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Abstract— Binary logic is limited to only two states as it is two-valued logic. The ternary logic is the promising 

alternative to the conventional binary logic which is also called as trivalent logic. Energy efficiency and reduction in 

chip area as well as complexity plays an important role in ternary. Nowadays CNTFET device is more significant than 

the other due to higher channel mobility and also enhanced the gate capacitance. In CMOS, the complexity of an 

interconnect and chip area is increased as the number of function increases. This paper proposed an approach of using 

CNTFETs operate for faster and even consume less power in comparison with traditional MOS devices. Ternary 

decoder is designed using ternary logic and simulated in Tanner Tool software. 
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I. INTRODUCTION 

Another name for the three-valued logic is called as 

trivalent logic, which is also known as ternary logic allows 

more information to be transmitted as compared to binary. 

Complementary metal-oxide semiconductor (CMOS) 

technology is used by the PC microchip in transistors [2]. 

Digital circuits are synthesized, with an adaptable 

constraint, has been vigorously followed over the former 

few periods to the features of many design systems [2]. 

Logic circuits have been converted by high-level hardware 

depiction to develop several synthesis tools. The 

methodology for device synthesis supports the multivalued 

logic (MVL) [5]. The CMOS-based design performance is 

developed using the multivalued logic [3]. Multivalued 

logic (MVL) combined with incipient device carbon 

nanotube field effect transistor (CNTFET) for the 

development of  new computing model [5]. 

The CNTFET consist of four terminals namely source, 

drain, gate and substrate as shown in fig.1. The carbon 

nanotube placed under gate region across two metal strips. 

One metal strip called as the source, and the other metal 

strip called as drain. The carbon nanotube acts as a channel 

between source and drain terminal. The substrate is made 

up of silicon oxide. The basic principle operation of 

CNTFET is the same as MOSFET where electrons are 

supplied by source terminal will collect these electrons. In 

other words, current is actually flowing from drain to source 

terminal. Besides, the current-voltage (I-V) characteristics of the 

MOSFET and CNTFET devices are alike. CNTFET also has 

P-type and N-type devices like MOSFET. However, unlike 

the MOSFET devices, P-CNTFET and N-CNTFET devices 

with same geometries have same mobilities (mn=mp) and as 

a result same drive capabilities. These unique characteristics 

are very consequential for simplifying the design and 

transistor sizing procedures of complex CNTFET-based 

circuits. 

 

Fig.1:  Structure of CNTFET 

In general, CNTFET has higher ON current compared to 

MOSFET for the same OFF current. Due to the small 

molecular structure of the CNTFET device, scaling the 

future size, beyond what currently available advanced 

lithographic methods permit, is possible. In addition due to 

the fact that CNT does not have surface dangling bonds as 

Silicon, some other amorphous or crystalline insulators can 

be used instead of SiO2 in the structure of CNTFETs. 

Ballistic conduction of the CNT decreases the power 

dissipation in the body of CNTFET, increases the speed of 

the device considerably and makes it suitable for low-

voltage, low-power and very high speed and applications. 

CNTFET is the best alternative for CMOS transistors [16] 

to continue the process of size reduction as of the 

similarities between CMOS and CNFET transistors have 

similarities in terms of electronic parameters. Fast 

implementation and less power CNFET based circuits are 

possible, which conquers backscattering and reason 
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neighboring ballistic operation because of one-dimensional 

structure of the band. Transistor sizing is easy [6] for 

complex circuits using CNTFET. An alternative for MOS 

transistors is Carbon-Nanotube Field Effect Transistor 

(CNFET)s for achieving better performance at less power 

consumption [3]. For traditional MOSFET structure 

CNTFET use single carbon nanotube at the place of 

bulk silicon [2].  

Usually digital computation is performed using binary logic. 

Increases the binary number logic input as per purpose, the 

chip area also increases [4]. Multiple-valued logic (MVL) 

systems are used [6] which permits more than two values. 

One of the examples of a multi-valued logic (MVL) system 

is the ternary logic with base 3 that carried out faster 

performance operation. Ternary logic reduces the area for 

higher bit order [4] and the number of required computation 

steps [15]. The proposed method focus on designing of 

ternary decoder using ternary logic to achieve less chip area 

with reduced complexity. Simulation is then performed 

using tanner tool to authorize their functionalities and 

confirmed their advantages in low power consumption with 

the high speed. 

II. RELATED WORK  

The researcher [2] implemented a ternary logic circuit using 

2:1 multiplexer. With 2:1 multiplexer, conversion of Binary 

Decision Diagram (BDD) can take place for switching each 

node in the BDD. Likewise, conversion of the ternary 

decision diagram (TDD) can take place using 3:1 

Multiplexer. Ternary-Transformed Binary Decision 

Diagram (TBDD), is implemented using 2:1 multiplexer. 

Implementation of the synthesized circuit with the help of 

CNTFET, shows the result of transistors and compared with 

3:1multiplexer. 

The researcher [3] has designed an improved encoder used 

in the implementation of ternary logic circuits. 

Transformation of ternary signals to binary signals over 

binary gates and get the ultimate result of the ternary output 

of the encoder. To optimize parameters, such as energy 

usage, propagation delay, a suitable encoder is used for 

different output with different diameters of CNTs based on 

CNTFET, resulting in adder design.  

