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GNRFET, proposed circuits. The various performances like delay, power dissipation and PDP of
Adder, proposed designs are analyzed and compared to traditional CNTFET. The proposed
Multiplier, schematics improved the overall performance up to 42.12% than CNTFET designs.
HSPICE. Moreover, the PDP of the proposed designs are compared to the existing literatures. The

PDP is improved for the proposed circuits up to 69.64% over the existing works.
Furthermore, the PVT variations impact on the proposed adder and multiplier designs are
investigated. It is observed that adder and multiplier circuits showed minimum variations on
the performance for the PV T variations.
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I. INTRODUCTION

Recently, the two valued logic states are limited to develop digital circuits because of large interconnections, large occupying
area and high energy-dissipation, respectively [1-5]. Alternatively, the multiple-valued logics (MVL) consist of more than logics that
reduce the interconnection [6], reduce the area by 70% [7] and improve the energy-dissipation by 50% [8]. In [9], it is discussed that the
utilization of ternary logic in design of digital circuit improves the design complexity and cost over the other MVL logics. The ternary
logic consist logic levels 0, 1 and 2 that correspond to 0, Vpp/2, and Vpp, respectively. The ternary circuit designs utilizing silicon
technology has knottiness’s like short channel issues and large leakage currents [1-3]. Hence, many researchers offered various alternate
technologies such as Fin-transistors [10], single electronic transistors [11], quantum dot transistors [12], carbon nanotube FETs
(CNTFETs) [13-15] and graphene nanoribbon FETs (GNRFETSs) [16-20], respectively. Out of these techniques, GNRFETSs provides
optimistic way to use in digital circuits because it offers energy-efficient and high-speed circuits. Hence, in this study, the ternary circuits
are designed with the GNRFETs. Using GNRFETS, various ternary schematics are designed in [16-18]. The basic gates, universal gates,
decoder, half adder and full adder are implemented in [16]. The ternary adder and multiplexer using decoders are discussed in [17]. In
[18], the adder, subtractor and multiplier schematics are presented. However, all these existing literatures use single supply and decoder
circuits in the designs. Using the single supply and decoders in the circuits, increases the heat, there is a direct connection among large
and small possible voltages, increases transistors and increases power dissipation [19]. Moreover, limitations of existing papers [16-18]
are provided in Table I.
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Table 1: Limitations of existing designs [16-18].
No. of Transistors

Method Refs. | Year Details — Limitations
Adder | Multiplier

Traditional Design = Uses Ternary Decoders = Large Tr.ansistor Count
[16] | 2020 = Uses Single supply 284 B . H.1gh PDP
= High EDP

" Uses basic gates = Large Circuit Area

Source: Authors, (2026).

Hence, in this work, new designs of unary operators, half adder and multiplier circuits with GNRFET technology are presented.
The delay, power and PDP, and the PVT variation effect on performance of proposed circuits are also investigated. Moreover, proposed
GNRFET schematics are also compared to CNTFETs circuits and existing designed GNRFET designs [16-18]. All the proposed circuit
schematics are built in HSPICE for transient verification and obtaining the various performances. The primary contributions of the
proposed work are discussed below

= The GNRFET ternary complex circuits are designed without using the decoders and encoders that helps to reduce the transistor count.

= Two voltage supplies i.e., Vpp and 0.5Vpp are used that removes the direct connection from Vpp to GND.

= The additional ternary operators are used to develop the adder and multiplier that reduce the transistor count and improve the overall
performance.

=  The PVT variations are also investigated and compared to existing CNTFETs and GNRFETSs based circuits.

The remainder of the work is arranged as follows: Section 2 describes GNRFET background. The discussion on ternary unary
operator is presented in Section 3. The design of ternary adder and multiplier schematics are discussed in Section 4. The comparative
study with the existing works and PVT variation effect on performance are also discussed in Section 5. Finally, the conclusion is presented
in Section 6.
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Figure 1: GNRFET structure.
Source: Authors, (2026).

