakage | Dynamic | Total
Designs | Current | Power Power Power
(nA) (nW) {(n'W) (n'W)

18T-FA 0.511 (1.462 88,390 BE.552
16T-FA (1.349 (.316 73.300 73.706
14T-FA (.238 0.225 52.750 52.975
12T-FA (0.218 (0.197 39.391 30.588

Conclusion

The integration of CNFET technology and a strategic combination of CMOS, PTL, and TGL
logics in the proposed 18T full-adder circuit showcases a sophisticated and efficient design
approach. The critical route delay, determined by only 4 transistors, emphasizes the circuit's
speed and performance. Simulation results using 32 nm CNFET technology reveal that the
proposed circuit outperforms traditional counterparts, demonstrating significant advantages in
terms of power, delay, and power-delay product. The comprehensive analysis, including
transistor count and various power-related parameters, further supports the superiority of the
18T-FA circuit, making it a promising candidate for future on-chip applications demanding
efficient arithmetic operations.
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