The researcher [4] used CMOS technology to design a 

Ternary coded Decimal (TCD) adder circuit. The input and 

resulting sum is in the form of TCD form as TCD adder 

practices 3-bit Ternary coded Decimal (TCD). The design 

of the TCD adder boosted to less number of transistors and 

area benefit related to Ternary k map-based methods [4]. 

The researcher [5] designed a comparator using Carbon 

NanoTube Field Effect Transistor (CNTFET). CNTFET as 

well as CMOS comparator designs are compared to the 

improved performance. 

The researcher [6] designed 6T SRAM cell and compared 

the  performance  CNTFET and CMOS. CNTFET has 

characteristics to outperform leakage in power saving, noise 

margin, speed and read static noise margin (SNM) as 

compared with CMOS cell. The simulation of the model 

shows for cell ratio and pull-up ration of 1 using the 

Berkeley predictive technology model.  

III. PROPOSED WORK  

The performance of [5] the CNTFET devices are faster in 

comparison to that of  CMOS devices. Therefore CNTFET 

based design shows considerably more improvement with 

less number of transistors and area benefit than that CMOS 

[4].  

 

Fig.2:  Block diagram of Ternary Decoder. 

For designing a ternary logic circuit decoder-based 

methodology is used. Ternary logic is applied to for 

converting of ternary signals to binary signals. With the 

internal process binary signals are converted to the ternary 

decoder. Three inverters are there defined namely, Negative 

Ternary Inverter (NTI), Standard Ternary Inverter (STI) 

and Positive Ternary Inverter (PTI). The logic values 

assumed for different voltage levels are shown in Table II 

where, voltages 0, Vdd/2 and Vdd correspond to logic 

values 0, 1 and 2 respectively. 

Table I: Ternary Inverters 

Input STI PTI NTI 

0 2 2 2 

1 1 2 0 

2 0 0 0 

 

Table II: Logic Symbol 

 

Voltage level Logic value 

0 0 

Vdd/2 1 

Vdd 2 

 

https://en.wikipedia.org/wiki/Silicon
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(a)                (b) 

Fig.3:  (a) NTI Gate and (b) PTI Gate 

The PTI based mux is designed shown in fig.4. To 

continuously turn on the circuit negative power is connected 

to gate terminal of p-channel MOSFET. A variation of the 

L/W ratio of the p-channel MOSFET and n-channel 

MOSFET, then the resistance of the channel is changed. 

The output of the PTI depends on three input values.  

The NTI based mux is designed as shown in fig.5. To 

continuously turn on the circuit positive power is connected 

to gate terminal of NMOS. The output of the NTI depends 

on three input values.  

 

Fig.4:  Implementation of PTI-MUX. 

 

Fig.5: Implementation of  NTI-MUX. 

Design of 2:4 Ternary Decoder 

The circuit is designed using PTI and NTI based MUX 

which requires two PTI and two NTI is shown in fig.6. The 

output of the decoder depends on input value which can 

produce more than one value as the use of ternary logic.  

 

Fig.6:  Implementation of Decoder. 

Another circuit diagram of 2:4 decoder is shown in below 

fig.7. It consist of two NOT and four AND. Here NTI is 

being used as NOT gate. Implementation of this circuit 

shown in fig. 8. Similarly circuit diagram of AND gate is 

presented in fig.10. which is used in its implementation. 

 

Fig.7: Circuit diagram of 2:4 Decoder. 

 

Fig.8: Implementation of 2:4 decoder. 

Design of 3:8  Ternary Decoder 

The 3:8 decoder circuit is as shown in below fig.10. Three 

NTI which act as NOT gate and eight AND are connected 

to make 3:8 decoder. 

 
Fig.9: Circuit diagram of 3:8 Decoder. 
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Fig.10: Circuit diagram of 3 input AND gate. 

 

Fig.11: Implementation of 3:8 decoder. 

IV. RESULT AND SIMULATION 

The analysis of time delay, average power and simulation of 

PTI-mux, NTI-mux, 2:4 decoder, 3:8 decoder, full adder are 

depicted below: 

Table III: Result of Time Delay 

 Time Delay (ns) 

PTI-mux 2.07 

NTI-mux 2.02 

2:4 Decoder 1.04 

3:8 Decoder 1.82 

Table IV: Result of Average Power 

 Average Power 

(Watts) 

2:4 Decoder 1.3030 (e-6) 

3:8 Decoder 1.7456 (e-4) 

 

 
Fig.12.(a): Input of PTI MUX 

 

Fig.12.(b): Output of PTI MUX 

 

Fig.13.(a): Input of NTI MUX 

 

Fig.13.(b): Output of NTI MUX 

 

Fig.14.(a): Input waveform of decoder 

 

Fig.14.(b): Output waveform of decoder. 
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Fig.15.(a): Input waveform of 2:4 decoder. 

 

 

 

Fig.15.(b): Output waveform of 2:4 decoder. 

 

 
 

Fig.16.(a): Iutput waveform of the 3:8 decoder. 

 

 
 

Fig.16.(b): Output waveform of the 3:8 decoder. 

V. CONCLUSION 

Ternary logic is that it reduces the number of 

computation steps over the binary. Time delay and average 

power is obtained through simulation is shown in the table 

III and IV. PTI-mux, NTI-mux, 2:4 decoder, 3:8 decoder 

has been designed using the ternary logic. All the simulation 

have been performed in Tanner Tool using 180nm 

CNTFET model due to excellent speed, small size, less 

complexity, less power consumption and very high speed 

and applications. 
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