II. GNRFET TRANSISTOR

In this work, the University of Illinois GNRFET model presented in [21-23] is used. The structure GNRFET is shown Figure 1.
The GNRFETs utilizes the semi-conductive armchair single-layer GNR (SLGNR) sheets as a channel. The carbon atom organization
across the sheet of SLGNR is dimer line and it is represented by (7). The dimer line value of SLGNR decides whether the SLGNR is
conductor or semiconductor. If n = 3i or 3i+1, then the SLGNR is semiconductor and it is conductor for n = 3i+2, (i is positive integers).
The GNR width is stated as

\/5(1 —+ n) a
WsLone =—— 1

Where 7 is a dimer line value and ay is the distance between the carbon atoms, respectively. The GNRFET threshold voltage
(Ver) is defined as

E

g
Vor=-3, &)
2ol b,
@ = 3)
WSLGNR
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Where E,, is the bandgap, e is charge of electron, 4, is Plank’s value and V7 is fermi velocity, respectively. The detailed on the
|®| is given in [16-19]. The characteristics of GNRFETSs look similar to the MOSFET. The current and voltage curves of GNRFETS are
given in Figure 2. It is found that high drain current for large dimer line value. In the proposed work, we have used only two dimer line
GNRs n = 6 and 12, respectively. The relation of these dimer lines with the width and threshold values is given in Table II.

0.3

0.a

Fate Volaze (V)

Figure 2: Current and Voltage curves of GNRFET.
Source: Authors, (2026).

Table 2: The relation of dimer line, width and threshold voltage of GNRFETSs.

) ) ) Threshold Voltage (Vor)
Dimer Line (n) | Width (Wszong)
N-GNRFET | P-GNRFET
6 0.86nm 0.43V -0.43V
12 1.60nm 0.23V -0.23V
Source: Authors, (2026).
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Figure 3:Ternary logic unary operators (a) X,, (b) X, (¢) 1- X , (d) l ,(e) X2, (D X , (2) X; and (h) X7, respectively.
Source: Authors, (2026).
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Figure 4: Output responses of unary operators.
Source: Authors, (2026).

III. TERNARY LOGIC UNARY OPERATORS

The logic gate which consists of single input and output is called as unary operator. In conventional binary logic, there are four
unary operators (i.e., 00, 11, 01, 10). Whereas, in ternary logic, there are 27 unary operators (i.e., 000, 001,.............. , 222). In this
work, we have focused on 8 unary operators are X,, X,, X;, X X?, X 2 ,1- /\Tp and 1-)7,1 , respectively. The 1 and 2" operators X,
and X, represent positive (PTI) and negative (NTI) inverters, respectively. The 3™ operator X; is known as decisive lateral. The 4" and
5t operators are called as cycle operators, X’ and X? are the single and dual shift operators. The 6™ operatorX is complement of X?
and last unary operators are 1 - X and 1- X , respectively. The circuit diagrams of the 8 unary operators and truth tables are given in

Figure 3 and Table III. Moreover, the operations of unary operators X2, X; and X’ are presented in Table IV. The proposed 8 unary
operator are developed and simulated in HSPICE tool for verifying functionality. The obtained simulations results of operators given
in Figure 4.
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Table 3: Unary Operators Truth table.

XXX |1LXx, |1X, || y2 |Xx|X
0l2]21] o 0 [2] 0 o]
1[2]0] o 1 o] 2 [2]2
2[00 1 1 1] 1 Jofo

Source: Authors, (2026).

Table 4: Operations of X?, X; and X’ unary operators.

Transistor State Output
X |x X X, X! . 1
ON OFF | ON ][ OFF [ON ] OFF |& | X | X
0 2 T5T3 T2 T6 T8 T4 T8 T4 T9 ) 1 0

1 2 T5T6 T2 T3 T4 T8 T4 T8 T9 0 ) )

T2
2 0 T6 TST3 18 | T4 | 19 | T4T8 | 1 | 0 | 0

Source: Authors, (2026).

Table 5: Half Adder and Multiplier Truth table.

x|y Half Adder Multiplier
Sum | Carry | Product | Carry
010 0 0 0 0
0|1 1 0 0 0
0]2 2 0 0 0
110 1 0 0 0
11 2 0 1 0
1]2 0 1 2 0
210 2 0 0 0
211 0 1 2 0
212 1 1 1 1

Figure 5: Circuit diagram of Half Adder.
Source: Authors, (2026).
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IV. PROPOSED ADDER AND MULTIPLIER DESIGNS

In this work, we proposed a ternary half adder with 36 GNRFETSs and multiplier with 23 GNRFETs. The proposed adder and
multiplier schematics are developed using above discussed unary functions, transmission gates and two voltage-supplies (Vpp and
Vbp/2), respectively. The one-trit adder that adds two inputs and produces the two outputs (i.e., Sum and Carry) is presented. The truth
table and expressions of Sum and Carry are provided in Table V and equ. (4).
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Figure. 6: Waveform of Half Adder.
Source: Authors, (2026).
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SZis
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Product

Figure 7: Circuit diagram of Multiplier.
Source: Authors, (2026).

Sum= XY, +X'Y,+ X°Y,

— — (4)
Carry =0.Y, +(1.X, ) %, +(1.X, ) .1,

Using the equation (4), the adder is developed and illustrated in Figure 5. The proposed half adder is developed and simulated
in HSPICE to acquire the transient response and performances. The transient response is illustrated in Figure 6. Moreover, the delay,
power and PDP are analyzed and obtained as 2.088E-07s, 4.253E-06W and 8.881E-13J, respectively. The one-trit multiplier that
multiplies the two inputs and produces the two outputs (i.e., Product and Carry) is presented. The truth table and numerical equations
of Product and Carry are given in Table V and equ. (5). Using the equation (5), the multiplier is developed and illustrated in Figure 7.
The transient response of multiplier is illustrated in Fig. 8. Moreover, the delay, power and PDP are analyzed and obtained as 2.293E-
07s, 3.738E-06W and 8.572E-13J, respectively.
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Figure 8: Waveform of Multiplier.
Source: Authors, (2026).
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Figure 9: Performance of Adder and Multiplier (a) Delay, (b) Power and (¢) PDP.
Source: Authors, (2026).

The proposed designs performance is examined with CNTFET designs. For CNTFET circuits, CNT-diameters 1.48 and 0.78
nanometers are utilized. The SPICE model of CNTFET discussed in [24] [25] is utilized to develop CNTFET ternary designs. Fig. 9
provides performances comparability’s of GNRFET and CNTFET based ternary designs. The proposed GNRFET based adder and
multiplier circuits show high performance over the CNTFET circuits. In addition, PDP of proposed GNRFET schematics are examined
with traditional GNRFET circuits presented in [16-18]. Fig. 10 shows the comparison of proposed circuits with the [16-18]. It is worth
noting that the same load and switching patterns of proposed circuits is used for designs of [16-18]. The proposed designs shows
degraded transistor count and PDP than the existing circuits.

200 - 3.5 1 WADDER
= ADDER 3 MULTIPLIER
%’150 i MULTIPLIER =25 1
@] i; 5
S
élOO 515
Q -
;;3 50 1
B 3 11
0 - ‘ 0 - ‘
Proposed  [16] [17] [18] Proposed [16] [17] [18]

(a) (b)
Figure 10: Adder and Multiplier Circuits (a) Transistor Count and (b) PDP.
Source: Authors, (2026).

The ternary circuits are highly sensible to PVT variations. Hence, PDP investigations are carried out for the different PVT
variations for adder and multiplier circuits. For the process, the PDP circuits are analyzed by varying the oxide thickness. The obtained
PDP results for different oxide thickness are given in Figure 11. The PDP of adder and multiplier circuits is also analyzed by varying
the different power supplied and temperature values. The obtained PDP values for adder and multiplier circuits are shown in Figure 12
and Figure 13, respectively. It worth noting that the PVT variations of proposed circuits are than the existing circuit designs. The PDP
of the proposed circuits is improved compared to the existing works.
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Figure 11: Process variation effect on PDP (a) Adder and (b) Multiplier.
Source: Authors, (2026).
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Figure 12: Power supply variation effect on PDP (a) Adder and (b) Multiplier.
Source: Authors, (2026).
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Figure 13: Temperature variation effect on PDP (a) Adder and (b) Multiplier.
Source: Authors, (2026).

V. CONCLUSIONS

A new design technique is proposed to develop ternary adder and multiplier schematics using unary operators. The proposed
circuits are designed in the HSPICE simulator for functional verifications and performance investigations. Moreover, simulation results
of proposed designs are compared to conventional CNTFET and GNRFET based designs. It is noted that the proposed designs improved
the performances over the conventional designs. Moreover, the PVT variations on the performance of the proposed adder and multiplier
designs are carried out and noted that the proposed circuits showed minimal variations. Because of the betterment in performance than
existing designs, the proposed design technique plays an important role in future integrated circuits to achieve high performance.
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